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SUMMARY

The Arizona Water Resources Research Center was contracted by the
Solar Energy Research Institute (SERI) to conduct an inventory of -
saline water resources within the State of Arizona. The purpose
of this inventory was to identify on the basis of availability,
chemistry, sustained yield, and institutional factors, the
potential saline water supplles sufficient to malntaln a
microalgae production fac111ty for eventual conversion of the
algal biomass to synthetic fuel. Criteria for the inventory were
‘specified by SERI. The six subtasks associated with the project
are identified on the attached flow chart. The method of
1nvestlgatlon involved a 1literature and data survey and
1nterv1ews with key personnel in government or quasi-~official
agencies.

The principal data are included in the report together with a
list of contacts. As a result of the survey conducted by the
Water Resources Research Center, six focal areas with saline
ground-water resources were identified and ranked. The report
includes a summary of the selection methodology, a descrlptlon of
the hydrogeology of each site and a thorough discussion of
relevant institutional considerations, including permitting
requirements under current ground-water associated 1laws in
Arizona. Detailed maps are included of the saline surface water
and ground-water sources. Recommendations are included for
further evaluation by SERI of areas potentially suitable for a
project.

PRINCIPAL RESULTS
The principal results of the study are as follows:

o Saline Surface Water

Thirty-four sources of saline surface water were identified. Of
these, only eight were adjudged to have a sufficient volume of
water for a project. These sources included the Gila River, the
Little Colorado River, and drainage from the Buckeye Irrigation
District and from the Wellton- Mohawk Irrigation District. A
future source in the Yuma area is brackish effluent from the
reverse osmosis treatment plant near Yuma.

Total amount of saline surface water from the eight sources is
estimated to be 3984 liters per day, or 13.4 million liters for a
10 year project.

© Saline Ground-Water Areas

Nineteen saline ground-water plumes were identified in the six
focal areas as being capable of prov1d1ng greater than 4 mgd. The
follow1ng table includes a ranking of the focal areas as
potent1al regions for a microalgae productlon facility, together
with information on quantity of water in storage, water quality



PREFACE

This report comprises the results of an assessment of saline
water resources in the State of Arizona potentially available for
a microalgae biomass production facility. As a result of the
assessment several surface water and ground-water resources were
identified "as being possibly suitable for subsequent detailed
studies, involving both technical and legal-institutional
considerations. Basic details on the follow-on studies are
included in the report. :

The authors wish to acknowledge the support and encouragement of
the following individuals at the Solar Energy Research Institute:
Mark Sorency, SERI Technical sStaff and Bill Barclay, Staff
Algalogist. Other individuals who contributed to the completion
of the report include Ms. Kay Warman, who assisted in word
processing; Ms. Debbie Weller, who assisted in the compilation of
data; Ms. Jean Clancy, who kept the books and records for the
project; Rick Brokow, Kim Duffek, and Mary Jane Dupuy, who
drafted the maps and related artwork for the project; George
Smith with the United States Geological Survey who provided base
maps and illustrations. Finally, the authors express special
gratitude to Dr. Leo Leonhart for his technical review and
valuable comments on the first draft of the manuscript.

III



SERI PROJECT FLOW CHART

TASK I - DEFINE PROSPECTIVE SOURCES OF SALINE WATER_]

[SURFACE WATER . GROUND WATER|

[CATEGORIZE SALINITY CATEGORIZE SALINITY |

(] .  m

EASK IT - DEFINE AREAS CAPABLE OF SUPPLYING A 1,000 HECTARE FACILITY

[SURFACE WATER GROUND WATER |
[DETERMINE DISCHARGE DETERMINE POTENTIAL YIELD
[TASK III - IDENTIFY CHEMICAL COMPOSITION OF POTENTIAL SITES ]

{TABULATE DATA FOR EACH AREA ]

»SK IV - IDENTIFY POLITICAL, LEGAL, ECONOMIC AND ENVIRONMENTAL CONSTRAINTS
SOCIATED WITH DEVELOPMENT OF THE WATER RESOURCES TIDENTIFIED IN TASK I1I

L?ASK V - IDENTIFY NEED FOR FURTHER DATA COLLECTION AND RESEARCH

FLOW CHART SHOWING MAJOR TASKS ASSOCIATED WITH THE
PROJECT TO INVENTORY SOURCES OF AVAILABLE SALINE WATER IN
ARIZONA




and institutional considerations:

'SUMMARY OF SALINE GROUND-WATER AREAS

Area Location Number Total Water Institutional
(by of Quantity Type Considerations
rank) Plumes (liters)
13
II Yuma 2 1.4x10 NacCl Outside of an
Active
Management
Area; Gila
River
litigation
‘ 13
III Buckeye 5 1.2x10 NacCl Within
" : - Phoenix
AMA
13
Vi Plateau 4 4.1x10 NacCl Outside
: Uplands ‘ of an
AMA; on
Navajo
Indian
Reservation
10
I Colorado 1l 6.4x10 NacCl Within Colorado
River, in ~ River Indian
Parker Valley Reservation
11
v Safford 3 2.8x10 NacCl Gila River
Valley cacCl litigation
2
12 :
Iv Phoenix 4 - 3.2x10 NacCl Within
to CacCl Phoenix
: 2
Casa Grande and Pinal
: AMA's
13

TOTAL 7.1x10 liters
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o0 Institutional Considerations

A mnmicroalgae production facility constructed in Arizona will
require a permit from the Arizona Department of Environmental
Quality, which will be an institutional entity in Arizona after
July 1, 1987. Before a permit will be issued, it must be
demonstrated that operation of a project will not adversely
affect the quality of the underlying ground water. To ensure this
protection, all ponds must be lined and monitoring wells must be
installed. Additionally, if the project is located on State or
federal lands, and if Federal funds are utilized, an
environmental impact statement will be required.
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SECTION 1.0
INTRODUCTION

1.1 BACKGROUND

The Sclar Energy Research Institute (SERI) is conducting research
on the development of microalgae biomass systems for the
production of 1iquid fuels. Particularly appealing at this time
is the idea of using indigenous resources of the Southwest for
large-scale production of microalgae. Such resources include
flat land, saline water, and high incident soclar radiation. &
~ current research emphasis is on the development of systems that

would utilize inland saline waters (including ground waters and
irrigation return flows) of the southwestern states where these
biomass production systems would be located. Information on the
gquantity, quality, and -location of available saline water
resources will assist SERI in assessing the economic and
technical potentlal of biomass systems and in the 1location of
pro:ect sites. Similarly an assessment of water-related and
environmental legislation, as well as institutional constraints,
will define the legal, institutional and environmental
impediments for a project.

A resource study conducted by Maxwell, et al. (1984) estimated
that potentlally 33 million acres are available for microalgae
production in the Southwest. This study was a broad-brush
assessment and raised important questions. An analysis by Hill et
al. (l984), evaluating the technical and economic feasibility of
produ01ng mzcroalgae in the Southwest, indicated that the
availability of saline water could be the natural resource most
likely to limit the extent to which this technology is developed.
The study of Maxwell et al. (1984) indicated the presence or
absence of aquifers with saline ground water, but did not attempt
to develop data on potentlal yields from the aqulfers or chemical
composition of their waters. The analysis by Hill et al (1984)
found that a saline water requirement of between 8 and 13 million
- gallons per day would be required for a 1,000 ha facility. The

lower figure represents the water requirement of enclosed ponds
(lower evaporation), whereas the higher figure is for open ponds.
- The analysis further indicated that wells should be 1less than
250-400 ft in depth and should be situated less than 10 miles
from the facxllty boundary to meet cost feasibility requlrements.
The major issue raised by the analysis was whether there is
enough saline water in the Southwest to support extensive (1 quad
or more) adoption of microalgae for fuels technology and
continual production without harmful environmental impacts and at
stable costs.

Maxwell et al (1984) addressed other constraints on practical and
economic microalgae production, including annual insolation and
" growing season, the desert ecosystem, institutional factors
relating to land and water ownership, land availability, and



nutrient availability.

Among the southwestern states, Arizona closely matches the
physical requirements for successful mlcroalgae productlon. As
pointed out by Osborn and Huddy (No Date), Arizona, in the heart
of the sunbelt, offers ideal conditions for solar research and
-development. For example, Tucson averages approximately 1900
BTU's of solar energy per square foot per day, which is nearly
40% more than typlcal midwestern cities, and receives about 4000
“hours of sunshine annually. Saline irrigation return flows exist,
most notably in the Yuma and Buckeye areas. Similarly, saline
ground waters are present throughout the state, as documented by
Kister (1973), Danlel (1981), and Thompson et al. (1983). Saline
ground-water areas in the Colorado Plateau, in the Phoenix area,
and in the Safford Valley coincide with extensive salt deposits
(Pierce, 1981).

Ample vacant land exists in the state, in-proximity to saline
water sources, including extensive holdings owned by the Federal
government and by the State of Arizona. Extensive areas also
reside in private ownership and within indian reservations. Both
private 1landowners and indian governments may welcome the
opportunlty to develop saline water resources. Slmllarly, in some

locations, farmers may ‘be willing to lease their lands for a
project.

Impedlments to a project should also be noted. For example,
extraction of ground water in certain des;gnated areas may be
constrained by the requirements of the 1980 Arizona Groundwater
Management Act. Development of a project may also be affected by
the requlrements of recently-enacted ground-water quality
" legislation in the state, and by permitting requirements to

protect ground-water quality. '

1.2 PROJECT OBJECTIVES'

The purpose of this report is to present the results of an
inventory of saline water resources in the State of Arizona. The
inventory was undertaken by the Water Resocurces Research Center,
University of Arizona, for the Sclar Energy Research Institute.
The major objective of the study was to develop a more detailed
assessment of the avallablllty of saline water in Arizona for
establishment of a microalgae production facility and to identify
potential institutional and environmental constraints.

Specific objectives were as follows:

1. Task I, delineate areas with saline aquifers having static
water 1levels within 500 £t of the land surface (or deeper if
economically feasible) and areas with large amounts of saline
surface water, including irrigation return flows. For the
purposes of this study, "saline" waters are those containing
greater than 3,000 mg/l dissolved solids.



2. Task II, establish areal classifications, as defined in the
first objective, according to the following rates: 1less than 4
million gallons per day (MGD), 4-13 MGD, and greater than 13 MGD.
Estimate aquifer life at these depletion rates.

3. Task III, define the chemical composition (major ions and
nutrients) of the sources capable of yielding in excess of 4 MGD,
as defined by the first and second objectives. .

4. Task IV, define possible legal and environmental constraints
to the utilization of these saline water resources.

5. Task V, identify needs for future research that will be
required to refine site selection for a microalgae production
facility.



SECTION 2.0
WATER RESOURCES OF ARIZONA

2.1 HYDROGEOLOGIC SETTING

According to Fenneman's (1931) classification, Arizona is
situated within two of the major physiographic provinces of the
southwestern United States: the Colorado Plateau and the Basin
and Range. From a hydrological perspective the State is divided
into the following three water areas: the Plateau Uplands
province, the Central Highlands province, and the Basin and Range
Lowlands province (see Figure 2-1). The United States Geological
Survey has further subdivided these provinces into subareas based
primarily on hydrological distinctions, but in some cases on
political boundaries (see Figure 2-2).

2.1.1 Plateau Uplands Province

According to Ligner et al. (1969), the Plateau Uplands Province
occupies the northern 40 percent: of the land surface in Arizona.
Elevations range from 12,000 ft in the San Francisco mountains to
4,000 to 5,000 ft along the Colorado River. Because of the
relatively small amounts of rainfall each year, the high rate of
evaporation, and water seepage, the surface runoff is minimal.
Most water courses are dry except during times of heavy rainfall.
Most surface water use occurs in the eastern end of the Mogollan
Rim area along a few headwater streams. The area is sparsely
populated with the Navajo Reservation covering much of the 1land

area. Major 1land uses include cattle grazing and timber
production.

The entire province is underlain by consolidated sedimentary
rocks. These rocks consist mainly of a sequence of sandstone,
siltstone, claystone and 1limestone. Alluvial deposits occur
mainly along the major drainages. The principal drainage in the
province is the Little Colorado River, which originates in New
Mexico and empties into the Colorado River.

The consolidated sedimentary rocks constituting the aquifers o.
this province comprise fine-grained sandstone units whic:
generally do not yield water readily (Ligner et al.,1969).

generalized cross-section of the Plateau Uplands ground-wate:
system is included as Figure 2-3. Limestone units store ana
transmit water, but the siltstone and claystone units act as
confining 1layers. Multi-aquifer systems are common. The three
principal aquifer systems are the C (for Coconino Sandstone), the
N (for Navajo Sandstone) and the D (for Dakota Sandstone) multi-
aquifer systems. In contrast to other water-bearing formations,
the C-aquifer can yield up to 2500 gallons per minute (gpm) from
wells. The thin deposits of alluvium along the major water
courses also yield ground water. According to the United States
Geological Survey (1985), the use of ground water in <this
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FIGURE 2-2. GROUND-WATER BASINS IN ARIZONA AS
DESIGNATED BY THE U.S. GEOLOGICAL SURVEY
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prov1nce is limited to supplylng scattered farms and homesteads,
industrial and utility sites, and a few major population centers,
including Flagstaff. In 1983 approximately 92,000 acre-feet of
ground water was withdrawn (USGS,1985).

Ground water recharge occurs during precipitation on the upturned
rocks exposed on the highlands. According to Ligner et al (1969)
the recharge areas are generally above 6000 ft where annual
precipitation exceeds 15 inches.

An interesting geological feature of the province from the
viewpoint of salinity is the presence of an extensive salt
deposit in the Holbrook Basin. According to Peirce (1981l), salt
beds or layers within the Supai Formation occurs in the
subsurface of southern Navajo and Apache Counties beneath a
region of about 2500 square miles in size. Sink holes have
developed as a result of salt solution and surface collapse.

Kister (1973) reviewed the general ground-water quality in the
Plateau Uplands Province. According to Kister, the 1lowest
salinity ground water is present in the N multiple aquifer
system, where sallnlty levels are generally less than 1000 mg/l.
Total salinity in the D multlple aquifer system ranges from 1000
to 3000 mg/l. 1In the C multiple aquifer systen, salinity ranges
from 200 to 25,000 mg/l. Ground waters having less than 500 mg/l
are cla551f1ed as calcium bicarbonate or sodium blcarbonate,
whereas water with salinity 1levels exceeding 500 mg/l is

classified as sodium sulfate, calcium sulfate, or sodium chloride
types (Kister, 1973).

2f1.2 Central Highlands Province

As shown on Figure 2-1, the Central Highlands Province is a
transition region between the Plateau Uplands Province to the
north and the Basin and Range Province to the south and west. The
Central Highlands Province comprises about 15% of the total land
area of the State. Most of Arizona's surface water supply, its
few perennial Sstreams, originate in this area. In fact, these
streams, fed by rain and snowmelt, supply the State w1th more
than 50% of its surface water supply ( Arizona Water Commission,
1975) and much of the ground-water recharge of the Desert
Lowlands Province. This area is also sparsely populated, with
grazing and timber the primary land uses.

Nations and Stump (1981) described the geology of the Central
Highlands Province as follows:

(Thls Province is )...characterized by rugged mountains
of igneous, metamorphic and deformed sedimentary and
volcanic rocks of Precambrian age, with erosional
remnants of Paleozoic age. The elevations are generally
lower and the crustal rocks have been more severely
faulted than in the Plateau Province. The general
absence of Mesozoic and Cenozoic rocks indicates a



longer period of erosion and/or nondep051tlon of
sedlmentary rocks such as are found in the other
provinces.

Accordlng to Peirce (1981) there are two salt deposits in the
province just south of Lake Mead. These deposits are the Detrital
Valley deposit and the Red Lake deposit. .

Accordlng to Ligner et al. (1969), the prominent feature of the
provznce is the Mogollon Rim, an escarpment comprised of
Paleozoic sedimentary rocks such as sandstone, siltstone,
claystone, and limestone.

In most areas, the Mogollon Rim approximates the surface water
divide between the Little Colorado River and the Salt River
systems (ngner et al.,1969) Among the prominant river systems
draining this provxnce are the Salt and Verde Rivers. prlngs
along the Mogollon Rim and ln other locations are the prlmary
source of the perennial flow in the Gila, Salt and Verde Rivers
(Kister, 1973).

As. described by the United States Geological Survey (1984),
ground water in the Central Highlands Province is obtained from
thick alluvial deposits in limited areas; from layered sandstone,
limestone and conglomerate; from thin alluvial deposits along the
major streams; and 1locally from fractured crystalline and
sedimentary rocks. According to Kister (1973), volcanic rocks
which crop out in much of the area are permeable, allowing water
to recharge the underlying ground water reservoirs. Agricultural
production and demands on ground water are accordingly small. 1In
. 1983 only about 45,000 acre-feet were withdrawn (USGS, 1984).

Kister (1973) specified that ground-water quality is generally
excellent, with total dissolved solids (tds) concentrations less
than 1,000 ppm. However, several sprlngs discharge saline water
to streams. For example, Clifton Hot Sprlngs produces water from
alluvium along the San Francisco River with a tds exceeding 9,000
mg/l. Kister (1973) also reported tds values of more than 37,000
mg/l from the Salt Banks on the Salt River, and 8000 mg/l from
the White River Salt Springs. These waters are generally of the
sodium chloride type. .

2.1.3 Basin and Range Province

The Basin and Range province, located in southwestern Arizona,
occupies approximately 45 percent of the State 1land area
stretching across the bottom half of the state and up the western
boundary to the Hoover Dam area. This area has a diverse
topography ranging in elevation from 100 ft above sea level in
the Yuma area to over 10,000 ft in some upland areas. The
southwestern region is prlmarlly desert with llttle prec;pltatlon
and flat, sandy soils. The southeastern area is comprised of

‘.mountalns, forest areas, and desert flatlands.



This province is by far the largest user of both surface and
ground water. Most of the surface water flows from the Central
Highlands Province through the Salt and Gila Rivers, yielding
between .75 and 0.85 million acre=-ft annually. Addltlonally, the
Colorado and Gila Rivers together yield another 2. 5 million acre-
ft annually (Martin, et al., 1985). Water use in this region
accounts for over 95% of the total water use in the State. This
reglon also contains over 85% of the State's population, 95% of
the lrrlgated land, and also 90% of the employment. The State's
principal metropolltan areas, Phoenix and Tucson, are located in
this province.

As described by Ligner et al. (1969), the province is comprised of
broad alluvial-filled basins bounded by high mountain ranges. The
alluvial-filled basins were created during the structural
disturbance that occurred 10 to 15 million years ago
(Anderson,1985). The movement along high—-angle faults in the
vicinity of the basin edges formed a series of generally north o
northwest trending basins and mountain ranges. Results of =
‘gravity modelling project by Oppenheimer and Sumner (1980:,
shgwed that several basins contain as much as 10,000 feet of
sediment.

Nations and Stump (1981) described the structural and geolog1ca1
framework of the province as follows:

The mountains consist of tilted and sometimes
structurally deformed, blocks of Precambrian,
Paleozoic, Mesozoic, and Cenozoic rocks that are
bounded by faults and that have been severely eroded.
The Paleozoic rocks are predominantly marine
limestones, shales and sandstones that were deposited
on a shallow marine shelf in the Early Paleozoic and
deeper basins in the Late Paleozoic. The Early Mesozoic
rocks are predominantly volcanic or plutonic, and those
of the Cretaceous age are primarily marine sandstones,
shales and carbonates, but also include Laramide
intrusives. Cenozoic rocks are largely volcanic but
‘also include nonmarine fluvial and lacustrine
sediments, and a small area of marine sediments along
the southern Colorado River. The valleys are
intermontane depressions that have subsided thousands
of feet, and are filled with Cenozoic volcanics,
alluvium, and lacustrine sediments.

Extensive salt deposits are present in the Salt River Valley, in
the Picacho Basin, and in the Safford Valley (Peirce, 1981).

The pr1nc1pal dralnage system in the prov1nce is the Gila River
and tributaries including the Santa Cruz River, and the San Pedro
River.

The recently completed Southwest Alluvial Ba51n Regional Aquifer

System Assessment (SWAB/RASA) of the United States Geological
Survey incorporates alluvial basins in the Central Highlands and
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Basin and Range Provinces. For the purposes of the study, the
area was divided into 72 basins representing v1rtually separate
hydrological entities (Anderson, 1985). Based on aquifer geology
and geohydrology, the basins were grouped into five categorles,
as follows: <central, west, southeast, Colorado River, and
highland (see Figure 2-4). :

Poole (1985) presented generic cross-sections for the five
classes of basins (see Figure 2-5). For a typical cross-section,
the main structure of the basins is a graben that has been
downthrown along steeply-angled normal faults (Poole, 1985).
Bedrock pedlments are common along the basin margins. Alluvium
which has backfilled the graben is called basin £ill. The basin-
£ill sediments are the most widespread and dominant water-bearlng
unit in the alluvial basins. As shown on Figure 2-5, distinct
lithological differences exist between the five classes of
basins. The central, west and southeast basins are underlain by
upper and lower ba51n £ill deposits and by mudstone and evaporlte
deposits. Saline ground water occurs in the evaporlte depo51ts
because of the presence of halite, gypsum and anhydrite' (Smith et
al., 1982). In some cases fine-grained layers within the basin
£ill units may act to confine underlying water Dbearing
formations. The mudstone and evaporite deposits are typically
absent from the Colorado River basins and from the highland
basins.

Ground water extraction in the Basin and Range Province has been
extensive to suppert 1rr1gated agriculture, the mlnlng industry,
and the growth of the Phoenix and Tucson metropolitan areas. By
the end of 1983 an estimated 191 million acre-ft had been
extracted from the basins in the province (United States
Geological Survey, 1984). Inasmuch as ground-water extractions
have exceeded recharge, water levels have declined in the basins.
Anderson (1985) cites water level declines of 400 ft in the
Phoenix area " and nearly 500 ft in an agricultural area between
Phoenix and Tucson. A consequence of the decline in ground water
levels has been the occurrence of land subsidence and earth
fissuring. According to Schumann et al. (1985), land subsidence
and fissuring caused by ground-water withdrawals has affected
more than 3000 square miles in southern Arizona.

Ground-water replenishment occurs from - natural recharge
processes, such as the infiltration of runoff along the principal
stream channels, infiltration along mountain fronts, and from
underflow from adjacent basins. Recharge also occurs from
anthropogenic sources including deep percolation of irrigation
water, and artificial recharge of reclaimed wastewater.

Kister (1973) indicated that the salinity of ground water in
mountainous regions of the Basin and Range Province is generally
less than 1000 mg/l, although saline springs exist. The TDS of
ground water in alluvium ranges from less than 100 mg/l to more
than 100,000 mg/l (Kister, 1973). Saline ground water malnly
occurs in the areas along and in the vicinity of the Gila River
from Safford to Yuma, along the southern most reach of the

11



UTAK

ARIZONA

PART oF
s SOUTHEAST \{

463 TAFE

azv il 3y
‘ X SR ’ aN
. e
o \,
x s i
!I
_ §
\ — Vs \
7 v
N s
/
s
f

N
\

= -
b s
=
had
=
=
-
=
_—i
-_— 3
NILVER
ey
g o——
)
1]

<0 ] © 100 MLLES
| VRS S T U { !
SR ] T '
so 0 S0 100 KILOMETERS

FIGURE 2-4., CATEGORIES OF GEOHYDROLOGIC BASINS BASED ON
REGIONAL PATTERNS OF AQUIFER LITHOLOGY FROM

POOLE 1985

12




€. MIGMLAND BASIRNS
VERTICAL EXAGGERATION APPROXDMATELY 10 to 20 TDNES

EXPLANATION
FINE-GRAINED FACIES OF BASIN FILL
PRE-BASIN AND RANGE OE'OSI'_I’S
BEDROCK-—Sermssbie

- BEDROCK-—Low permesbility

e e amen  WATER TABLE
—— cveees  POTENTIOMETRIC SURFACE

i e e APPROXIMATE BOUNDARY BETWEEN UPPER
AND LOWER PARTS OF LOWER BASIN FILL

FIGURE 2-5, GENERALIZED BASIN STRUCTURE AND STRATIGRAPHY WITHIN THE FIVE -
CATEGORIES OF GEOHYDROLOGIC BASINS IN ARIZONA (POOLE 1985)

13



Colorado River, and near Willcox, Casa Grande and Tucson (Kister,
1973). In some locations, salinity levels increase with depth,
whereas in other locations the reverse is true. According to
Robertson (1985) concentrations of fluoride,. barium, arsenic and
chromium may exceed State and Federal contaminant levels in
ground waters from some alluvial basins.

2.2 Climate of Arizona

Solar and weather information for the State of Arizona is
assembled in a report by Osborn and Huddy (No Date). The report
includes tables of daily solar data (mean), climatic data, and
daily solar radiation on tilted surfaces for climate zones in
Arizona. These data will be summarized for the focal saline water
areas described in Section 6.0.

The climate of Arizona is also summarized in an excellent report

by Sellers and Hill (1974). This report includes information on
extreme climatic events.
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SECTION 3.0
METHODS

The sequence of steps used to complete each of the project tasks
are shown on the flow diagram, included as Figure 3-1.

3.1 PRELIMINARY INVENTORY

The overall goals of this task were to 1dent1fy and collect
existing information on sources of saline water in Arizona and to
delineate saline surface water and shallow (i.e., water tables
less than 500 ft from land surface) saline aquifers, on maps.
‘Saline surface-water sources include springs, irrigation return
flows, and power plant discharges. The basic approaches used to
accomplish this task were as follows: :

3.1.1. Review Existing Literature

As it turns out, there are a number of excellent references
dealing with the overall water resources in Arizona, and several
have identified saline water sources. For example, the United
States Geological Survey publishes an annual report on the
quality of water releases into the Colorado River. Saline ground-
water regions have been identified by Kister (1973), Daniel
(1981), and Thompson et al. (1984). The bibliographies in each of
these reports were used as the basis for the collection of
further relevant references. The report of Thompson et al. (1984)
'is  particularly valuable in that it delineates the TDS
concentrations of ground water within 500 feet - of <the 1lands
surface on a map for the SWAB/RASA ( Southwest Alluvial Basin
Regional Aquifer System Assessment ) program. Other 1mportant
references are the Water Resources Investlgatlons and Hydrologic
Map Series issued by the United States Geological Survey and the
Arizona Department of Water Resources. These map reports
generally cover a basin, or part of a basin in the state, and
contain information about the ground-water resource, including
water quality. All references are listed in Appendix A.

3.1.2. Contact Individuals and Agencies

At the outset of the project, a letter was sent to each of the

University of Arizona's Agricultural Extension Offices in the
state requesting information on saline irrigation return flows in
each county. Subsequently letters were sent to the operators of
35 power plants in Arizona requestlng information on the quantity
and sallnlty of power plant dlscharges. Similar letters were sent
~to 24 irrigation districts for information on the quantity and
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quallty of irrigation return flows. To facilitate these requests,
questlonnalres were developed for each source type and included
with the cover letters. Follow up telephone calls were made when
necessary. A list of the agencies contacted during the study is
included in Appendix B.

State and Federal agencies approached during the study included
the Arizona Department of Water Resources, The Arizona State Land
Department, the Arizona Department of Health Services, the United
States Geolog1ca1 Survey, and the United States Bureau of
Reclamation. These agencies were contacted for copies of relevant
reports and water quality data from computer files. Leonard
Halpenny, principal hydrologist with the Water Development
Corporation, was also contacted for information on specific
areas.

A list of contacts is included in Appendix B.

Salinity data obtained during the information gathering phase
were mapped onto working base maps of the State, at a scale of
1:1,000,000. Subsequently, separate maps of saline surface water
, sources and saline ground-water sources were prepared at the same
scale from the worklng map. Saline surface water sources,
including saline springs and streams, power plants, irrigation
return flows, and saline areas along the Gila River, are
delineated on the map of the saline water sources. The map of
the saline ground-water sources was used to show contoured
salinity 1levels from 3,000 to 5,000 mg/l, 5,000 to 10,000 mg/1,
and greater than 10,000 mg/l. The levels of uncertainty in data
with respect to salinity level and location are included on the
maps.

3.2 DETERMINE SUSTAINED YIELD OF IDENTIFIED SOURCES

The basic goal of this task was to identify from among the areas
defined during Task I, specific areas capable of providing
sufficient water to supply one or several 1000 ha or larger
microalgae facilities. For purposes of screening, the criteria
used to identify suitable areas was that a sustained yield of
greater than 4 million gallons per day should be available for a
time period of 10 or more years. To assist in rating the
potential yield of ground-water systems, available information
was collected on aquifer properties and recharge.

The approaches used during this phase of the project were as
follows:

3.2.1 Review Existing Information

The information collection activities for this task were carried
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out simultaneously with the parallel activities during Task I. An
initial screening of areas capable of yleldlng greater than 4
million gallons per day utilized publlshed information. The
annual report on water resources data for Arlzona, published by
the Unlted States Geological Survey (e.g., White and Garrett,

1984) is a partlcnlarly valuable source of information on surface
water supplies in Arizona. The USGS also publlshes an annual
summary of ground-water conditions in Arizona, which includes a
map shOW1ng potentlal well production for areas within the State.
Also included in the document are data on changes in ground-water
levels and estimates of ground-water pumpage. The USGS has also
publlshed several "Water Resources Investlgatlon" maps for
specific basins in the State with useful information on ground
water resources including ground-water contours, ground-water
flow directions, ground-water pumpage, and salinity of ground
water. A parallel Hydrologic Map Series published by the Arizona
Department of Water Resources also shows ground-water conditions
in various areas of the state. Recent reports from the SWAB/RASA
project include information on ground-water levels, springs, and
depth to ground water (Langer et al., 1984) and ground-water
withdrawals in the SWAB/RASA study area (Bedinger et al., 1984).

In addition to the 1literature review act1v1t1es, additional
information was obtained by contacting agencies and individuals
with water resources information. For example, the questlonnalre
sent out to 1rr1gat10n districts and power plant operators during
Task I activities, also included a request for information on

water ylelds. The USGS was contacted for aquifer test information
from their computer files.

3.2.2 Evaluating Yields

The available literature was searched for estimated yield values
for surface water sources. For example, the report of Langer et
al. (1984) provided information on the discharge of springs in
the SWAB/RASA area.

Given the lack of extensive information on the hydrology of many
of the ground water basins in the state, it was not possible to
develop a refined water balance for basins of the state that were
identified during the study. Accordingly, several approximation
methods were used to estimate the sustained yields in many of the
identified saline areas. These approaches were as follows:

a. Estimates from published reports.

- Reports were found occa51onally with estimates of the maximum
obtainable yield for certain areas. These estimates wvere
generally based either on existing pump yields or on aquifer test
results for the area. These data were generally regarded as being
the most reliable for the purposes of the study.
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b. Pump yields.

In some areas, information on the discharge rates of large
capac1ty mun1c1pal or irrigation wells was used to estimate
sustained aquifer yield.

c. Comparison with other areas.

For saline dround-water areas which lacked well discharge
information, yleld data was transferred from hydrologically
similar areas within the associated basins with good data bases.

d. Historical water withdrawals and water level declines.

In areas of the state where ground-water resources have been
extensively developed, the United States Geological Survey has
prepared map reports showing annual declines in ground-water
levels resultlng from pumplng. The volume of aquifer dewatered
during a given period of time was calculated from the geometry
of the water 1level decline contours. Estimates of aquifer
storativity (generally about .15) were then used to estimate the
volume of water withdrawn in the reported areas over a period of
time. Knowing the yleld from a system and the annual rate of
water level declines, it was possible to estimate the ablllty of
a system to yield at rates in excess of 4 mgd for a period of 10
years or more.

e. COoper-Jacob Method

For systems with data on aquifer hydraulic properties a worst-
case scenario was developed using the Cooper-Jacob (19456)
analysis. The scenario assumed that a single well was used to
pump ground water at rates of 4 and 13 mgd, and the modified
Jacob analysis was used to estimate the drawdown in the well for
a 10 year period of pumping. The analysis is based on the
following equation:

2
= (Q/4 TT)[1n(2.25Tt/r S)]

where:Ah = drawdown
Q= pump discharge rate
T= transmissivity
t= time
r= distance from pumped well
S= aquifer storativity

Values of transmissivity were obtained from the 1literature or
from United States Geologlcal Survey (USGS) computer files. The
values of storativity were either derived from reported results

or estimated based on representative values for the areas of
interest.

Following the analysis, if the depth to water in the pumping well
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(approximated at r=2 ft) greatly exceeded 500 £ft, then the
aquifer did not meet the yleld criteria ( either 4 mgd or 13
mgd) . However, when the resulting depth to water was close to 500

ft, dlt was presumed that multiple wells would meet the required
yield.

3.2.3. Mapping of Focal Areas

Based on the preliminary screening effort and the more detailed
studies to determine sustained yields of saline water sources,
five general regions in the state were selected as potential
candidate regions for a microalgae facility. These regions are as
follows: (a) the Gila River Valley between Yuma and Phoenix, (b)
the region near Casa Grande, (c) the Gila River Valley between
Safford and the San Carlos Reservoir, (d) the Colorado River
Valley between Parker and Ehrenberg, and (e) the region in Apache
and Navajo Counties south of the Navajo Indian Reservation that
includes St. Johns, Holbrook, and Winslow (see Figure 2-1).

Base maps scaled at 1:125,000 ( approximately 1/2 inch per mile)
were prepared for each region from standard 1:250,000 scale
United States Geologlcal Survey topographic maps ( 1 degree by 2
degrees Army Series Maps). Two maps were prepared to cover the
region between Yuma and Phoenix, and one map was constructed for
each of the other regions. These maps were used to delineate the

boundaries of the saline ground-water resources in greater
detail. '

3.2.4 Tabulation of Results

In addition to representing the saline water focal areas on maps,
three tables were prepared to summarize relevant information on
saline ground- water resources. The following information is
included in the tables: 1location of saline aquifer, depth to
water, surface area overlylng the saline plume, yleld of sources,
criteria used to estimate potential yield, reliability of yield
estimate, references, and remarks. (These tables are included as
Tables 4-2, 4-3, and 4-~4, in a later section of the report.)

3.3 CHEMICAL COMPOSITION OF SALINE WATER SOURCES

The general purpose of thls task was to determlne the
concentrations of the major ions and nutrients in the sallne
water sources. Major ions include calcium, sodium, magnesium,
chloride, bicarbonate, carbonate, and sulfate. Nutrients include

nitrogen, phosphorus, and potassium. The approaches used during
this task were as follows:
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3.3.1. Obtain and Review Existing Water Chemistry Information

This effort involved collecting and examining published
information on the water chemistry of surface and ground waters
in the State, with particular emphasis on data for the five focal
areas identified during Task II. The annual report on water
resources data for Arizona, published by the United States
Geologlcal Survey (e.g., White and Garrett,1984) contains
chemical analyses for a number of saline surface water sources in
the State. The Environmental Protection Agency was contacted for
water chemlstry data from the STORET data base. STORET is a
computerized data base system operated by EPA for the storage and
retrieval of data relatlng to the quality of the waterways within
and contiguous to the United States. The United States Geologlcal
Survey was approached for water chemistry information complled‘

during the SWAB/RASA project. For purposes of the USGS retrieval
) system, a list of wells, including legal descriptions, was
provzded for each of the focal areas. The USGS data are
partlcularly meaningful in that values are included for major
ion, nutrients, and certain trace elements that may be of
significance when considering microalage production. Surface
water and ground-water data from the USGS are included as
- Appendix C and Appendix D, respectively.

3.3.2. Tabulation of Data

The water chemistry data obtained for each of the focal areas are
summarized and presented in Section 4.0. Raw data, including
trace element concentratlons, are included in Appendix C€ and
Appendix D. These data will be of value during follow-up studies

when specific sites are examined as candldates for a microalgae
production facility.

3.3,3 Mapping of Water Chemistry Data

Representative water chemistry analyses, selected from saline
ground—water sources with adequate yield potent1a1 were
dlsplayed on focal area maps by means of chemical quality pattern
diagrams known as Stiff diagrams ( Stiff, 1951). These diagrams
use a system of three parallel horlzontal axis and a central
vertical axis. Concentration of cations, in mllllequlvalents per
liter, are plotted to the left of the central axis, and anions
are plotted to the right. The end values of the individual
concentration are joined by a stralght line to form an irregular-
shaped polygon. The distinctive shapes of the polygons for
different areas allows for rapid comparison of water chemistry
and aids in 1dent1fy1ng water types.
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3.4 DEFINE POTENTIAL POLITICAL, LEGAL, AND ENVIRONMENTAL
CONSTRAINTS

The general purpose of ¢this task was to 1dent1fy legal,
environmental, and polltlcal constraints associated with the
utilization of saline water in Arizona. Specifically, Arizona
water law as applles to both surface and ground water, and
relevant water quality statutes and regulations were examined.
After this general analysis was completed, the areas identified
in Task II were evaluated in terms of these constraints. The
approaches used during this phase of the project are as follows:

3.4.1. Review Existing Literature

This literature review concentrated on legal analysis of water
acquistion and use. A bibliographic review of the Legal Index
revealed no sources that discussed saline water 1law in
particular. However, a number of articles discussing water

rights acquistions and trends in water use in the West proved
significant.

3.4.2. Review Relevant State Statutes and Regglations'

Relevant State statutes, specifically the Arizona Groundwater
Management Act of 1980, the Arizona Water Code of 1919, and
water-quality laws and regulations were reviewed and analyzed.
These laws and regulatlons were scrutinized particularly for
references to saline water. Examination revealed <that saline
water is not-a special class of water under Arizona law except
when a poor water quality permit is applied for under the
Groundwater Act. The procedures for acqulrlng water under state

law, and for complying with water quality regulations were
explained in detall.

3.4.3 Conduct Interviews

In-depth personal interviews were conducted with a representative
of the Arizona Department of Water Resources and the Arizona
Department of Health Services. These officials were queried
about the feasability of this type of project and about the
application of State laws and the best possibilities, in terms of
water and land availability, for the location of the project. 1In
addition, phone interviews were conducted with officials from the
Bureau of Reclamation, State Land Department, Active Management
Areas, Arizona Public Service, Irrigation Districts, 1Indian

reservations, and others knowledgeable about saline water use in
the state.

3.4.4. Relating Saline Sources to lLaws and Regqulations

After the general analysis of Arizona water law was completed,
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this information was applied specifically to the five areas
identified in tasks I and II. This analysis revealed that the
most suitable areas for this type of project are areas 1located
outside of Active Management Areas that have a large supply of
saline ground water. However, other areas were also identified
as possible locations for a project but would require compliance
with more State laws.

3.4.5. Analysis of Upcoming Trends in Arizona Water Law

For this task, apparent trends in Arizona water law that may
affect this project were examined. Primarily, <the Gila River
adjudication was identified as having a large impact on existing
water rights and on the project. Also, Arizona is contemplating
changes in the law on water transfers. Finally, the possibility
of introducing specific legislation that would facilitate the
development of this project were examined.
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SECTION 4.0
RESULTS FOR TASKS I,II, AND IIIX

4.1 TASKS I AND II

The purpose of Task I was to determine the location of sources of
saline surface and grocund waters in Arizona, where the term
"saline" is defined as a concentration greater than 3000 mg/l.
For ground-water sources a criterion for selection was that water
levels should not exceed 500 feet from land surface. The purpose
of Task II was to designate regions where the yields fall within
the following ranges: less than 4 mgd, 4-13 mgd, and greater than
13 mgd. The data required for these tasks were obtained from the
literature and from contacts with Federal and State water-
related agenc1es, from irrigation districts, and from power plant

operators. A 1list of references and contacts is included in
Appendix B.

4.1.1 Surface Water Sources

During the study, 34 sources of saline surface water were
identified in Arizona, including springs, rivers and streans,
irrigation return flows and power plants. The locations of saline
water sources are shown on Plate I. Also included are data on the
potential yields of these sources.

As shown on Plate I, a total of 19 saline springs were identified
in the State, concentrated primarily in the northwest corner near
the Colorado River, in the north central part of the State near
the Kaibito Plateau, and in the east-central part of the State
near the Salt and Gila Rivers. Discharge data are not available
for all of the springs. However, the springs lacking discharge
"data probably yield less than 10 gallons per minute because these
springs do not appear on the. maps of Thompson et al. (1984) for
the SWAB/RASA study, which used 10 gpm as the lower limit for
listing on maps. Springs near Clifton and Indian Hot Springs are
currently used in pools and spas. Springs near White and Black
Rivers are in an area of extreme topography on the San Carlos
Indian Reservation. Other springs are less than 4 mgd. Overall,
it appears that springs cannot be considered as a reliable source
for a mlcroalgae production facility.

Five electrlcal generating stations were 1dent1f1ed. In general
these sources appear to be unsatisfactory for a microalgae
facility because the yields are less than the requisite 4 mgd,
and the dlscharge is generally treated with an algacide, which

may restrict growth in a production facxllty. A possible
' exception may be the Palo Verde Nuclear generating plant, west of
Buckeye. This plant has only recently come on line and the waste-
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water discharge rate is unknown at this time. However, further
investigation is in order because the station appears to be
underlain by a fairly shallow mound of saline perched ground
water which might be used conjunctively with plant discharge
water to obtain the desired yield.

The following table summarizes the other saline surface water
sources identified on Plate I, together with their discharge
rates:

'TABLE 4-1
SURFACE WATER SOURCES

Location Average Discharge
(mgd)
Coalmine Wash .9
Little Colorado River near St. Johns 6.6
Gila River at Calva 184
Pinal Creek near Globe 5.6
Gila River above diversions at Glllesple Dam 216
Gila River below diversions at Glllesple Danm 33
Buckeye Irrigation District Drains 22
Wellton- Mohawk Irrigation District main drain 130
South Gila Pump outlet 3 . 9.5
South Gila Pump outlet 4 3.8

Except for Coalmine Wash and South Gila Pump outlet 4, all of
these sources appear to be capable of yielding more than 4 mgd.
As shown on Plate I, the dlscharge data for these sources
represent average values for time intervals ranglng from 1 year
to 53 years. ngh salinity values in the Gila River can be
relied upon only during low-flow periods.

The discharge value for the Buckeye Irrigation District is an
instantaneous measurement representing the sum of the discharges
of nine drainage pumps used to drain an area subject to
waterlogglng. The drainage water is discharged either into <the
Arlington Canal or intoc the Gila River (Jones, 1985). According
to the Secretary-Manager of the District, Mr. T.H. Jones (1985),
this waste water could be made avallable for a project. The
drainage pumps extract ground water from a depth of about 15
feet, and cost of pumping is about $1.10 per acre foot, because
the district is a preferred customer for Hoover Power.

The three discharge values for the Wellton-Mochawk system are for

1982. Actually, discharge data have been collected for many years
but return flows have decreased steadily over the past 10 years
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from over 200,000 acre-feet per year (af/y) to below 150,000
af/y. There are no institutional impediments to the dlstrlct
pumplng additional water for sale to a project, such as a
microalgae production facility.

In 1974, the United States COngress passed the Colorado River
Basin Sallnlty Control Act which authorized construction of a
reverse osmos;s desalting plant near Yuma. This plant will be
completed in 1989. When the plant comes on line, the saline
effluent may be a source for a mlcroalgae productlon faclllty.
Additional details on this possibility are included in the
section of this report dealing with Task IV.

4.1.2 Ground- Water Sources

The locations of 61 ground-water areas in Arizona with salinity
levels in excess of 3000 mg/l and with water levels within 500 ft

of land surface are shown on Plate II. These areas were

identified during Task I. Most of these areas are located in five
general regions of the State, namely: along the Gila River
between Phoenix and Yuma; the region near Casa Grande; the Gila

River between Safford and the San Carlos River; the Colorado
River between Parker and Ehrenberg; and in the east-central

portion of Arizona near Holbrook, Winslow and St. Johns. Other
saline areas occur at scattered locations throughout the State.

The extent of the saline ground water resources along the Gila

River are well-defined in the literature that was examined during

the study (e.g., Daniel, 1981; Thompson et al., 1984). The area
in the east-central part of the State is known to contain 1large

plumes of saline ground water, but the boundaries of these plumes

are poorly-defined. The degree of certainty of data in other
saline ground-water areas depends on the degree of development of
the ground-water resources in each area.

For convenlence, 33 of the prlnclpal saline ground-water reglons
passing the screening criteria for Task I were combined into six
focal areas, shown on Figure 4-1. The general locations of these
areas are as follows:

Area I : a region within the Colorado River Valley between
Parker and Ehrenberg.

Area II: a region of the Gila River Valley which extends
from Yuma to slightly northeast of Dateland.

Area III: a region of the Gila River Valley extending from
. Area II to Glendale.

Area IV: a region extending southward from Phoenix to Casa
Grande.

Area V: a region of the Gila River Vélley between Safford
and the San Carlos Reservoir.
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Area VI: a region in Apache and Navajo Counties south of
the Navajo Indian Reservation that includes the
communities of St Johns, Holbrook and Wlnslow.

As shown on Figure 4~1, Area I is located entirely within the
USGS designated area CHI ( Colorado River, Hoover Dam to Imperial
Dam). Area II is within the following USGS designated areas: YUM
(Yuma), GTD ( Gila River from Texas Hill to Dome), CHI, and GRD
(Gila Rlver dralnage from Painted Rock Dam to Texas Hill). Area
III is within the following designated areas: GRD, HAR
(Harquahala Plains), ILHA ( Lower Hassayampa ), SRV (Salt River
Valley), WAT (Waterman Wash), GIL ( Gila Bend Basin), and 1LsSC
(Lower Santa Cruz). Area IV 1s within elements of the following
basins: SRV and LSC. Area V is prlmarlly within the SAF (Safford
Basin), with a small section being in the GSK ( Gila River from
head of San Carlos Reservoir to Kelvin) area. Finally, Area VI is
within the following designated areas: PRZ (Puerco-Zuni), HOP
(Hopi), CDI (Canyon Diablo), CHV (Chevelon), and HOL (Holbrook).

The total number of sites with the potential of satisfying the:
specified conditions for a microalgae productlon facility was
further refined during the Task II screening process. As
described in the methods section, a number of .methods were used
durlng Task II to eliminate ground-water sources not capable of
prov;dlng at least four mgd. As a result of the final screenlng,
19 saline ground-water plumes were identified in the six focal
areas as being capable of providing greater than 4 mgd for a
mlcroalgae production faclllty. An additional area was located
outside of the focal areas with a potential yield of greater than
4 mgd., For seven areas there were insufficient data to determine
the 1long term yleld. Thirty four of the original 61 areas were
determined to be incapable of providing greater than 4 mgd.

Most of the rejected areas are located' in the northern and
central part of the State where the aquifers generally consist of
fine-grained sediments that yield less than 10 gallons per minute
to wells. Also included were a few areas in the southern part :f

the State in fractured crystalllne rocks that yield llttle or no
water to wells.

The results of the screening process are summarized in Table 4-2
through Table 4-4. Table 4-1 designates possible sites for a
pro;ect both within and outside the focal areas. The sites with
insufficient data to determine yield are included in Table 4-3.
Finally, the sites that are unsultable for development are
included in Table 4~4. Included in the tables are the following
items for the various groups of saline ground-water areas:
locatien, depth to water, surface area available for a progect,
estimated yleld criteria used to determine yield, rellablllty of
the yield estimate ( in relative terms: good, fair or poor),’
remarks and pertinent references.

Criteria for rating the reliability of data were as follows: Data
were considered to be "good" when the same values were reported
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TABLE 4-2. POSSIBLE GROUND-WATER ARERS FOR A PROJECT

POSSIBLE SITES - FOCAL AREA I

“bcation | Depth to | Surface | Yield | Criteria Used to | Reliability of Remarks References
Hater firea Deterwine Yield Yield Estimate
(f¢) [sq. mi.}| (MBD)
521 12 b }13 | Published Reports Fair Within the boundaries of the |Metzger, et al.,
B-6-21 Colorado River Indian Reser- [1973
B-71-21 vation
Shallow 20me contains 2540 to
5780 =g/l TS
6ravel zone contains 4520 to
6050 =g/1 TDS
Deep zone contains fresh water
fiquifer is hydraulically
cornected to the Colorado River
POSSIBLE SITES - FOCAL ARER 11
Location | Depth to| Surface | Yield | Criteria Used to | Reliability of Remarks References
Water firea Deternine Yield Yield Estimate
(ft) {sq. wi.)| (M6D)
611 2-25 244 }13 | Published Reports Good firea includes WelltonmMohawk  |USGS, 1985;
to Modified Jacob Irrigation District USeS, 19863
—~6-13 Pup Yields Halpenny, et al,
C-7-13 1952
“to
=-7-21
C-8-16
- to
-8-20
822 16 5 313 | Modified Jacob Fair USES, 198S;
-3-2 Published Reports Uses, 1985
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TABLE 4-2, POSSIBLE GROUND-WATER ARERS FOR R PROJECT (Continued)

POSSIBLE SITES - FOCAL ARER I1I

Location |Depth to| Surface | Yield | Criteria Used to |[Reliability of Remarks References
Water firea Determine Yield Yield Estimate
{ft) [(sq. wi.)| (MED) ‘
fA-1-1 10-200 230 $13 | Published Reports Good Yield decreases with depth Stulik, 1982; -
B-1-1 Modified Jacob Stulik and Twen~
to Pump Yields Water levels have declined ter, 1964
B-1-4 S0 to 200 feet since 1923
C-1-4 in east part of area
to for drainage
€-1-5
£-2-5
D-1-1
C-4-4  1{100-300 18 313 | Published Reports Fair Sebenik, 1979;
C-5-4 Pump yields Halpenny, et al-
1952
C-4-7 {100 3 4-13 | Published Reports Poor Uses, 1985;
C-4-8 Comparison with Halpenny, et al
£-5-8 other areas 1952
.59 -
C-~4-10 175 7 313 ] Published Reports Fair Water levels declined 30 ft Heist, 1965;
Modified Jacob from 1979 to 1984 USGS, 1985;
US6S, 1986 -
D41 400 4 313 | Historical declines Poor Stulik, 1982

Comparison with
other areas
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TABLE 4-2. POSSIBLE GROUND-WATER AREAS FOR A PROJELT (Continued)

POSSIBLE SITES - FOCAL ARER IV

Location | Depth to | Surface | Yield | Criteria Used to | Reliability of Remarks References
N Water L firea Deternine Yield Yield Estimate
{ft) I(sq. mi.) | (MBD)
R
~1=2 100-200 | 42 413 | Published Reports Fair Most of the area is on the USES, 1385;
w22 Modified Jacob Gila River Indian Reservation | USGS, 1986
D-2-3
=
oy . .
1-4 (100-200] 39 113 | Published Reports Fair Perched water say be present | USBS, 1985;
p-1-5 Modified Jacob in southern part of area USES, 19686
to Western part of area is on the
Jo-6 6ila River Indian Reservation
Most of area is irrigated
0-5-7 300-300 9 4-13 | Published Reports Fair Extensive agricultural devel- | Komieczki and
58 Modified Jacob opment in area English, 1979;
USES, 1986
65 100~400 | 66 4-13 | Published Reports Fair Depth to water increases Konieczki and
+6-6 Modified Jaccd east to west English, 1979;
D-1-6 Usss, 1986;
- {)s6S, 1985
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TABLE 4-2. POSSIBLE GROUND-WATER ARERS FOR A PROJECT (Continued)

POSSIBLE SITES - FOCAL AREA V

Location | Depth to | Surface | Yield | Criteria Used to |Reliability of Remarks References
Water frea Determive Yield Yield Estimate
(ft) {sq. mi.)| (M6D)
p-3-21 10-40 S0 413 | Published Reports Fair Yield listed is for water USES, 19853
D-3-22 Modified Jacob table aquifer (alluviwm) Hanson, 19723
D-4-22 Laney, 1977;
D~4-23 Yield for artesian aquifer Weist, 1971
p-5-23 is less than 4 MGD
D-5-24
D-6-24 flluvium is hydraulically
D625 connected to the Gila River
flluvium averages 40 to 60
feet thickness
D-6-26 26-68 S 4-13 | Published Reports Fair Yield listed is for water USES, 1985;
D-71-26 Comparison with table aguifer (alluvium) Hanson, 1972;
other areas Laney, 1977;
Yield for artesian aquifer Heist, 1971;
is less than 4 MGD
filluvium is hydraulically
comnected to the Gila River
Alluvium averages 40 to 60
feet thickness
D-8-26 40 3 4-13 | Comparison with Poor Insufficient information
other areas
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TRBLE 4-2. POSSIBLE GROUND-WATER ARERS FOR A PROJECT (Continued)

POSSIBLE SITES - FOCAL AREA VI

Petrified National Forest Park
is within the boundaries of
the saline area.

Location| Depth to | Surface | Yield {Criteria Used to | Reliability of Remarks References

~ Water firea Detersine Yield Yield Estimate
(ft) |(sq. si.)| (MBD)

4-14-27 | Flowing | S8 see | Published Reports Fair frea identified is Zuni River |[Mann, 1977;
~14-28 to resarks Alluviem — insufficient data |Mann, 1976
W=15-26 50 is available to estimate yield
_to for the alluvium

59
1630 Saline water may exist in the

Coconino Sandstone - yield
for the Coconino is probably
greater than 13 M6D
5 Flowing wells pemetrate the
Coconino Sandstone
f-16-23 | Flowing | SO0 }13 | Published Reports ‘Good Coconino Sandstone Mamn, 1977;

- to to Puwp Yields Davis, 1986;
627 | 500 Salire area continues to the |Mann, 1976
A-17-21 north and east; however, depth

. to to water exceeds 500 feet
+17-27
A-18-21 Flowing wells occur along the

to Little Colorado River. Depth

- N-18-27 to water increases to the
+19-21 northeast

to

--A-19-26 Yield varies vertically and
R-20-22 areally, depending on

t0 fracture density. Generally,
A-20-25 yield increases with depth.
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TABLE 4-2, POSSIBLE GROUND-WATER AREAS FOR A PRAJECT (Continued)

POSSIBLE SITES - FOCAL ARER VI {(Continued)

Location| Depth to| Surface | Yield |Criteria Used to | Reliability of Remarks References |
Hater Area : Determire Yield Yield Estimate
{ft) |(sq. wi.)| (MGD)
f-18-15 | 150-200 | 300 }13 | Published Reports Fair Coconino Sandstone Marn, 1976
to fkers, 1964
f-18-18 Yield varies vertically and ' |Davis, 19865 {._
f-19-15 areally, depending on fracture jMam, 1977
to density. Generally, yield
A-19-17 increases with depth. X
A=20~15
to Northern part of area is on
A-20-17 the Navajo Indian Reservation
f-21-14
to
A-21-17
f-ce-14
f-22-15
A-18-19 40 29 313 | Published Reports Fair Coconino Sandstone Mamn, 19765
' fikers, 19643
Yield varies vertically and Davis, 1986; |
areally, depending on fracture |Mamn, 1977
density. Gemerally, yield :
increases with depth. "
POSSIBLE SITE - OUTSIDE FOCAL ARERS N
Location | Depth to] Surface | Yield | Criteria Used to | Reliability of Remarks References
Hater firea Deterwine Yield Yield Estimate -
(ft) (sq. mi.) ] (MGD) : .
C-18-1 214 16 13 | Pump Yields Fair Area lies within the Hollet, 198t
C-18-2 Modified Jacob boundaries of the Papage
C-19-1 ' Indian Reservation
£-19-2

34



TRBLE 4-3. SITES WITH INSUFFICIENT DATR TO DETERMINE YIELD

'A\.ocation Degth to] Surface | Yield |Criteria Used to | Reliability of Remarks References
Mater firea Deterwine Yield Yield Estimate
{ft) (sq. mi.) | (MGD)
=25-15 | 200-500 § 65 4-13 | Published Reports Poor Includes Red Lake (dry) USES, 1985;
B-25-16 Hell Yields 1986
-B-26-16 Modified Jacob No information available
-26-17 southeast of Red Lake
g-27-16
_Bar-i1 Red Lake consists of fine-
grained lacustrine deposits
Well yields up to 2.2 W60
west of Red Lake
3916 | 17-310 | 12 ? - - firea is adjacent to saline  |Kister, 1973
B-40-16 areas in Nevada. Saline area
extends to at least the Lake
Mead area.
Surface area listed does not
B include area in Nevada.
=i-1 211 1 ? - - Possibly perched water -
L-7-12
-8-32 ? 6 ? - - Saline water occurs in
- -3 unconfined alluvial aquifer.
Confined aquifer contains fresh
water,
Yield for confined aquifer is
greater than 13 Mgd.
2-13-31 65 . 13 ? - - Unconfined alluvial aquifer.
v 9-14-31

Depth of alluvium approximately
100 feet.

Depth to bottom of confining
bed approximately 500 feet
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TABLE 4-3. SITES WITH INSUFFICIENT DATA TO DETERMINE YIELD (Continued)

limestore aquifer. Hater
in the limestone aguifer is
generally less than 500 mg/1
m.

Within the boundaries of
Prescott National Forest

Location| Depth to]| Surface | Yield ]Criteria Used to | Reliability of Remarks References
Hater firea Deternine Yield Yield Estimate
(ft) |(sq. mi.) | (M6D) '

D-14-12 | 200-700 | 2 ? - - - -

D-15-12

D-23-26 | (100 9 ? - - Saline water occurs in uncon—

D-23-27 fined alluvial aguifer. Con—
fined aquifer contains fresh
water,

Hater levels have declined up
up to 35 feet between 1966 and|
1977 '
TABLE 4~4., SITES UNSUITABLE FOR DEVELOPMENT
Location | Depth to{ Surface }Yield |Criteria Used to | Reliability of Remarks References - ;
Hater firea Determine Yield Yield Estimate ‘
(ft) |(sq. mi.) ] (MBD)

fA-1-15 ? 2 4 Modified Jacob Fair USBS, 1986

A-13-4 50 2 (4 Pump Yields Good Martin Formation Owen-Joyce,

- Modified Jacob 1984; Twenter
Saline water generally and Metzger,
occurs in wudstone facies, 1963; Levings
is interfingered with the

and Mann, 1980
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TABLE 4~4. SITES UNSUITABLE FOR DEVELOPMENT (Continued)

Reliability of

limestone aquifer. MHater
in the limestone aguifer is
generally less than 500 mg/!
ms. .

Within the boundaries of
Prescott National Forest

“ocation| Depth to| Surface | Yield | Criteria Used to Remarks References
Water firea Detersine Yield Yield Estimate
(ft} " |(sq. =mi.) | (MGD)
-13-5 | 2 1] Pump Yields Bood Martin Formation Owen—Joyce,
Modified Jacob : 1984; Twenter &
- Salire water generally Metzger, 1963;
occurs in sudstone facies, Levings and
is interfingered with the Mann, 1980
limestone aquifer., Hater
B in the limestone aguifer is
generally less than 500 mg/1
T05.
Within the boundaries of
Prescott National Forest
=144 ) 2 1L Pump Yields Good Martin Formation Owen-Joyce,
-14-5 Modified Jacob 1984; Twenter &
Saline water gererally Metzger, 1963;
occurs in mudstone facies, Levings and
is interfingered with the Marm, 1980
limestone aquifer. Hater
in the limestome aquifer is
- generally less than 500 mg/1
TS,
Within the boundaries of
Prescott Natiomal Forest
-15-4 50 2 (& Comparison with Fair Martin Forsation Owen—Joyce,
other areas 1984; Twerter &
Salire water gemerally Metzger, 1963;
cccurs in mudstone facies, Levings and
is interfingered with the Mann, 1980
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TABLE 4-4. SITES UNSUITABLE FOR DEVELOPMENT (Continued)

Location [Depth to| Surface { Yield | Criteria Used to | Reliability of ~ Remarks References
Hater firea Determine Yield Yield Estimate
(ft) |(sq. =i.}{ (MGD)
A-13-28(13 ? 3 10) Published Report Good Diatrese in Bidahochi Farrar, 1980
Formation
f-13-28(2) ? 3 ) Published Report Good Diatrese in Bidahochi Farrar, 1930
Forwation
f-13-2843% 10 3 4 Published Report Fair Coconino Sandstone Mann, 1977
fA-12-29 | 183 3 4 Published Report Fair Coconino Sandstone Mann, 1977
A-13-29
1426 | 35 | 4 (¢ | Published Report Fair Coconino Sandstone Harper and
finderson, 1975
A-1526 | 35 ] 4 Published Reports Good Chinle Formation Mann, 1977;
to {silts and clays) US8S, 1985
A-15-28 : :
A-16-27
R-16-28

f-22-22 ? S0 4 Published Report Bood -Bidahochi Formation Farrar, 1980

f-e2-23 and alluvium

A-23-21 :

to

fA-23-23

A-23-31 ? 11 4 Published Report Fair D-aquifer (fine grained | USes, 19853

A-24-31 | ' sand and silt) Mann, 1977
firea is on Arizona—New Mexico
border - may continue in New
Mexico.

A-24-21 74 S 4 Published Report Good Diatrese -in Bidahochi Farrar, 1380
Formation
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TRELE 4~4., SITES UNSUITABLE FOR DEVELOPMENT (Contirued)
“ocation {Depth to] Surface | Yield | Criteria Used to | Reliability of Remarks References
Water frea Determine Yield Yield Estimate
(ft) |(sq. mi.)] (MBD)
B
lack 100 0 4 Published Report Bood D-aquifer
resa Modified Jacob
Mavajo Levings and
nd Farrar, 1970;
.pache USeS, 1985
Counties)
Carson ? 12 4 Published Report Fair US6S, 1985
. Meaga .
Rpache
vounty)
.entana ? 8 & Published Report Fair Uses, 1985
Mesa
Agache
ounty)
ukachukai ? 20 4 Published Report Fair USes, 1985
wash .
~26-9 [100-700 | 56 4 Published Reports Fair Coconino Sandstone USES, 1985;
f-06-10 Modified Jacob fippel and Bills,
279 Depth to water increases 1980
-27-10 to the south and west
A-28-9
2-28-10 Southern part of area is on
299 Wupatki National Monument
w407 ? 37 4 Published Reports Good Moenkopi Formation 1#585, 19853
B-~40-8 {siltstone) Levings and
Farrar, 1970
B-33-15 | 5-518 8 4 Published Report Fair Hithin the boundary of Lake uses, 1985
- Mead National Recreation
firea
416 |200-250| 3 (4 | Published Report Fair Outside main water bearing Uses, 1985
unit
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TABLE 4-4. SITES UNSUITRBLE FOR DEVELOPMENT (Continued)

Location | Depth to| Surface | Yield | Criteria Used to |Reliability of Remarks References
Hater frea Determine Yield Yield Estimate
(ft)  lsq. mi.) | (MGD)
B-1-23 20 18 % Published Report Fair Saline water occurs below the | Metzger, et al
c-1-23 main water bearing zone in 1973 =
fine-grained sediments.
L‘g
B-2-8 [400-500 | 35 (4 | Published Report Fair Fire grained alluvial Metzger, 1957 |
B-2-9 . sediments up to 1000 ft thick
B-1-8 .
B-1-9 [
B-16 | (100 4 “ Published ReMs Fair Perched water Long, MR, ]
C-1-6- 1983
frea is on Arizona Public
Service Commission land
{Palo Verde Nuclear Power ]
Plant)
| C~4-5 (100 24 4 Pusp Yields Good May be perched water Sebinik, 1979
C-4-6 Published Reports N
c-5-6 : Fine-grained sediments up to B
900 ft thick in area
D42 400-500 | 13 4 Published Reports Good Outside main water bearing USES, 1985;
' Modified Jacob unit USEs, 1986
D-4-29 ? 13 4 Published Report Fair uUses, 1985
D-4-30 I
p-5-29
D-5-30
T
|
D-5-6 300400 S 4 Published Report Fair Outside main water bearing USses, 1985 .
D-5-7 unit ' r
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TRBLE 4-4.

SITES UNSUITRBLE FOR DEVELOPMENT (Continued)

—pation | Depth to | Surface |Yield {Criteria Used to {Reliability of Remarks References
ater frea Detersine Yield Yield Estimate
(ft)  |(sq. mi.) | {M6D)
13-20 ? 6 4 Published fReports Good Outside main water bearing {USES, 19855
unit (6aliuro Mountains) Jones, 1980
. 14-24 | 50-300 | 48 4 Published Report Sood Wilcox Plays USBS, 1985;
D=14-25 Modified Jacob Uses, 1986
1524 Fine-grained lacustrine
1525 sedisents
D-16-24
1620 | 70 9 (¢ | Published Report Fair May be perched aquifer Roeske and
Modified Jacob Werrel, 1973;
Pump Yields Confined aquifer (below 200 USeS, 1986
feet) cortains fresh water
16-20 ) 8 (& Published Report Fair May be perched aquifer Roeske and
1720 Modified Jacob errel, 1973;
: Pump Yields Confined aguifer (below 200 Uses, 1986
feet) comtains fresh water
17-4 116 S 1) Published Reports Bood Qutside main water bearing USes, 1965;
Pump Yields unit (Comababi Mountians) Hollet, 1981
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by independent sources. Date were considered to be "fair" when
presented by a single source.. Finally data were considered to be
"poor" when values were transferred from another region without
independent corroboration in the area of interest.

The grouplng of the potential areas within the focal areas
according to possible yields was as follows:

o number of areas potentially yielding greater than 13 ngd
= 12
o number of areas capable of yielding from 4 to 13 mgd = 7.

Estimated yields from each of the six focal areas are summarized
in Table 4-5. Yield values over a 10 year period were calculated
by multiplying the minimum daily yield by the number of 3650, the
approximate number of days in 10 years. Quantity in storage
values vwere estimated from information on the depth of water in
storage above 500 ft, the areal extent of the aquifer, and
reported or estimated values of the formation dralnable porosity.
(The estimated value of drainable porosity was .15).

In addition to showing the locations of each of the focal areas
on Figure 4-1 and on Plate II, base maps scaled at 1:125,000 were
prepared for each region. These maps are included as Plates
III, which includes Areas I and II; Plate IV, for Area III; Plate
V, for Areas IV and V; and Plate VI, for Area VI. On these
plates, the approximate locations of the saline ground-water
plumes in each area are located within contours of equal

salinity, with contour intervals being 3000 mg/l, 5000 mg/l, and
10,000 mg/l.

Relevant features of the six focal areas from the perspective of
developing a microalgae facility are included in Section 6.0.

4.2 TASK III, CHEMICAL COMPOSITION OF SOURCES

4.2.1 Surface Water

Published data on the chemical quallty of surface water sources
germane to this project are included in Appendix C. These data
are for Water Year October 1981 to September 1982. Also included
are water discharge records for these sources. Specific locations
of these data are as follows:

o Little Colorado River above Zion Reservoir, near St. Johns

© Gila River at Calva, AZ
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TABLE 4-5
YIELD AND QUANTITY DATA

Location

FOCAL AREA I

43

Depth to Surface Yield Yield Quantity
Water Area over 10 years in Storage+*
(ft) (sq. mi.) (MGD) (liters) (liters)
: 11 10
B-5-21 12 5 >13 >1.8 x 10 6.4 x10
. B=6=21
B=-7-21
FOCAL AREA II
Location Depth to Surface Yield Yield Quantity
: Water Area over 10 years in Storage*
(£t) (sg. mi.) (MGD) (liters) (liters)
11 13
C-6-11 2=25 244 >13 >1.8 x 10 1.4 x 10
to
C-8-20
s 11 .11
C-8~22 16 5 >13 >1.8 ¥ 10 2.8 x 10
C-9-22
FOCAL AREA III
Location Depth .to Surface Yield Yield Quantity
Water Area over 10 years in Storage=*
(£ft) (sg. mi.) (MGD) (liters) (liters)
. 11 12
A=-1-1 10-200 230 >13 >1.8 x 10 8.2 x 10
to
D=1-1
11 11
C=4-4 <100-300 18 >13 >1.8 x 10 6.4 x 10
- C=5=4
10 12
C=4~7 <100 53 4-13 >5.5 x 10 2.5 x 10
to
C~5-9
11 11
C-4-19 175 7 >13 >1.8 x 10 2.7 x 10
‘ , 11 10
D=4-1 400 4 4-13 >5.5 x 10 4.7 x 10



TABLE 4-5 (Continued)

FOCAL AREA IV

Location Depth to Surface Yield Yield Quantity
Water Area over 10 years in Storage*
(ft) (sq. mi.) (MGD) (liters) (liters)
10 12
D~1-2 100-200 42 4-13 >5.5 x 10 1.5 x 10
D=-2-2
D=-2-3
' 11 12
D=1-4 <100-200 39 >13 >1.8 x 10 1.4 x 10
‘to
D~2-6
10 11
D=5~7 300-500 "] 4-13 >5.5 x 10 1.1 x 10
D~-5-8 ’
10 11
C=6=5 100-400 66 4-13 >5.,5 x 10 1.5 x 10
to ‘
D=7-6
FOCAL AREA V
Location Depth to Surface Yield Yield Quantity
: Water Area over 10 years in Storage*
(ft) (sq. mi.) (MGD) (liters) (liters)
10 11
D=3-2 10-40 50 4-13 >5.5 x 10 2.4 x 10
to ' .
D=6-25
. 10 10
D=6-26 26-68 5 4-13 >5.5 x 10 2.4 x 10
D=7-26
10 10
D~8-26 40 3 4-13 >5.5 x 10 1.4 x 10
D=-5-8
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TABLE 4-5 (Continued)

- Location

FOCAL AREA VI

Depth to Surfade

Yield Yield Quantity
Water Area over 10 years in Storagex*
(ft) (sgq. mi.) (MGD) (liters) (liters)
' 11 12
A=14-27 Flowing 58 >13%%* >1.8 x 10 3.0 x 10
to to
A-16-30 50
11 13
- A=16-23 Flowing 500 >13 >1.8 x 10 2.9 x 10
- to to
A=-20-25 500
11 13
-~ A=18=15 150-200 300 >13 >1.8 ¥ 10 1.0 x 10
to
A~-22-15
11 12
A-18~19 40 29 >13 >1.8 x 10 l.6 2 10
OUTSIDE OF FOCAL AREAS
Location Depth to Surface Yield Yield Quantity
Water Area over 10 years in Storage*
(£t) (sq. mi.) (MGD) (liters) (liters)
' 11 11
C-18~1 214 16 >13 >1.8 x 10 5.7 x10
- C-18-2
C-19-1
C=19-2

*# Numbers do not include recharge, a significant factor along the
- Colorado River, and Plateau Uplands rerions. Recharge values are

not quantified for specific areas of the State because of the
uncertainty of existing data.

*#* Values are for the C-aquifer. Values for the alluvial aquifer
are not known.
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o Pinal Creek at Inspiration Dam near Glébe, AZ

o Gila River above diversions, at Gillespie Dam, AZ

0 Gila River below Gillespie‘Dam, AZ

o Diversions and feturn flows at and below Imperial Dam
o Drainage water from the Buckeye Irrigation District

Examination of these data for the major constituents shows that
the dominant type is sodium chloride, except for the inflows from
Pinal Creek, which are predominantly a calcium sulfate type. (For
a discussion on chemical water types see Hem, 1959.)

The chemical data for these sources included in Appendix C,
specifiy not only the major ionic constltuents but also values
for the trace constltuents, including arsenic, barium, cadmium,
chromlum, cobalt, copper, 1ron, lead, manganese, mercury, nickel,

selenium, silver, and =zinc. From the viewpoint of mlcroalgae
production, the information on the concentrations of the major

nutrients (N,P, and K), and trace elements will be particularly
helpful.

4,2.2 Ground-Water Sources

Data on the chemlcal comp051tlon of ground water within the
identified plumes in the six focal areas are included in Appendlx
D. The data for focal areas II, 1III, IV, and VI were obtained
from USGS computer files. The data for areas I and V are from the
llterature. The chenmical analyses from the USGS mainly include
the major chemical constltuents, i.e., calcium, magnesium,
sodium, potassium, chloride, sulfate, the nitrogen series,
carbonate and bicarbonate, as well as pH, temperature and
specific conductance. Values for minor constituents are also
reported when the results are available, including phosphate,
fluoride, silica, arsenic, barium, beryllium, boron, cadmium,
chromium, copper, iron, lead, manganese, molybdenum, nickel,
strontium, vanadium, zinc, aluminum, lithium, and selenium.

Chemical gquality pattern diagrams for selected wells in the
saline ground-water plumes are included on the focal area mnmaps,
Plates III through VI. It is apparent from these dlagrams and
from an examination of the chemical quality data in Appendlx D ,
that sodium chloride is the major water type. This is not
surprising cons;derlng the extensive presence of salt deposits in
the State (Peirce, 1981). Fairly substantial 1levels of
bicarbonate are also present, which may be important from the
viewpoint of microalgae production.

Additional details on water chemistry in the specific focal areas
are included in Section 6.0.
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SECTION 5.0

INSTITUTIONAL-ENVIRONMENTAL CONSIDERATIONS
BY:
MARY WALLACE

5.1 INTRODUCTION

The West is enterlng a new era of water management and
conservation (Wilkinson, 1985; Anderson, 1983). The emphasis is
no longer on the large scale development of water supplies, but
- on better management and increasingly stringent conservation

measures. One aspect of this trend toward better management is a
growing recognition of water quality issues. There is a new
~focus in the West on protectlng the quallty of existing water

supplies and on matching various qualities of water to
appropriate uses.

New policies that reflect this quantity-quality link will be
developed in the future in order that the growing demand for
western water will be met. There will be an increase in the
demand for now under utilized sources of water such as effluent,
agricultural return flows, and highly saline waters.

This chapter reviews legal, political, economic and environmental
constraints to the utilization of saline waters in Arizona for
microalgae production systems. First, Arizona water law with
- respect to surface and ground water, including the Arizona

Groundwater Management Act, will be analyzed. Second,
requirements  for acquiring different types of water rights
available in the State are reviewed, including both initiating a
new right and purchasing existing rights. Third, relevant
groundwater quality statutes and regulations and other
environmental constraints will be examined.

5.2 WATER SUPPLY

Arizona has three major sources of water: Surface water,
including Colorado river water delivered via the Central Arizona
Project, ground water, and effluent. Surface water supplies total
approximately 2,500,000 acre-feet per year and accounts for over
40% of all water used in Arizona ( Martin, et al., 1985) Except
for the 1.2 million acre-feet of Colorado river water to be
delivered by the Central Arizona Project (CAP), all surface
waters in the State are developed and diverted for use. In fact
in almost all regions, the surface water supply is over
appropriated. With the expected completion of the CAP in 1991,
the 1.2 million acre-feet of Colorado River water will also be
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'fully put to use.

Groundwater is Arizona's largest supply of water. In general, in
most developed areas of the State, partlcularly the Desert
Lowlands, the dground-water is stored in deep porous aquifers
whlch vield large, easily pumped , quantities of water. However,
since the 1940's, the rate of withdrawal has exceeded the rate of
recharge. As a result, in some areas, specifically the Desert
Lowlands, the groundwater tables have dropped by as much as 200

feet (Bush and Martin, 1984). Annual overdraft is currently 2.2
million acre-feet per year.

5.3 ARIZONA WATER IAW

5.3.1 Surface Water

Arizona water 1law recognlzes three classes of water supply:
surface water, water flowing in definite underground channels,
and percolatlng groundwater. Both surface water and water
flowing - in deflnlte underground channels are governed by the

doctrine of prior approprlatlon (ARS 45-131a). The prlmary
feature of this doctrine is best expressed by the aphorlsm "first
in tlme, first in right", or that the rights of prior uses are

superlor to any subsequent uses. In times of shortage, a water

user with an earlier priority date will prevail over any other
junior users.

All surface water and waters running in definite underground
channels must be approprlated under the terms outlined in the
Arizona water code which was promulgated in 1919. Under this
code, the water is considered publlc in character and the basis
and the limit and measure of a rlght is beneficial use (ARS 45-
131b). Permitted uses of approprlated water include domestic
use, 1rrlgatlon, stock watering, water power, recreation,
wildlife including £ish, for personal use or delivery to
consumers. Surface water rights, once obtained, may be 1lost
either through abandonment, which requires both an intent to give
up the rights, and a cessation of use, or by nonuse for five
years with constitutes a forfeiture of the right (ARS 45-131c).

Surface water rights are considered appurtenant, or attached to
the land for which the appropriation was made. However, in 1962,
amendments to the water code provided for transfers of water .
rights. A water rlght may be severed from the land for lrrlgatlon
and other uses without a loss of priority if: 1) the transfer is
approved by the Arizona Department of Water Resources (ADWR): 2)
other vested water rights would not be injured; 3)the right
itself has been perfected under Arizona law and not abandoned or
forfeited (ARS 45-172, 1-4)..

Further, if the water right is contained within the boundaries of
an irrigation district or water users association, the entity
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must approve of the transfer. There is one other restriction to
water transfers: the approval of irrigation districts and
associations must be obtained if water from any watershed or
drainage area that either supplies or contributes water for
- irrigated lands is to be transferred (ARS 45-172-5).

5.3.2 Ground Water

Many western States, including Arizona, have treated ground water
differently from surface water supplies. While surface water has
> been classified as public in character with approprlatlon permits
required, ground water has been viewed as a prlvate resource. In
a lengthy series of court cases, some contradictory, Arizona
courts have applied a "rule of reasonable use" to the use of
percolating ground waters. Under this rule, a landowner is
allowed to pump any amount of ground water from underneath his
property and utilize it for any beneficial and reasconable use on
his land. However, the water cannot be transferred off the land
from which it is pumped if a neighboring landowner is harmed.

. However, this rule of reasonable use has been limited and even
voided in some areas of the State during the last five years.
First, in 1980, the Arizona legislature passed the Arizona
Groundwater Management Act (herein referred to as the Act). In
- this Act, four areas of the State were declared active management

areas and an entirely new set of rules now govern ground water
use in these areas (See following sections).

Second, in two cases, Cherry V. Steiner (543 F. Supp. 1270 (D.
Ariz. 1982) and Town of Chino Valley V. City of Prescott (638 P.
2d. 1324 (1981)), the rule of reasonable use was clarified. In
these cases,- both of which challenged the Arizona Groundwater
Management Act (AGMA) on constitutional grounds, the court
clarified the ownership of percolating ground water, holding that

.. a landowner had no ownership to ground water until it was

captured and put to beneficial use. The court also held that the
AGMA was a proper exercise of the police powers of the State.

5.3.2.1 Arizona Groundwater Management Act

In 1980, the Arizona State Leglslature enacted the Arizona
Groundwater Management Act (herein referrred to as the Act).

This law, a radical departure from previous policy concernlng
ground water, has been characterized as the most comprehen51ve
ground water management plan of any western State. Basically, the
Act is a comprehensive management plan that includes
restrictions on new ground water uses, and also conservation

requirements for existing water uses. Surface water uses are not
affected.

The Act designates four Active Management Areas (AMA) and most
* provisions of the Act only apply to these four areas: l) the
Tucson area; 2) The Phoenix area; 3) the Prescott area; and 4)
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the Pinal area (see Figure 5-1). In these areas, the Act applles
only to state and private lands andw ater use on the Indian
reservations is not affected. The active mangement areas,
however, contain over 80% of the State's populatlon and over 69%
of the total overdraft (Johnson, 1980). Additional AMA's may
also be created either by the Director of the Arizona Department
of Water Resources (ADWR) or upon petltlon by 10% of the voters
in a proposed AMA. Once the petition is submitted, all reglstered
voters may vote on the proposed AMA. In fact, the ADWR is
currently investigating the p0551b111ty of creating an AMA in the
Sierra Vista area, located in Cochise County (see Figure 2-1).

The Act also created three Irrigation Non-Expan51on areas (INA),
one in Douglass, one in the Harqualala Valley, and one in the
Joseph City area (see Figure 2-1). In these areas, only those
lands which were irrigated between 1975-80 may be irrigated
presently. The Act also requires that all wells with pump
capacltles over 35 gpm be measured and reported, but there are no
restrictions on pumping.

The Act is administered by the Arizona Department of Water
Resources , an agency created by the Act. This agency was
delegated broad powers over most water resources matters,
including the management of ground water and all surface water
rights, except .those decreed by a court, dam safety, flood
control, the Central Arizona Project, and also some aspects of
water quality. The Director of the ADWR, who is app01nted by the
governor, has general respons1b111ty over pollcy decisions,
particularly the administration of all laws relatlng to ground

water. In practice, however, the AMA offices have been
relatively autonomous, with each utilizing different
administrative procedures. In addltlon, the Arizona Water

Commission acts as an adv1sory committee to the Dlrector, and
local ground-water users adivisory councils assist the Directors
of the AMAs.

The management goal for all AMAs is safe-yield by 2025. In the
Act, safe-yleld is defined as a long term balance between ground
water withdrawals and natural and artifical ground-water recharge

(ARS 45-561-5). To achieve this goal, new ground-water uses are
prohlblted in AMAs except those which are granted a permit, and
existing uses, which were "grandfathered", will be subject to

increasingly stringent conservation requlrements. Thus, in an
AMA, there are two general classes of ground water rights -
grandfathered rights, or rights based on historical use, and
permitted rights.

5.3.2.1.1 Grandfathered Rights

There are three types of grandfathered ground water rlghts within
an AMA, First, irrigation grandfathered rlghts are rights to use

ground water for commercial irrigation. With few exceptions,
these rights could only be obtained for land that was irrigated
between January 1, 1975 and January 1, 1980. The quantity of the
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rights was determined by an "irrigation water duty" which is the
number of acre-feet per acre "that is reasonable to apply to
irrigated 1land in a farm unit". This assigned duty is the
maximum amount of water that may be applied to each acre on a
farm. As successive management plans are promulgated in ten year
increments, this quantity of water will be reduced.

Irrigation grandfathered rights are owned by the owner of the
land to which it is appurtenant. It may be sold to others and
converted to a non irrigations use, or continue to be used for
agricultural purposes. However, the right may be sold or leased
only with the irrigated land (ARS 45-472a).

Type I non Irrigation rights may be acquired when agricultural
land is purchased and retired and the water used for non-
agricultural purposes. The amount of this right is set at 3
acre-feet per acre, or the actual amount of water used on the
land itself, whichever is less. These rights can be used for any
purpose, except agricultural purposes. This type of right may be
sold or leased only with the land it is appurtenant to. However,
the land must not lie within the service area of a city, town, or
private water company at the time the land is retired, or the
right is extinguished. A service area is defined as the area
that is actually being served water by one of these entities.

Detailed maps of service areas are available at county recorders!
offices.

The third type of grandfathered right is the- Type II non-
Irigation grandfathered right. Basically, these rights were
bestowed on all non-irrigation uses of ground water at the time
the AMA was designated. The quantity of these rights was set at
the maximum amount of water withdrawn during any year between
1975-80. These rights belong to the owner of the 1land from
which the ground water was withdrawn and are transferable off the
land anywhere within an AMA and may be sold for any purpose other
than agricultural. The only restriction is that Type II rights
that were used for mining can only be transferred to mining uses.
In addition, these rights are "lumpy", they must be sold in
whole, not in parts.

5.3.2.1.2 Ground-Water Withdrawal Permits

In addition to the grandfathered rights, ground-water withdrawals
in an AMA are also allowed by obtaining a permit. There are
seven types of permits: l) mine dewatering:; 2) mineral
extraction and processing; 3) general industrial use; 4) poor
quality ground water; 5) temporary permits for electricity
generation; 6) temporary dewatering permits; and 7) drainage
permits. Permit applications are subject to public notice,
hearings and appeals, and are only granted by the Director of the
ADWR and only for permitted uses. The relevant permits for this
project are discussed in detail in this section.
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5.3.3 Acquiring Water Rights

A prerequisite to any economic development in the West is a
dependable and adequate supply of water. Generally, any new
- industry requiring water has two options: 1) to develop a new
source of water; and 2) to purchase established water rlghts. To
exercise either option will require "a combined analysis of water

__rights laws, hydrology, geology, engineering, and business

judgement" (Phillips, 1984). In fact, a competent water lawyer
and a water resources hydrologist are necessary for any
acquistion of water rights. 2As one attorney notes,

It is possible for a buyer to a pay a lot for nothing
with respect to water rights, either because the
seller does not have good marketable title or because
the water rights will not produce much actual water or
will not be useful for the client's purposes (Beebe,
1983).

In this section, the acquistion of water rights in different
areas of the State will be examined.

5.3.3.1 Active Management Areas

Saline water sources have been identified in two active
management areas: Phoenix and Pinal. This section will outline
the possibilities and constraints of acquiring water in these
- areas.

Central to this discussion is whether a project by SERI will be
considered an agriculutral use or industrial use of water. Under
the AGMA, agricultural water use is defined as "the use of ground
water on two or more acres of land to produce plants or parts of
plants for sale or human consumption, or for use as feed for
livestock, range, or poultry" (ARS 45-102-20). It is possible
that if there is opp051tlon to the prOJect that opponents would
attempt to have the project construed as an agricultural use of
water. This would only make a difference if the project is
- within an AMA or an INA. For this analysis, it will be assumed

that a microalgae production system is an industrial use of
water.

As stated earlier, there are seven types of permits for ground
water withdrawals in AMA areas. Of these seven, three types of
permits may be appropriate for this prOJect. First, the AMAs
offer a poor ground water quality permit. These permits may be
issued by the Director of the ADWR to a non-lrrlgatlon user to
withdraw poor gquality ground water if he determines <that the
ground water to be withdrawn, because of its quality, has no
other beneficial use at the present time. The withdrawal of such
ground water must also be consistent with the management plan
(ARS 45-516a). Based on the estimated life of the source of
» water, these permits may be issued for a perlod of up to thirty-

five years. However, the Director will monitor the withdrawals.
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and has the authorlty to terminate the permit if another
benef1c1al use is available for the water, or if he feels that it
is inconsistent with the management plan for the AMA.

These permits are intended for those industries "which can use
brackish or salt water that could not be used for drinking or
irrigation", such as cooling for a power company. They are also
intended to "help prevent the intrusion of brackish water into
fresh water supplies" (Johnson, 1980 ). Additionally, these
permits may be granted if the intent is to remedy industrial
pollution of ground water .

To date, only a few poor ground water quality permits have been
granted for water quallty cleanup. For example, this type of
permit was granted in the Tucson AMA to remedy a ground water
pollution problen, the infiltration of TCE, an 1ndustr1al‘
solvent, into the ground water. Also, a number of permits are
pending in the Phoenix AMA, applied for by power companies.

Another type of permlt that may be acceptable for this project is
a general industrial use permit. To date, these permits have
been the most common type of permit granted in an AMA. The
Director will only issue an industrial use permit if the ground
water area lies outside of a service area of a mun1c1pal or
private water company and if all of the fOllOWlng conditions
apply: 1) uncommitted CAP and municipal water is not available;
2) other surface water and effluent is not available; 3)
irrigation grandfathered rights cannot be purchased:; 4) the use
of the water is consistent with the management plan; 5) there is
an assured water supply for the life of the project. These
permits are granted for a period of up to 50 years, with the
average running about 20 years. Also, if any other sources of
water can be obtained at the cost of the ground water being
withdrawn, the Director may require that this alternate source of
water be used at any time during the life of the permit.

Before any permit is issued, DWR will require hydrologic studies
to Jjustify the issuance of the permit. The permit application
forms require the following information: .

1) names and addresses of the applicant and landowner.

2) the AMA and subbasin

3) a legal description of the land

4) the category of the permit

5) specific purpose for the ground water

6) the annual amount withdrawn in acre~feet per year

7) a descrlptlon of the wells, whether existing or new
1nclud1ng the location, dlameter, and any other infor-
mation the Director requires.

In addition, if any new wells will be constructed, a well spacing
analysis will be required.
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A third type of permlt that may be suitable for this pro:ect is a
dralnage water withdrawal permit. These permlts may be issued by
the Director if he determines that dralnage of irrigated lands is
necessary for reascnable economic return from agricultural
production in respect to those lands. The withdrawal of such
ground water must also be consistent with the management plan for
the AMA (ARS 45- 51%a). However, the Director will monitor any
withdrawals of ground water under this permit and the permit will
be terminated if the above conditions no longer apply. Permits
can be renewed if these conditions are met.

5.3.3.2 Purchasing Water Rights in an AMA

Another option for acquiring water in an AMA is to purchase water
rights. Three types of water rlghts are available for purchase:
Type 1 and Type 2 non-Irrlgatlon grandfathered rights and
Irrlgatlon grandfathered rights. only the Type 2 non~Irrigation
right may be transferred off the land; the other two types must
. be purchased with the land. While theoretically these rights
could be a source of water for the project, for economic reasons, -
they would probably be unsuitable. For the Type 1 right and the
irrigation grandfathered =rights, the 1land would have to be
purchased. The costs for this irrigation land would probably be
prohibitive. The Type 2 rights are "lumpy" meaning <that the
entire right must be purchased, not <djust a part, also an
expensive source of water.

The biggest impediment however is the price of the rights, a
price that will only escalate over the next ten years. There is
a rapidly growing market for these rlghts. Farm owners crowded
by urbanization, 1land speculators hoping to make a profit,
developers planning urban communities, and municipalities are all

in the market for these rights or competing for them (Holub,
1986). _

5.3.3.3 Surface Water Rights

A number of saline surface water supplies have been identified in
the State. Another option for a water supply for a project
would be to acquire surface water rights under the Arizona Water
Code, All appropriations for surface water must be made under
the procedure outlined in ARS 45-142 entitled "Application for
Permit to Appropriate Water".

The application to appropriate water must include the following
information:

1) name and address of the applicant

2) the water supply from which the appropriation will be
made including the nature and amount of the proposed use

3) the location, point of diversion, and description of
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http:drainage.of

works

4) proposed construction date and completion date of
project works

Additionally, depending on the use, other information may be

required including maps, drawings and data as required by the
Director of the ADWR.

The Director of the DWR has the authority to reject any
application if the proposed use "conflicts with vested rights, is
a menance to public safety, or is against the interests and
welfare of the public" (ARS 45-143a).. If the diversion will
exceed more than ten cubic feet per second, the Director may
require a fact sheet on any corporations that are involoved in
the project, or the name of the party constructing the works, and

also proof that the diversion will not affect vested water
rights. .

Once an application is approved, a permit is granted and the
applicant may construct the works, apply the water to a
beneficial use and perfect the water right (ARS 45-148). Actual
construction must begin within two years after the application is
approved and mnust be completed within five years (ARS 45-150).
However, extensions may be granted at the discretion of the
- Director, if Jjustified by the magnitude of the works, physical
difficulties, or the cost of work.

Once the works to appropriate the water have been completed and
the water put to beneficial use, the Director issues a
certificate of Wwater Rright. The certificate states the name
and address of the owner of the right, the priority date; and
extent and purpose of the right.

The primary obstacle to acquiring surface water rights in Arizona
today is that most areas of the State are over-appropriated. All
major surface water supplies have been developed and the few
remaining headwater streams are for the most part unavailable
because of earlier priority dates of downstream users. In fact,
the only area where surface water may be uncommitted is some
waters of the Little Colorado River (Arizona Water Commission,
1975) . But the status of all surface rights is uncertain until
the General Adjudication of Water Rights now underway is
completed and all rights are ranked relative to priority and the
Indian claims settled.

Another option for obtaining a water supply for this project is
to purchase existing surface water rights. The Arizona Water
Code does permit the transfer of a surface water right from the
land for which the original appropriation was made, and for a
change in use. In order for the right to be transferred, the
Director must give his approval and no vested or existing rights
may be impaired. In addition, the amount transferred must not
exceed the original right and it must also be a perfected right.
Forfeited or abandoned rights may not be transferred.
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There are two restrictions on transfers however. First, no water
- right may be transferred from lands within the boundaries of
irrigation districts, agrlcultural 1mprovement districts, or
water users associations without the written approval of the
v affected entlty. Second, Arizona law contains one other rather
sweeping restriction - "No right to the use of water on or from
any watershed or drainage area which supplles or contributes
water for the irrigation of lands within an irrigation district,
' agricultural improvement district, or water user assoc1atlon,
shall be severed or transferred without the consent of the
affected entity" (ARS 45-172). The statute prov1des that all
. such transfers must first be submltted to the governing bodies of
these entities before an application is submitted to the Director
of the ADWR, and within 45 days they must either accept or reject
the transfer.

This provision of the law may have been mitigated by an Arizona

Attorney General opinion issued in 1974 (Gould, 1980). In that

. opinion, the Attorney General held that these restrictions only
apply to changes in place of use (Az. Atty. Gen. Op. No. 74-28-L

(1974)). Changes in purpose of use only may be governed by

another statute (ARS 45-146) that does not  contain these

- restrictions. Additionally, court-decreed rights may also be
free from these restrictions.

. When considering purchasing surface water rights, a number of
factors should be taken into consideration. Probably the most
important factor is the priority date of the water right. The
right must have sufficient seniority to provide a reliable source
of water year round and in the event of shortage years on the
river. In general, "the more junior the water right, the less
reliable the supply" (Phillips, 1984).

This rule is especially true in Arizona. Currently, the courts
are adjudicating water rights and all rights will be ranked
according to prlorzty dates. Given that most streams in Arizona
are over-appropriated, it is 1likely that those. individuals
holdlng surface water rights with late prlorlty dates will not
receive water in shortage years. While the final decree for this
adjudication will not be issued for at least 10-15 years, all
purchasers of surface water rlghts and all new appropriators of
surface water rights should exercise caution. The water right

may prove to be little more than a paper water right, yielding
little "wet" water.

Another factor to consider is the physical flow of the stream
from which the water will be taken. A river must have enough
flow to support a diversion that w111 supply a prOJect with
sufficient water. The flow rate is especially important on
streams that may be overappropriated by agricultural users.

Three other factors to consider are the location of the water
right, the validity of its title, and the way the amount of the
right is measured. For location, it clearly must be located
where it can be utilized. If a change of place of use is
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required the effect of this change must not injure other vested
water rights. It is also important to check the validity of the
title to the water right, that the right has not been prev1ously
sold with land, or that it is not subject to forfeiture or
abandonment. Finally, many irrigation rights are measured in
cubic feet per second and are also offered as consumptive uses
w1th some portion required to be returned to the river source.

5.3.3.4 Ground Water Outside of AMA's

Another option for a water supply for this project is saline
ground water which is located outside of an AMA. This option is
probably the best option in terms of cost, water availability,
and legal requirements. As stated earlier in the section on
ground water law outside an AMA, a rule of reasonable use is in
effect. Any landowner may pump as much water as can be put to
benefical use on their property. If the water is pumped and then
transferred off the land, then the landowner could be subject to
suits based on damages from neighboring landowners.

Some of the advantages to utilizing this source of water are as
follows. First, a number of saline water sources have been
identified in Tasks I and II that are outside of AMAs. Second,
the only legal requirements required by the State is to register
the wells, and follow well drilling guidelines set up by the
State. Compared to the process that must be followed for
obtaining a permit, or a surface water right, both these
procedures are much 1less costly than fcllow1ng permit and
appropriation procedures or purchasing existing water rights.

Third, in some of the identified areas, it would be an advantage

to surrounding landowners and their water users to get the saline
water out of the ground. In the Yuma area, the saline waters, if
removed might improve the water quality in general in the area,
and the farmers would probably be grateful, instead of opposing a
new use of water.in the area. Also, in the Buckeye area, the
farmers are facing a water logging problem - there is too much
ground water in the area.

However, a cautionary note concerning ground water must be
issued. The Gila River adjudication may also adjudicate ground
water. This has not yet been determined. The Court may decide
this issue in one of three ways: 1) all ground water will be
included in the adjudication; 2) only ground water which is
hydrologically connected to the surface water courses will be
included; 3) or all ground water, except ground water which runs
in definite underground channels, will be excluded.

Before purchasing land for its ground water , this factor must be
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taken into consideration. It is doubtful that all ground water
will be included, but 1likely that the second option may be
utlized by the court. Many of the ground-water sources
identified for this project are in areas that are hydrologically
~ connected to the surface water courses. If included in the

adjudlcatlon, this water would probably also be assigned a
prlorlty date, with later prlorlty dates forgoing use of water
during shortage years on the river source.

5.3.3.5 Effluent»

Presently, effluent is an underutilized water supply. For years,
in both the Phoenix and Tucson areas, the effluent water was
simply dlscharged into stream beds. But competition for <this
source of water is 1ncreaszng. In fact, effluent discharged from
the Tucson and Phoenix areas totals approxlmately 280,000 acre-
feet a year (Arizona Town Hall, 1985). Increa51ngly, entities
from agricultural users, to golf course owners, to power plants
are either contracting for effluent from the cities, or are
investigating contract possibilities.

In addition, the Active Management plans require ‘the increased
use of effluent in order for the areas to achieve safe-yield.
over 90% of the effluent in the Phoenix area is discharged from
two plants, the 23rd Avenue and 91st Avenue plant. As part of
the total return flows of water available in the Phoenix area,
effluent is expected to increase from 17% in 1980 to 55% in 2025.

In a recent suit, a superior court in Arizona ruled that effluent
is a seperate class of water, falling neither under surface water
provisions or the ground water code. This stance by the court
has been opposed by the DWR. The case will probably be appealed

and it is also possible the State legislature will clarify the
legal status of effluent.

The price for the effluent varies greatly depending on when the
contract for the effluent was negotiated. For example, Buckeye
area farmers pay only $1.50 per acre foot of effluent under a
contract negotiated in 1967. Also, the Palo Verde Nuclear plant
pays between $20 and $30 per acre-foot for up to 140,000 acre-
feet of effluent a year under the terms of a contract negotiated
in 1973. Conversely, the City of Tucson is charging $330 per
acre foot for effluent sold under recent contracts.

Competition for this resource will only grow. Currently, a
number of entities are vying for contracts, primarily because of
the uncertain legal status of the water. If an entity can nail
down a contract now, whatever the courts or legislature decides
would not affect the status of these contracts. Additionally,
farmers are looking to effluent as a source of water also. The

. effluent contains high levels of fertilizers and may be cheaper
than CAP water.
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5.4 LAND STEWARDSHIP
$.4.1 State lLands

In Arizona, 13% of the land area is administered by the State, a
total of 9.6 million acres (Arlzona Water Commission, 1975). The
State land department is responsible for managing and
administering these lands. The State does not own the land, but
holds it in trust for a number of beneficiaries , primarily the
State school system. The State Land Department is not only
responsible for the 1land, but also for all water and mining
rights, and any other product linked to the land.

A majority of the trust land is leased to ranchers, farmers,
developers, industry, and mining companies under one of
approxlmately 70 leases. Presently, there are over 700
commercial leases and over 450 agricultural 1eases scattered
throughout the State.

The leasing, selling, or exchanging of any State trust land or
its products is governed by a federal law, the Arizona Enabling
Act (36 stat. 557, 568-579). In this Act, it is required that
"the granted land, its products, and proceeds be held in trust
and be disposed of only for their true value (Kolsrud 1986).

In fact, "any disposition of trust assets not made in conformity
‘with the Act is null and void" (Kolsrud, 1986). This enabling
act, much strlcter than the acts of other western states, must be

complied with in any transaction 1nvolv1ng State lands and its
products.

The SERI project may be suitable for placement on State <trust
lands. It would require a commercial lease (Helms, 1986). Under
a commercial lease, the lease holder secures a short term lease
with a preferred right of renewal. A development plan for the
land including land-use restrictions is prepared before the long
term lease is bid on. This plan essentially protects the
investment of the or1g1na1 lessee. As one lawyer notes, "A
- successful bidder who did not prepare the plan must cash out the
ex1st1ng leasee. Inevitably, the cost is so high that the
bidding is chilled" (Kolsrud, 1986).

Accordlng to a State Land Department official, the major
constraint on locating the SERI project on State land will be the
cost of water. As stated earlier, the State Land Department nust
receive fair market value for the 1land and its products,
including water. Consequently, the Agency charges approximately
$25 an acre-foot for ground water that is withdrawn from and used
on trust lands (Helms, 1986). If the ground water is pumped from
State land and then transported to another parcel of land, -then
the water must be bid on at a public auction. The price for
water sold  at an auction varies, dependlng on the area and
competition. At a recent auction in Pinal County, the minimum
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value set was $45.00 and acre-foot. Based on these prices, the
cost of water for a SERI project on State 1land may be
prohibitive. For example, 14,000 acre- feet of water would cost
$350,000 at the $25.00 an acre-foot price.

However, this price may be negotiable. Project planners would
have to file an application for a commercial lease and include a
budget and a project proposal. State Land Department officials
may be willing to negotiate the terms of the lease. Project
planners could argue that the saline water is not worth $25.00 an
acre-foot. The key is that the water must be priced at fair
market value and it may prove true that some saline ground water
areas have low market value. The Commissioner of the State Land
Department would have the final say.

5.4.2 Federal lLands

The federal government has substantial land holdings in the State
of Arizona. In fact, 43.6% of the State is owned directly by the
federal government, and another 26.7% is held in trust by the
government for the 1Indian tribes. The federal 1land is
administered primarily by the Bureau of Land Management and the
Forest Service but the Defense Department, the National Park
Service, and the Bureau of Reclamation (BIM) also all have
responsibilities for federal land. The Bureau of Indian Affairs
also has some responsiblity over Indian lands.

Of the available federal lands in Arizona, probably only the
lands administered by the BLM would be suitable for this type of
project. Contact with the Phoenix area office revealed that while
the BIM does lease land, primarily for agriculture and grazing,
it is usually fairly small parcels, or the leases are long-term
leases that the BIM "inherited". This agency is bound by a
mandate to manage the public lands to maximize their potential
for the public.

The BIM is reluctant to commit a large block of land for one use
through a long-term lease. The realty specialist contacted
suggested that if the parcel of BIM land is separate from other
larger land holdings of the Agency, that it may consider selling
the 1land. However, all sales of Federal land would have to be
open to public bidding. Additionally, .all water rights must be
" acquired in accordance with State law.

5.4.3 Indian Reservations

Another option for <this project is obtaining water from the
Indian reservations located in Arizona. In the State, there are
nineteen Indian reservations encompassing more than 20 million
acres of land, over 26% of the total land area of the State. The
. Indian people residing on the reservations are a diverse group,

with distinct cultures. Due to high unemployment, poverty, and
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underutlllzatlon of natural resources, some tribes may be
interested in a mlcroalgae project in order to become more
economically self-sufficient.

Indian reservations in Arizona hold another type of water right,

the reserved rlght that is wholly seperate and different from
water rlghts acqulred under State law. These water rights have
their basis in federal law and differ substantlally from State-
held rights. The cornerstone of Indian water rights is the
Winters Doctrine. First established in 1908 in Winters v. United
States (207 U.S. 564 ,1980) and later expanded through a series
of court cases, it holds that when a reservation was established,
enough water to fulfill the purposes of the reservation was
implicitly reserved. The right is given a priority date of the
time the reservation was established and the right is not
measured by a criteria of beneficial use and cannot be lost
through non- use. ‘

The water rights of the Indian tribes in Arizona are largely
unquantified. In 1963, in Arizona v. California, the Supreme
Court awarded five tribes over 900,000 acre-feet of Colorado
river water. Also, two other reservatlons, the Ak-Chin Community
and the San Xavier district on the Papago (now the Tohono

O'0Odham) Reservation,  have had their rights quantified through
legislative settlements. But the bulk of the tribes will have
their rights quantified in the Gila River adjudication.

The quantification of.Indian rlghts is a top priority for the
State of Arizona. The early priority dates of the reservations!'
water rights, most dating back to the 1880's, predate the water
rights held by most non-Indian water users. And until these
rights are settled, the legal status of non-Indian rlghts with
‘later priority dates is uncertain. - Further, the magnltude of
these rights is staggering. While 1t is unclear at this poznt
what standard the Court will apply in the Gila River
adjudication, if the "Practically Irrlgable Acreage" standard
the method used by the Supreme Court in Arizona v. California, is
applied, some estimates place Indian water rights in the State at

" 30 million acr -feet of water (Western States Water Council,
1984).

There are still more questions than answers concerning Indian
water rights in the West. Some of these questions are what
standard should be used for quantification, whether reserved
rights apply to ground water, and whether the rights can be
leased for off-reservation use. But there is no question that
the Indian tribes will have perfected rights with early priority
dates to substantial amounts of water. The largest problenm
facing the tribes is how to put the water to use in an
economically feasible way.

Indian tribes are soverelgn powers, holding rights to self-
government, but also subject to the plenary powers of the Federal
government. Reservation land is held in trust for the Indians by
the Federal government. The land cannot be sold without Federal
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consent. However, under a law passed in 1955, tribal land can be
leased upon the approval of the Secretary of Interior. The land
can be 1leased for a variety of purposes including for the
"development or utilization of natural resources in connection
with operatlons under such leases" (25 U.S. Code Sec. 415). This
provision has been interpreted as 1nc1ud1ng water. In general,
lease terms are restricted to twenty-five years although a number
of Arizona tribes may lease land for up to ninety-nine years.

Water use on reservations is not under the jurisdiction of the
State. The provisions of the Arizona Groundwater Management Act
and State Water code do not apply. Also, any State statutes and -
regulatlons concerning water quality do not apply on the
reservations. In general, in the past there has been very little
regulation of water use on the reservations. Recently, a number
of tribes have developed water codes.

However, it is not always easy to place non-Indian economic
- development projects on reservations. First, negotiations must

be conducted with tribal officials. A problem endemic to working
with <these tribal officials is that there is a high turnover
rate. Second, Indian people must be given preference for jobs.
Third, Since it is federal land, environmental impact statements
will be required. Fourth, there is often a cultural gap, one
most non-Indians are unaware of. Fifth, the land itself .cannot
be used for collateral since it is held in trust by the federal
government for the tribes.

5.5 ENVIRONMENTAL CONTRAINTS

In addition to legal constraints on the acquistion of water,
there are also environmental constraints. In this section, some
of these constraints and their 51gn1f1cance to the mlcroalgae
project will be reviewed. Flrst, the issue of water quality, and
the current Arizona permitting process will be discussed. Second,
land subszdence will be examined. Flnally, requirements for
preparing environmental impact statements will be reviewed.

5.5.1 Water Quality

For years in Arizona, there was little concern about water
quality issues. Groundwater especially was considered "out of
sight, out of mind and seemlngly, out of harm's way" (Briggs,
1984). However, this mlsconceptlon has been proven false as many
areas of ground water contamination have been discovered. Since
1980, - gasoline and solvents, acids and heavy metal, cyanide,
volatile organic chemical, agricultural pesticides, sulfates and

nitrates have all been documented as contaminants of ground
water.

In response to the dlscovery of these pollutants, public
officials and the citizenry alike have begun to push for more
strxngent controls for water quality. Currently, there is an
1nt1at1ve drive to place a new water-quality law on the ballot in
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November, 1986. However, the initiative may be a dead issue now

that the State Leglslature has passed new ground-water quality
legislation.

This bill, introduced into the Legislature at the end of Aapril,

1986, is the result of weeks of closed-door negotiations between
environmental groups, public officials, and representatlves of
affected industries. By means of this bill, Arizona will

1mplement stricter standards for ground-water quallty protection
in the near future.

5.5.1.1 Federal Role

While three levels of government - Federal, 1local, and State -
all have responsibility for ground- water protection, the federal
government does have a substantial role. Until the mid 1970's,
there was little recognition on a national level of ground water
contamination as a serious problem. The environmental
legislation passed by Congress in the early 1970,s was aimed
primarily at clean surface water and clean air. In the late

1970's, new legislation began to address the problem of ground
water contamination.

Authority over ground- water protection is fragmented at the
federal 1level. As one author notes, "It is not covered
comprehen51vely by any one Federal law; nor is one Federal agency
or office reponsible for overseelng or coordinating all ground
water programs and activities" (Lofgren, 1984). In fact, sixteen
federal 1laws and at least fourteen federal agencies have some
effect on ground-water quality (Lofgren, 1984).

The Environmental Protection Agency (EPA), however, is the lead
agency for both ground-water quality protection and regulation.
The responsibilities of the EPA include: 1) administering a
municipal sewage treatment program; 2) administering a financial
assistance program to strengthen State water quality programs; 3)
reviewing State regulation to ensure that they meet federal
standards; 4) exercising regulatory authority where States fail
to meet federal regulations (Arizona Town Hall, 1985).

The EPA .has also recently developed a Groundwater Protection
Strategy and formed a Groundwater Task Force to examine Federa:

legislation and State programs (Environmental Protection Agency,

1984). Under this policy, the States will assume primary
responsibility for the protection and management of ground water.
This strategy has four goals: 1) to build and enhance State
programs for ground water protectlon. 2) address contamination
from leaklng storage tanks, landfills and other sources; 3) adopt
guidelines for ground water protectlon and cleanup; 4) to
strengthen EPA organization (Arizona Department of Health
Services, 1984).
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~ 5.5.1.2 State Role

While Federal 1law provides the context and often standards for
water gquality protection, the States have a primary role.
Basically, the federal agency will develop the scientific data,
technical standards and framework, and utilizing federal grants
the States then set up their own programs in accordance with
federal standards (Arizona Department of Health Services, 1984).

In fact, the Safe Drinking Water Act (SDWA), the Clean Water Act
(CWA), and the Resource Conservation and Recovery Act (RCRA) are
-all federal programs that the States at their option can
administer (Arizona Department of Health Services, 1984). Any
State programs must be at least as stringent as the federal
_programs and must also be funded, through State monies and
federal grants, at high enough levels to support the programs.

Arizona has also enacted its own water quality statutes, modeled
- after federal laws, and also implemented regulations. In 1967,
the Legislature adopted many of the provisions of the Federal
Water Pollution Control Act of 1965 including providing for the
_ “prevention, control and abatement of pollution of the waters: of
the State" (Briggs, 1984). While this statute was aimed
primarily at surface water pollution, it also provides the

authority to institute a similar program for ground water (A.R.S.

This statute also defines the reponsibilities and authority of
. the state for programs administered under <the Federal Water
Pollution Control Act of 1972 and the Clean Water Act of 1977.
The Arizona Department of Health Services (ADHS) and its
attendant Water Quality Control Council (WQCC) was designated as
the "State water pollution control agency" (ARS 63-1851).

It is unclear at this time whether the authority for ground water
. protection will remain with the Department of Health Services and
the Water Quality Control Council. The proposed initiative would
abolish the WQCC and place all authority in the ADHS and the bill
pending in the Legislature may create a new agency, a Department
of Environmental Quality.

5.5.1.2.1 Permit Process

Water-quality standards are in a State of flux in Arizona now,
but certainly the standards will become more, not less,
stringent. In fact, the bill pending in the legislature would
require that all of Arizona's aquifers be treated as sources of
drinking water. Preliminary research has indicated that even
under current Arizona standards, a microalgae production project
will regquire a permit under the Arizona Groundwater Quality
Protection Program (Brown, 1986). This section of the report will
outline the permit application process that is currently in
‘- place, especially as it relates to the proposed microalgae

project. This process should remain essentially intact with only
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a few minor changes, no matter what form of water quality
legislation is passed. Under Arizona's Water Pollution Control
Act (ARS 36-1851), the Arizona Department of Health Services
(ADHS) has the authority to implement a ground water protection
program. In 1984, to implement this program, the ADHS formulated
a permitting system to control point source disposals of wastes
or pollutants into the ground water (ACRR, ch. 21). Non-point
sources of pollution are not affected by this permitting process.

This permitting program specifically prohibits the discharge of
hazardous and toxic materials to ground water and also outlines a
detailed procedure for the issuance of permits for non-hazardous
and toxic dlscharges to ground water. The permit process applies
to "all facilities or activities that are point source
dischargers which may impact ground water quality (Arizona
Department of Health Services , 1984 ). These regulations apply
to both new and existing facilities. :

An interview with an ADHS official revealed that a microalgae
production prcject would have to comply with this permitting
process. While there are a number of exemptions to this process
the project does not fall under any of them. The permit would be
required primarily because the highly saline water stored in the
ponds would exceed the ambient ground water quality of the
underlying aquifer (Brown, 1986).

The first step in the permit process is the filing of a "Notice
of Dlsposal" (NOD) . The purpose of a NOD permit is to allow very
small dlschargers to obtain a permlt W1thout having to go through
the full permit process that will require hydrogeologlc and
disposal impact reports. In theory, the NOD permits are simply a
way for <the ADHS to gather information and assess whether the
Application for Permit will be required (Brown, 1986). In
practice, very few permlts are granted on the basis on a NOD.

Most applicants for NOD permits must also submit Applications for
Permits.

oOowners or operators of new facilities that may affect the ground
water in Arizona must file a NOD with the ADHS at least 180 days
prior to the date on which the discharge or disposal is to begin
(ACRR: R9-20-205). The NOD should provide the ADHS with enough
information of the nature of the disposal to allow a
determination of whether a NOD can be issued without the

applicant having to go through <the Application for Permit
process.

This NOD must include the following information: 1)
identification of the facility, and owner and operator; 2)
topographlc map detailing the fac111ty location; 3) the type of
fac111ty and the nature of the activity:; 4) date of expected
operation; 5) operational lifetime of the facility:; 6) a listing
of any other environmental permits issued; 7) a description of
disposal activities and control measures that are designed to
protect ground water quallty. 8) description of wastes and
pollutants and flow rates, including an analysis of chemical,
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blologlcal, and physical propertles of the wastes; 9) a
descrlptlon of any ground water monltorlng programs; and 10) any
other information which the appllcant believes will demonstrate
that the facility should be permitted. (ACRR: R9-20-206).

" Within 30 days, the Director of ADHS is required to notlfy the
facility owner or operator that either a Permit will be
" issued, or that the appllcant must submit to the permlt
appllcatlon process, or that additional information is requlred.
" The ADHS may only issue a permit based on the NOD alone if it is
found that there is "no adverse ground water quality 1mpact“ from
the operation of the facility.

Under the regulations, adverse ground-water quality impact is
defined as "any measurable change to the physical, chemical, or
biological character of ground water" (ACRR: R9-20-203). This
standard is met only if there is no migration of any wastes or
pollutants to the ground water or vadose zone and if the disposal
constituent concentrations are less than or equal to either the
ambient ground water conditions or drinking water = gquality
requirements.

In practice, these criteria are extremely difficult to meet. For
example, the no migration standard is impossible to meet because
no liner will prevent all mlgratlon. Secondly, very rarely will
a dlscharge meet either drinking water standards or match the
ambient ground water standards. Thus, most applicants for NODs
must also go through the Application for Permit process.

The permit application process is a lengthy, complex, and often
expensive process. The ADHS will issue a permit based on the
appllcatlons if it is determined that no wastes or pollutants
will enter the aquifer or ground water in sufficient quantltles
to vioclate ground—water standards. In making this determination,
the  ADHS reviews the facility design, hydrogeologic
charecteristics of the area, current and future uses of ground
water in the area, the characteristics of the wastes, and the
ambient ground-water quality in the area.

Before the application for a permit is filled out, the operators
of the facility must submit a proposal outlining the information
that will be contained in the permit application. The ADHS must
respond with an evaluation of this proposal within 60 days and
meet with the applicant to discuss any additional work that must
be done for the permit application.

The pernmit application itself requires a great deal of
information. First, the application must include a hydrogeologic
report. This report must include: 1) a description of the
ambient ground water quality and an estimate of the quantity; 2)
a description of ground water use in the area; 3) a description

of the hydrogeologic and subsurface geologic charecteristics in
the area.

The applicant must also provide a disposal impact assessment that
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includes: 1) a definition and description of the discharge impact

area; 2) a description of the probable effects the facility will
have on the ground water.

Flnally, the ADHS can also requlre a monitoring plan and a
description of a monitoring system that would be capable of
detecting ground water -contamination. Also, a contingency plan
may be required that would require the appllcant to provide
information on how it will handle unintentional spills or leaks
and a post-closure plan detalllng how the facility will be shut
down to prevent contamination.

Permit applications are approved if ADHS is satisfied that no
wastes or pollutants will enter the aquifer or ground water in
sufficient quantltles to violate ground water quality standards.
In assessing the permit application, ADHS looks specifically at
the facility design, hydrogeologic factors, current and future
uses of ground water and the present ground water quality, and
characteristics of the wastes. The final permit is often the
result of negotiations between ADHS and the applicant.
Conditions on the permits vary for each facility.

An official contacted at ADHS felt that the mlcroalgae production
facility would have to go through the permit application process
after the NOD is filed. He also stated that the Agency would
probably require liners for the ponds, similar to hypalone liners
that are about 30 mm or more in thickness. Finally, the Agency
may require monitoring wells, probably four well monitors for
each 10 acres of land , or at least 2-3 wells upstream, 5 wells
downstream, and 3 on each side of the project, all set to the
ground water flow.

5.5.2 Subsidence

Subsidence has been recognized as a problem in Arizona for many
years. In some areas of the State, including the Buckhorn drea
and Paradise Valley area near Phoenix, approximately 5 feet of
subsidence has occurred over the last 20 years. Other areas
including the Pinal AMA area have also experienced some
subsidence. '

Subsidence, the downward movement or sinking of land, is caused
by both man-made and natural activities. In general, especially
in Arizona, it is caused by the depletion of wunderground
aqulfers. Usually subsidence will occur in an area where
underlying confined aqulfers consisting of permeable sand or
gravel of low compre551b111ty are intermixed with clay strata of
low permeablllty and high compressibility (Trelease, 1974). Once
subsidence occurs, it cannot be reversed and the only solution is
to reduce overdraft of the underlying ground-water table..

Subsidence in an area can cause damages to both man-made and

natural structures resulting in high economic costs. In Arizona,
subsidence of the land near Picacho in Pinal county has damaged
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the Picacho Reservoir, water wells, railroad 1lines, and
irrigation systems (Arizona Water Commission, 1975). In the
past, these costs have been borne by society, not the producer of
the sudsidence. Under current laws, there is "no straightforward
method by which the producer can be required to compensate others
for damage to 1land resulting from ground water depletion"
(Morris, 1980).

There are no statutes or even a body of law that address the
problem of subsidence in Arizona. However, the DWR and other
agencies have begun a -subsidence monitoring and evaluation
program. Also, under the Arizona Groundwater Management Act, any
areas impacted by sub51dence may be declared Active Management
Areas and other provisions in the Act may act as a basis for
administrative regulations for the control of subsidence (Morris,
1980).

However, a producer of subsidence could still be sued for
damages. The court would probably be requested by the damaged
party to create a legal right for landowners to be free from
subsidence damage and 1mpose a legal duty on the ground water
pumper to not cause subsidence in an area (Morris, 1980). The
court could rely on a number of legal theories, including
negligence or nuisance law which is intended to protect a
landowner's interest in his land in an unimpaired condition
(Morris, 1980).

In concluSLOn, while there are no statutes or a body of law that
spec1f1cally address the problem of subsidence, a landowner who
'is damaged by subsidence could probably successfully sue a
groundwater pumper for damages. This is a new area of the law
and has not been téested but a number of legal theories support
the awardlng of damages for subsidence. Further, <the State of
Arizona is 1ncreas;ngly aware of subsidence as a major problenm
and does have the authorlty under the Groundwater Management Act
to establish administrative requlations to control subsidence.

5.5.3 Environmental Impact Statements

One other environmental constraint on the microalgae production
facility 4is that if the project is located on federal 1lands,
namely Bureau of Land Management land or an Indian reservation,
an environmental impact statement (EIS) will be required.

The National Environmental Pollcy Act of 1969 (NEPA) established
a national policy for the environment and also set up procedures
that federal agencies must follow in assurlng the protection of
the environment. One of the most promlnent features of the Act
is Section 102 (2) (e) which requires all federal agencies to
prepare environmental 1mpact statements for all federal actions
that will affect the quality of the environment.
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The requirements for this environmental impact statement can vary
from agency to agency. But it is important to realize that they
can often be expensive reports to complete. It is advisable to
contact the relevant federal agency and negotiate what is
required for the report. For most federal lands, the Bureau of
Land Management would be the appropriate agency. For Indian
lands, the Bureau of Indian Affairs would supervise any
environmental impact statements required. Additionally, if SERI
is the sponsor; there would probably be Federal involvement by
virtue of using United States Department of Energy funds. :
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SECTION 6.0
FOCAL AREAS FOR A POSSIBLE PROJECT

6.1 AREA I

As shown on Plate III, this focal area is located in the Parker
Valley 1mmed1ately to the east of the Colorado River south of
Poston, Arizona. From a physiographic perspectlve, the area is
- within the Parker Valley. The land area designated on Plate III is

within the Colorado River Indian Reservation. An elongated plume of
saline water is deplcted on the Plate III extending in a north-
south direction parallellng the Colorado River. Ground water in the
’ plume satisfies the screening criteria of Tasks I and II, namely,
salinity in excess of 3,000 mg/l, depth to ground water less than
500 £t from land surface, and potentlal ylelds in excess of 4 mgd.

Additional information on possible sites in this focal area is
included in Table 4-2.

Relevant features of the area are described in the ensuing
paragraphs.

6.1.1. Climate

The area is located within Zone 6a, Sonoran Desert (Low Desert),
according to a classification of the Arizona Solar Energy
Commission (Osborn and Huddy, no date). Dally solar data, climate
data, and data on dally solar radiation on tilted surfaces for the
area are presented in the document of Osborn and Huddy (no date).
According to Osborn and Huddy (No Date), summers in this region are
long and hot. Temperatures in the afternoon reach 100 degrees F on
the average from June 10 to September 20. The average annual total
horizontal insolation for the zone is about 1,924 BTU/ per square
ft per day. The average annual temperature is 73 7 degrees F.

6.1.2 Surface water features

Surface water drainage occurs directly into the nearby Colorado
River. There are no sources of saline surface water in the area.

6.1.3 General hvdrogeology

The area is within the system of basins classified by Anderson
(1985) during the SWAB/RASA study as the Colorado River Basins.

Anderson presented the following general description of these
basins:

The aquifer system of the Colorado River basins is
totally dominated by the streamflow of the Colorado
River. Infiltration of streamflow is the principal
source of inflow to the ground water system. Outflow
is almost entirely through consumptive use by
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phreatophytes and riparian vegetation and more
recently by agricultural crops. The stream alluvium
that underlies the flood-plain area is the principal
water-bearlng unit. Older alluvium outside the flood-
plain is hydraullcally connected to the stream
alluvium and is part of the main aqulfer. Ground-water
flow occurs both laterally and longltudlnally in the
basins. A prlnclpal component of flow is away from the

Colorado River toward the flood plain where discharge
- occurs.

Ground-water withdrawal in these basins will have
minimal effects on the aquifer system because of the
immensity of river leakage. Ground water pumped from
the flood plain is river water that infiltrated. 1In
places, minor quantities of water may be withdrawn
from storage and evapotranspiration may decrease;
however, lowering water 1levels will increase the

water-level gradient resulting in more streamflow
infiltration.

A representative cross-section through a Colorado River Basin is
depicted in Figure 2-5.

6.1.4 Saline ground water

As shown on Plate III, this focal area contains a plume of saline
ground water extending for several miles in a direction
parallellng the Colorado River. The source of the plume appears
to be 1rrlgat1on return flows to ground water. The TDS
concentration within the plume is mainly betweem 3000 mg/l and
5000 mg/l, except for a small plume with a salinity above 5000
mg/l. Two chemical quallty pattern dlagrams are included to
illustrate representatlve water chemistry in the plumes. Except
for absolute concentrations, the two diagrams are similar
indicating the predominance of sodium and chloride in the
anlonlc-catlonlc makeup of the water. Sulfate is the second
dominant anion and calcium is <the second dominant cation.
Additional information on the chemical composition of ground
water in this area is included in Appendix D.

Hydrogeological features of the area which may . affect ground-
water development for a microalgae fac111ty are described in the
following paragraphs.

Tucci (1982) wused the report of Metzger et al. (1973) to
summarize the hydrogeoclogic system of the Parker Valley, which
includes the study area. Basically the area is underlaln by three
pr1nc1pa1 hydrologic units. The lowermost unit is a fanglomerate
con51st1ng of cemented sandy gravel. Ground water may be confined
in this wunit, and it is not being exp101ted as a major water
source. 0verly1ng the fanglomerate unit is the Bouse <formation
consisting of a basal limestone, a sand unit, and a tufa (Tucci,
1982). Metzger et al. (1973) describe thls formation as a
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brackish water sequence. The average hydraulic conductivity of
" the upper zone of the Bouse formation is 30 ft/day (Metzger et
al., 1973). The 1lower zone is the confining 1layer <for the
underlying fanglomerate.

The Bouse formation is overlain by an alluvium formation. This
formation is 125 ft thick and its areal extent is confined to the
floodplain (Tucci, 1981). The alluvium formation yields water
" eradily to wells with specific capacity values of more than 100
gpm/£ft of drawdown (Tucci, 1982). The average hydraulic
conductivity of the formation is 313 ft/day.

Tucei (1982) simulated the ground-water flow system in the Parker
Valley using a three-dimensional model. The three-dimensional
modelling approach was used to simulate and evaluate the flow
" between the alluvium unit and the upper layers of the Bouse
formation.

. According to the United States geological Survey (1984), wells in
the area are capable of pumping rates in excess of 1000 gpm.

6.1.5 Land ownership

Land ownership is a critical factor in planning for a microalgae
production facility. One of the goals of this project was to
identify land ownership within a region extending up to 10 miles
from identified sources. As shown on Plate III the saline ground-
water plume is entirely within the Colorado River Indian
Reservation. To the east of the plume a major segment of land is
managed by the Bureau of Land Management. This area is within 10
miles of the plume . Lands to the south of the plume are within
the State Trust Lands, administered by the Arizona State Land
Department. This land is also within 10 miles of the plume.

6.1.6 Legal and Institutional Constraints

The Colorado River Indian Tribe is one of the five Reservations
whose water rights were quantified under Arizona v. California in
1963. In the final decree, the Indians of this reservation were
awarded an annual allotment of Colorado River water. Currently,
the Reservation is utilizing the majority of this water for
agriculture. The only ground water pumped on the reservation is

for drainage purposes. Crops grown include cotton, alfalfa,
maize, barley and wheat.

In addition to the 8,000 acres of land farmed by the Tribe
itself, and some small scale farming by individuals of the Tribe,
a large portion of the agricultural land is 1leased to non-

Indians. Terms for most leases run from one to five years, with
- the 1longer leases requiring some types of improvements to the

land. The lease contracts contain jurisdiction clauses that are
intended to end disputes that may arise and also contain
. preference clauses for Indian employment. The Tribe is

currently encouraging non-Indians to 1lease 1land on the
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Reservatlon. By leasing land and water the Tribe hopes to
increase revenue and protect their water rlghts. Further, the
economic crisis that is affecting farming in general also has an
1mpact on the Reservatlon, especially on cotton production. The

Tribe is encouraging lessees to experiment with more 1lucrative
specialty crops. -

This reservation may be very interested in this type of project.
The Indians have a large, dependable source of water and ample
lands. They also have a dralnage problem on the Reservatlon that
this project could rectify. Finally, the Tribe is very
interested in diversifying their economic development because of
the falling market for cotton and other agricultural products
(Laffoon, 1985). If the return on the lease was greater than
what they presently make leasing that land for farming, it is
likely they would consider this type of project.

The principal institutions that would approve and review a lease
for this type of project are the Tribal Council, the Bureau  of
Indian Affairs, and the Bureau of Reclamation. Initially, the
. Tribal Council mnmust approve the lease. The Bureau of Indian
Affairs would probably require an environmental impact statement,
but 1is also likely to approve the lease if the Tribes agree to
the project. Finally, the Bureau of Reclamation, as manager of
the Colorado river will monitor the withdrawals of ground water
because the ground water is hydrologically connected to the
Colorado River and must be charged to the Tribes' allotment.
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6.2 AREA II

This focal area extends from the Palomas Plain along the Gila
River to the City of Yuma. The area encompasses the extensive
irrigated area in the Mohawk Valley. Details of Focal Area II are
shown on Plate II and Plate III. On Plate II, four areas were
identified as satisfying the screening screening criteria for
Task I, i.e., salinity in excess of 3,000 mg/l and depths to
ground water of less than 500 feet from land surface. During the
Task II evaluation, only two of the four areas satisfied the
criterion of potentially yielding more than 4 mgd. These plumes
are shown on Plate III. One very large plume extends essentlally
as a unit along the Gila River from the Palomas Plain to the
South Gila Valley. A lesser plume is shown west of the larger
plume. Detalls on p0581b1e sites for a microalgae production
facility in this area are included in Table 4-2. As shown on the
table, the total 1land area overlying the saline ground-water
plumes is about 250 square miles. Information on the ground-water
chemistry in this area is included in Appendix D.

Salient features of the focal area are summarized in the
following paragraphs: ‘

6.2.1 Climate and Solar Enerqgy

According to Osborn and Huddy (no date), the focal area near Yuma
is classified as Low Desert within the Sonoran Desert climatic
zone. A detailed summary of daily solar data, climate data, and
daily solar radiation on tilted surfaces is included in Osborn's
report. Average annual values of parameters of interest are as
follows: total horizontal insolation is 1924 BTU per square ft
per day and average monthly temperature is 73.7 degrees F.

6.2.2 Surface Water Features:

As shown on Plates I and III, this focal area is drained by the
Gila River, which flows from the northeast corner to the west-
central part of the area. The Gila River flows into the Colorado
River near the City of Yuma. As discussed in a previous section,
and shown on Plate I, the principal sources of saline surface
water in the area include the Wellton Mochawk Main Drain, the
South Gila Pump outlets 3 and 4, and the Yucca steam generating
station. When the Yuma desalination plant comes on line in 1989
there will be an additional source of saline surface water for a
project (see Section 6.2.6).

6.2.3 General hydrogeology

The basins within Area II are primarily categorized as West
Basins, according to the United States Geological Survey's
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SWAB/RAS classification scheme. These basins are described by
Anderson (1985) as follows:

The aquifer systems of the west basins include pre-
Basin and Range sedlmentary rocks and an overlylng
moderate- to coarse-gralned facies of the lower basin
£ill, which forms the main water-bearing 2zone. An
overlying flne-gralned facies of the lower basin £fill
occurs near the basin centers. Upper basin f£fill
consists of a thin layer of heterogeneous sediments
thet generally lies above the water table. Stream
alluvium occurs along the lower Gila River.

Inflow to the west basins is small and is composed of
minor mountain-front recharge and infiltrated
streamflow. Outflow consists of evapotranspiration at
the downstream end of the basins and underflow. The
predevelopment potentiometric contours were virtually
straight lines normal to the basin axis indicating that
mountaln front recharge is small. Ground-water pumpage

is derived from removal of water from storage within
the aquifer.

A representative cross-section through a west basin is shown
on Figure 2-5.

6.2.4 Saline ground-water areas

As shown on Plate III the concentration of ground water in the
elongated plume is generally about 3,000 mg/l. Three -lesser
plumes with concentrations above 5, 000 mg/l are also shown.
According to lLeake and Clay (1979) sallnlty levels of more than -

8,000 mg/l were fairly common in the Wellton-Mohawk area in the
1970's.

Hydrogeologlcal features affectlng the production of ground water

for a microalgae facility in the area are summarized in the
following paragraphs.

The hydrogeology of the area has been subdivided into the
following subareas: (a) Painted Rock dam to Texas Hill (White et
al., 1979), (b) Texas Hill to Dome area (Leake and Clay, 1979),
and (¢) in the Yuma area (Wilkins, 1978).

White et al. (1979) described the ground-water geology of the
area from Painted Rock Dam to Texas Hill. The following
discussion is abstracted from their report. Valley £ill deposits
constitute the main water bearlng unit in the area. These
deposits mainly consist of clay, silt, sand, and gravel deposits,
and weakly consolidated mudstone and sandstone. The valley £fill
deposits have been divided into upper, middle, and lower units.
The potential yield of wells in the alluvium exceed 1,000 gpm
(USGS, 1984), consequently yields in excess of 4 mgd should be
obtainable for a project. As shown on the chemical quality
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pattern diagram for this area, ground water is primarily of the
sodium-chloride type. -

The region between Texas Hill and the Dome area encompasses the
- Wellton-Mohawk area, which has been used extensively for
irrigated agriculture since the 1920's ( Leake and Clay, 1979).
The geology of the area has been described by Leake and Clay as
follows:

...the alluvium consists of an upper sandy unit and a
lower gravel unit. The upper sandy unit contains sand,
silt, clay, and some gravel lenses and ranges from 20
to 80 ft in thickness. The lower gravel unit ranges
from 10 to 70 ft in thickness and overlles a clay
layer. Extensive pumpage for irrigation in the early
years caused a general lowering of water tables in the
area. However, this trend was reversed with the
importation of Colorado River water as an irrigation
source beginning in 1952. By the early 1970's water
levels were within 6 ft of land surface in most of the
area. Since 1961 a series of about 70 wells were used
to assist in the drainage of the waterlogged areas,
pumping as much as 200,000 acre-ft per year.

Wells in the area are capable of yleldlng in excess of 1000 gpm
(USGS, 1984). Sallnlty levels in excess of 8000 mg/l are not
uncommon. The chemical quality pattern dlagrams show that ground
water is generally of the sodium-chloride type. However, the
sample from T8S, R16W was more of a mixed sodium-calcium-
chloride-bicarbonate type. Detailed chemical analyses for wells
in this area are included in Appendix D.

Accordlng to Wilkins (1978), the Yuma area is underlain by
materials ranging from dense crystalllne rocks to unconsolidated
alluvium and windblown sand. The principal water-bearing unit in
the area comprises the sedimentary deposits, thought to be
hydraulically connected and forming a single aquifer (Wilkins,
1978). The aquifer has been divided into the following three
zones in descending order: upper fine grained zone, a coarse
gravel zone, and the wedge zone. These zones were described by
Wilkins (1978) in the following way:

The upper fine-grained zone is composed mostly of sand
and silt. The zone is about 100 ft thick in the valley
areas and 180 ft thick beneath the Yuma Mesa. Most
ground-water recharge and discharge take place through
this 2zone. The coarse gravel zone is the principal
production 2zone in the aquifer in the Yuma area and
consists of gravel deposited by the Colorado and Gila
Rivers...it ranges in thickness from 0 to more <than
100 ft.... The wedge zone consists of clay to gravel.

As in the Wellton-Mohawk area, water levels rose in the Yuma area

following the importation of surface water, and extensive pumping
was required to overcome water logging of the agrlcultural
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fields. According to Wilkins (1978), 158,000 acre-ft was pumped
in 1975 for drainage purposes. Wells in the area are capable of
pumping at rates greater than 1000 gpm (USGS,1984). Ground water
from one well in the area was reported to have a TDS of greater
than 10,000 mg/l. As depicted on Plate III, the chemical quality
pattern diagram for the area illustrates that ground water is
predominantly of the sodium chloride type.

6.2.5 Landownership

Landownership in Area II is shown on Plate III. Within the plume,
land ownership resides mainly in private hands and with the
Bureau of Land Management (BIM). Only a small amount of the land
is owned by the Arizona State Land Department (ASLD). An
extensive area to the north of the plume is within <the Yuma
Proving Ground. Similarly, the land to the south is within the
Luke Air Force Range, except for regions near the saline ground-
water boundary which are in private hands or owned by BIM and the
ASILD. The United States Marine Corps Air Station is located at
the western edge of the larger plume. The 1lands within the

military reservations would not probably not be available for a
project.

Irrigation districts that are located within or near the plumes
include the Wellton-Mohawk Irrigation and Drainage District, the
Yuma Irrigation District, the Yuma-Mesa Irrigation and Drainage
District, and the Yuma County Water User's Association.

6.2.6 Legal and Institutional Factors

In terms of legal constraints and land availability, this area
may be the best area for a microalgae production project among
the six focal areas examined during this project. First, it is
not located within the boundaries of an Active Management area.
For groundwater to be pumped, project planners would need only to
construct the well according to state standards and register the
well with the State. No permits or expens1ve hydrological
studies would be needed. However, involving a trained hydrologist
in the process is advisable. Secondly, there is a lot of private
land available. Dr, Gordon Dutt (Department of Soils, Water and
Engineering, The University of Arizona),an authority on the use
of saline waters in this area, believes that there would be many
opportunities to either lease or purchase private lands. Third,
the presence of saline water in this area is a problem for the
local farmers. While a few farms are using saline water, the
majority do not.

However, -there are some legal constraints on the use of this
ground water and on the return flows of the irrigation districts.
One factor to consider is the Treaty of 1944 signed by the United
States and Mexico. The Treaty apportioned the waters of the Rio
Grande, Colorado, and Tijuana rivers. It allocated 1.5 million

78



acre~-feet of Colorado River water annually to Mexico. This
quantity increases to 1.7 million acre-feet during surplus years
and is reduced proportionaly during shortage years (Utton, 1982).
While the high water levels over the last few years have resulted
in much larger deliveries to Mexico than is requlred, during the
shortage years on the river, this allotment to Mexico must be met
flrst. The Bureau of Reclamation closely monltors ground-water
pumping that is close to the river as this pumplng is charged to
Arizona's entitlement under Arizonha V. California and because the
Bureau is reponsible for meeting Mexico's entitlement of water.

Another federal law that is important in this region is the
Colorado River Basin Salinity Control Act of 1974. In 1973, the
United States and Mexico reached an agreement to 11m1t the
permissible 1levels of salinity of the water delivered to Mexico.
Under this agreement, the water at Morelos dam must equal 155
parts per million, the salinity levels of the water stored in
Imperial dam.

The Sallnlty‘COntrol Act was passed by Congress to implement this
agreement. Prlmarlly the Act authorizes construction of a
reverse osmosis desalinization plant near Yuma, Arizona. But the
Act also contains other provisions that affect water use in this
area. First, each country must limit groundwater pumping within
five miles of the Arizona - Sonora, Mexico border to 160,000
acre-feet of water. Each country has a well field along the
border that pumps this maximum amount. The United States well
field delivers water pumped to meet Treaty obllgatlons. The
Bureau of Reclamation operates a pumping field in this area and
monitors groundwater withdrawals. Saecond, each county must
consult with the other before undertaking any new developments of
surface or groundwater resources, or modify existing development
in the border region. Both of these provisions would have to be

taken into account if the project was located in the border
region.

Another factor to consider in this area is the Gila River water
rights adjudication. As stated in the previous section, the
court has not yet determined whether groundwater will be included
1n the adjudication. The Court may rule that ground water that
is hydrologically connected to the surface water flow of the Gila
River will be adjudlcated. This determination could affect the
placement of the project because the court could ass1gn prlorlty
dates to groundwater use in this area and those rlghts assigned
later priority dates may lose the right to pump in a shortage
year on the river so that senior surface water rights may be
satisfied.

The surface water supplies identified in this region are also
subject to some legal constraints. First, there are a number of
1rr1gatlon districts in the area. Under Arizona 1law, these
districts may be able to veto a transfer of surface water rights
(See Section 5.0). Second, the agricultural return flows of the
districts are applied to the districts' entitlement of Colorado
River water. The districts are given credit for water returned
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to the river, even if it is highly saline. While the Wellton-

Mohawk district has expressed interest in this project as a

possible use for its return flows, it also cautioned that there
is a "constraint on this water" (Gould, 1985). Another irrigation

gistréct or the Bureau of Reclamation might object to this
ransfer.

Interestingly, the desalinization plant itself will be a source
of water for this project. The plant is under construction and
will be completed in 1989. The brine effluent from the plant
will average 25,000 to 35,000 acre-feet of water a year and will
have a TDS of 9,000 to 10,000 (Boyer, 1986). The water is
scheduled to be discharged into the Santa Clara Slough, which
empties into the Gulf of California. Presently, there are no
indicated uses for this water. Negotiations with Bureau of
Reclamation officials could be undertaken if this water is
desired for the project.
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6.3 AREA III

Focal Area III is depicted on Plate II and Plate 1IV. Principal
municipalities in the area include Tolleson, Avondale, - Buckeye,
- and Gila Bend. The Palo Verde Nuclear Generating Station is
located within this area west of the City of Buckeye. During Task
I, eight distinct areas were identified with ground-water
salinities above 3,000 mg/l and water levels within 500 ft of the
land surface. As shown on Plate IV, only five of the ' eight
regions satisfied the screening criteria for Task II, namely
potential yields in excess of 4 mgd. The largest plume is
. included within the Buckeye Valley and the Arlington Valley.
Other 1lesser plumes exist north of Gila Bend, south of Mobile,
near Rocky Point, and in Hyder Valley. The legal descriptions of
areas for possible project sites in this focal area are included
' in Table 4-2. The land area associated with the saline plumes is
312 square miles. Detajled information on the ground water
chemistry in the area is included in Appendix D.

Relevant features of Area III are as follows:

6.3.1 Climate

The area is within the Sonoran Desert Climatic 2one. Detailed
- solar and climatic information for the area is included in the
document entitled: "“Arizona Solar and Weather Information",
published by the Arizona Solar Energy Commission (Osborn and
Huddy, no date ). This document includes the following items:
daily solar data, climate data, and daily solar energy on tilted
surfaces. Based on data for the Phoenix Station, the average
annual total horizontal insolation for this area is 1869 BTU per

square foot per day, and the average monthly temperature is 70.3
degrees F. .

6.3.2 Surface water sources

As shown on Plate I, the area is drained by the Gila River which
cuts across the area from northeast to southwest. The saline
surface water sources in the area, discussed in a previous
section, include Gila River Diversion above and below Gillespie
Dam, Drainage from the Buckeye Irrigation District, and possibly
waste water from the Palo Verde Nuclear Generating Station.

Chemical quality data for saline water sources in this -area are
included in Appendix C. '

6.3.3 General Hydrogeology

The basins within Area III are primarily categorized as West
Basins, according to the United States Geological Survey's
SWAB/RAS classification scheme. These basins are described by
Anderson (1985) as follows:

The aquifer systems of the west basins include pre-
Basin and Range sedimentary rocks and an overlying
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moderate- to coarse-grained facies of the lower basin
£ill, which forms the main water-bearing zone. An
overlying fine-grained facies of the lower basin fill
occurs near the basin centers. Upper basin f£ill
consists of a thin layer of heterogeneous sediments
thet generally lies above the water <table. Stream
alluvium occurs along the lower Gila River.

Inflow to the west basins is small and is composed of
minor mountain~-front recharge and infiltrated
streamflow. Outflow consists of evapotranspiration at
the downstream end of the basins and underflow. The
predevelopment potentiometric contours were v1rtually
stralght lines normal to the basin axis indicating that
mountain front recharge is small. Ground-water pumpage
is derived from removal of water from storage within
the aquifer.

A representative cross section through western basins is depicted
on Figure 2-5.

6.3.4 Saline Ground Water Areas

6.3.4.1 Buckeye Area

In the Buckeye area an extensive region contains ground water
with a salinity in excess of 3,000 mg/l, with two lesser plumes
with concentrations of 5,000 mg/l. According to the Arizona
Department of Water Resources (1984), 10 of the 51 wells in the
Buckeye Irrigation District pump ground water with sallnltles in
excess of 4,000 mg/l. The TDS of perched ground water in the
vicinity of the Palo Verde Nuclear Generating Station was found
to range from about 3,000 mg/l to almost 19,000 mg/l (Long,
1983). A water quallty pattern dlagram for a well-water sample
contalnlng 4000 mg/1l total salinity is included on Plate IV. This
diagram was created uSLng a representative analysis for the
saline area, reported in Appendlx D. According to this diagram
ground water in this area is ba51cally a sodium-chloride type.
Bicarbonate represents the lesser anion. The Luke salt mass is
located within this area ( Peirce, 1981).

Hydrogeologlcal considerations for extracting ground water for a
mlcroalgae productlon facility in the Buckeye area are described
in the following paragraphs:

The hydrogeology of the western part of the Salt River Valley was
described in a USGS map report by Ross (1978). In this area,
sedlmentary deposits comprlse the main water-bearing unit. These
depos;ts include unconsolidated to weakly consolidated clay,
silt, sand and gravel, locally containing thick deposits of
evaporites. Thickness of the main water-bearlng unit may be as
much as 1,200 ft (Ross, 1978). The area is underlain by a thick
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w1despread evaporite deposit cons;stlnq mainly of halite, ranging
in depth from 880 to 1,500 ft in depth. According to Ross's map,
water 1levels in much of the Buckeye area are within 100 ft of
land surface. The Arizona Department of Water Resources (1984)
poznted out that wells in the Buckeye Irrlgatlon District showed
a rise in water levels during the perlod 1964 to 1983, and that
21 wells had an average water level increase of about 47 f£ft in
this period. A reason for the increase was the increased release
of sewage effluent into the area from the City of Phoenix's 92nd
Ave. wastewater treatment plant.

Long (1983) described the hydrogeology in the Lower Hassayampa
area, which includes a portlon of the Arllngton Valley, and the
Palo Verde Nuclear Generating Station. According to Long, the
basin-fill sediments of the lower Hassayampa area are divided
into three major units, including the upper, middle, and lower
alluvium. In general, the upper alluvium is unsaturated except

along the Hassayampa and Gila Rivers and in a perched 2zone
underlying the Palo Verde Nuclear Generating Station. The middle
and lower alluvium are the main water bearing units except for
some local volcanic and sedimentary bedrock units. According to
Long, the upper alluvium is 30 to 60 feet in thickness,
con51st1ng of 511ty sands and gravelly sands with dlscont1nuous
stringers of silty clay and clay. The middle alluvium is 230 to
300 feet thlck, mainly consisting of clay and silty clay. This
unit contains the Palo Verde clay, described as a massive clay
layer varying from 80 to 136 feet in thickness (Long 1983).

The middle alluvium acts as a perching layer beneath the Palo
Verde Nuclear Generating Station. According to Long, the depth to
water in the _perched layer ranged from 13 feet to 90 feet below
land surface in 1982. Apparently, perched ground water developed
when excess irrigation water percolated through the permeable
upper alluvium, and accumulated on the less permeable middle
alluvium unit. At this time the water levels in the perched
-system are declining because of the cessation of recharge and
dewatering for the nuclear statlon. According to Long, the TDS of
-the perched ground water varies from 2856 to 18,990 mg/l. Wells
in the area are capable of production rates in excess of 1,000
gpm (USGS,1984).

6.3.4.2 Gila Bend Area

The saline ground-water plume north of Gila Bend contains a
pocket of ground water with a concentration in excess of 10,000
mg/l. The chemical quality pattern diagram for a well-water
sample within <the pocket shows that the TDS of the sample was
13,000 mg/l. Accordlng to this diagram, ground water is
predominantly a sodium=chloride type.

According to Sebenik (1981), alluvial dep051ts in the Gila Bend
area form the main water-bearing unit, consxstlng mostly of-
unconsolidated to moderately consolidated clay, silt, sand and
gravel. The thickness of the unit ranges from a few tens of feet
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near the mountains, to more than 2,000 feet in the central part
of the basin. The yield ranges from a few gallons per minute to
several thousands of gallons per minute (Sebenik,1981).
Depths to ground water in the plume north of Gila Bend are
generally less than 200 feet from land surface ( Sebenik, 1981).

6.3.4.3 Rocky Point and Hyder Valley Areas

Saline ground water in the plume near Rocky Point is generally
about 3,000 mg/l. In the representative sample used to plot the
chemical cquality pattern diagram, the TDS was 3,562 mg/l. Again,
' the ground water is predominantly a sodium chloride type. TDS in
the small pocket of saline ground water in the Hyder Valley was
generally about 3,000 mg/l. According to the chemical quality
pattern diagram, the sample was of a sodium chloride type.

The hydrogeology of the both areas is included in the map report
of White et al. (1979), which covers the region of the Gila River
drainage from Painted Rock Dam to the Texas Hill area. According
to White et al. (1979), valley £fill deposits constitute the main
water bearing unit in the area. These deposits mainly consist of
clay, silt, sand, and gravel deposits, and weakly consolidated
mudstone and sandstone. The valley £ill deposits have been
divided into upper, middle, and lower units. Well yields in the
plume should be sufficient to provide at least 4 mgd.

6.3.5 Land Ownership

Land ownership in Area III is shown on Plate IV. Within the large
plume of saline ground water near Buckeye are the municipalities
of Goodyear and Buckeye, and the Palo Verde Nuclear Generating
Station. Land ownership within the plume is mainly in private
hands, with a small amount of property managed by the United
States Bureau of land Management (BLM). Luke Air Force Base No. 6
is within the area, and the associated lands would probably not
be available for a project. The Buckeye Water Conservation and
Drainage District occupies a strip of land north of the Gila
River and the Southern Pacific Railway line, east and west of
Buckeye. The Roosevelt Irrigation District is within a strip of.
land north of the Buckeye Irrigation District. Within 10 miles of
the plume boundary, 1land ownership is mainly in private hands or
managed by BIM and the Arizona state Land Department. At the
eastern edge of the plume is the Gila River Indian Reservation.
The McMicken Irrigation District is located to the north of the
community of Avondale.

The small plume near the City of Gila Bend is mainly in private
ownership, although small parcels are within the State Trust.
-Some BIM land is also present. The Gila Bend Indian Reservation
is located to the west of the plume. Otherwise, 1lands within 10

miles of the plume are managed by BIM and SLD or are in private
hands.
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The small plume near Mobile encompasses privately owned land and
an area managed by the BIM. Lands north of the plume are
primarily prlvately owned, with BIM land predominating to the
south.

' Lands within the plume near Rocky Point are mainly managed by
B1M, although about a gquarter of the area is in prlvate
ownwership. Within 10 miles of the plume, the major landowner is

" BIM.

The small westernmost plume is entirely within an area of
. privately owned lands. Outside the plume area are privately owned
lands and State Trust Land.

6.3.6 Legal and Institutional Factors

In this area, +the Buckeye and Arlington Valleys and Mobile all
lie within the boundaries of the Phoenix AMA. The other plumes
' near Hyder Valley, Gila Bend, and Rocky Point are located
outside of the AMA. For the areas outside of the AMA, the legal
constraints on the use of water are minimal, similar to Area 2.
However, the Buckeye and Arlington Valleys differ (quite
significantly  from any other areas located within Active
Management Areas.: In fact, the primary problem in this area is
not a shortage of groundwater, but an abundance of saline
groundwater for which there is presently no use.

The Buckeye and Arlington Valleys may be an ideal location for

- the microalgae production facility. The area is considered water

logged, with the groundwater table rls1ng. As the project

manager for the Buckeye Irrigation District stated, "“Our problenm
is an oversupply of water, not a shortage" (Jones, 1986).

Large amounts of saline groundwater are pumped out of this area,
specifically by the Buckeye Irrigation District, each year for
drainage. Presently, the water is discharged into the Gila River
and the Arlington Canal, and the Arlington Irrlgatlon District
uses part of it, but not all. Buckeye Irrigation District does
not charge Arllngton anything for the water. Arlington must
" simply maintain the canal.

The Phoenix AMA is currently conducting a study to determine
whether the Buckeye and Arlington areas should be excluded from
the Phoenix AMA. Under a directive from the Legislature, the AMA
will be assessing the effects of the Groundwater Management Act
on this area over the next two years. It is likely that they
will recommend that the area be removed from the AMA.

Even if the area does remain within the boundaries of the aMa, it

- will probably be easy to obtain a poor groundwater quality or a
drainage permit. Gary Hansen, an AMA staff member , stated that

85



the agency would support a viable use of this saline water and
that a poor groundwater quallty permit would be appropriate in
this case. In fact, this area is a good example of an area where

the pumping of the saline water would benefit the residents and
the State.

Saline surface water supplies have also been identified in this
area. Any use of these waters would require either purchasing
existing rights, or initiating new rights under the Arizona Water
Code (See section 5.0). The adjudlcatlon of water rlghts that is
presently being conducted in Arizona is a very significant factor
for the Gila River system is the most over-appropriated source of
water in the state. Once the adjudication is completed, any
rights with very late priority dates may not receive the full
quantity in shortage years. Also, any water rights considered
for purchase would have to be carefully examined to see that they
also would be viable rights after the completion of the
adjudication (see section 5.0).

One other source of water is the waste water from the Palo Verde
Nuclear Generating Plant. The Palo Verde Plant, under a contract
negotiated in 1973, will receive up to 140,000 acre-feet of
effluent from the 91st Avenue Treatment Plant in Phoenix. The
term of this contract is until 2027. The plant will pay between
$20 and $30 an acre-foot for this water, dependlng on the amount
of effluent actually consumed. The plant will only take the
watér it needs with the excess to be dlscharged into the Salt
River. According to a Palo Verde plant engineer, this water is
presently unclaimed (Rogers, 1986).

Palo Verde takes delivery of the water near the 91st avenue plant
and then pump it 36 1/2 miles to the plant site. At the site,
the water is treated through a cold lime softenlng process to
replace the hard ions with soft 1ons. The ammonia is oxidized to
nitrates and the pH of the water is controlled. The water is

then run through a filter and stored in resevoirs until needed by
the plant.

The TDS of this water is approximately 1000 ppm when received by
plant. The water is reused until it has been concentrated
fifteen times, or has a TDS of approx1mately 15,000 ppm. The
water is then stored and evaporated in a 200 acre on-site pond.
The annual amount of water discharged to this pond is unknown at
this time. Presently, the Plant has no plans for this water.
Carter Robinson, plant englneer, is interested in alternatlve
uses for thls water. He emphasized that the company is always
interested in more efficient and profitable methods of operation
as a means to lower rates for its customers and that this type of
project may be a suitable use of the waste water (Rogers, 1986).
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6.4 AREA IV

As shown on Plate II and Plate V, this focal area extends in a
north-south direction from T-1-N through T-6-S and in an east-
- west direction from R-1-E through R-9-E. The area includes the
cities of Tempe, Mesa, Casa Grande and Coolidge. During Task I
five distinct ground-water plumes were determined to satisfy the
~ screening criteria for the project, namely, salinities in excess
of 3,000 mg/l, and depths to ground water of less than 500 ft.
Durlng Task II, four out of the five areas satisfied the
criterion of potentially being able to yield in excess of 4 MGD.
- These plumes are shown on Plate V. One extensive plume was
delineated south of South Mountain. A second plume was determined
to be near Chandler. A third plume was found near Coolidge, and

 the fourth was found near Casa Grande. The legal descriptions of

potential areas for a pro;ect are included in Table 4-2. The
estimated surface area overlylng the saline plumes is 156 square
miles.

Features of the area that are relevant for a potential microalgae
production facility are discussed in the following sections.

6.4.1 Climate

The focal area falls within Zone 6a: Sonoran Desert (low desert),
in the classification scheme of the Arizona Solar Energy
Commission. Detailed solar and climatic data for the Phoenix
station of this zone are included in the report of Osborn and
Huddy (no date). In summary, the total horizontal solar
insolation in the area averages 1,869 BTU per sgquare ft per day

on an .annual basis. The average monthly temperature is 70.3
degrees F.

6.4,2 Surface water

The principal drainage channel in the area is the Gila river.
Effluent from the Ocotillo steam electric generating station is a
source of saline surface water (see Plate I).

- 6.4.3 Hydrogeology

The ground-water basins in the area are classified among the
Central Basins of the USGS' SWAB/RASA study (Anderson, 1985).
According to Anderson (1985), the geochydrological features of
these basins are as follows:

The aquifer systems in the central basins consist of
as much as 5,000 ft of lower basin fill and generally
less than 1,000 ft of upper basin £ill. Basin-center
deposits that have more than 60 percent flne-gralned
materials are common; the upper basin £ill grades
laterally to coarse material at the mountain fronts.
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Stream alluvium along the major draianges is as much
as 300 ft thick.

The inflow components consist of small to
moderate amounts of mountain-front recharge and
streamflow infiltration. Prior to development outflow
occurred principally as evapoptransplratlon near the
downstream end of the basins, but this has largely
ceased owing to extensive pumping. The potentiometric
contours are a broad U-shape, which indicates a
mixture of inflow sources with no source
particularly dominant. \

Development has greatly decreased the amount of
discharge that occurred as evapotranspiration and
streamflow. Recharge through stream infiltration has
probably increased. Reductions in ground water in
storage have been 1large and future increases in
pumpage will cause further depletion in storage.

6.4.4 Saline Ground-Water Areas

Hydrogeological features of the area affecting ground water

development for a microalgae facility are rev1ewed in this
section.

6.4.4.1 West Chandler Plume

As shown on Plate V this plume includes the region from near
Tempe south to the Maricopa-Pinal County line. The chenmical
quality pattern diagram for a representatlve ground-water sample
illustrates that the water may be classified mainly as a calcium -
chloride type.

Ground water conditions in the area were examined by Laney, et
al. (1978). Accordlng to these authors, sedimentary deposits form
the main water-bearing unit in the area. These deposits consist
mainly of unconsolidated and weakly consolidated clay, silt, sand
and gravel. The unit varies in thickness from a few feet near the
mountains to more than 1200 ft in the central part of the basin
(Laney, et al., 1978).

Aquifer tests in township Di-4, by the USGS, determined that
transmissivity values were in the order of 40,000 gpd/ft. The
unit is capable of yielding in excess of 1,000 gpm to wells.
Laney et al. (1978) showed that in 1976 there was a ground water
divide cutting across the western lobe of the plume. Ground water
to the right of the divide flows east, while ground water to the
left flows in a westerly direction. Perched ground water is
common in this area and water levels may be less than 100 ft from
land surface.
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~ 6.4.4.2 South Mountains Area

This area is located immediately to the west of the West Chandler

Area. A ‘chemical quality pattern diagram is included on Plate V

for a ground-water sample with a total TDS of 4,000 mg/l. This

sample is predomlnantly a sodlum chloride type, with calcium and
sulfate being the secondary ions.

This area shares 51mllar ground-water condition to the area
described in the previous section. However, perched ground water
. is not indicated on the maps of Laney et al. (1978). In the
region near Lone Butte, water levels range from less than 100 ft
from land surface to about 200 ft below land surface. According
to the results of aquifer tests by the United States Geological
" Survey in the townships D1-2 and D1-3, transmissivity values
range from 26,000 gpd/ft to 171,000 gpd/ft. Potential well yields
are greater than 1000 gpm (Laney et al.,1978).

6.4.4.3 Casa Grande Area

As shown on Plate V, the plume in the vicinity of the City of
Casa Grande occuples portlons of R-5-E and R-6-E in T=-6-S. Two
chemical quality pattern diagrams are shown for this area. The
diagram for ~a sample from a well near Arizola was primarily a
calcium-sulfate type, with magnesium and chloride being of
secondary dominance. The sample near Francisco Grande was mainly
a magnesmum-sulfate type, with calcium and chloride being of
secondary importance. The water quality maps of Thompson et al.
(1984) show that the ground water in Casa Grande area contains
subareas of differing types, including sodium bicarbonate,
sulfate, and chloride types. This area is included in a
general discussion of ground water conditions in the Lower Santa
Cruz area by Konieczki and English (1979). Accordlng to these
authors, the main water-bearlng unit consists malnly of
unconsolidated alluvial deposits, divided into the following four
units: the upper sand and gravel unit, the silt and clay unit,

the lower sand and gravel unit, and the local gravel unit. The
upper and lower sand and gravel units are the main sources of
ground water. In most of the area, the upper sand and gravel unit
~1s at the land surface and ranges in thickness from 50 to 600 ft
below land surface. The silt and clay unit is from 100 to about
600 ft below land surface and ranges in thickness from 0 to 2,000
ft. The lower sand and gravel unit is a mixture of sand, gravel
and clay, and is generally more cemented than the upper unit
(Konieczki and English, 1979). This unit varies in thickness from
0 to 2,000 ft. The local gravel unit varies in thickness from 0
to 1,000 ft.

In the area shown for the plume, water levels range from less
than 100 £t to about 400 ft from land surface (Konieczki and
English, 1979). Well yields in excess of 1,000 gpm should be
possible in. the area (USGS, 1984).
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6.4.4.4 The Coolidge Area

The small ground water plume in this area is located west of the
City of Coolidge. The chemical quality pattern diagram for the
plume shows that ground water is of the calcium-chloride type,
with lesser concentrations of sodium and sulfate.

The discussion of ground-water conditions in the Casa Grande
area, covered in the previous section, . is also germane to the
plume in the Coolidge area. In this area, ground water levels
range from about 100 ft to 400 ft below land surface (Konieczki
and English, 1979). Most wells in the area should be capable of
supplying 1,000 gpm (USGS,1984).

6.4.5  Land Ownership

Land ownership in Area IV is included on Plate V. About three
fourths of the area within the plume encompassing West Chandler
is privately owned. About one fourth of the area is within the
Gila River Indian Reservation. A small segment of land in T12S,
RSE is within the Roosevelt Water Conservation District. A
segment within the northern part of the plume is within the Salt
River Project Agricultural Improvement and Power District. Within
10 miles of the saline ground-water boundary, ownwership resides
mainly in private hands and in the Gila River Indian Community.
The plume is close to the Cities of Chandler and Tempe.

The plume in the South Mountains area is almost entiiely within
the Gila River Indian Community. Outside the plume the major land
area is within the Gila River Indian Community except for a small

parcel of State Trust land and land within the South Mountain
Park.

Land within the plume near Casa Grande is entirely in private
ownership, except for a small parcel of land within the State
Trust. A similar breakdown of ownership exists within 10 miles of
the plume. An area roughly south of Casa Grande is within the San
Carlos Irrigation and Drainage District.

Land within the plume near Coolidge are entirely in private
ownership, as are the lands within 10 miles of the plume, except
for a small segment of State Trust land. The area is within the
San Carlos Irrigation and Drainage District and the Hohokam
Irrigation and Drainage District.

6.4.6 Legal and Institutional Factors

Most of this area is located in two Active Management Areas: the
Phoenix AMA and the Pinal AMA. As reviewed in section 6.3, no new
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uses of groundwater are posszble in an AMA unless either a permit
is issued by the AMA or exlstlng grandfathered rights are
purchased. This latter option is probably too expensive for this
type of project. However, But it may be possible to receive one
of three types of permits: industrial use, poor water quality,
or drainage permits.

Interviews with officials of both the Phoenix and Tucson AMA have
revealed some obstacles to the granting of a permit for this type
of project. Malnly, OfflClalS are concerned that the use of such
a large quantity of water in open evaporation ponds would not be
consistent with the management plan (Gessner, 1986; O'Hare,
1586) . Also, officials are concerned about public perception of
the pro;ect. In the past, city water offlclals and AMA staffs
have utilized public education technlques to convince citizens to
voluntarily conserve water. The emphasis of these campalgns has
been on educating the public on the shortage of water in the
state and on appropriate uses of water in the desert. Both
officials contacted were concerned about the public perception of
this type of project, i.e., that it would send out the wrong
message.

If the AMA opposed.the project, it would probably be on the
grounds that this use of water would be inconsistent with the
area plan. Further, there may be oppos1tlon to any large
withdrawal of groundwater even if it is saline water and not
presently utilized. But one staff member of the Department of
Water Resources felt that this project would be a good use of
saline water and that project planners would have to negotiate
and even convince AMA staff to allow this use of water.

Clearly, under the Arizona Groundwater Management Act, the
project could qualify for any one of three permits. But pro;ect
planners will have to weigh the benefits and costs of placing the
project within AMA boundaries. This optlon is decldedly more
complex and expensive than locating the project outside of an
AMA, ‘but these costs may not be prohlbltlve. For example, before
the permit is issued, the DWR can require extensive hydrologlc
studies and contlnued monitoring. Also, of the six areas
identified in this report, land costs would undoubtedly be the
highest in this area.

It is suggested that project planners contact and negotiate with
the AMA staff very early in the planning process. The best tact
to take would be to stress that there is no other use for the
water and optimally, that this withdrawal would benefit the area.
For example, if it could be shown that the withdrawal would
prevent saline water . intrusion into other higher quality
aquifers, or would alleviate drainage pumping of agricultural
return <flows,the AMA staffs would be much more likely to support
the issuance of a permit.

However, all of these restrictions and legal constraints could be

avoided in this area by locating the pro;ect on one of the Indian
reservations. Of the two reservations in this area, the Ak-Chin

91



and the Gila River reservation, <the Gila River community would
probably be better suited for this type of pro;ect. . The Ak-Chin
reservation recently renegotlated the leglslatlve settlement of
their water rights and is eager to put this water to work on
their tribal farm. This tribe is one of the few reservations in
the country that has an economically viable farming operation and
they would probably not be interested in leasing land, preferring
to develop the land themselves.

The Gila River Indian Community, however, may be very interested
~in a project of this type. First, it is a large reservation,
encompassing more than 370,000 acres of land. Second, the Tribe
is claiming a large amount of water in the adjudication, 1.8
million acre-feet, and is eager to put water to use on the
reservation. Third, the primary use of water on the reservation
is agriculture, including both a tribal farming enterprise and
extensive leasing to non-Indians. While the Tribe will continue
farming, it is also interested in uses of water that may bring a
higher return than agriculture (Halleck, 1985). Finally, there is
a Spirulina project on the reservation now that utilizes a
similar project design, large open ponds. The Tribe may be very
receptive to a microalgae project, especially if the Spirulina
project proves profitable.
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6.5 AREA V

Area V 1is 1located within the Safford Valley of Southeastern
Arizona (see Plate II and Plate V) extending to the San Carlos
- Reservation. The area includes the communities of safford,
Thatcher, and Pima. The valley supports an economy based
primarily on irrigated agriculture. Sources of water  for

. irrigated agriculture include surface water from the Gila River

and tributaries, and ground water. As shown on Plate II four
distinct plumes of saline ground water within the area satisfied
the screening criteria for Task I, i.e., salinities greater than
-~ 3,000 mg/l and depths to water of less than 500 ft. Durlng Task
II three of the areas satisfied the third criterion of
potentlally yielding greater <than ¢4 mgd. These areas are
. identified on Plate V. One small plume in this area is located
near Cactus Flat. A second area is located near Safford, and a
third, extensive plume, extends along the Gila River from near
Central to Calva. The land surface area overlying the plumes is
- 58 square miles.

The legal descriptions of p0551b1e locations within the saline
. ground-water plumes for a mlcroalgae production facility are
specified in Table 4-2, which also includes values for depth to
ground water, potentlal surface are, yield criteria, and
information on rellablllty of the yield estlmates. Informatlon on
- the surface water chemistry in the area is included in Appendlx

C. Similarly,. specific data on ground-water chemistry in the .
plumes is included in Appendix D. Factors affecting the

development of a production unit are summarized in the follow1ng
paragraphs.

6.5.1 Climate

The area is generally located within Zone 6B: Sonoran Desert
. (mid- desert) in the classification scheme of the Arizona Solar
Energy Commission (Osborn and Huddy, no date). Daily solar data,
climatic data, and data on daily soclar radiation on tilted
surfaces for the area are presented in the Osborn's report. The
total horizontal insolation for the area averages 1,872 BTU per

square ft per day, on an annual basis. The average monthly
temperature is 67.8 degrees F.

6.5.2 Surface Water Features

The principal drainage for the area is the Gila River which cuts
diagonally across the area from the southeast to the northwest.
As shown on Plate I, there are several sources of saline surface
water in the area. Four saline springs are identified between
Pima and Fort Thomas. The spring near Pima was found to have a
TDS of 16,000 mg/l in 1540. The salinity of the Gila River varies
with discharge rates, belng more saline during low flow perlcds.
For example, during studies for the USGS aleong the Gila River
above Calva, Laney (1977) observed that the salinity of river
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water ranged from about 300 mg/l during high flows to about 4,800
mg/1l during low flows. During his studies in the Valley durlng
the 1940's Hem (1950) found that the concentration of dissolved
salts in river water leaving the Valley was double that of the
surface water enterlng the valley. According to Hem the increase
in sallnlty is caused by the inflows of saline ground water,
including irrigation return flows and natural saline sources. Hem
observed that the main zones of ground-water inflow to the river

are in the vicinity of Pima and Fort Thomas, i.e., in the area of
saline springs.

6.5.3 General Hydrogeology

The Safford Valley is included among the southeast basins defined
from the USGS's SWAB/RASA study. According to Anderson (1985),
general ground-water features of these basins are as follows:

The aquifer systems in the southeast basins consist of
at least two water-bearlng units separated by a fine-
grained unit unit that consists of both 1lower and
upper basin-fill sediments. The fine-grained sediments
form a leaky confining layer that overlies the 1lower
part of the aquifer. The lower water-bearing unit may

include at least the upper part of the pre- Basin and
Range sedlmentary rocks.

The major inflow components are mountain-front
recharge and stream infiltration; outflow consists of
evapotranspiration and discharge to streamflow. The
potentiometric contours are nearly V-shaped indicating
inflow at the mountain fronts and dlscharge along the
central axis of the basin....

A generalized cross-section through the southeast basins is sh:*™
on Figure 2-5.

6.5.4 Saline Ground Water

As indicated in the introductory comments for this area, three
separate ground-water plumes were identified as meeting the
screenlng criteria ( see Plate V). A minor plume of saline ground
water is located near Cactus Flat. The TDS of ground water within
this plume is greater than 3,000 mg/l but less than 4,000 mg/1.
According to the chemlcal-quallty pattern diagram for a water
sample from this plume, ground water is malnly a calcium chloride
type, with lesser concentrations of sodium and sulfate. A second
plume was located near the City of safford. This plume contained
a lesser plume in which the salinity exceeded 10,000 mg/l. The
chemical quality pattern diagram for this plume shows that the
dominant chemical type is sodium chloride. The most extensive
plume in the valley extends from near Central to Calva. This
plume basically extends along the Gila River. One subplume is
shown with salinities in excess of 5,000 mg/l and two additional
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subplumes were identified with TDS values above 10,000 mg/l. Two
chemical quality pattern diagrams for samples from the plume show
that the predominant water quality type is sodium chloride. High
boron concentrations are present.

Features of the ground-water system in the Safford Valley
relevant to water production for a microalgae facility are
discussed in the following paragraphs:

According to Weist (1971), Muller et al. (1973), and other
- authors, the ground-water system of the Safford Valley is
hydrogeologically divided into two major systems: an artesian
system occupying the lower extent of the basin fill unit and a
surficial water table agquifer within Quaternary alluvial
material. Weist (1971) indicated that the basin £ill is the most
widespread unit of the area and that the alluvial deposits along
the ¢Gila River are in a wide trough carved into the basin £fill.
The water in the artesian system is generally saline with
electrical conductivity values of about 8 millimhos/cm (Muller,
et al., 1973). High levels of salinity in the overlying ground-
water system have been attributed by Feth (1952) and Muller et
al. (1973) to four possible sources, namely: localized upward
seepage of saline water from the artesian system, return <flows
from irrigated <field and canals, inflows from mineralized
springs, and underflow from tributaries carrying mineralized
flows. Peirce (1981) indicated that the Ssafford Valley could
contain significant deposits of salts at depth in the valley
f£fill. : '

Water levels in wells in thé’vicinity of the saline ground water

plumes ranged from 8 ft below land surface to 158 ft below land
surface in 1983 (USGS, 1984). :

Based on the analysis of aquifer test data from within a 15-mile
reach of the Gila River upstream of Calva, Hanson (1972)
indicated that the average storage coefficient values for basin
£ill and alluvium are 0.0005 and 0.15, respectively. Average
transmissivity values for the area were 110 gpd/ft for the basin
£fill system and 210,000 gpd/ft for the alluvium system. Assuming
that the high transmissivity values are also representative of
those in the upstream aquifer system, it appears that there
should be no difficulty in obtaining ample ground water for a
microalgae facility. In fact, the United States Geological
Survey's (1984) potential well production map for the valley
shows that most wells in the area are capable of producing 1,000
gpm Or more.

6.5.5 Land Ownership

Land ownership within Area V is depicted on Plate V. Land within
the small saline ground-water plume near Cactus Flat is almost
entirely privately owned, except for a small parcel of land
within the State Trust. The plume is surrounded with State Trust
land and privately owned 1land. Similarly, land within and
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adjoining the plume near Safford is either in private ownership
or managed by BLM.

The land area encompasszng the large plume extendlng along the
Gila River is primarily in mixed ownership, 1nclud1ng both
private holdlngs and BIM land. However, the entire region in the
northwest is within the San Carlos Indian Reservation. A similar
breakdown exists for the land area within 10 miles of the plume.

The Gila Valley Irrigation DIstrict extends along the Gila River,

encompassing both the 1large plume and the 1lesser plume near
Safford.

6.5.6 Legal and Institutional Factors

The surface water supply identified in this area, the Gila River,
is one of the most over appropriated river sources in the state.
In fact, in most years the entire flow of the Gila river above
the Ashurst-Hayden 'dam is diverted for agr1cu1tura1 purposes.
Further, the stream flow and quality of the river water is hlghly
variable. Between 1914 and 1973, the stream flow of the river
varied from a minimum of 20 ¢fs to a maximum of 10,000 cfs.

Because the river is fully appropriated and the stream flows so
varlable, any new initiation of a water right or purchase of an
ex1st1ng right must be undertaken cautlously. Especially on this

‘river system, it would be easy to acquire rights that are worth
little in practice (see Section 5).

This stretch of the Gila river will also be greatly affected by
the Gila River adjudication. For one, as stated earlier this
section of the Gila River is over—-appropriated. Those
individuals holding rights with late priority dates will
certainly be affected by the final decree, probably not receiving
their full entitlement of water during shortage years.

Secondly, the Gila River Indian Reservation is located downstream
from this section of the river. This tribe is claiming rights to
1.8 million acre-feet of water in the adjudication. While it is
physically -“impossible for the Tribe to be awarded the entire
clalm, they will receive a large amount of water in the
adjudication. It is very likely that to satisfy this claim ,
other right holders will not receive their full entitlement
during shortage years.

For purchase, probably the most secure rights would be those
rights that were adjudicated in 1935 under the Globe Equlty
Decree No. 59, commonly known as the Gila Decree. Under this
Decree, water rights were awarded to the Gila River 1Indian
Reservation and to non-Indian 1rr1gators in the area. The Decree
also established rights and priorities for over 147,991 acres of
. land along the Gila river, including the Safford Valley.
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If this area were chosen for the mlcroalgae project and surface
water rights desired, it would be advisable to purchase this type
of rlght - one already adjudlcated under a court decree. The
adjudlcatlon statute provides that all court decreed rlghts will
. be written into the final decree for the Gila River adjudlcatlon.
While the court has not yet decided exactly how decreed rights
will be handled, they are certainly more secure than rights that
have not been prev1ously decreed.

The groundwater sources identified in this area, especially the
plume that runs along the Gila River from Central to Calva, will
. also be affected by the adjudication. As stated earlier, the
court has not yet decided how groundwater will be included in the
adjudlcatlon. A 1likely option is that the groundwater that is

hydrologlcally connected to the surface flow of the river will be
* included in the adjudlcatlon. If this water were included, it
could result in the assignation of priority dates to groundwater
pumping, with those people who hold rights with late dates forced

. to shut down their pumps during shortage years. One option
also available in this area is to locate the project on the San
Carlos Apache Indian Reservation. This Reservation is large,

encompassing more than 1,826,541 acres of land. The major water
T uses on the reservatlon are gra21ng and for recreational
purposes. No 1land is leased for agricultural uses but in 1981
over 456,606 acres of land were 1leased to non-Indians -for
. businesses and other purposes.

The Tribe then has qulte a bit of experience in leasing land to
non-Indians and may consider a progect of this type. Also, this
" Tribe will have their water rzghts adjudicated in the Gila River
adjudjcation and is also anxious to put water to use on the
reservation. While the Tribal Council is currently undergoing

. some strife, this problem should be resolved over the next few
years.
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6.6 AREA VI

Area VI, depicted on Plate VI, is located entlrely within the
Plateau Uplands physiographic province of Arizona. The area
contains the cities of Winslow and Holbrook, and portions of the
Navajo Indian Reservation and the Painted Desert, as well as the
Petrified National Forest Park. Of .11 ground- water areas
identified during Task I as having salinities in excess of 3,000
mg/l and depths to water of less than 500 ft, only four remalned
after applylng the yleld criterion of 4 mgd during Task II. One
.area is 1located in the southeastern portion of the area. A
second, much larger area, occupies the central part of the area.
A third, relatively small, area encompasing Joseph City, and a
fourth, larger area, includes the City of Winslow and part of the
- Painted Desert. The total land area overlying the saline ground-
water plumes is almost 890 square miles.

The legal descriptions of possible locations for a microalgae
production facility within the saline ground-water plumes in this
area are specified in Table 4-2, which also includes values for
depth to ground water, potentlal surface aree, yield crlterla,
and information on reliability of the yleld estimates. Similarly,
specific data on ground-water chemistry in the plumes is included
in Appendix D. Factors affecting the development of a production
unit are summarized in the following paragraphs.

6.6.1 Climate

Area 'VI 1is located within Zone 7, Basin and Range, in the
classification scheme of the Arizona Solar Energy Commission
(Osborn and Huddy, no date). According to Osborn, clear sunny
days are the rule, with an average of more than 270 days with
clear or only partly cloudy skies. Large changes in diurnal
temperature occur because of the higher elevation of the area.
Summer days are warm and maximum temperatures of 90 degree F. or
higher are reported between late May and mid~September (Osborn
and Huddy, no date). Total horizontal insolation on an annual
average basis is 1,802 BTU per square ft per day and the average
monthly temperature is 55.3 degrees F (Osborn, No Date). Other
climatic and solar data for the area are included in Osborn's
report.

6.6.2 Surface Water

The area is drained by the Little Colorado River, and there are
several substantial washes in the area including the Puerco
River, Leroux Wash and Cottonwood Wash. There are no substantial
sources of saline surface water in the area, but the Cholla
Generating Station is located a few miles southwest of Holbrook.

6.6.3 General Hydrogeology

The consolidated sedimentary rocks constituting the aquifers of
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this physiographic province comprlse flne-gralned sandstone
units, many of which do not readily transmit water (Ligner, et
al.,1969). The limestone units store and transmit water, but the
siltstone and claystone units act as confining layers. Multi-
aquifer systems are common. The three principal aquifer systems
are the C (for Coconino sandstone), the N ( for Navajo sandstone)
and the D (for Dakota sandstone) multl-aqulfer sustems. The thin
deposits of alluvium along the major water courses also yield
ground water.

6.6.4. Saline Ground Water Areas

Four principal sallne ground water plumes were identified as
meeting the screening criteria for the project (see Plate VI).

The TDS of the elongated plume in the southestern corner of the
area is generally above 3,000 mg/l, but no minor plumes with
salinities above 5,000 mg/l are shown. The chenmical quallty
pattern diagram 111ustrates that ground water is mainly a sodium=-
chloride type. The sallnlty of ground water in the large central
plume has a salinity mainly between 3,000 and 10,000 mg/l.
However, two isolated areas contain ground water w1th TDS values
above 10,000 mg/l. The TDS of one sample was about 64,000 mg/l.

Accordlng to the chemical quallty pattern dlagrams, ground water
is strongly of the sodium=-chloride type. The third,smaller area
near Joseph City contains ground water with TDS values between
3,000 mg/l and 5,000 mg/l. In addition to encompassing an
extensive plume of ground water where salinities are greater than
3,000 mg/l, the fourth area contains a large region where
salinities are above 5,000 mg/l. A lesser plume with salinities
above 10,000 mg/l is also apparent on Plate VI. As in the other
subareas of Area VI, the chemical quality pattern dlagram shows
that ground water 1is strongly of the sodium-chloride type.
Peirce (1981) indicated that the most extensive salt deposit in
the Colorado Plateau Provxnce occur near Holbrook. In fact, salt

beds underly a region of about 2,300 square miles in area
(Peirce, 1981).

Relevant features of the ground-water system from the v1ewp01nt
of extractlng water for a microalgae productlon facility are
reviewed in the following paragraphs:

The ground-water system in the eastern portion of the area is
generally covered in a United States Geological Survey map series
report by Mann (1977). The system in the western part of the area
is described in a second map series report by Farrar (1980). The
information presented in this section is derived from these two
reports. Proceeding in a depth-wise sequence from land surface
downward, the principal water bearing formations are as follows:
alluvium, the Bidahochi formation, the Toreva formation, the D-
aquifer, the N-aquifer, the Chinle formation, the Moenkopi
formation, and the Coconino sandstone.

Alluvium occurs mainly along the water courses. The alluvium

consists of gravels, sand, silt and clay and may be as thick as
200 ft. Water levels generally fluctuate. The range in potential
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yield in wells within alluvium is from less than 1 gpm to greater
than 1,700 gpm. Wells in alluvium units within the bounded areas
on Plate VI are capable of providing saline water at the rates
required for a microalgae facility.

The Bidahochi formation consists of three members, namely an
upper member, a volcanic member, and a lower member. The upper
member is of fluvial origin and the lower member is of lacustrine
orlgln. Due to the flne-gralned composition of the sandstones and
siltstones comprising this member, the hydraullc conductivities
are low. The middle, volcanic member contains diatremes, which
are funnel-shaped volcanic vents filled with pyroclastic and
tuffaceous materials. Well yields in diatremes range from 20 gpm
to more than 400 gpm, insufficient for a microalgae production
unit. :

The Toreva Formation also consists of three members, namely, an
- upper sandstone member, a middle carbonaceous member, and a basal
sandstone member. Wells in this formation produce less than about
10 gpm. According this formation cannot be relied upon for
supplying a microalgae facility.

The D-aquifer occurs in the northeastern part of the area. Member
units of the D-aquifer include the Dakota sandstone, the Morrison
Formation, the Cow-Springs Sandstone, the Entrada Sandstone, and
the Carmel Formation. Wells in the D-aquifer are not capable of
vielding water much in excess of 20 gpm, and would not be suited
for a microalgae production facility.

The N-aquifer comprises fine-grained sandstone and siltstone
units of the Navajo Sandstone, the Kayenta Formation, the Moenave
Formation, and the Wingate Sandstone. Well yields do not exceed
45 gpm. Accordingly, this formation would be unsuitable for a
microalgae production facility.

The Chinle Formation is ubiquitous in the area. The Formation
includes the Church Rock, Owl Rock, Petrified Forest, and
Shinarump members. Sandstone and conglomerate elements of the
Shinarumo member are capable of yielding up to 30 gpm in wells,
which would not be enough for a microalgae facility.

The Moenkopi Formation is also ubiquitous throughout the area.
Ground water occurs in sandstone and conglomerate units. However,
because well yields are generally 1less than 10 gpm, this
formation is not considered to be a resource for a microalgae
producing unit.

The Coconino aquifer underlies the entire area. COmponents of the
Formation are the Coconino Sandstone, the Supai Formation, the
Kaibab Limestone, and the Toroweap Formation. Well production
depends on saturated thickness and amount of fracturlng. Ground
‘water occurs under both confined and unconfined conditions, and
depths to water vary from land surface to hundreds of feet below
land surface. Well yields are generally minimal but some wells
may produce up to 2,500 gpm, which is adequate for a microalgae
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production unit, provided that the yields could be sustained for
a long period of time.

6.6.5 Land Ownership

Land ownership in Area VI is shown on Plate VI. Within and near
the elongated, southern plume, land ownership is mixed, with
mainly private holdlngs and State Trust lands, and a small amount
of BIM land. A similar mix of ownerships prevails within and
near the central plunme, except that the central part of the area
is within the - Petrified National forest. The western plume
includes the City of Winslow. The upper fourth of the area is
entirely within the Navajo Indian Reservation. Otherwise
ownership within and in the vicinity of the plume is a mixture of

. private holdings and State Trust lands.

6.6.6 Legal and Institutional Factors

This area is similar to area II in that there are few 1legal
constraints on the use of groundwater. There are no Active
. Management Areas in this part of the State and only one
Irrigation Non-Expansion Area (INA). ‘However, there are sone
factors that distinguish this area from other areas in Arizona.
First, competition for water is relatively low in this area,
- especially when compared with the rest of the State. In fact,
the Little Colorado River is probably the only river source in
the state that is not fully appropriated.

Secondly, the water rlghts in this area are being adjudicated in
the Little Colorado River adjudlcatlon. While ground water may
also be included in this adjudication, the ramifications are much
less severe than in the Gila River adjudlcatlon. on the Gila
River, large amounts of groundwater that is hydrologically
connected to an over-approprzated surface water supply are being
used. Any adjudlcatlon of surface rights will affect groundwater
pumping. On the Little Colorado river however, the stream is not
fully appropriated and much of the groundwater pumping in this
area does not affect the surface flow of the river.

There are restrictions on groundwater pumping in the Joseph City
area. Under the Arizona Groundwater Management Act, this area
was designated an Irrigation Non-Expansion Area (INA). In an
INA, only land that had been irrigated between January 1, 1975
and January 1, 1980, may be irrigated now. Also, all pumping
from wells with a capaclty of over 35 gpm must be measured and
- reported annually. Since only new irrigation uses are
prohibited, the microalgae project would not be affected by the
legal constraints on water use in an INA, assuming that the
- project would be defined as industrial.

One other advantage to locating the microalgae product in this

_ area, besides the few legal constraints on water use, is that the
area is sparsely populated and land costs would be low. With the
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exception of the Petrified National Forest, the land in the area
is either privately held or is BIM or State Trust 1land, or is
part of the Navajo reservation. The land costs for the private
land and the lease rentals would be much lower than in other

areas of the state where there is a lot of irrigated land or
. urban land.

The Navajo Tribe may also be interested in a microalgae project.
This reservation is the largest reservation in the United States,
encompassing more than 15 million acres of 1land. While the
tribe has leased very little land to non-Indians for agriculture,
it has 1leased 1land for business and other purposes, and for
mining. The tribe has also recently promulgated a water code
and is also beginning to aggressively develop the water supplies
on the reservation. The water rights of this reservation will be
quantified in the Little Colorado adjudication.
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- SECTION 7.0
- RECOMMENDATIONS FOR FUTURE WORK

-,Durlng the course of this project a number of llkely candidate
sites for a microalgae production facility were identified from
the perspective of the salinity and potentlal yield of surface
and ground-water resources. In addition, the institutional-
" environmental constraints on projects at these sites were
reviewed. Ostensibly, the next stage of the selection process
will be to 1locate a specific site from among the choices
. presented from this study, and develop plans for a pilot study. A
number of critical resource elements will need to be considered
in the decision process, including annual insolation, 1length of
growing season, -and availability of enough land to meet the
" areal needs for a project. Slte-spec1f1c technical, institutional
and environmental considerations will also need to be addressed
when finalizing site selection, including data on the
. hydrogeology, water~-supply availability, and water chemistry at
specific candidate sites and identification of potential legal,
institutional and environmental impediments. The purpose of this
section is to briefly review technical anad institutional
" approaches for final site selection.

7.1 TECHNICAL ACTIVITIES

7.1.1 Surface Water

Follow-~on activities relating to the use of surface water for .a
project will be simpler than for a ground-water source.
Information that will be requlred will include flow data and
water chemistry. As described in Section 4.0, waste waters from
the Palo Verde Nuclear plant in the Buckeye area, and the
desalting plant in the Yuma areas may be ideal sources, along
with agricultural drainage waters in both locations. All of these

sources are or will be carefully monitored both for discharge
- rates and volumes and for water chemistry. Accordingly, a major
activity of a follow-on project will be to ensure that flow
records are adequate to allow predlctlng the long-time
availability of the source. Similarly, chemical data should be
monitored and if necessary additional samples should be taken to
confirm the available analysis and to analyze for constituents
that may not be determined routinely which may have an effect on
algal growth (eg., trace metals). The sampling procedure and the
laboratory analyses must be conducted using rigorous quality
control abd quality assurance procedures.

7.1.2 Ground Water

' Three aspects are discussed, namely, conducting a water budget,
designing wells, and water sampling for chemical analyses.
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7.1.2.1 Water Budget and Ground-Water Flow Modelling

Given that the water demands for a microalgae production progect
are great (1 e., flow rates greater than 4 mgd), it is
partlcularly 1mportant to determine th: long-term consequences of
a project on the regional ground-water system. Ideally, a ground-
water balance should be conducted for each site both to ensure
that sufficient water will be available for the projected life of
a project (10 years), and to ensure that the project will not
have an unfavorable influence on potable water sources in the
same basin.

A ground-water water balance study involves developing estimates
of the components of the water budget for a basin. These
components include inflows such as recharge and ground-water
inflows from adjoining basins; outflows, including
evapotranspiration, ground-water pumpage, and ground-water
outflow; and changes in storage, usually determined by monitoring
ground-water levels. Ground-water models are effective tools for
using water budget information to predict the long-term stress of
pumping on an agquifer system.

A detailed discussion of the requirements for a water balance is
beyond the purview of this report. Several excellent references
and texts review the topic and should be consulted for specific
details. These references include texts by Walton {1970), and
Freeze and Cherry (1979). In addition it is highly recommended
that a professional hydrogeologist be contracted to conduct the
water balance studies and to 1nterpret the results. Such studies
will include collectlng and examining ground-water related
information for the region of interest, 1nc1ud1ng data on stream
flow losses, ground-water levels, vertical direction of ground-
water motion, pumping data, cropping patterns and crop types, and
other parameters required for a water budget.

Several excellent ground-water flow models are available to
assist in determining the effect of various water use scenarios
on the regional ground-water system. For example, the United
States Geological Survey developed ground-water flow models for
characteristic basins in the SWAB/RASA study area. The model of
Tucci (1981) for Parker Valley, which includes Focal Area I, is
an example of one of these models. Another excellent model is the
McDonald-Harbaugh model developed for the United States
'Geologlcal Survey. This model is capable of simulating three
dimensional ground-water flow. This model is available for IBM-
PC. Again, a hydrogeologlst with experience in modelling should
be brought into a project to ensure that a suitable model is
selected and that the chosen model is properly conceptualized,

calibrated, validated and tested for the ground-water system of
interest.

The effectiveness of ground-water models is 1limited by the
availability of lnformatlon on the hydraulic and chemical
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properties of the aqulfer system. Hydraulic properties of interst
are the transmisivity (T) and storativity (S). Although some
values of T and S are available for the areas identified in
Section 6.0, in general there will not be enough data available
to construct and run a model with a feeling of confidence in the
results. Accordlngly, site specific aquifer tests will be
required, either using exlstlng wells, or by constructing test
wells. Methods for conductlng and interpreting the results of
‘aquifer tests are described by Lohman (1972). Aquifer testlng is
an expensive and technically demandlng process and again a
trained hydrologist should be involved 1in the planning and
performance stages.

7.1.2.2 Well Design and Construction

Production wells at the site of a microalgae production facility
should be constructed using approved methods under the
supervzslon of an experlenced hydrogeologlst. Effective well
s;tlng and construction will be particularly 1mportant for a
project in Focal Area 6, in the Plateau Uplands province, where -
the success of a well depends on intercepting water yleldlng
fractures. A recent artlcle by Caswell (1981) describes
techniques for pump testing in fractured-rock wells.

An excellent guide for deSLgnlng and constructlng wells is the
"Manual of Water Well Construction Practices", issued by the U.s.

Environmental Protection Agency (no date). Included in this

document are specific details on the following elements of well
construction:

o COnstructlng test holes for geophy51ca1 logging and
formation sampling (this step will facilitate identifying
productlve layers in the aquifer, and provide background
geological information)

0 Well construction, including methods of construction

o Casing selection ( of critical lmportance when pumping
from highly saline aquifers; see Driscoll, 1986, p. 424)

o Well grouting

© Well screen and perforations
© Well plumbness and alignment
© Well development

0 Well testing for performance

0 Well disinfection
Selection of an experienced driller for this program is of
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critical importance. The goal should be to hire the most

gxggrlenced and capable driller and not necessarily the lowest
idder.

In additlon to careful well constructlon, the success of a well
depends on tailoring the pumping plant to the particular
conditions of each well site. The well testlng program for
performance will assist in developlng the specifications of a
'pumplng plant for site speclflc conditions. The selection of
materlals for a pumping plant will be an important factor when
pumping saline ground water.

7.1.2.3 Ground-Water Sampling for Chemical Quality

As shown in Appendix D, there exists a sizeable amount of
information on the ground-water chemistry of the focal areas.
Nevertheless, it is highly recommended that samples be obtained
at the site of a potential project to ensure that the quality is
compatable w1th the needs of the project. The test well program
described in the previous paragraphs prov1des an ideal
opportunlty of obtalnlng samples for chemical analyses. If
possible, depth-wlse samples should be obtained to characterize
vertical stratification of water quality within water-bearlng
strata. The onsite sampling program should be supplemented with
a sampllng program to obtain a better perspectlve of the areal
distribution of chemical constituents in the v1c1n1ty of the
site. This information will be helpful when modelling the effect
of the project on long-term salinity trends.

The sampling program should be based on a rigorous sampling
protocol to ensure that, if necessary, the sampling results can
be defended in a court of law. An effective protocol requires
that the samples must be collected in an approved fashion, using
approved containers, and stored and transferred using recommended

techniques. = A proper chain-of-custody procedure should be
initiated. :

An 1mportant aspect of well water sampling is to pump the well -
for a sufficient period of time to ensure that the well dlscharge
is representative of the contributing water- bearing formations.
A sample collected at that time will represent an "average" of
the water quality in the region stressed by the pump. (In order
to obtain samples from individual 2zones it will be necessary to
install a packer assembly and submersible sampling pump.) Wood
- (1976) describes a method for determlnlng the representativeness
of well water samples using periodic checks on the levels of such
unstable constituents as pH, specific electrical conductance,
alkalinity, and redox potentlal. Other procedures for collectlng
representatlve water quality data from water wells are described
by Gibb et al. (1981). '

Laboratory selection is also of critical importance. The Arizona
State Laboratory has a certifiction process for laboratories in
the State, and it is recommended that only a certified laboratory
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should be selected for a project-related analytical program. Such
a laboratory will emply an approved quality control, quality
assurance program, and utilize EPA approved methods.

. Although the purpose of an analytical program will be to identify
the inorganic components in collected water samples, it may be
worth while con51der1nq anayzing for a suite of the EPA priority
pollutants, 1nclud1ng the trace organlcs.

7.1.3 Conjunctive Use of Surface Water and Ground Water

. In addition to concentratlng on using either surface water or
ground water for a project, it is recommended that consideration
be give to conjunctively using surface and ground water to ensure
a constant supply throughout the year. Thus in areas of saline
- irrigation return flows (eg., in the Buckeye and Yuma areas) the
availability of the surface water supply will be seasonal.
Accordingly, ground water could be extracted during the off-
. season to ensure constancy in the supply to a project. This
approach will also be a means of augmenting the total available
supply.

7.1.4 Effect of a Project on Ground-Water Quality

An essential consideration in planning for a project is to
estimate the long-term effect of extracting large volumes of
saline ground water on the reglonal ground-water gquality. For
example, prolonged pumplng may induce a flow of fresh water into
the area, diluting the project supply. Alternatlvely, the project
may 1mprove the fresh water supply by improving the overall salt
balance in the area. Ground-water flow models which include a
transport component will be wuseful in predicting long-term
quality effects of a pro:ect.

7.2 INSTITUTIONAL ACTIVITIES

Recommendations for follow-on institutional activities are more
general than for the technical studies described in the previous
paragraphs. First, when the potential sites for a project are
narrowed down to one or two alternatives, the 1legal and
institutional elements of the area relative to obtalnlng water
- rights for a project must be researched, u51ng guldellnes set
forth in Section 5.0. Of partlcular 1mportance is to itemize the
requlrements for a permlt in an AMA, which may pose special
problens. Szmllarly, a Notice of Disposal should be filed as soon
as possible with the Arizona Department of Health Services once a
final choice has been made. Second, contacts should be made with
owners or caretakers of land on which a project may be developed.
" For example, specific details on the leasing requirements for
each of the alternative Indian reservations should be determlned.
Similarly, if 1leasing of State or Federal lands is belng
. considered, contacts should be made with appropriate officials
for details on leasing requirements. Third, an attempt should be
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made to have the statﬁs of the project clarified with the Arizona
Department -of Water Resources (e.g., should the project be
classified as an industrial or agricultural activity?).

Given the dynamic nature of water politics in Arizona, it is
highly recommended that the information in Section 5.0 be updated
when definite plans are undertaken for a project.
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SECTION 8.0
CONCLUSIONS

' During this pro;ect a total of elght surface water sources were

identified as having the potentlal of yielding 1large enough
quantltles (i.e., >4 mgd) of saline water for a microalgae
faclllty. Slmllarly, 33 saline ground-water areas passed the
screenlng criteria of the project. These areas were grouped into
six focal areas. The technical and institutional features of each
of these areas were discussed in detail in Section 6.0. Based on
an evaluation of the advantages and dlsadvantages of the separate
areas from the viewpoint of both yleld and institutional
consideration, the following ranking, in descending order of
importance, was developed: '

l. Area II The Yuma area

2. Area III The Buckeye area

3. Area VI The Plateau Uplands area
4. Area I The Colorado River area
5. Area V The Safford Valley area.
6. Area IV The area south of Tempe

8.1 AREA I THE YUMA AREA

" This area is depicted on Plate III.

8.1.1 Water Production Capabilities

This area was rated as the number one candidate for a project

. because it has two potentially large sources of saline surface

water for a pro;ect, namely, drainage waters from the Wellton-
Mohawk Irrlgatlon District and from the South Gila Valley
Irrigation Districts, and effluent from the Yuma desalination

 plant, which will be comzng on line in 1989. The brine outflow

from the desaltlng plant is particularly desirable because it
will be available in large quantlties, and the supply 1s reliable
and cheap. Undeveloped land is nearby. A dlsadvantage is that the
effluent must be pumped because of the low elevation of the plant
outfall. The abundant surface water resources in the area could
be supplemented with saline ground water to ensure a reliable,
constant source for a project.

8.1.2 Institutional Considerations

Another reason for rating this area at the top of the 1list is
that there will be no legal restrictions on pumping ground water
because the area is outside an AMA. A great deal of private land
is available for a project and there will probably be a
w1111ngness on the part of farmers to cooperate in a project. A
p0551b1e problem down the line is the ongoing water rights
litigation by the Gila River Indians. :
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8.2 AREA 111 THE BUCKEYE AREA

This area is depicted on Plate IV.

8.2.1 Water Production Capabilities

This area was rated high on the list of candidate areas because
it also has an abundance of saline dralnage water for a progect
namely discharges from the Buckeye Irrigation District. This
cheap abundant supply could be augmented with saline ground water
to ensure a steady supply. Dlscharge from the Palo Verde Nuclear
Generating Plant is also a possible source in the area.

8.2.2 Institutional Considerations

From an institutional viewpoint this area does not rank as high
as the first choice because a portion of the area is located
within an AMA, and the assoclated restrictions on pumping ground
water. Inasmuch as the ongeing studies sponsored by the Arizona
‘Department of Water Resources may remove the Buckeye area from
the Phoenix AMA, obtaining ground water for a project may not be
a '~ problem in the future. Off1c1als with the Buckeye Irrigation
District have expressed interest in a project. Similarly, an
arrangement could be made with the officials at the Palo Verde
generating plant with few legal constraints. -

8.3 AREA VI PLATEAU UPLANDS
This area is shown on Plate VI.

8.3.1 Water Production Capabilities

A partlcular advantage of this area is that large expanses of
land are available for a project. slmllarly, large quantities of
ground water are available. The area is not as highly rated as
.the first two areas because no large scale surface water
resources are available for conjunctlve use with ground water. In
addition, a possible problem may arise when attemptlng to locate
a well field for a facility because well yleld depends on
fracture spacing. Inasmuch as water production is tied to the
uncertainty of locating water yielding fractures, the cost of a
project may be quite high.

8.3.2 Institutional Considerations

A major advantage is that the area is outside an AMA . yith no
legal constraints on pumping ground water. The Navajo Tribe may
be interested in a project on their Reservation. Private 1land
holdlngs are also available for a project.
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8.4 AREA I THE COILORADO RIVER AREA
This area is depicted on Plate III.

| 8.4.1 Water Production Capabilities

This area was also not rated at the top of the 1list because
" saline surface water sources are not available for conjunctive
operation. Wells in the alluvium unit are good producers.

8.4.2 Institutional Considerations

An advantage of this area is that it is outside- an AMA. The
saline ground-water plume is entirely within the Colorado River
Indian Reservation. Outside lands are within State Trust Land and
BILM managed areas. If the tribe were interested in a project,
~land could be 1leased for a 25 year period. The reservation
officials have extensive leasing experience and 1less problems
have arisen when dealing with this tribe than with others. The

- Tribe is also intersted in obtaining a higher return from their

land than from regular agriculture.

8.5 AREA V THE SAFFORD VALLEY AREA

This area is shown on Plate V

8.5.1 Water Production Capabilities

Although saline surface water is present in the area. the
availability of this source is llmlted because the Gila River is
over appropriated. Well yields in the alluvium are very
.favorable, producing in the range 4 mgd to 13 mgd.

8.5.2 Institutional Considerations

Given the extensive agrlculture 1n the area it may be difficult
to obtain sufficient land in the area for a large-scale project.
The €Gila River adjudication w111 greatly affect the status of
both surface and ground water in this area. The Gila River Indian
Reservation is a possible location for a project because of the
additional revenue that would be generated over that from

- farming. The reservation officials have extensive experience in
leasing. :

8.6 AREA IV THE AREA SOUTH OF TEMPE

This area is shown on Plate V.
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8.6.1 Water Supply Availability

The presence of clay units increases the uncertainty of obtaining
-productive wells. The ground-water system is being heavily
exploited. Subsidence is also recorded in the area.

8.6.2° Institutional Considerations

The principal reason for rating this area at the bottom of the
list is that most of the area is within the Phoenix or Pinal
AMA's, and it is unlikely that the Arizona Department of Water
Resources would allow a new well field for microalgae production
ponds .because of concern over the public perception that well
water was being used for a system of lakes. The expense of
completeing the requirements for a permit would also be great.
The most favorable location for a project would be on the Gila
River Indian Reservation and there already is a Spirulina project
on the reservation that is similar to the proposed microalgae
production facility.

112



SECTION 5.0
REFERENCES

References cited within this report are included in the
Bibliography, Appendix A.
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LIST OF CONTACTS AND SOURCES

AGENCY

‘U.S5. Geoleogical Survey
{Tucson)

-

U.S. Bureau of
Reclamation

Arizona Department
of Health Services

Arizona Department
of Water Resources

Arizona State Land
Department

'Salt River Project

Water Development
Corporation

PERSON

Tom Anderson

Colleen BRabcock

Natalie White

Les kister

Dennis Watt

Ed Swanson

Tim Love

Jim Hedley

Craig O 'Hare

Phil Briggs

Chuck Constant

Gary Small

Leonard Halpenny

TELEPHONE

6296266

629-6629

6296850

L29-6564

726-2654

257-2302-

2572356

255-1543

&28-3480

236-2826

OF INFORMATION

TYPE OF INFORMATION

General Inftormation
Agquifer Test Data

Data Retrieval
Computer Systems
WATSTORE

Publications

Saline Water

Irrigation Projects

Water Quality

STORET

Hydrologic Data
Water Rights

Water Law

Trust Land
Salt River Area

Arizona Hydrology



Wellton—-Mchawi
Irrigation District

Buckeye Irrigation.
District

"Bila Vvalley
Irrigation District

U.S. Department of
Agricul ture

-Cal.. Gould

Travis Jones

Scott Pace

Extension Services

Bill Cartes
Richard Gibson
Mabel Flint
Larry White

F. Van Wilson
Robert Racicot
Rob Grumbles
Richard Harris
Rilly Jo Moore
Lowell True
Carlton Camp
Ronald Cluf+f
C.L. Isacson
Douglas Dunn
Barry Ticks

tJ

785-3351

3B6-2196

428-3847

628-5161
836-5221
359-2261
774-1860
425-7179
524-6271
753-3788
287-4689
669-8187
255-4456
445-6590
428-2611
337-2267
384-3594
783-8338

AY

Wellton—-Mohawk

Buckevye

Gila Valley

Local Information

Tucson

Casa Grande

Duncan
Flagstaf+f
Gl obe
Holbrook
Kingman
Nogales
Parker
Fhoenix
Frescott

- Safford

St. Johns
Wilcox
Yuma



The following irrigation districts were contacted for information

regarding saline water.

Buckeve Water Conservation
.and Drainage District
Rt. 1 Box &9

Buckeye, Arizona 83326

Franklin Irrigation District
RR1, Box Sl

-Duncan, Arizona 83534

Maricopa-8tanfield Irrigation
and Drainage District
Box S7

Maricopa, Arizona

Mohave Valley Irrigation

and Drainage District

P.0. Box 5100

Mohave Valley, Arizona 86440

New State Irrigation
and Drainage District
F.0. Box 1980

Phoenix, Arizona 85001

Ocotillo Water Conservation
District
FP.0. Box
Chandler,

487

Arizona 85224

Roosevelt Water Conservation
District
F.0O. Box 168

Higley, Arizona 83236

,Sah Tan Irrigation District
P.0. Box B

Chandler Heights, Arizona 83227

4

Chandler Heights
Citrus Irrigation District
P.0. Box 28

Chandler Heights, Arizona 835227

Hohokam Irrigation % Drainage District:

Box 1244

Coolidge, Arizona 85228

McMicken Irrigation District
10451 W. Falmeras Dr.
Sun City, Arizona 835373

New Magma Irrigation
and Drainage District
3839 E. Altadena
FPhoenix, Arizona 85028

Naorth Gila Valley Irrigation
District
1405 W.

Yuma,

l6th Street
Arizona 85364

CQueen Creek Irrigation District
Rt 1. Box 20V
Gueen Creek,

Arizona BS242

San Carlos Irrigation and
Drainage District
F.0. Box 218

Coolidge, Arizona 85228

Show Low Silver Creek Water
Conversation and Power District
Box 121

Snowflake, Arizona 85937



5t. David Irrigation District
Sst. David, Arizona 80630

Tonopah Irrigation District
1720 N. Stapley Dr.
Mesa, Arizona 85203

Nenden Pecan Irrigation District
5050 N. 40th Street
Phoenix, Arizona 85018

Woodruff Irrigation District
Box 54
Woodruff, Arizona 85742

St. Johns Irrigation District
10209 W. Southern Avenue
Tolleson, Arizona 85353

Unit B Irrigation and Drainage
District
RR 1 Box Z1M

Somerton, Arizona BS3ISO

Western Meadows Irrigation District
3934 W. Westcott Dr.
Glendale, Arizona 85308

Yuma Mesa Irrigation and
Drainage District

14329 S. Fourth Ave. Extension
Yuma, Arizona BS3I6S

'a
(¥



The following power plants were contacted for information

regarding saline water resources.

Ajo Improvement Company
1 Plaza
.Ajo, Arizona B835321

Citizens Utilities Company
‘Mohave Division
Kingman, Arizona 86401

Morenci Water and Elec. Company
F.O0. Box &8
Morenci, Arizona 85540

Mesa City Utilities
F.0. Box 1466
Mesa, Arizona 85201

Thatcher Municipal Utilities
F.0. Box 670
‘Thatcher, Arizona 85552

Arizona Electric

"Power Cooperative, Inc.
F.0. Box &70

Benson, Arizona 83602

Graham County Electric
Cooperative

Drawer B

Fima, Arizona 85543

Navopache Electric Co-op, Inc.
F.0. Box 3I08
Lakeside, Arizona 85929

Trico Electric Cooperative, Inc.
5100 West Ina Road
Tucson, Arizona 85740

‘Arizona FPower Authority
1810 West Adams Street
Phoenix, Arizona 835007

Arizona Public Service Company
411 North Central Avenue
Phoenix, Arizona B85004

Citizens Utilities Company
Santa Cruz Division
Nogales, Arizona 85621

Tucson Electric Fower Company
220 West 6th Street
Tucson, Arizona 85702

Safford Electric Department
P.0. Box 272
Safford, Arizona 85546

Wickenburg Utilities System
Box 1269
Wickenburg, Arizona 83358

- Duncan Valley Electric

Cooperative, Inc.
F.0. Box © )
Duncan, Arizona 85534

Mojave Electric

Cooperative, Inc.

F.0. Box 1045

Bullhead City, Arizona 864730

Sulpher Springs Valley
Electric Cooperative, Inc.
F.O. Box B20

Wilcox, Arizona 85643,

US Bureau of Indian Affairs
Department of the Interior
San Carlos Irrigation Project
F.0. Box 456

Coolidge, Arizona 85228

Navajo Tribal Utility Authority
F.0. Box 170
Fort Defiance, Arizona B8&S04



‘Papagn Tribal Utility Authority

F.D. Box Bié

Sells, Arizona 854634

Electrical District #2
F.0. Box 548

Coolidge, Arizona 85228

Electrical District #4
" P.0. Box 605
Eloy, Arizona 85231

Electrical District #&6
2845 East Camelback Road
. Suite 720 ‘

Phoenix, AZ 85016

"Cholla Power Plant
P.0. Box .188

Joeseph City, Arizona 86032

West Phoenix Fower Plant
408 South 43rd Avenue
Fhoenix, Arizona 85043

‘Falo Verde Nuclear Station
F.0. Box 53999

Fhoenix, Arizona 85072-3999

8

Electrical District #1

Pinal County :
711 East Cottonwood Lane
Casa Grande, Arizona 805222

Electrical District #3
711 East Cottonwood Lane
Suite C

Casa Grande, Arizona

85222

Electrical District #5
EBox 8

Red Rock, Arizona 85245

Childs and Irving Fower Flant

"Camp Verde, Arizona 86322

" DOcotillo Poﬁer Flant

£.0. Box 1117

Tempe, Arizona 85281

Yucca Power Flant
F.0. Box 1985

Yuma, Arizona 85364
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54 LITTLE COLORADO RIVER BASIN
09386030 LITTLE COLORADO RIVER ABOVE ZION RESERVOIR, NEAR ST. JOHNS, AZ

LOCATION.-~Lat 34°35°01%, long 109°24°23", in SE&SEE sec.30, T.14 N., R.28 E., Apache County, Hydrologic Unit
15020002, on downstream side of center pier of bridge on private road, 1.5 mi (2.4 km) upstreanm from Carrizo
Creek, 4 mi (6 km) upstream from Zion Reservoir, and 5.8 mi (9.3 km) northwest of St. Johns.

DRAINAGE AREA.--975 wi? -(2,525 km?).

. WATER-DISCHARGE RECORDS

PERIOD OF RECORD.--October 1975 to current year.

GCAGE.--Water-stage recorder., Altitude of gage is 5,560 fr (1,690 m), from topographic map.

REMARKS.~--Records fair except those for periods of no gage-height record, which are poor. Diversions above station
for irrigation about 10,200 acres (41.3 km?), including 1,500 acres (6.07 km?) served by Lyman Canal. Regula-

tion by many reservoirs above station (combined capacity, 46,500 acre-ft or 57.8 hm’), the largest of which is
Lyman Lake. . .

AVERAGE DISCHARGE.--7 years, 8.91 frd/s (0.252 m3¥/s), 6,460 acre~fr/yr (7.96 hmd/yr).

EXTREMES FOR PERIOD OF RECORD.--Maximm discharge, 453 ft3/s (12.8 @3/s) Aug. 17, 1982, gage height, 3.46 £t
(1.055 m); minioum daily, 0.04 £t3/s (0.001 m3/s) Aug. 2, Sept. 7, Oct. 156-20, 1378.

EXTREMES FOR CURRERT YEAR.--Maximum discharge, 453 frifs (12.8 m3/s) Aug. 17, gage height, 3.46 ft
(1.055 @); =minioum daily, 0.09 fr3/s (0.003 m3/s) May 1.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

MEAN VALUES
DAY oCT KoV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 2.0 2.8 3.8 8.0 6.5 7.2 3.1 .09 1.3 .50 6.5 12
2 5.1 2.5 3.3 9.0 6.1 4.2 5.4 .18 2.2 +30 13 5.8
3 39 2.4 1.8 9.0 7.9 5.1 6.5 Al 2.4 .50 6.5 4,8
4 10 2.4 2.2 8.0 8.4 4.8 5.8 .18 1.1 .30 5.8 4.5
S 3.4 2.2 2.1 7.6 8.8 4.5 5.1 1.2 2.9 .32 3.9 5.1
] 2.2 2.1 2.4 7.6 8.8 3.9 s.1 1.0 41 . .12 14 10
7 2.2 2.0 2.2 7.2 11 3.7 4.8 2.0 .32 .12 12 4.2
8 2.1 2.0 2.3 6.5 9.2 3.4 4.5 2.2 .32 .32 8.0 3.1
9 2.0 1.9 2.4 6.3 10 2.9 4.5 1.8 .32 .32 6.1 3.1
10 1.7 2.5 2.6 6.2 11 2.4 4.5 1.2 1.8 .87 4.5 2.0
11 1.6 3.6 2.8 6.1 14 2.4 4.5 1.2 1.6 2.2 4.2 24
12 2.1 3.2 2.9 5.5 15 4.2 1.8 .46 1.1 3.4 37 30
13 2.0 2.9 2.7 5.2 11 5.8 .50 4.2 1.4 1.1 20 16
14 1.6 2.7 2.8 5.0 1 8.0 3.7 7.3 3.1 1.3 19 i3
15 1.8 2.6 2.8 5.0 11 4.8 3.7 5.1 2.0 1.4 13 o 12
16 1.7 1.9 2.8 5.5 10 3.4 3.4 4.4 3.4 1.3 14 8.8
17 1.8 2.0 2.9 5.5 10 - 3.1 3.4 3.2 4.8 8.0 191 6.1
18 1.6 2.4 2.7 6.0 10 3.1 2.0 2.4 4.5 1.6 59 5.8
19 2.0 1.8 2.5 7.0 10 3.1 1.8 2.0 4.2 2.0 21 5.4
20 2.2 1.8 2.8 8.0 10 3.1 1.6 2.0 3.4 2.2 19 6.5
21 2.3 1.7 4.1 9.2 9.2 2.9 2.7 2.4 2.4 1.4 71 11
22 2.2 1.7 5.3 9.0 10 2.9 2.9 2.7 2.7 1.3 46 6.5
23 2.2 1.5 4.5 8.0 10 2.7 2.4 4.8 1.8 1.1 29 7.6
24 2.4 1.5 4.0 8.0 11 2.7 1.4 3.9 41 1.0 27 8.0
25 2.3 1.3 4.5 8.5 13 2.4 1.3 3.4 .41 2.0 a3 8.0
26 2.3 2.1 5.0 9.0 15 2.4 1.6 1.8 +50 14 48 7.2
27 2.5 3.1 6.0 9.6 13 2.9 .74 1.8 .5 2 169 6.5
28 2.8 3.7 7.0 8.0 11 2.9 1.0 1.4 L4l 7.5 45 5.4
29 2.6 4.2 6.0 6.8 -—— 3.1 1.0 3.7 .30 25 37 6.1
3¢ 2.1 4.7 7.5 7.2 -—- 3.1 .32 1.8 - 38 35 5.8
-31 2.1 - 8.2 7.2 -— 3.1 -——- 1.4 —— 11 18 ——-
OTAL 113.9 73.2 114.9 224.7 291.9 114.2 90.76 71.62 $2.94 162.87 1035.5 254.3
JEAN 3.67 2.44 .71 7.25 10.4 3.68 3.03 2.31 1.76 $.25 33.4 8.48
MAX 39 4.7 8.2 9.6 15 8.0 6.5 7.3 .8 8 191 3
MIN 1.6 1.3 1.8 5.0 6.1 2.4 432 .09 .32 .12 3.9 2.0
~C=FT 226 145 228 446 579 227 180 142 105 323 2050 504

AL YR 1981 TOTAL 1469.83 MEAN 4.03 MAX S50 MIN .07 AC-FT 2920
VIR YR 1982 IOTAL 2600.79 MEAN 7.13 MAX 191 MIN .09 AC-FT 5160

o NOTE.--No gage-height record Dec. 24 to Jan. 6, Feb. 13 to Mar. 25.



LITTLE COLORADO RIVER BHASIN

S5

09386030 LITTLE COLORADO RIVER ABOVE ZION RESERVOIR, NEAR ST. JOMIS, AZ--Continued

PERIOD OF RECORD.--1980 to current year.

WATER-QUALITY RECORDS

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

SPE- HARD-
STREAM-  CIFIC HARD- NESS,
FLOW, CON- PH TEMPER- NESS RONCAR-~
INSTAN~-  DUCT- (STAND-  ATURE, TEMPER- (MG/L  BONATE
TIME TANEOUS  ANCE ARD AIR ATURE AsS (MG/L
DATE (CFS) (UMHOS) UNITS) (DEG C) (DEG ©) CACO03) CaC03)
MAR
25... 1600 2.6 3550 8.2 20.0 12.0 825 536
MAGNE- SODIUM  POTAS-~ CHLO- FLUO-
CALCIUM SIUM, SODIUM, AD- SIUM, SULFATE RIDE, RIDE,
DIS- DIS- 0IS- SORP- DIS- DIS- DIS- DIS-
SOLVED SOLVED SOLVED TION SOLVED SOLVED SOLVED SOLVED
(MG/L (MG/L (MG/L  PERCENT RATIO (MG/L (MG/L (MG/L {MG/L
DATE AS CA) AS MG) AS NA)  SODIUM AS K} AS S04) AS CLY) AS F)
MAR
25... 200 79 510 56 2.0 24 70 520 2,1
' SOLIDS, NITRO-
SILICA, SUM OF SOLIDS, SOLIDS, GEN, MANGA-
DIS- CONSTI- IS- DIS-  KO2+NO3  BORON, IRON, NESE,
SOLVED TUENTS, SOLVED  SOLVED DIS- DIS- DIS~ DIS-
(MG/L DIS- (TONS (TONS SOLVED SOLVED SOLVED SOLVED
"AS SOLVED PER PER (MG/L (UG/L (UG/L (UG/L
DATE $102) (MG/L)  AC-FI) DAY) AS N) AS B) AS FE) AS MN)
MAR
25... 18 2398 © 3.3 16.8 <.10 840 70 110

< Actual value is known to be less than value shown.



GILA RIVER BASIN

09466500 GILA RIVER AT CALVA, AZ
(National stream-quality accounting network station)

““3CATION.--Lat 33°11'08", long 110°13°10", in SWk sec.8, T.3 S., R.21 E. (unsurveyed), Graham County, Hydrologic
Unir 15040005, in San Carlos Indian Reservation, on Southern Pacific Railroad bridge at head of San Carlos
Reservoir, 2.0 mi (3.2 km) west of Calva.

JRATNAGE AREA.-=11,470 mi2 (29,710 km?), -

-~

WATER-DISCHARGE RECORDS
RIOD OF RECORD.--October 1929 to current year.

3AGE.--Water-stage recorder. Datum of gage is 2,517.29 ft (767.270 m) Rational Geodetic Vertical Datum of 1929,

.~ Prior to Oct. 1, 1954, and Aug. 25, 1958, to Dec. 31, 1962, at datum 2.52 ft (0.768 m) lower. Oct. 1, 1954, to
Aug. 24, 1958, at datum 5.52 ft (1.682 m) lower. Dec. 31, 1962, to Oct. 20, 1972, at site 530 ft (162 m) dowm-
stream at datum 3.65 ft (1.113 m) lower. Oct. 20, 1972, to Sept. 30, 1974, supplementary gage at bridge on U.S.
Righway 70, 6.2 mi (10.0 km) upstrcam at datum 2,560.19 £t (780.346 m) NGVD. .

LEMARKS . - -Records fair excesc those above 1,000 £fti3/s (24 md/s), which are poor.

Diversion above station for
~—~ irrigation of about 69,0

0 acres (279 km?), metallurgical ctreatment of ores, and municipal uses.

ERACE NISCHARGE.--53 years, 285 fr3/s (8.071 m3/s), 206,500 acre-ft/yr (255 hmd/yr); median of yearly mean dis-
charges, 180 ft3/s (5.10 m3/s), 130,000 acre-ft/yr (160 hmd/yr).

XTREMES FOR PERIOD OF RECORD.--Maximum discharge, 100,000 fr3/s (2,830 m3/s) Dec. 19, 1978, gage height, 15.20 ft
"7 (4,633 m); no flow ar times. :

TREMZS OUTSIDE PERIOD OF RECORD.--Maximum discharge since at least 1914, probably in excess of iO0.000 fti/s
(2,830 m3/s) Jan. 20, 1916, determined on basis of pecak discharge at stations near Solomon and at Kelvin.

JXTREMES FOR CURRENT YEAR.--Maximum discharge, 2,020 ft3/s (57.2 m3/s) Sept. 12, 0800 hours, gage height, 7.58 ft
(2.310 m), no peaks above base of 3,000 fr3/s (85 m¥/s); no flow July 14-17, 20-25.

DISCHARGE, IN CUBIC FSE£T PER SECOND, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

MEAN VALUES
Y ocT nov DEC JAR FEB MAR APR MAY Jun JuL AUG SEP
1 23 80 133 66 168 623 315 121 48 8.9 55 15
2 4l 81 141 70 170 539 305 113 51 3.1 159 15
3 189 83 149 84 179 511 275 131 46 6.6 76 15
% 1090 83 152 97 161 462 249 170 3% 5.5 34 10
5 420 86 145 106 163 390 225 340 35 4.b 25 10
6 275 84 135 110 161 410 191 469 33 4.4 25 10
7 210 84 127 118 158 415 170 476 k3! 6.2 290 10,
8. 154 89 119 119 158 410 158 462 29 5.0 20 6.0
? i37 91 104 123 161 360 161 441 28 3.6 20 10
b 135 91 98 133 154 300 182 455 27 2.5 18 116
11 125 89 89 137 237 263 235 310 24 1.0 18 372
12 116 87 87 154 309 235 280 235 24 .60 45 1350
*3 102 87 84 227 6l4 242 270 204 23 .30 97 472
' 87 91 84 163 448 366 242 185 23 .00 93 235
5 73 91 84 173 434 660 249 168 23 .00 50 170
16 64 93 :3) 191 335 798 275 149 22 .00 38 130
17 61 91 78 218 330 1010 295 137 21 .00 60 110
"3 59 93 72 214 320 902 280 125 20 .40 60 100
) 68 91 66 191 270 798 263 116 13 .20 S0 9920
) 76 91 61 182 260 834 235 102 16 .00 45 86
21 78 93 66 179 263 822 225 89 14 .00 205 73
22 79 100 69 179 230 740 221 83 13 .00 93 102
3 73 108 68 191 256 553 242 79 12 .00 S3 98
. 89 114 66 191 242 434 260 72 11 .00 50 104
3 78 112 70 191 266 370 232 64 9.3 .00 S0 89
6 89 112 81 163 315 360 232 57 8.1 32 40 79
& 82 116 83 154 415 345 194 57 6.6 69 40 79
3 80 il6 a3 143 587 300 165 56 5.2 24 30 69
] 80 123 78 154 - 270 147 52 4.7 18 30 157
3 80 127 70 158 - 266 135 49 6.2 14 20 4l
31 8% --- 69 158 -—- 300 - 47 -— 21 20 —-
“TAL 4382 2877 2892 4758 7805 15288 6908 5619 671.1 235.70 1639  4123.0
N 141 95.9 93.3 153 279 493 230 181 22.4 7.60 52.9 137
! 1090 127 152 227 614 1010 315 476 51 69 205 1350
~ 23 80 Al 66 154 235 135 T47 4.7 .90 18 6.0
- 8690 5710 5740 9449 15480 30320 13700 11150 1330 468 3250 8130
YR 1981 TOTAL  31983.60 MEAN 87.6 MAX MIN .00 AC-FT 63440
C¥YR 1932 TofAL S7197.80 - MEAN 157 MAX MIN .00 AC-FT 113500
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TIME

1100

- 1400

0930
0930
1230
1300

. HARD~-

NESS
(MG/L
AS

Caco3)
540
540
440
490
920

600

FLUO~
RIDE,
DIS-
SOLVED
(MG/L
AS F)

1.6

1.7

GILA RIVER BASIN

09466500 GILA RIVER AT CALVA, AZ--Continued

WATER-QUALITY RECORDS
PER;OE OF RECDRD:;:Octobcr_197A O current year.

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

STREAM-
FLOW,
INSTAN-
TANEQUS
(CFS)

79

120

168

191

‘28

18
HARD-

NESS

NONCAR~
BONATE
(MG/L

AS

CACO3)

296

270

180

234

697

435

SILICA,
DIS-
SOLVED
(MG/L

AS
§102)
36
38
36
36
32

32

SPE-
CIFIC
coN-
DUCT -~
ANCE
(UMHOS)
3050
3400
2800
2850
6200

3300

CALCIUM
DIS-
SOLVED
(MG/L
AS Ca)

150
150
120
140
230
140

SOLIDS,

RESIDUE

AT 180
DEG. C

21S-
SOLVED
(MCG/L)
1920
2760
1700
17190
3560

3060

PH
(STARD-
ARD
UNITS)
8.2
8.3
8.8
8.5
7.8

8.3

MAGNE-
SivM,
DIs~

SOLVED

(MG/L
AS MG)
39
40
32
35
85
60
sSoLIDs,
suM Of
CONSTI-
TUERTS,
DIS-
SOLVED
(MG/L)

1930
1990
1669
1690
3650

3080

X Based on non-ideal coluny count.
< Actual value is known to “e less than vaine shown.

TEMPER-
ATURE,

AIR
(DEG C)

24.0
18.0

8.0
21.0
32.0
34.6

SOHTUM,
DIS-

SOLVED
(MG/L
AS Na)

490
490
420
430
1000
360

S0LIDN,
VIS-
SOLVED
(TORS
PER
AC-FT)

TEMPER-
ATURE
(DEG ©)
17.0
14.0
10.0
15.0
28.0
36.0

PERCENT
SODLIUM
66

66

67

65

70

75

SOLIDS,
DIS-
SOLVED
(TONS
PER
DAY)

410
894

147

TUR-
BID-

(NTU)

60
96
76
56
11
52

SODIUM
AD~- -
SORP-
TIOoN
RATIO

9.6
9.5
9.0
8.7
15
14
SOLIDS,
RESINUE
AT 105
NEG. C,
SUS-

PENDED
(MG/L)

OXYGEN,

DIS~
SOLVED
MG/L)
10.2
10.4
10.2
12.0
7.8

7.7

POTAS-
SIUM,
oIs-~

SOLVED

(MG/L

a8 K)

11
9.7
9.0
3.6

15
14

NITRI-
GEX,
D2+003
TOTAL
(MG/L
AS N)

OXYGEN
DEMAND,
CHEM-
ICaL
(HIGH
LEVEL)
(MG/L)

81
85
17
X1

31

AL¥A-
LINITY
LAB
(MG/L
AS
CACO3)

229
162
XITRO-
GE,
N2+N03
0Is-
SOLVED
(4G/L
as M
.65
1.1
.98
1.1
A

i?

COLI-
FORM,
FECAL,
0.7

UM~-MF
(coLs./
100 ML)

160
K16

70
50
400

SULFATE
DIS-
SOLVED
(MG/L
AS S94)

320

570

NITRO-
GEN,
AMMONIA
DIS-
SOLVED
(MG/E
AS W)
<.060
070
<. 060
.070
.100

.00

STREP-
TOCOCCI
FECAL,
KF AGAR

(COLS,
PER
100 ML)
190
710
600
270
200

230

600
690
1500
1300

NITRO-
GEN,

AIMOKIA
DIs-

SOLVED
(MG/L

AS NH4)

.08

.09

.08

.04

DR}

209



DATE

ocT
21..

DEC
08..

FEB

10...

APR
06..

JUN
10..

AUG
10..

<

RITRO-
: GEX,
ORGAINIC
DIS-
SOLVED
(MG/L
AS )

ARSERIC
Sus-
PENDED
TOTAL
(UG/L
AS AS)

CHRO-~
MIUM,
HEXA-
VALENT,
DIS.
A(UG/L
AS CR)
. <l
. <1
<1
. <1
. <1
. <]l

GILA RIVER BASIN

09466500 GILA RIVER AT CALVA, AZ--Continued

WATER QUALITY DATA, UATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

NITRO-
GEN ,AM-
MONIA +
ORGANIC
TOTAL
(MG/L
AS N)

.93
.67

ARSENIC
DIS-
SOLVED
(UG/L
AS AS)

COBALT,
TOTAL
RECOV-
ERABLE
(UG/L
AS C0)

NITRO-
GEN,AM-
HMONIA +
ORGANLC

DIS.

(MG/L

AS )

BARIUM,
TOTAL
RECOV-
ERABLE
(UG/L
AS BA)

300

300

COBALT,
-SUS-
PENDED
RECOV~
ERABLE
(UG/L
AS CO)

NITRO=-
GEN,
TOTAL
(MG/L
AS )

1.6
1.8
1.6
2.9
2.0
2.1
BARIUM,
- SUS«~
PENDED
RECOV-
ERABLE

(UG/L
AS BA)

NITRO-
GEN,
TOTAL
(MG/L
AS N03)
7.3
7.8
7.1
8.8
8.9

9.1

BARIUM,
DIS-

SOLVED
(UG/L
AS BA)

200

200
100

- COPPER,

TOTAL
RECOV-
ERABLE
(UG/L
AS CU)
23
100
60
100
10

21

PHOS -
PHORUS,
TOTAL

(MG/L

AS P)

.230
.130
.090
.070
.0s0
.190

CADMIUM
TOTAL
RECOV-
ERARLE
(UG/L
AS C))

<1

<l

3

1

<]

<1

COPPER,
SUS-

PENDED

RECOV-

ERABLE

(UG/L
AS CU)

Actual value is known to be less than value shown.

PHOS-
PHORUS
TOTAL
(MG/L
AS PO4)
.71

.40

.28

.21

.15

.58
CADMIUM

SUS-
PENDED

RECOV--

ERABRLE
(UG/L
AS CD)

COPPER,
DIS-
SOLVED
(UG/L
AS CU)

PHOS-
PUORUS,
DIS-
SOLVED
(MG/L
AS P)

.060
.250
.110
.050

.030
.040

CADMIUM
DIS-

SOLVED
(UG/L

AS CD)

IROMN,
TOTAL
RECOV-
ERABLE
(UG/L
AS FE)

4000

PHOS-
PHORUS ,
ORTHO,
DIS~
SOLVED
(MG/L
AS P)

.050
.100
.040
.070
<.010

.21

TOTAL
RECOV-
ERABLE
(UG/L
AS PB)

ARSENIC
TOTAL
(UG/L
AS AS)

CHRO-

D1S-

SOLVED
(UG/L
AS CR)

LEAD,
sUs-

PENDED
RECOV-
ERABLE
(UG/L

AS PB)



MANGA- MANGA- MERCIRY HICKEL,
NESE, NESE, MANGA- MERCURY SUs- NICKEL, SUS-
LEAD, TOTAL _ SUS- NESE, TOTAL PENDED MEKRCURY  TOTAL PENDED
DIS- RECOV- PEHDED DIS- RECOV- KECOV- DIS~ RECOV- RECOV-
.SOLVED  ERABLE  RECOV. SOLVED  ERABLE  ERABLE  SOLVED ERARLF ERARLE
(UG/L (UG/L UG/, (BG/L (UG/L (UG/L (UG/L (UG/L (UG/L
DATE AS PB) AS M) AS 1) AS MN) AS 1iG) AS 1iG) AS HG) AS NI) AS L)
oCT
21... 0 130 110 20 .1 .1 .0 b 4
DEC
08... <l - - -~ b -- -- -- --
FEB
10... <1 300 290 12 .3 - “.1 16 14
APR
06... 3 i -- -~ -- -- - - -
Jun
10... 2 70 30 49 W4 - =.1 3 -
AUG
10... <1 110 90 20 .7 -~ <.1 6 4
SELE- ZINC, SEDI~
NIUM, SELE- SILVER, ZINC, Sys- MENT,
Sus- NIUM, TOTAL  SILVER, TOTAL PENDED ZINC, SEDI- DIS~ -
PERDED DIS- RECOV- DIS- RECOV-  RECOV- DIS- MENT, CHARGE,
TOTAL SOLVED  ERARLE SOLVED ERARLE ERABLE SOLVED  SUS- SUS-
(UG/L (UG/L (UG/L (UG/L °  (UG/L (UG/L (UG/L PEWVED  PENDED
DATE AS SE) AS SE) AS AG) AS AG) AS ZN) AS ZN) AS ZW) (MG/L) (T/DAY)
oCT
2l... 0 1 <1 0 30 20 10 318 68
DEC
08... -- -- - -- -- -~ 39 439 142
FEB
10... o] 1 <l <} 120 110 10 397 180
APR
06... - - -- - -- -- 10 1310 676
JUN
10... 1 1 1 <l 30 10 20 63 4.7
AUG
10... 0 1 <l <1 40 20 20 135

WATER QUALITY NATA, WATER YEAR OCTOBER

09466%00 GILA RIVER AT CALVA, AZ--Continued

GILA R1IVER HASIN

< Actual value is known to be less than value shown,

1981 TO SEPTEMRER 1982

6.5

NICKEL, SELE-
DIS~

HIUM,

SOLVED  TOCAL
(UG/L (Uc/1.
AS NI) AS SE)

.
(2 . [
e - -

]
L]
[

A
—
"~

SED.
SusP.
SIEVE"
DIAM.
I FINER
THAN
.062 1

14
66
84



248 GILA RIVER BASIN
09498400 PINAL CREEK AT INSPIRATION DAM NEAR GLOBE, AZ
OCATION.--Lat 33°34'23", long 110°54'02", in NEXNWASEk sec.26, T.3 N., R.14 E., Gila County, Hydrologic Unit

15060103, in Tonto National Forest, on right bank 20 ftr (6.1 w) upstream frow Inspiration Dam, 3.8 mi (6.11 km)
upstream from mouth, and 14 mi (22.5 km) northeast of the town of Globe.

" JRAINAGE AREA.--195 mi? (505 km?).
WATER-DISCRARGE RECORDS
PERIOD OF RECORD.--July 24, 1980 to current yei:, ’
/ ﬁ:AGE.--Uatet-stase recorder. Altitude of gage is about 2,800 ft (853 m) from topographic map.
LEMARKS.--Records poor.
EXTREMES FOR PERIOD OF RECORD.--Maximum discharge, 2,920 ft3/s (82.7 m3/s) July 9, 1981 (from weather records),
= g:ge i;gfflz?.lgsgs ft (1.539 m), from high-wat:eg mark by the gage: minimum daily, 1.5 ft3/s (0.042 m3/s)

£XTREMES FOR CURRENT YEAR.--Maximum discharge (®) and peak discharges above base of 200 ft3/s (5.66 m3/s):

. Discharge Gage height . Dtsdu::ge Gage height
Date Time (fr3/s) (m3/s) (fr) (m) Date Time (£t3/s) (m3/s) (ft) (m)
et, 3 unknown 1,430 40.5 3.40 1.036 July 22 1930 1,080 29.5 2.89 0.83]
Feb. 11 1100 277 7.84 1.65 0.503 Aug. 18 2400 1,010 28.6 2.85 0.869
Mar. 13 1030 596 16.9 2,21 0.674 Aug. 23 0100 885  25.1 2.67 0.814
_-Mar, 15 0930 224 6.34 1.55 0.472 Sept. 11 1600 *2,050 58.1 4,11 1,253

Minimum daily, 4.9 £t3/s (0.139 md/s) July 28.

REVISIONS.--Revised daily discharges, in cubic feet per second, for the 1981 water year, are given below. Taese
figures supersede those published in the report for 1981.

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1980 TO SEPTEMBER 1981

MEAN VALUES

DAY ocT Nov DEC JaN FEB MAR APR MAY JUN JuL AUG SEP
1 12 10 8.5 9.0 8.0 9.5 10 7.9 7.0 4.5 5.5 5.0
2 11 10 8.5 9.0 8.0 9.5 10 7.9 7.0 4.5 5.5 5.0
3 10 10 8.5 9.0 8.0 9.5 10 7.9 7.0 4.5 5.5 5.0
4 10 - 10 8.5 9.0 8.0 9.5 10 7.9 7.0 4.5 3.3 5.0
] 10 10 8.5 9.0 8.0 9.5 10 7.8 6.5 4.5 5.5 5.0
6 10 9.5 8.5 9.0 8.0 9.5 9.5 7.8 6.5 4.5 5.5 5.0
7 10 9.3 8.5 9.0 8.5 9.5 9.5 7.8 6.5 4.5 5.5 3.0
8 10 9.5 8.5 9.0 8.5 9.5 9.5 7.8 6.5 4.5 5.5 5.0
9 10 8.5 8.5 9.0 8.5 9.5 9.5 7.7 6.0 340 S.5 5.0
10 10 9.5 8.5 9.0 8.5 9.5 9.5 7.7 6.0 40 5.7 5.0
11 10 9.5 8.5 8.5 8.5 10 9.0 7.7 6.0 5.5 6.0 5.0
12 10 9.5 8.5 8.5 8.5 10 9.0 7.7 6.0 5.5 6.0 3.0
13 10 9.5 8.5 8.5 9.0 10 9.0 7.6 5.5 5.5 6.0 5.0
14 10 9.5 8.5 8.5 9.0 10 9.0 7.6 5.5 5.5 6.0 5.0
"15 10 9.5 8.5 8.5 9.0 10 9.0 7.6 5.5 5.5 6.0 5.0
16 10 9.0 8.5 8.5 9.0 10 8.5 7.6 5.5 3.5 6.0 5.0
17 10 9.0 8.5 8.5 9.0 10 8.5 7.5 5.0 5.5 6.0 5.0
18 10 9.0 8.5 8.5 9.0 10 8.5 7.5 5.0 5.5 6.0 5.0
19 10 9.0 8.5 8.5 9.5 i0 - 8.3 7.5 5.0 5.5 11 5.0
20 10 9.0 . 8.5 8.5 9.5 10 8.5 7.5 5.0 5.5 6.0 5.0
21 10 9.0 8.5 8.0 9.5 10 8.0 7.4 4.5 5.5 6.0 5.0

22 10 9.0 8.5 8.0 9.5 10 8.0 7.4 4.5 5.3 6.0 25
23 10 9.0 8.2 8.0 9.5 10 8.0 7.4 4.5 5.5 5.5 8.0
.24 10 9.0 8.5 8.0 9.5 10 8.0 7.3 4.0 5.5 5.3 7.0
25 10 8.5 8.5 8.0 9.6 10 8.0 7.3 4.0 5.5 5.5 6.8
26 10 8.5 9.0 8.0 9.5 10 8.0 7.3 4.0 5.5 5.0 7.0
27 10 8.5 9.0 8.0 9.5 10 3.0 7.2 4.5 5.5 5.0 7.0
28 10 8.5 9.0 8.0 9.5 10 8.9 7.0 4.5 5.3 5.0 7.0
29 10 8.5 9.2 8.0 -——- 10 7.9 7.0 4.5 5.5 5.0 7.0
30 10 8.5 9.0 8.0 -—- 10 7.9 7.0 4.5 5.5 5.0 7.0
31 19 ——— 9.0 8.0 —— 10 - 7.0 -— 5.5 8.1 -
TOTAL 313 276.0 ~ 266.4 263.0 2481 305.0 264.8 233.3 163.5 531.5 181.8 186.8
_MEAN 10.1 9.20 8.59 8,48 . 8.86 9.84 8.83 7.53 5.45 17.1 5.86 6.23
HAX 12 10 9.2 9.0 9.6 10 10 7.9 7.0 340 11 25
(1IN 10 8.5 8.2 8.0 8.0 9.5 7.9 7.0 4.0 4.5 5.0 5.0
\WC-FT 62. 547 528 522 492 605 525 463 324 1050 361 3n

WIR YR 1981 TOTAL 3233.2 MEAN 8.86 MAX 340 MIN 4.0 AC-FT 6410
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MEAN VALUES

¢

FEB

JAN

IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

09498400 PINAL CREEK AT INSPIRATION DAM NEAR GLOBE, AZ--Continued
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GILA RIVER BASIN

09498400 PINAL CREEK AT INSPIRATION DAM NEAR GLOBE, AZ--Continued

WATER-QUALITY RECORDS

" TERIOD OF RECORD.--November 1979 to curcent year.

DATE

oCT
28...

NOV
20...

OXYGEN HARD-
SPE- DEMAND, NESS MAGNE~
STREAM-  CIFIC CHEM- HARD-  NONCAR~ CALCIUM SIUM,
FLOW, CON- PH TEMPER- OXYGEN, ICAL HESS BONATE DIS- DIS-
INSTAN-  DUCT- (STAND-  ATURE, TEMPER- DIS~- (HIGH (MG/L (MG/L SOLVED  SOLVED
TIME TAREQUS  ANCE ARD AlIR ATURE SOLVED LEVEL) AS AS (MG/L (MG/L
(CFS) (UMHOS) UNITS) (DEG C) (DEG C) (MG/L) (MG/L) CACO3) CACO3) AS CA) AS MG)
1345 8.2 2770 8.0 30.0 23.4 8.7 60 1943 1800 580 120
1225 8.7 2970 8.0 18.0 17.9 7.7 S5 1959 1800 570 130
1400 9.0 3ol 7.3 14.0 16.0 8.6 27 2009 1900 3590 130
1215 6.3 2890 8.2 10.0 14.1 9.4 0 1959 1800 570 130
1300 9.0 3080 8.1 19.5 20.9 6.7 34 1968 1800 590 120
1155 10 3050 8.1 15.0 20.3 7.3 15 1884 1800 540 130
1240 9.7 "3120 8.0 20.5 24.0 6.8 31 1893 1800 560 120
1250 7.6 3180 8.4 24.0 22.9 7.4 35 2034 1900 600 130
1640 5.0 3080 8.1 32.0 28.0 7.4 36 1984 1900 580 130 °
1718 4.9 3070 -- 28.5 - - - - - - -
1415 - 3950 7.2 35.0 34.0 5.8 28 2034 1900 600 130
1640 6.0 2670 7.1 27.5 23.0 7.9 20 2042 2000 620 120
SOLIDS, SOLIDS,
SODIUM  POTAS-  ALKA- CHLO- FLUO-  SILICA, RESIDUE SUM OF
SODIUM, AD- SIUM, LINITY SULFATE RIDE, RIDE, DIS- AT 180  CONSTI-
DIS- SORP- 01S- LAB DIS- I1S- DIS- SOLVED DEG, C TUENTS,
SOLVED TION SOLVED  (MG/L SOLVED SOLVED SOLVED (MG/L DIS- DIS-
(MG/l.  PERCENT  RATIO (MG/L AS (MG/L (MG/L (MG/L AS SOLVED  SOLVED
AS NA)  SODIUM AS K) CACO3) AS S04) ASCL) ASF) S102) (MG/L) (MG/L)
75 8 .8 4.7 110 1700 99 .3 40 2990 2688
63 7 .6 4.5 120 1700 64 .2 41 3000 2650
61 6 .6 4.2 120 1900 72 .3 42 2990 2878
66 7 .7 4.1 130 1900 61 .2 41 2990 2857
66 7 .7 5.4 130 1900 55 .3 42 3010 2862
67 7 7 4.6 130 1800 55 .3 26 2980 2706
66 7 .7 4.3 120 1900 60 .2 41 3030 2828
64 6 .6 4.4 124 1900 59 .3 44 3040 2882
63 6 .6 4.6 120 1900 61 .2 46 3110 2862
68 7 .7 5.4 102 1900 69 .3 46 3110 2887
69 7 .7 4.6 92 1900 68 .2 42 3100 2885

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982



SOLIDS,
DIS-

SOLVED
(TONS

PER
DATE AC-FT)

ocT
28... 4.1
Nov
20... 4.1
DEC
30... 4.1
FEB
0l... 4.1
22... 4,1
MAR
23... 4.1
APR
23... 4.1
MAY
27... 4.1
JCS
21... 4.2
JUL
28... --
AUG
18... 4.2
SEP
08... 4.2
BORON,
DIS-
SOLVED
(UG/L
DATE AS B)
oCT
28... 60
NOV
20... 50
DEC
30... 60
FEB
0l... 50
22... 60
MAR
23... 60
APR
23... 60
MAY
27... 60
JUN
21... 60
JUL
28... --
AUG .
18... 60
SEP
08... 180

GILA RIVER BASIN

09498400 PINAL CREEK AT INSPIRATION DAM HEAR GLORR, AZ--Conzinued

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

SOLIDS,
DIS~
SOLVED
(TONS
PER
DAY)
66.2
70.5
72.7

50.9
73.1

82.9
79.6
62.4
42.1

487
50.2

CADMIUM
TOTAL
RECOV-
ERABLE
(UG/L
AS CD)

<1

1
i

NITRO-
402+N03
TOTAL
(MG/L
AS N)
<,09
.13
.19

.11
.21

.23
.14
.10
<.10

A

.12
.10

COPPER,

150
200
120
70
30
1490
390
120

NITROD-
CEN,
NO2+N03
DIS-
SOLVED
(MG/L
AS N)
.11
.14
.18

.12
.20

.23
.12
<.10
<.10

.12
.10

IRON,
DIS-
SOLVED
(LG/L
AS FE)
50
90
30

20
50

40
50
40
60
50
60

NITRO-
GEN, AM-
MONIA +
ORGANIC

TOTAL

(MG/L

AS N)

.58
1,20
.50

.00
.61

.58
.70
.90
.70

.70
.70

LEAD,
D1S-
SOLVED
(UG/L
AS PB)

<1
<l

S
3
<1
<1
2
<1

NITRO-
GEN,
TOTAL
(MG/L
AS N)

1.3

MANGA-
NESE,
DIS-
SOLVED
(UG/L
AS MN)
2800
5200
6200

6200
$500

5400
4500
6000
5300
6800
5600

< Actual value is known to be less than value shown.

10

NITRO-
GEN,

TOTAL

(MG/L

AS NO3)

5.9
3.1

3.6
3.6
3.7

MERCURY
TOTAL

RECOV-
ERABLE
(UG/L
AS HG)

. .

.

. ..
[ S = I~ Iy =

PHOS-
PHORUS,
TOTAL
(MG/L
AS P)
.050
.040
.070

.030
.060

.040
.080
.050
.050
.110
.210

SELE-
NIUM,
TOTAL
(UG/L
AS SE)
<1
<1
<1

<1

<1

. <1

<1
<l

PHOS-
PHORUS
TOTAL
(MG/L
AS PO4)
.15
.12
.21

.09
.18

.12
.25
.15
.15
.34

.64

ZINC,
DIS-
SOLVED
(UG/L
AS ZN)
20
S0
30

30
20

20
20
30
20

20
30

PHOS-
PHORUS,
OR7HO,
DIS-
SOLVED
(MG/L
AS P)

.020
<.020

.05¢0

.020
.020

.030
.020

.010

.020
040
040

SEDI-
MENT,
Sus-
PENDED
MG/L)
345
190
86
&
265
405
294
130
14
299
156

PHOS -
PHATE,
ORTHO,
DIS-
SQOLVED
(MG/L
AS PO4)

.06
.15

.06
.06

.09
.06

(T/DAY)

7.6
4.5
2.1

.07
6.4

11

251
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328 GILA RIVER BASIN

09518000 GILA RIVER ABOVE DIVERSIONS, AT GILLESPIE DAM, AZ
(National stream-quality accounting network and pesticide station)

LOCATION.--~Lar 33°13°45", long 112°46°00", in SEXNER sec.28, T.2 S., R.5 W., Ma:icépa County, Hydrologic Unit
— 15070101, at Gillespie Dam, 8 mi (13 km) downstream from Hassayampa River. Gila Bend Canal diverts from left
end, and Enterprise Canal diverts from right end of Gillespie Dam.

JRAINAGE AREA.--49,650 mi? (128,600 km2).
WATER-DISCHARGE RECORDS

2ERIOD OF RECORD.--June 1935 to November 1939 (monthly discharge only published in WSP 1313), December 1939 o
September 1971 (published with recoxrds for sta 09519500, Gila River below Gillespie Dam), 1972 and 1973 (water
year estimates only, listed in REMARKS for sta 09519500), October 1973 to current year. Low-flow records prior
to October 1970 are not equivalent as leakage less than 5 £t3/s (0.14 md¥/s} is not included.

09518500. Gila Bend Canal: May 1935 to September 1971, October 1973 to current year (since October 1941,
monthly discharge only).

N 09519000. Enterprise Canal: June 1935 to September 1939 (discharge measurements and monthly estimates
only), October 1939 to September 1971, April 1974 to current year (since October 1941, monchly discharge only).
Published as “"Gillespic Canal™ prior te 1951.

GAGE.--Cila Bend Canal: Water-stage recorder 200 ft (60.9 m) downstream from headgates.
Enterprise Canal: Water-stage recorder 600 ftr (180 m) downstream from intake at dam.

“EMARKS.--Records good except those below 1,000 £r3/s (28.3 m?/s), which are fair. Record is obtained by combin-
ing, on a daily basis, the flows of Gila 8end Canal, Enterprise Canal, and Gila River helow Gillespie Dam (see
sta 09519500). Some of the diversions to Gila Rend Canal in the 1981 water year were returned to the river
below the gage.

Many large diversions above station for irrigation, mmunicipal, and industrial use. Flow of Gila River and

-—~ tributaries above this station is regulated by San Carlos Reserwvoir on Cila River - capacity, 1,073,600 acre-ft

(1,320 hm3); by a series of reservoirs on Salt River - capacity, 1,755,000 acre-ft (2,160 am’); by Bartlect and

Horseshoe Reserwoirs on Verde River - capacity, 317,700 acre-fr (392 hm3); and by Lakc Pleasant on Agua Fria

River - capacity, 157,600 acre-fr (194 hmd).

\VERAGE DISCHARGE.--47 years, 334 ftd/s (9.459 md/s), 242,000 acre-fr/yr (298 hm3/yr): median of yearly mean dis-
-~ charges, 66 ft3/s (1.87 m3/s), 47,800 acre-ft/yr (5% hm3/yr).
XTREMES FOR PERIOD OF RECORD.--Maximum daily discharge, 124,000 ft3/s (3,510 m3/s) Feb. 17, 1980; no flow except
for possible leakage of less than S frd/s (0.14 m3/s) Nov. 24-27, 1966, July 14, 1967.
IXTREMES FOR CURRENT YEAR.--Maximum daily discharge, 3.870 ft3/s (110 m3/s) Mar. 18; minimum daily, 29 ft3/s
(0.821 m¥/s) July lé6.

DISCHARGE, IN CUBIC #=ET PER SECOND, UATER YEAR OCTOBER 1981 TN SEPTEMAER 1982
MEAYN VALUES

JAY ocT oV DEC Jau - FEB MAR APR MAY JUN JUL ALG SEP
1 157 193 2 136 163 163 361 90 79 66 73 47
168 193 66 137 168 161 303 9t 68 57 68 40
3 173 193 61 145 161 150 275 109 67 39 74 54
4 163 188 64 144 151 134 287 97 64 42 71 71
5 158 186 62 151 147 19 267 117 62 s1 - 3 81
[} 158 178 62 159 146 115 216 139 59 43 77 81
7 158 148 62 167 152 121 171 126 72 56 66 83
8 158 158 62 161 149 132 248 119 68 7% 58 56
9 158 158 52 131 126 137 236 131 58 5 50 52
10 168 154 49 90 107 107 222 126 54 44 49 81
11 168 142 48 104 116 05 242 139 57 56 47 96
12 168 130 48 112 119 15 250 - -la2 71 60 49 132
i3 . 168 128 48 112 1313 165 206 135 64 65 69 238
14 163 118 48 116 136 266 142 111 65 54 59 235
15 159 118 48 122 138 241 158 92 61 3 68 194
16 170 106 48 128 137 713 164 89 70 29 69 169
- Al7 176 101 48 138 145 2180 146 93 68 33 . 57 146
i8 177 90 50 163 110 3370 114 90 71 49 52 155
19 178 98 54 136 30 1649 153 88 69 69 69 125
20 178 96 S 77 130 143 986 175 90 79 77 61 120
21 178 87 . 102 129 92 462 166 78 83 77 60 123
22 178 85 127 137 71 452 16l 68 73 67 57 122
13 1738 86 137 149 94 436 167 67 64 101 75 129
1A 138 78 142 154 85 455 154 63 58 110 89 131
25 186 78 142 154 103 395 132 71 70 102 138 128
26 188 78 142 153 177 388 120 73 71 112 138 131
27 188 68 142 149 277 354 109 72 63 116 115 131
28 158 68 145 156 189 366 90 80 45 114 102 13.
29 193 68 147 153 -— 333 33 93 36 118 101 131
30 193 68 142 149 - 134 111 73 62 12 113 131
1 193 --- 144 154 --- 177 - 68 - 119 84 -
0TAL 5375 3660 2631 4299 3820 14602 5629 3020 1951 2205 2344 3544
TIAN 173 122 84.9 139 136 471 188 97.4 65.0 71.1 75.6 118 .
ax 193 193 147 167 217 3370 36! 142 33 121 138 238
&) 15?7 68 48 40 . 71 135 33 61 36 29 &7 40
C-FT 10604 72460 5220 8530 7589 25949 11170 5990 3870 4370 4650 7030 i :
(*) .2 24 3200 7890 5860 11750 19330 $330 3250 3790 3960 3810 P
) 1030 1020 410 585 484 347 594 630 611 576 688 831 P

AL YR 1981 TOTAL 42776 MEAN 112 MAX 184 hd S AC-FT 84850 *51%530 **q133)
fROTYR 1982 TOTAL 53080 MEAN 145 MAX 3379 Mpn 29 AC-FT 135300 *59260 **8310

* Diversions, in acre-feet, fn Gila Rend Canal (sra MM51350N) ., See remirks ahowve.  Far records princ to
L1472, see sta DAslugng,
e WE O Diversions, in acre-feer, 1o Enrerprise Tanal (sta DO919000Y 0 Far rocords prior fo 1770 g sen 09513500,

11
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GILA RIVER BASIN 329
NIS13000  C1LA RIVER AROVE DIVERSIONS, AT GILLESPIE DAM, AZ--Continued
WATER-QUALITY RECORDS

PERIOD OF RECORD.--ecember 1950 to Scptember 1971, March 1974 to carrent year.
Prior to October 1967, published as 09519500, Gila River helow Gillespie Dam, Ariz.

PERIOD OF DAILY KECORD.-- -
SPECIFIC CONDUCTANCE: October 1964 to September 1971, April 1974 to September 1981.
WATER TEMPERATURES: December 1950 to September 1971, April 1974 to September 1981,

REMARKS.--Unpublished daily specific conductance meaéhrenents for period December 1950 te September 1964 available
from district office in Tucson, Ariz.

EXTREMES FOR PERIOD OF DAILY RECORD.--
SPECIFIC CONDUCTANCE: Maximum observed, 13,200 micromhos July 10, 11, 1966;: minimum observed, 236 micromhos
Dec. 28, 1967.

WATER TEMPERATURES: Maximum observed, 36.5°C July 8, 1958, July 22, 1959, Aug. S5, 8, 1966; minimuno observed,

1.5°C Jan. 1, 1951.

-WATER QUALITY DATA, WATER YEAR QCTOBER 1981 TO SEPTEMBER 1982

K Based on non-ideal colony count.

< Actual value is kanown to

E Estimated.

be less than value shown.

12

OXYGEN  COLI-  STREP-
" SPE- DEMAND, FORM, TOCOCCI
STREAM-  CIFIC CHEM-  FECAL, FECAL,
FLOW, con- PH TEMPER- TUR-  OXYGEW, ICAL 0.7 KF AGAR
INSTAN- DUCT-  (STAND-  ATURE, TEMPER-  BID- DIS-  (HIGH  UM-MF  (COLS.
TIME TANEOUS  ANCE ARD AIR ATURE ITY SOLVED LEVEL) (COLS./  PER
DATE (CFS)  (UMHOS) UNITS) (DEG C) (DEG €) (NTU)  (MG/L) (MG/L) 100 ML) 109 ML)
©0CT :
28... 0945 188 3740 8.0 19.0° 7.5 13 8.1 110 500 650
NOV
nza... 0940 59 5690 8.4 10.0 12.0 -- 9.5 180 160 120
EC
Fgl... 1005 E148 4150 7.2 17.0 13.0 8.5 7.8 45 280 1200
B
02... 0915 E17] 4190 8.1 4.0 10.5 -- 7.4 39 580 910
25... 0955 E119 5230 8.2 15.0 16.0 7.4 9.1 54 2400 6900
MAR -
Ag;... 1025 511 3770 7.9 18.0 17.5 - 5.8 49 K400 2700
gg... 1045 E79 5100 8.8 30.5 26,0 36 16.0 <10 74 --
J
02... 0855 69 5360 8.8 28.0 22.5 - 8.8 82 100 1200
26... 1040 S5 5280 8.9 34.0 26.0 16 16.6 120 93 .
UL
gg... 1650 121 4000 8.5 35.0 29.0 - 14.9 39 -- --
A -
sé?"' 1800 98 2580 7.9 27.0 31.0 33 9.3 - 1000 --
15...  094S 199 3820 8.0 26.0 23.5 -- 5.6 .- 1100 2600
HARD-
NESS MAGNE- . SODIUM  POTAS-  ALKA- CHLO-
HARD-  NONCAR- CALCIUM  SIUM, SODIUM, AD- SIUM, LINITY SULFATE RIDE,
NESS  BONATE  DIS- 0IS-  DIS- SORP- DIS- LAB DIS- IS
(MG/L  (MG/L  SOLVED SOLVED SOLVED TION  SOLVED (MG/L  SOLVED  SOLVED
AS as (MG/L  (MG/L  (MG/L PERCENT RATIO  (MG/L AS (MG/L  (MG/L
DATE  CACD3) CACO3)  AS CA) AS MG) AS NA)  SODIUM AS K)  CACO3) AS SO4) 4S CL)
ocT :
23... 670 428 150 7 540, 63 9.4 12 240 460 800
NO '
24... -- -- - -- - - - -- -- -~ 1300
DEC
Fg%... 830 550 190 86 550 59 8.6 11 280 550 920
02... - - -- -~ - -- -- - -- -- --
25... 930 649 220 92 780 64 11 12 280 730 1209
MAR
25... - -- - - - .- -- -- - -- --
APR
ng... 930 673 220 93 720 62 11 11 260 720 1100
U
02... -- -- -- - -- -- -- - -- -~ 1200
z:... 860 698 180 100 790 66 12 9.9 164 790 1200
JuU
29... -- . -- - - -- - - - -- --
AUG
sé;... 540 394 130 52 390 61 7.5 9.6 145 380 620
15... -- -- - - -- - -- -- -- -- --
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FLUO-
RIDE,
DIS-
SOLVED
(MG/L
DATE AS F)
ocT
28... 1.7
NOV
24... --
DEC
3l... 1.7
FEB
02... -
25... .50
MAR
25... --
APR
29... 2.1
JUN
02... -
24,.. 2.2
JUuL
29... --
AUG
24,,. 1.0
SEP
15... -
NITRO-
GEN ,AM-
MONIA +
ORGANIC
TOTAL
(MG/L
DATE AS N)
ocT
28... 8.50
Nov
24,.. -
DEC
3l... 9.00
FEB
02.. -
25... 4.49
MAR
25... --
APR
29... 4.60
JUN
02... -
24.., 3.40
JUL
29... .-
AUG
24... 3.20
SEP
15... --

< Actual value is

GILA RIVER BASIN
09518000 GILA RIVER ABOVE DIVERSIONS, AT GILLESPIE DAM, AZ--Continued

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER

SILICA,
DIS-
SOLVED
(MG/L
AS
S102)
26

26

24

12

5.5

SOLIDS,
RESIDUE
AT 180
DEG. C
DIS-
SOLVED
(MG/L)

2250

2630
3300

3150

3360

PHOS-
PHORUS

(MG/L
AS PO4)

9.2

known to be less

SOLIDS,
RESIDUE
AT 105

PHOS-
PHORUS,
DIS-
SOLVED
(MG/L
AS P)

SOLIDS,
SUM OF
CONSTI-
TUENTS,

DIS-
SOLVED
(MG/L)

2220

2520
3230

3040

3180

PHOS-

PHATE,
ORTHO,

DIS-

SOLVED
(MG/L
AS PO4)

13

SOLIDS,
DIS-
SOLVED

(TONS

PER
AC~FT)

3.1

3.6

4.5
4.3

4.6

chan value shown.

SOLIDS,
DIS~

SOLVED
(TONS

PER
DAY)

1140

ARSENIC
TOTAL
(UG/L
AS AS)

10

SOLIDS,
RESIDUE
AT 105
DEG. C,
SUS-
PENDED
(MG/L)

37
20
13

46
49

ARSEUVIC
SUS-

PENDED
TOTAL

(UG/L

AS AS)

1982

NITRO-
GEN,
NO2+KO3
DIS-
SOLVED
(MG/L
AS N)

7.4

9.0

ARSENIC
DIS~

SOLVED
(UG/L

AS AS)

RITRO-
EN,

AMMONIA
DIS-

SOLVED

(MG/L
AS NH4)

8.1

8.8

BARIUM,
TOTAL
RECOV-
ERABLE
(UG/L
AS BA)

RITRO-
EN,
AMMONIA
DIS-
SQLVED
(MG/L
AS N)

e



BARIUM,
DIS-
SOLVED
(UG/L
AS BA)

.. 200

COPPER,
TOTAL
RECOV-
ERABLE
(UG/L
AS CW)

. 14

. 170
. SG

. 50
. 19

. 50
. 70

. 50
. 16

. 30
. i0
30

04991 5000

GILA RIVER AROVE DIVERSIONS, AT GILLESPIE DAY, AZ--Continued

GILA RIVER BASIN

UATFER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMRER 1982

BORON,
TOTAL
RECOV-
ERABLE
UG/
AS B)

1500

COPPER,
SUS-
PENDED
RECOV-
ERABLE
(UG/L
AS CU)

CADMIUM
TOTAL
RECOV-
ERABLE
(UG/L

AS CB) -

P bt e

—

COPPER,
DIS-
SOLVED
(UG/L
AS CU)

-

CADMIUM
SUS-
PENDED
RECOV-
ERABLE
(UG/L
AS CD)

IRON,
TOTAL
RECOV-
ERABLE
(UG/L
AS FE)

CADMIUM
DIS-

SOLVED
(UG/L

AS CDY

IRO!,
SUS-
PENDED
RECOV-
ERABLE
(UG/L
AS FE)

1600

CHRO-

IRON,
DIS-
SOLVED
(UG/L
AS FE)

50

Actual value is known to be less than value shown.

14

CHRO-
MIUM,
SUS-
PENDED
RECOV.,
(UG/L
AS CR)

10

CHRO-
MIUM,
DIs-
SOLVED
(UG/L
AS CR)

<10

LEAD,
SUS-
PENDED
RECOV-
ERABLE
(UG/L
AS PB)

COBALT,
TOTAL
RECOV-
ERABLE
(UG/L
AS CO)

<l

<10
<1

<1
<l
<1

<l
<l

ERABLE
(UG/L
AS CO)

MANGA-
NESE,
TOTAL
RECOV-
ERABLE
(UG/L
AS MN)

COBALT,
DIs-

SOLVED
(UG/L.
AS CO)

<1

MANGA-
NESE,
SUS-
PENDED
RECOV.
(CG/L
AS MN)



GILA RIVER BASIN

09518000 GILA RIVER ABOVE DIVERSIONS, AT GILLESPIE DAM, AZ~--Continued

MANGA-

NESE,

DIS~

SOLVED

(UG/L

DATE AS MN)
ocT

28... 80
NOV

24... --
DEC

3l... --
FEB

02... -

25... 210
MAR

25... --
APR

29... --
JUN

02... -

24... 30
JUL

29... --
AUG

24... 70
SEP

15... --

SILVER,

TOTAL

RECOV-

ERABLE

(UG/L

DATE AS AG)
ocT

28... 1
NOovV

24... -
DEC

31... -
FEB

02... -

25... <l
MAR

25... -
APR

29... -
JUN

02... -

24... <1
JUL

29... --
AUG

24... <1
SEP

15... -

< Actual value is known to be less than value

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

MERCURY
TOTAL
RECOV-
ERABLE
(UG/L
AS HG)

s
.1

.1

.1
.5

.1
.1

<.l
.2

-—

.1
.1

SILVER,

SUS-
PENDED
RECOV-
ERABLE
(UG/L
&S AC)

MERCURY
SUS-
PENDED
RECOV-
ERABLE
(UG/L
AS HG)

.1

SILVER,
DIS-

SOLVED
(UG/L .
AS AG)

<1

<1

MERCURY
DIS-

SOLVED
(UG/L

AS HG)

ZINC,
TOTAL
RECOV-
ERABLE
(UG/L
AS ZN)

30

NICKEL,
NICKEL, SUS-
TOTAL PENDED
RECOV- RECOV-
ERABLE  ERABLE
(UG/L (UG/L
AS NI) AS NI)
22 7
19 3
20 13
15 8
ZIng,
SUS-
PENDED ZINC,
RECOV- DIS-
ERABLE  SOLVED
(UG/L (UG/L
AS 2ZN) AS ZN)
20 10
10 20
10 20
0 30
shown.

15

NICKEL,
DIS-
SOLVED
(UG/L
AS RI)

15

16

CARBON,
ORGANIC
TOTAL
(MG/L
AS ©)

SELE-
NIUM,
TOTAL
(UG/L
AS SE)

VY N W 0y Vv o >

4
]

w

(MG/L)

39
33
21

61
S1

143
187

123
140

SELE-

SUS-
PENDED
TOTAL
(UG/L
AS SE)

108

SELE-~
NIUM,
DIS-
SOLVED
(UG/L
AS SE)

SED,

SUSP.
SIEVE
X FINER

THAN
.062 MM

85
56
85

86
97

93
92
98



STLA HIVIN BASIN 333
s Nas 18000 L1LA RIVER AROVE DIVERSTONS | AT GILLESPIE DAM, AZ~-Cont inued
KABINCHEMICAL ANALYSES, VATER YEAR OCTOREKR (981 TO SEPTEMRER 1982
GROSS GROSS (GROSS GRUSS CROSS GROSS GROSS GROSS
- ALLPHA, ALPHA, ALPHA, ALPHA, BETA, BETA, BETA, BETA,
DIS- SUS™T. DIS- suse. DIS- sUsP. DIS- SUSP.
SOLVED TOTAL SOLVED  TOTAL SOLVED TOTAL SOLVED  TOTA'.
(CG/L (UG/L (PCI/L  (PCL/L (PCI/L (PCI/L (PCI/L (PCL/L
TIME AS AS AS AS AS AS AS SR/ AS SR/
DATE U~NAT) U<NAT) U=NAT) U-NAT) Cs-137) Cs-137) YT-90) YT-90)
ocT
28.. n945 “66 1.3 -- .9 <35 4.3 <34 4.0
nOV
24... 0940 <120 <.6 - .- <51 3.0 <4$ 2.9
- DEC
3i.. 1005 <100 .8 -— -- <48 3.4 <4b 3.4
FEB
02... n9ls <60 .9 -- .6 <36 1.7 <35 1.7
25... 0955 <78 «2.0 -~ -- <48 4.0 <4b 3.8
MAR
25... 1025 «52 <3.2 -- -- <28 3.0 <27 .
APR
29.. 1045 <97 5.5 -- 3.7 <46 9.0 <4l 8.6
Jul
02... 0855 <100 5.0 - 3.4 <64 5.3 <60 5.2
... 1042 <1nQ 7.8 -- 5.3 <68 7.3 <64 6.9
JUL
29... 1650 <48 4.3 - 2.9 <28 5.6 <27 S.
SEP
15... 0945 240 10 150 6.8 <41 11 <39 10
PESTICIDE ANALYSES, WATER YFEAR OCTOBSR 1981 TO SKEPTEMBER 1982
CHLOR-
PCB, PCN, ALORIN, DANE, D0, ODE,
TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL
N BOT- 1IN BOT- In 80T~ CHLOR- IN BOT- IN BOT- IN BOT-
PCB, TO11 MA- TOIM MA- ALDRIN, TOM A- DANE, TOM MA- Do, TOM MA- DDE, TOM MA-
TI TOTAL TERIAL TERIAL TOTAL TERIAL  TOTAL TERIAL  TOTAL TERIAL TOTAL TERIAL
DATE (UG/L) (UG/KG) (UG/KG) (UG/L) (UG/XG) (UG/L) (UG/KG) (UG/L) (UG/KG) (UG/L) (UG/KG)
(39516) (39519) (39251) (39330) (39333) (39350) (39351) (39360) (39363) (39365) (39368)
oCT .
28... 0945 -- 1 <}.0 -- <.l - 4.9 -- 3.9 - 47
MAR
25... 1025 <, 10 -- - <. 01 - <.10 -- <.01 - .02 --
APR
2%... 1045 <.10 3 -- <.01 <.1 <.10 5.0 <.01 <.l .01 22
[ ENDO- HEPTA-
PoT, ELDRIN, SULFAN, ENDRIN, CHLOR,
TOTAL TOTAL TOTAL TOTAL TOTAL
IN 8OT- DI~ DI- IN BOT- ENDO- IN BOT- IN BOT- HEPTA- 1IN BOT-
DDT, TOM MA- AZINON, ELDRIN TOM MA- SULFAN, 7TOM MA- ENDRIN, TOM MA- ETHION, CHLOR, 7TOM MA-
TOTAL TERIAL  TOTAL TOTAL TERIAL TOTAL TERIAL TOTAL TERIAL TOTAL TOTAL TERIAL
DATE (UG/L) (UG/KG) (UG/L) (UG/L) (UG/KG) (UG/L) (UG/KG) (UG/L) (UG/KG) (UG/L) (UG/L) (UG/KG)
oCT
28... -~ <.l - - KA - <.1 - L1 - ~~ <,1
MAR
25... <.01 -- .18 <.01 - 01 - <.01 - <.01 <.01 -
APR
29... <.01 <.l .10 <, 01 .2 <.01 <.1 <.01 <.1 <.01 <.01 <.l
HEPTA- -
CHLOR LINDANE OXy- MIREX,
HEPTA- EPOXIDE TOTAL METH- CHLOR, METHYL  METHYL TOTAL
CHLOR TOT. IN It BOT-  MALA- OXY- TOT. IN  PARA- TRI- IN BOT-
EPOXIDE BOTTOM LINDANE 7TOM MA- . THION, CHLOR, BOTTOM  THION, THION, MIREX, TOM Ma-
TOTAL MATL. TOTAL TERIAL TOTAL TOTAL MATL. TOTAL TOTAL TOTAL  TERIAL
DATE (UG/L) (UG/KG) (UG/L) (UG/KG) (UG/L) (UG/L) (UG/KG) (UG/L) (UG/L) (UG/L) (UG/KG)
(39420) (39423) (39340) (39343) (39530) (39480) (39481) (39600) (39790) (39755) (39758)
ocT
— 28... -- <.1 - <.1 -- -- 60 - - -- <.l
MAR
25... <,01 - .01 - .03 <.01 -- .01 .00 <.01 -
APR
29... <.01 <.1 <.01 <.1 <.01 <.01 .6 <.01 <.01 <.01 <.1

<

Actual value is known to be less than value shown.

16
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GILA RIVER BASIN

09518000 GILA RIVER ABOVE DIVERSIONS, AT GILLESPIE DAM, AZ--Continued

PESTICIDE ANALYSES, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

NAPH-
THA-
LENES,
‘ POLY~- PARA-
CHLOR. THION,
TOTAL TOTAL
DATE  (UG/L) (UG/L)
ocT
28... - -
MAR
23... <.10 --
APR
29... <.10 <,01

(UG/L)

<.10
<.10

PER~-

THANE

IN TOX-
BOTTOM  APHENE,

MATERIL TOTAL
(UG/KG) (UG/L)
<1.00 -
- <1.
<l.00 <1

TOXA-

TOM MA-

TERIAL

(UG/KG)
<10

<10

< Actual value is known to be less than value shownm,.

17

TOTAL
TRI-

THION

{UG/L)

<,01
<.01

2,4eD,
TOTAL
(UG/L)

<.01
.08

2, 4-DP 2,4,5-T SILVEX,
TOTAL  TOTAL  TOTAL

(UG/L) (UG/L) (UG/L)
<. 01 <, 01 <01
<,01 <, 01 ‘<.01



CILA HIVER RASIN 33%

095:9500 «ILA RIVER HELOW CILLESPIE DAM, AZ

TLOCATION, - lar 33°130497, long 112°46°00%, in SELNEY sec.28, T.2 S., R.5 W., Maricopa County. Hydrologic Unit

15970201, ar left end of Gillespie dam, 8 mi (13 «m) downstrcam from Hassayampa River.
DHAINACE AREA,--49,650 mi? (128,600 km2),

PERLOD OF RECOKD,--Aupust 1921 ro currenl vear. Low-flow records prior to October 1970 are not equivalent as
teakage of less than 5 fe3/s (N.14 m3/5) not included, and from October 1971 to September 1973, when no leakage
was included. Annual estimate of leakage was listed in REMARKS for the 1972 water year. Prior to 1939, pub-
lished as “at Gillespie Damn,” - - -

REVISED RECORDS.--USP 1213: i939. 'USP 1243: 1924(M). WSP 1926: Drainage artea.

CAGE.--UWater-stage recorder since July 28, 1924, Datum of gage is 9.95 ft (3.033 m) below average clevation of
crest of dam, which is 753.46 ft (229.655 m) Hational Geodetic Vertical Datum of 1929. Prior to Nov. 11, 1924,
depth of water rcad on crest at left end of dam. WNov., 11, 1924, to July 22, 1932, datum of gage was at average
c¢levation of dam cresr. July 23, 1932, to Apr. 27, 1955, datum of gage was 5.00 ft (1.524 m) below averase
clevation of crest of dam. Since Apr. 2, 1974, supplementary water-stage recorder and concrete control 70 ft
(21.3 m) downstream from crest of dam at datum 5.64 fr (1.719 m) lower than datum of base gage.

KEMARKS. - ~Recor ds good except those below 1,000 fr3/s (28.3 m3/s), which are poor. Flow consists of water passing
over the dam, and through the dam, but does not include water diverted to Gila Bend or Enterprise Canals. Seec

sta 09518000, Gila River above diversions, at Gillespie Dam, for records of flow reaching dam, and of diversions
to Gila Rend and Enterprise Canals.
For diversions and regulation above station, sce REMARKS for sta 09518000,

EXTRIMES FOR PERIOD OF RECORD.--Maximum discharge, 178,000 ft3/s (5,040 m?/s) Feb. 16, 1980, gage height, 18.81 ft
{5.733 m), prescat datum; probably no flow at times.

EXATREMES QUTSIDE PERIOD OF RECORD.--Maximum discharge since at least 1891, 250,000 ft3/s (7,100 m3/s), estimated,
ia February 1891.

SXTREMES FOR CURRENT YEAR.--Maximum discharge, 5,630 fc3/s (159 m*/s) Mar. 18, 0945 hours, gage height, 10,94 fr
€(3.335 n}; no flow for several days.

DISCHARGE, IN CUBIC FEET PER SECOMD, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

MEAN VALUES
DAY ocr NOV DEC JAN FEB MAR APR MAY JUN JuL AUG SEP
1 150 175 44 .42 .15 s 57 .19 48 .08 .08 .00
2 150 175 48 42 .15 .53 6.9 .19 .48 .08 .05 .00
3 155 175 43 .53 .11 .53 S.0 .19 .48 .08 .08 .00
&4 145 i70 46 .53 .11 .53 4.0 .23 b2 .08 .19 .00
5 140 168 46 .53 .11 .48 3.0 .37 .42 .11 .11 .00
6 140 160 46 .33 .11 .48 2.0 .53 42 .15 .11 .00
7 140 150 46 .53 .3 .48 1.6 .53 .37 .15 .11 .00
8 149 140 48 .53 .11 L W42 1.3 .53 .37 .15 .08 .00
9 240 40 46 .53 W11 .28 1.3 .53 .37 .11 .08 .00
10 159 130 46 .53 .11 .23 1.0 .53 .37 .11 .08 .00
11 150 120 46 8.4 .11 .23 .84 .53 .32 .15 .08 .00
12 150 110 46 1.4 11 .23 .65 .53 .32 .11 .08 .00
13 150 110 46 1.1 .11 3.0 .53 .53 .32 .08 .08 .00
14 150 100 46 1.0 .11 20 .37 .53 .28 .01 .08 .00
15 150 100 46 .91 .11 25 .23 .53 .28 .00 .08 .00
16 160 90 46 .84 .11 501 .28 .53 .28 .03 .08 .00
17 160 90 46 .71 .11 964 .28 .53 .23 .01 .08 .00
18 160 80 23 .71 .11 3620 .32 .53 .23 .01 .11 .00
19 160 80 1.7 .65 10 1370 42 .53 .23 .01 .11 .00
20 160 80 1.3 .52 69 702 .53 .53 .19 .01 .11 80 -
21 160 70 1.2 .53 27 167 .53 48 .19 .01 .11 112
22 160 70 1.1 A2 30 161 .33 .48 .19 .23 08 112
23 160 70 .91 b2 63 175 .53 48 .15 .65 .03 112
24 170 60 .78 .37 65 150 .33 .48 .15 .18 .01 112
25 17¢ 60 .65 .37 83 92 .53 48 .15 .01 .00 127
26 170 60 .53 .23 116 84 .53 .48 .15 .00 .00 112
27 17¢ S0 .53 23 134 53 48 .48 A1 .00 .00 112
28 170 50 .48 .23 26 2 .19 48 LIl .00 .00 112
29 175 50 42 .19 -— 1 .19 A48 .11 .0l .00 112
30 175 50 .42 .15 - i35 .19 .48 .08 .05 .00 112
k1 175 ce- &2 .15 o= 41 -— .48 - .08 .00 ——-
TOTAL 4855 3133 Bl2.44 24.62  625.06 8241.13 91.78 14,40 8.25 2.74 2.09 1200.00
MEAN 157 104 26.2 .79 22.3 266 3.06 .46 .28 .088 .067 40.0
MAX 175 175 48 8.4 134 3620 57 .53 .48 .65 .19 112
MIN 140 50 .42 .13 .11 .23 .19 .19 .08 .00 .00 .00
AC-FT 9630 6210 1610 49 1240 16350 182 29 16 5.4 4.1 2380
CAL- YR TNTAL 12813.34 MEAN 35.1 MAX 175 MIN ,00 AC-FT 25420

1981
WIR YR 1982 TOTAL 19016.51 MEAN S52.1 MAX 3620 MIN .00 AC-FT 37710
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F DIVERSIONS AND RETURN FLOWS AT AND BELOW IMPERIAL DAM
09529160 SOUTH GILA PUMP OUTLET CHANNEL NO. 3 NEAR YUMA, AZ

ICATION.--Lat 32°43'04", long 114°30°'12", in NWASEX sec.22, T.8 S., R.22 W., Yuma County, Hydrologic Unit
;15070201. at gaging station 0.5 mi (0.8 km) upstream from outlet to Gila River, and 6 mi (10 km) cast of Yuma.

10D OF RECORD.--October 1968 to current year.

ZRIOD OF DAILY RECORD.--
SPECIFIC CONDUCTANCE: October 1978 to current year.

—‘lARKS.--Unpublished miscellaneous chemical analyses for water years 1965-68 available from district office in
Tueson, Ariz.

JOPERATION.--Daily specific conductance record furnished by, and water samples collected by, US Bureau of
Reclamation,

'REMES FOR PERIOD OF DAILY RECORD.--
‘PECIFIC CONDUCTANCE: Maximum observed, §,350 micromhos Sept. 12, 198]1; minimum observed, 3,020 uic:omhos
Nov. 7, 1979.

XTREMES FOR CURRENT YEAR.--
"SPECIFIC CONDUCTANCE: Maximum observed, 5,230 micromhos Jan. 19; minimum observed, 3,210 micromhos Dec. 2.

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

SPE- HARD- . MAGNE-
STREAM-  CIFIC HARD-  NESS, CALCIUM  SIUM, SODIUM,
FLOW, CON=- PR NESS NONCAR- DIS~ DIS- DIS-
INSTAN- DUCT - (STAND- TEMPER- (MG/L BONATE SOLVED SOLVED SOLVED
TIME TANEOUS  ANCE ARD ATURE AS (MG/L  (MG/L  (MG/L  (MG/L
DATE - (CFS)  (UMHOS) UNITS) (DEG C) CACO3) CACO3) AS CA) AS MG) AS NA)
pEC
_,°7' .. 2345 20 4590 7.8 21.5 807 473 178 88 690
AN
Fga. .. 0040 28 4370 7.7 19.5 826 495 194 83 640
B - ‘
Hgi ee. 0210 3 4600 7.6 20.5 926 602 219 92 639
Ag; ... 0325 36 4590 7.7 21.0 927 601 223 90 612
“23. .. 0205 34 4530 7.6 21.0 898 s79 208 92 654
Agé vee 1240 at 4520 7.8 29.5 832 s07 188 88 -
02... 1325 26 4520 7.7 24.5 839 521 196 8s 697
SODIUM+
SODIUM POTAS- POTAS-  BICAR- ALKA-  CARBON
AD- STUM SItM, BONATE  CAR- LINITY ODIOXIDE SULFATE
SORP- DIS- DIS- FET-FLD BONATE FIELD DIS-  DIS-
* TION  SOLVED SOLVED (MG/L FET-FLD - (MG/L  SOLVED SOLVED
PERCENT RATIO  (MG/L  (MG/L AS (MG/L AS MG/L  (MG/L
DATE  SODIUM AS NA) AS K) HCO3) AS CO3) CACO3) AS CO2) AS S04)
DEC
_12;‘ .. 65 11 - 13 407 0 33 10 570
Fgg. .. 62 10.0 - 13 403 - 331 13 520
Hﬁ;.-. 60 9.4 - 13 395 0 324 16 545
ol... 59 9.0 - 13 197 o 326 13 $30
APR
05... 61 9.8 - 12 389 o 319 16 530
MAY .
03 .- -~ 678 - 196 o 325 10.0 540
"n N
02... 64 11 - 9.2 188 o 318 12 $20
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DIVERSIONS AND RETURN FLOWS AT AND BELOW IMPERIAL DAM a7n?
09529160 SOUTH GILA PUMP OUTLET CHANNEL NO. 3 NEAR YUMA, AZ--Continued
WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

SOLIDS, SOLIDS, NITRO-  NITRO-
CHLO- FLUO-  SILICA, RESIDUE SUM OF SOLIDS, SOLIDS, GEN, GEN,
RIDE, RIDE, DIS- AT 180  CONSTI- DIS-~ DIS-  NITRATE NITRATE
DIS- DIS- SOLVED DEG. C TUENTS, SOLVED SOLVED DISs- DiS-
SOLVED SOLVED (MG/L DIS~ DIS~ (TONS (TONS SOLVED  SOLVED
(MG/L (MG/L AS SOLVED  SOLVED PER PER (MG/L (MG/L

‘ DATE AS CL) AS F) . S102) (MG/L) (MG/L} AC-FT) DAY) AS N) AS NO3)

07... 990 .8 27 2890 2761 3.9 156 1.00 4.4
JSE... 930 .8 A 26 2740 2609 3.7 207 .90 4,0
Fgg... 1010 7 17 2990 2738 4.1 274 1.80 8.0
M3§... 1020 .6 34 2980 2722 4.1 274 1.00 4.4
Agg... 1000 .8 28 2910 2722 4.0 267 1.30 5.8
Hgg... 1000 .7 29 2920 2720 4.0 244 1.40 6.2
Agg... 1000 .7 23 2920 2724 4.0 205 .63 2.8

SPECIFIC CORDUCTANCE (MICROMHOS/CM AT 25 DEG. C), WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

ONCE-DAILY

DAY 6CT Nov DEC JAN FEB MAR APR MAY 3UN JuL AUG SEP
1 -— 4410 4640 4650 4390 4560 4590 4620 4570 -

2 3210 4430 -—- 4650 4590 4580 4590 4650 4600 -

3 4520 %420 —-- 4600 4590 4570 4590 4660 4610 -

A . 4580 4430 --- 4630 4580 - 4580 - 4630 -

5 4620 4440 - 4630 4570 ——- 4570 —-- 4610 -

6 4630 4440 - 4620 4580 —-- 4580 - 4620 ---
7. 4650 4450 - 4620 4570 ——- 4570 aee 4610 .-

8 4 4450 .- 4600 4570 —-- 4570 . 4610 -

9 4670 4450 ——- 4620 4580 - 4580 4640 4610 .-
10 4350 4480 Caa- 4590 4590 ——- 4340 4640 4590 ——-
11 4390 4440 —- 4530 4580 anme 4630 4620 4610 ——
12 . 4390 4290 - 4610 4580 - 4670 4630 4600 .,
13 4400 - - 4600 4600 - 4690 4560 4610 -
14 4400 ——- - 4600 4590 — 4690 4610 4600 -
15 4400 —- - --- 4560 .- 4680 4070 e -
15 4420 5200 --- - 4570 - 4690 4050 - -
17 4400 5210 4550 e 4580 - 4580 4170 - -
18 4390 5200 4640 —_ 4580 - 4680 4160 4540 -
19 4430 5230 4640 - 4580 ——- 4670 4180 4190 -
20 4410 4650 4690 4600 4570 .- 4650 4210 4210 .-
21 4420 4580 4650 4610 4500 - 4650 4070 3620 -
22 4410 4610 4650 4600 4570 —-- 4660 4210 3630 4310
23 4430 4650 4660 4600 4580 .- 4650 4220 3260 3800
24 4420 4670 4660 4590 4570 - 4650 4230 3650 4210
25 4410 4660 4620 4530 4580 ——- 4660 4240 - 4130
26 4430 4640 4630 4580 4580 _— 4640 4230 - 4170
27 4430 4650 4620 4600 4570 -— 4640 4240 —e- 4190
28 4440 4660 4660 4580 4580 . 4630 i - 4140
29 4430 4650 cua 4580 4570 - 4640 — — 4120
30 4460 - 4660 .- 4800 4570 - 4630 —e- —.- —-
31 4470 4660 --- 4610 - - - -—- - -
MEAN 4410 4630 4640 4600 4580 4570 4620 4360 4360 4140
MAX 4670 5230 4690 4650 4600 4580 4690 4660 4630 4310
MIN 3210 4290 4550 4530 4500 4560 4340 4050 3280 3800

UTR YR 1982 MEAN 4510 MAX 5230 MIN 3210
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DIVERSIONS AND RETURN FLOWS AT AND BELOW IMPERIAL DAM
09529300 WELLTON-MOHAWK MAIN OUTLET DRAIN NEAR YUMA, AZ
~QCATION (Revised).--Lat 32°44°'33", Iong 114°26°10", in NEXNWk sec.l17, T.8 S., R.21 ¥W., Yuma County, Hgdrologic
Unit 15070201, at gaging station, 7.8 mi (12.6 km) upstream from outlet to Gila River, and 11 mi (13 km) east
of Yuma. . .
'ERIOD OF RECORD.--October 1968 to current year.
~MBRIOD OF DAILY RECORD.e«
SPECIFIC CONDUCTANCE: October 1976 to current year.

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

SPE- HARD- MAGNE-
STREAM-  CIFIC HARD-  NESS, CALCIUM  SIUM, SODIUM,
FLOW,  CON- PH NESS  NONCAR-  DIS- DIS-  DIS~-
INSTAN- DUCT-  (STAND- TEMPER- (MG/L BONATE  SOLVED SOLVED SOLVED
. TIME TANEOUS ANCE ARD ATURE AS (MG/L  (MG/L  (MG/L " (MG/L
DATE (CFS)  (UMHOS) UNITS) (DEG C) CACO3) CACO3) AS CA) AS MG) AS KA)
ocT
05... 0235 191 4660 7.9 23.0 870 526 210 84 83s
NOV
- 02... 0325 191 4790 8.0 18.0 897 545 214 88 . 756
DEC .
07... 1201 193 4840 8.0 21.0 868 529 201 89 745
JAN
04... 0030 207 4770 8.0 18.5 857 s03 208 82 740
FEB
0l... 0300 201 4860 8.0 19.5 894 545 218 8s 702
MAR ,
0l... 0250 191 4860 7.9 23.0 934 590 219 9% 720
APR
05... 0300 202 4770 7.9 20.0 901 552 214 89 761
MAY S
03... 1230 214 4670 7.8 28.0 785 459 174 85 -
JuN ,
.. 1250 212 4700 7.9 25.5 817 468 192 82 713
uL
05... 1525 209 4730 7.8 28.5 837 so1 200 82 760
AUG
02... 1335 197 4730 7.9 29.0 797 460 184 82 776
SEP
06... 0920 217 4880 7.8 29.5 764 425 169 83 -
SODIUM+
SODIUM POTAS- POTAS-  BICAR- ALKA-  CARBON
AD- SIUM SIUM, BONATE  CAR- LINITY OIOXIDE SULFATE
SORP- DIS- DIS-  FET-FLD BONATE FIELD DIS-  DIS-
TION  SOLVED SOLVED (MG/L FET-FLD (MG/L  SOLVED SOLVED
PERCENT RATIO  (MG/L  (MG/L AS (MG/L AS (MG/L  (MG/L
DATE  SODIUM AS NA) AS K)  HCO3) AS C03) CACO3) AS CO2) AS SO04)
ocT
05... 67 13 - 6.4 420 0 344 8.4 830
KoV
. 02... 64 1 -- 10 429 0 352 6.8 850
DEC
07... 65 11 - 14 413 0 339 6.6 855
JaN
04... 65 1 -- 13 432 - 172 6.9 835
FEB
ol... 63 1 - 13 426 0 349 6.8 825
MAR
0l... 62 1 - 12 . 420 0 344 8.4 840
APR
0S... 64 11 - 12 425 0 349 8.5 865
MAY -
- 03... - -- 753 -- 398 o 126 10 830
JUN
97... 65 11 .- 8.0 426 0 349 8.5 875
JUL
05... 66 12 -- 8.7 4«10 o 336 10 860
. AUG
02 68 12 -- 8.8 411 o 337 8.2 950
P
06. .. . -- 8% -- 413 o 339 10 990



DIVERSIONS AND RETURN FLOWS AT AND BELOW IMPERIAL DAM 383
09529300 WELLTON-MOHAWK MAIN OUTLET DRAIN NEAR YUMA, AZ--Continued

REMARKS.--"npublished chemical analyses (continuing record) for water years 1961-68 available from district office
in Tucson, Ariz. Prior to Dec. 1, 1974, samples collected at gage site 1,000 ft (304.8 m) upstream.

COOPERATION, --Daily specific conductance record furnished by, and water samples collected by, U.S. Burecau of
Reclamation.

EXTREMES FOR PERIOD OF DAILY RECORD.-~ .
SPECIFIC CONDUCTANCE: Maximum observed, 6,130 micromhos Mar. 20, 1977; minimum observed, 4,550 Dce. 3, 1980.

EXTREMES FOR CURRENT YEAR.~-
SPECIFIC CONDUCTANCE: Maxirmum observed, 5,040 omicromhos July 18: minimum observed, 4,570 nicromhos Dec. 10.

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

SOLIDS, SOLIDS, NITRO-  NITRO-
CHLO- FLUO- SILICA, RESIDUE SUM OF SOLIDS, SOLIDS, GEN, GEN,
RIDE, RIDE, DIS- AT 180 CONSTI- DIs- DIS-  NITRATE NITRATE
DIS- DIS- SOLVED DEG. C TUENTS, SOLVED SOLVED DIS- DIS-
SOLVED SOLVED (MG/L DIS- DIS- (TONS (TONS SOLVED SOLVED
(MG/L (MG/L AS SOLVED  SOLVED PER PER (MG/L (MG/L
DATE ASCL) ASF) $102) (MG/L)  (MG/L)  AC-FT) DAY) AS N)  AS NOJ)
ocT
0S... 880 1.0 27 3000 3092 4.1 1550 2.70 12
NOV
02... 905 2.2 31 3080 3078 4,2 1590 2.50 11
DEC
07... 910 2.0 2% 3130 3051 4.3 1630 1.70 7.5
Jan
O4... 900 1.9 26 3080 3021 4.2 1720 .68 3.0
FEB :
o;... 920 3.4 24 3150 3015 4.3 1710 3.40 15
MA
ol... 910 1.8 30 3140 3045 4.3 1620 2.70 12
APR
0S... 900 2.1 29 3070 3095 4.2 1670 3.20 14
MAY
03... 860 1.9 20 3010 2940 4.1 1740 3.60 16
Juy
07... 860 1.9 29 3150 2977 4.3 1800 1.40 6.2
JuL
05... 8,0 2.4 28 3230 3019 4.4 1820 1.40 ° 6.2
AUG
02... 870 4.0 23 3140 3109 4.3 1670 2,00 8.9
SEP
06... 880 2.0 25 3150 3220 4.3 1850 2.30 10
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%0 DIVERSIONS AND RETURN FLOWS AT AND BELOW IMPERIAL DAM

= 09529440 SOUTH GILA PUMP OUTLET CHARNEL NO. & NEAR YUMA, AZ
CATION.--Lat 32°42°46", long 114°35°S50™, in NWANWY sec.26, T.8 S., R.23 W., Yume County, Hydrologic Unit
15030107, at gaging station, 1.5 mi (2.4 km) upstrean from outlet to Colorado River, and 1.5 mi (2.4 km)
esst of Yuma.

““RIOD OF RECORD.--October 1968 to current year.

R1IOD OF DAILY RECORD..-
SPECIFIC CONDUCTANCE: October 1978 to current year.

.==Unpublished miscellaneous chemical analyses for wvater years 1966-68 available from district office in
Tucson, Ariz.

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

SPE- HARD- MAGNE-
STREAM- CIFIC HARD- NESS, CALCIUM SIUM, SODIUM,
FLOW, CON- * PH NESS NONCAR-  DIS- DIS- DIS-
INSTAN- DUCT-  (STAND- TEMPER- (MG/L  BONATE SOLVED SOLVED SOLVED
TIME - TANREQUS  ANCE ARD ATURE AS (MG/L (MG/L (MG/L (MG/L
— DATE (CFS) (UMHOS) UNITS) (DEG C) CACO3) (CACO3) AS CA) AS MG) AS RA)
DEC
07... 0320 13 6010 7.7 23.0 1219 884 272 131 815
JAN
. 04, .. 0120 13 6040 7.6 20.0 1285 949 310 124 808
' FEB
0l... 1235 13 6010 7.7 23.0 . 1273 938 302 126 801
MAR :
ol... 0355 13 5950 7.6 20.5 1326 991 310 134 800
APR .
05... 1240 15 6290 7.6 23.0 1419 1085 334 142 867
MAY .
03... 1045 15 5430 7.6 29.0 1122 822 258 116 -
AUG . . ‘
0z... 1225 14 4800 7.6 25.0 992 722 244 93 698
SODIUM+
SODIUM POTAS- POTAS-  BICAR- ALKA~ CARBON
AD~- SIUM SIUM, BONATE CAR- LINITY DIOXIDE SULFATE
SORP~-  / DIS- DIS- FET-FLD BONATE FIELD DIS- - DIS-
TION SOLVED SOLVED (MG/L  FET-FLD  (MG/L SOLVED  SOLVED
PERCENT  RATIO (MG/L (MG/L AS (MG/L AS (MG/L (MG/L
DATE SODIUM AS NA) AS K) HCO3) AS C03) CACO3) AS C02) AS S04)
BEC -
07... s9 10 .- 15 409 0 335 13 630
. JAN
04... 57 10 - 14 410 0 336 16 630
FEB
H:%. . a7 10 - 14 409 0 335 13 665
0l... 56 9.9 - 14 408 0 335 16 635
APR
05... s7 10 -- 13 407 ] 334 16 655
MAY
03... - .- 755 -- 366 0 300 15 680
AUG
i 02... 60 10.0 .- 8.6 329 0 270 13 750
SOLIDS, SOLIDS, NITRO- NITRO-
CHLO- FLUO- SILICA, RESIDUE SUM OF SOLIDS, SOLIDS, GEN, GEN,
RIDE, RIDE, DIS~- AT 180  CONSTI- DIS- DIS- NITRATE NITRATE
DIsS- DIS- SOLVED DEG. C TUENTS, SOLVED  SOLVED DIS- pIS-
SOLVED SOLVED  (MG/L DIS- DIS- (TONS (TONS SOLVED  SOLVED
(MG/L (MG/L AS SOLVED  SOLVED PER PER (MG/L (MG/L
DATE AS CL) AS F) $102) (MG/L) (MG/L)  AC-FT) DAY) AS N)  AS NO3)
DEC .
— 07... 1440 .S 28 3900 3534 5.3 137 .29 1.3
JAN . :
04... 1470 .5 27 3920 3588 5.3 138 68 3.0
FEB .
H&Ji... 1450 N3 28 3900 3591 5.3 137 .68 3.0
= Agé... 1430 .5 32 3850 3558 S.2 135 A 1.8
0S... 1550 .6 28 4030 3794 5.5 163 .95 4.2
MAY
03... 1240 .6 30 3500 3260 4.8 142 .90 4.0
AUG
e 02... 10%0 .3 21 3290 3030 4.5 124 .70 3.1
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DIVERSIONS AND RETURN FLOWS AT AND BELOW IMPERIAL DAM 391
09529440 SOUTH GILA PUMP OUTLET CHANNEL NO. &4 NEAR YUMA, AZ-~-Continued
COOPERATION.--Water samples collected by U. S. Burcau of Reclamation.
EXTREMES FOR PERIOD OF DAILY RECORD.e-
SPECIFIC CONDUCTANCE: Maximum observed, 8,700 micromhos Nov. 23, 1979; minimum observed, 3,800 micromhos July 3,
1979.
EXTREMES FOR CURRENT YEAR.--
SPECIFIC CONDUCTANCE: Maximum observed, 6,450 micromhos Mar. 28; minimum observed, 4,890 micromhos Aug. 1.

SPECIFIC CONDUCTANCE (MICROMHOS/CM AT 25 DEG. C), WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

ONCE~DAILY

DAY ocT NOV DEC Jan FEB MAR APR MAY JuN JuL AUG SEP
1 -— 6130 6070 6010 6420 5500 —- 5950 4890
2 e 6080 —— 6020 6420 5100 —— 6020 4900
3 6110 6130 - 6050 6430 5500 - 5940 5500
4 6080 6120 - 6040 6420 e ——- - 5490
s 6070 6130 - 6050 6610 . .- --- 5460
6 6080 6130 - 6020 6420 --- .- --- 5490
7 6090 6120 - 6030 6410 --- - - 5500
8 6110 6130 - 6010 6360 - - ——- 5500
9 6100 6150 - 6050 6620 - e 5960 5470
10 5580 5870 -— 6030 5900 -—- 5870 5960 5450
1 6110 5880 - 6030 5890 - 5920 5970 5510
12 6100 -—-- - 5970 5890 -—- 5940 5970 5500
13 6090 - - 6040 5870 ——— 5920 5970 5510
14 6100 cee - 6030 5800 RN - 5920 5500
15 6100 - .- 6020 5570 - .- 5980 -
16 6080 .- - -—- 5860 --- - 6050 -
17 6100 . 6020 - 5850 --- - 6420 -
18 6050 - 6050 - 5880 - -—- 6400 5400
19 6110 — 6050 —- 5880 ——- .- 6430 5470
20 6100 6090 6070 5990 5860 — - 6010 5480
21 6150 6110 6040 6180 5850 - - 5810 .-
22 6130 6100 6050 6290 5480 .- 5950 5990 .-
23 6120 6120 6070 6360 5490 - 5930 6010 --
24 6110 6140 6050 6390 5520 --- 5960 5960 -
25 6130 6130 6020 6410 5530 - 5960 5980 -—-
2 6120 6110 6040 6620 5500 - 5980 $990 ——-
27 6130 6120 6040 6430 5500 - 5970 6020 -—--
28 6140 6100 6040 6450 5510 - 5960 ——- -
29 6130 6090 -— 6420 5520 - 5960 - .
30 6130 6090 - 6440 5500 - 5980 --- -
31 6150 €070 - 6440 *  --- - .- --- -
MEAN 6090 6090 6050 6170 5910 5370 5950 6030 5410
MAX 6150 6150 6070 6450 6430 5500 5980 6430 5510
MIN 5580 5870 6020 5970 5480 5100 5870 5810 4850

WIR YR 1982 MEAN 5970 MAX 6450 MIN 4890
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ocT NOV

1 4890 4880
2 4680 4860
A 4710 4870
4730 4900

4750 4890

6 4730 4940
7 4850 4870
Y 4820 4870
4860 4850

4810 4960

11 4840 4870
12 4840 4860
— 4860 4910
4870 4890

4830 4790

16 4860 4680
12 4880 4770
4890 4840

4900 4950

4850 4840

21 4890 + 4820
LS 4870 4800
4870 4820

4880 4820

- 4960 4710
26 4950 4840
- 4950 4820
4380 4820

4870 4800

v 4870 4870
31 4880 -
N 4850 4850
4960 4960

4680 4680
IR YR 1982 MEAN 4850

SPECIFIC CONDUCTANCE (MICROMHOS/CM AT 25 DEG. C), WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982

DIVERSIONS AND RETURN FLOWS AT AND BELOW IMPERIAL DAM

09529300 WELLTON-MOHAWK MAIN OUTLET DRAIN NEAR YUMA, AZ--Continued

4940
4860

4840
4900
49190
4870
4890
4890

4850
4950
4570

MAX 5040

JAR FEB
4920 4920
4810 4890
4780 4880
4840 4860
4870 4850
4860 4870
4900 4870
4870 4840
4890 4840
4890 * 4870
4900 4850
4900 4850
4870 4840
4850 48460
4690 4820
4780 4810
4830 4350
4860 4790
4830 4810
4850 4890
4870 4830
4900 4810
4850 4830
4900 4860
4900 4840
4880 4870
4870 4800
4910 4670
4910 e
4900 -——-
4920 ——
4860 4840
4920 4920
4690 4670

MIN 4570

ONCE-DAILY
MAR
4950
4930
4890
4900
4870

4890

26

APR

4950
5010
4890
4850
4860

4920
4900
4840
4830
4840

4870
4850
4850
4850
4870

4860
4829
4800

MARA v, . . .



APPENDIX D
GROUND-WATER CHEMISTRY



ICATION
21BBB

't 0%CCC

M., 02BAB
23ACD

DATE

03-28-63
03-28-63
03-28-63
11-02-62

CHENICAL ANALYSES FOR SELECTED WELLS IN AREA I
(The following inforsation was obtained fros Metzger, 1973)

SANPLE ' NITRO-  PHOS-
INTERVAL  HCO3 €03 oL S04 NA+K Ca M5 GEN  POROUS
(FEET)  (NG/L)  (M6/L) (N6/L)  (M6/L)  (M6/L)  (MG/L) (M6/L) (MG/L)  (M/L)

127-128 316 1890 1250 93t 72 188 - -
125-126 428 - 3220 1850 1300 844 35t - -
125-126 350 1800 1800 1630 286 167 - -
113-114 412 900 1050 625 334 123 - -

08
(M6/L)

4990
8000
6030
3260



LOCAL
IDENT-

FIER

C-07-13 24hhA
C-07-14 09CCD
C-07-14 0%€ECD
C-07-14 o9CCD
£-07-14 09CCD

€-07-14 09CCD
C-07-14 09CCD
C-07-14 09CCD
C-07-14 09CCD
C-07-14 09CCD

C-07-14 09CCD

C-07-14 09CCD °

C-07-14 09CCD
C-07-14 09CCD
C-07-14 09CCD

C-07-14 09CCD
C-07-14 09CCD
C-07-15 14CAA
C-07-15 14ChR
C-07-15 14CAA

C-07-13 14ChA
C-07-15 14CAA
C-07-13 14CAA
C-07-15 14CAR
£-07-15 14CAp

C-07-15 14CAA
C-07-15 20AAD
C-07-15 20RAD
C-07-15 20AAD
C-07-15 20AAD

C-07-13 20RAD
C-07-15 20AAD
C-07-13 20RAD
C-07-15 20ARD
C-07-15 20ARD

I-

CHEMICAL ANALYSES FOR SELECTED WELLS IN AREA II
{The following inforsation was obtained froe the U. S. Geolagical Survey, Tucson,

DATE

11-17-76
03-01-65
03-29-85
07-06-65
08-30-55

11-30-65
02-28-66
07-05-86
10-08-67
07-01-48

07-01-69
- 09-02-71

07-03-72
09-06-73
03-30-74

05-03~75

< 05-04-75

12-06-67
07-01-68
07-01-49

08-04-70
12-30-71
01-03-73
01-02-74
02-06~75

01-29-76
08-28-64
03-29-63
07-06~63
12-17-65

03-24-47
10-01-47
10-24-68
10-01-59
11-03-70

SAMPLE TEMPER-
NUMBER  ATURE

{00008)

1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

(DEG C)
(00010}

29.0

-

RGENCY
CoL-
LECTING
SAMPLE
(CODE
NUMBER)
{00027}

AGENCY
ANA-
LYZING
SAMPLE
{CODE
NUMBER)
{00028)

'SPE-

CIFIC
CON-

pueT- -

ANCE

(us/em
{00093}

4730
7530
6130
5980
3720

9760
3190
450
3350
3200

2800

2090

2140
2630
2690

2350
2820
22900
17800
13000

11200
9680
8430
8220
8520

o
13800
13400
13800
13800

13600
14600
14300
13800
13800

OXYGEN,
DIs-
SOLVED
{PER-
CENT
SATUR-
ATION)
{00301)

frizona)

PH .
(STAN

ARD
URITS)
{00400

7.7
7.9
1.5
7.8

7.8

7.9 -

1.8
1.9
1.9
8.0
8.0

1.6

CARBON
DIOXIDE
DIS-
SOLVED
{¥6/L
A5 C02)
{00403)

-

9.2

b1

18
8.9

i

10

10
8.0
6.3

ALKA-
LINITY
FIELD
(M6/L
AS
CACO3)
(00410)

26
267
326
340
335

34
440
45
288
310

290
238
232
288
290

285
267
n
340
408

35
418
4089
M2

407
281
276
262
267

23
278
273
210
270



DATE

11-17-76
03-01-65
03-29-63
07-06-63
08-30-63

" 11-30-63
02-28-66
07-05-66
10-08-67
07-01-4B

- 07-01~69

09-02-71
07-03-72
09-06-73
05-30-74

06-03-73
05-04-75
12-06-67
07-0t-48
07-01-49

08-04-70
12-3¢-71
01-03-73
01-02-74
02-06-75

01-29-76
08-28-54
03-29-43
-07-06-63
12-17-65

03-28-67
10-08-67
10-24-48
10-01-49
11-03-70

BICAR-
BONATE

ACIDITY FET-FLD

{M6/L
S

CACO3)

{00433)

(M6/L
S
HEO3}
(00440)

32
330
400
$10
410

400
360
420
350
380

330
290
310
350
350

350
330
430
430
300

430
310
300
300
410

300

340
320
330

330
340
330
330
330

£AR-

BONATE

FET-FLD

{M6/L
AS CO3)
(00443)

0

NITRO-
NITRO-  GEN,

NITRO-  GEN, ORGANIC
BEN, -ORGANIC  DIS-

TOTAL  TOTAL  SOLVED
(ML (NSIL (6L
ASN ASN RSN
{00600 {00505) {00407)

— - -
-— - -
- -~ -

NITRO-
BEN,
NITRATE
DIS-
SOLVED
(ME/L
AS N)
100618)

NITRO-
BEN,
NITRATE
TOTAL
(N6/L
aS NI
(00620)

NITRO-
GEN,
NO2+ND3
DIS-
SOLVED
{M6/L
AS N)
{00631}

0.38

PHOS-
PHATE,
ORTHO,

Dls-
SOLVED
/L

AS PO4)

100660)

¢.0

PHOS-
PHORUS,
ORGANIC
TOTAL
(M6/L
AS P)
(00670}

PHOS-
PHORUS,
ORTHO,
DIS-
SOLVED
(NG/L
a5 P)
(00671)

{0.01



DATE

11-17-76
03-01-63

- 03-29-65

07-06-65
08-30-65

11-30-45
02-28-66
07-05-5
10-08-57
07-01-68

07-01-6%
09-02-71
07-03-712
09-06-73
05-30-74

06-03-75
05-04-76
12-06-67
07-01-68
07-01-69

08-04-70
12-30-71
01-03-73
01-02-74
02-06-75

01-29-76
08-28-64
03-29-65
07-06~63
12-17-65

03-22-67
10-01-67
10-24-68
10-01-69
11-03-70

PHOS-
Pﬂﬂms,
ORGANIC

Dis-

SOLVED

{M6/L

A5 P)
{00673}

N

HARD-
NESS
(MG/L
AS
CACO3)
{00900)

850
1900
1500
1400
1300

1400
1200
1300
630
640

30
380
430

340

§00

300
ato
4700
3300
2100

1600
1400
1100
. 1100
1000

1000
2200
2200
2200
2300

2300
2300
2300
2200
2200

BONATE
(MB/L
CACa3)

{00902}

820
1600
1200
1100

- 9%

1000
700
920
360
330

240
140
1%
210
310

20
280
4400
2900
1700

1200
960
720
850
120

610
2000
2000
2000
2000

2000
2000
2000
1900
1900

CALCTUM
BIg-
SOLVED
{M6/L
AS CA)
(00913)

320
0
400
30
380

n
290
340
170
170

150
110
130
170
170

140
120
1000
690
500

410
360
270
260
240

220
420
420
430
440

430
430
430
180
470

NAGNE-
SIuM,
pIs-

SOLVED
(N5/L
AS ME)
1009251

12
140
120
110

%

10
110
100
3
31

L)
3
26
35
4

36
30
330
370
200

180
110
110
100
110

110
290
290
20
280

290
300
2%
240
250

SODILM
SODIUM,  AD-
DIS-  SORP-
SOLVED  TION
{N6/L  RATIO PERCENT
AS Na) SODIUN
100930) (00931) (00932)
780 12 b
1000 i -
880 10 -
850 0 -
810 0 -
800 0 -
790 10 -
790 0 -
510 g -
470 g -
420 B -
340 8 &5
300 b 59
380 7 59
39 7 58
350 7 &0
32 b 58
3900 B -
3100 % -
2400 % -
2100 2% 74
1900 3 75
1600 2 75
1500 2 75
1600 2 7%
1500 2 7
2500 3 -
2500 3 -
2500 % -
2500 % -
2500 % -
2500 B -
2500 % -
2400 u -
2400 22 70

SODIUM+
POTAS-
SiumM
DI~

" SOLVED
(H6/L
AS NR)
{00933}

POTAS-
SIUM,
DIs-

SOLVED
{N6/L

85 K}
100935)

6"

20
17
16
15
25

9.4

CHLO-
RIDE,
DIS-

SOLVED
(M6/L
A5 L)
{00940)

670
2000
1500
1400
1300

1300
1100
1200
350
490

380
220
220
530
360

29 -
290
1200
3000
3400°

2600

2100
1700
1700
1900

1600
4100
4300
4300
4300

4300
4300
4300
4200
4100



DATE

11-17-76
03-01-63
03-29-65
070645
08-30-65

11-30-65
02-28-66
07-05-66
10-08-87
07-01-58

07-01-69
09-02-71
07-03-72
09-06-73
05-30-74

06-03-75

- 05-04-76

12-06-67
07-01-68

07-01-69

08-04-70
12-30-11
01-03-73

©01-02-74

02-66-75

01-29-76
08-28-64
03-29-63
07-06-65
12-17-65

03-24-47
10-01-87
10-24-68
10-01-49
11-03-70

SULFATE
DIS-
SOLVED
(NB/L

AS S04)

(00943)

1600
990
330
950
910

910
860
940
660
460

600
40
480
620
380

330
370
2600
2500
2100

2000
2000
1600
1400
1400

1300
1300
1400
1400
1300

1400
1400
1400
1300
1200

FLUG-  SILICA,

RIDE,  DIS-
DIS-  SOLVED
SOLVED  (MB/L
S/L RS
ASF)  SI02)
{00950)  (00955)
83 10
- 25
- -25
- 2%
- 25
- 15
- 2
- 18

BORDN,
DIS-
SOLVED
(ue/L
AS B
(01020

3300

IRON,
0s-
SOLVED
{ws/L
AS FE)
(01046

NANGA-
NESE,
DIS-
SOLVED
(us/L
A5 M)
{01036)

30

SOLIDS,
RESIDUE
AT 180
DEe. €
DIS-
SOLVED
(N6/L)
(70300}

3470

SOLIDS,
SUN OF

CONSTI-

TUENTS,
DIS-
SOLVED
(N5/L)
{70301)

3400
4800
4100
3900
3700

3100
3400
3600
2100
2000

1800
1400
1300
1700
1700

1600
1500
15000
12000
8900

7500
6800
3600
3300
3500

3100
8900
9000
9000
9000

9100
9100
9100
8800
. 8400

NITRO-

SOLIDS, SOLIDS,  GEN,
Dis- DIS- AMMDNIA
SOLVED SOLVED  DIS-
(TONS  (TONS  SDLVED
PER PER  (MG/L
DAY)  AC-FT) AS NH4)
{70302) {70303) (71846}
== 4.7 -
et 2.4 -
- 2-4 -
- 2.1 -
- 1 -
- 1.2 -
- 705 -
- 7a 0 -



DATE

11-17-76
03-01-45
03-29-65
07-06-45
08-30-45

11-30-45
02-28-65
07-05-86
10-08-67
07-01-48

07-01-59

09-02-71
07-03-72
09-06~73
05-30-74

05-03-75
05-04-76
12-04-67
07-01~58
07-01-49

08-04-70
12-30-71
01-03-73
01-02-74
02-06~75

01-29-76
08-28~54
03-29-65
07-06-45
12-17-63

03-24-47
10-01-67

10-24-68
10-01-69

11-03-70

NITRO-
GEN,
NITRATE
TOTAL
(N6/L
AS NO3)
(71850

NITRO-
GEN,
NITRATE
DIS-
SOLVED
{n6/L
A5 NOS)
{71851)

NITRO- ELEV,
BEN, OF LAND

NITRITE  NITRO- SURFACE DEPTH

IS~ GEN,  DATUM
SOLVED TOTAL  (FT.
NS/L  (NG/L  ABOVE

AS NO2) A5 NO3)  NGVD)
(71856) (71887) (72000}

- - 326
- - 328
- - 328
- - 326

- - 326
- - 326
- . - 326
- - 32
- - 326

- - 32

- - 326

- - 326

- - 326
- - 326

~ - 3%
- - 32%
- - 315
-- - 315
- - 315

- - 313
- - 313
- - 313
- - 315
- - 315

- - 313
- - 304
- - 304
- - 304
- - 34

- - 304
- - 304
- - 304
- - 304
- - 304

oF
NELL,
ToTAL
(FEET)

(72008)

-

34.00
34.00
34.00
54.00

3400
54.00
54.00
94,00
54.00

54,00
54,00

5‘-00'

34,00
94.00

- 94,00

.00
70.00
70.00
70.00

70.00
10.00
70.00
70.00
70.00

70.00
71.00
71.00
71.00
77,00

71.00
77.00
77.00
77.80
77.00

DEPTH
T0 TOP
oF
SAMPLE
INTER-
VAL
(FT)
(72013}

L

DEPTH
10 B0T-
TOM OF
SANPLE
INTER-
VAL
(FT)
(72016)

SEDI-
MENT,
pIs-
CHARSE,
SUS-
PENDED
(T/DAV)
{B0155)

SEDI-
NENT,
DISCH,

SUSP, +

BED Ma-
TERIAL

(1/080)

(80156)

DRAIN-
ABE
AREA
(54,
ML)

{81024)



LOCAL
IDENT-

FIER

C~07-15 20RAD
C-07-15 20ARD
£-07-15 20RAD
C-07-15 20RAD
C-07-15 208D

C-07-135 20AAD
C-07-15 22000
£-07-13 22000
C-07-15 22C0D
€-07-15 220D

C-07-15 22000
C-07-15 220D
C-07-15 22000
C-07-15 22009
C-07-15 22(00

£-07-15 22C0D
€-07-15 22000
£-07-15 220DA
C-07-15 2200
C-07-13 220DA

€-07-15 220DA
£-07-15 220DA
£-07-13 220DA
C-07-15 22004
C-07-15 2200A

C-07-13 22004
€-07-15 25000
C-07-15 230D
C-07-15 230DD
C-07-15 23000

€-07-15 250DD
€-07-15 25000
£-07-13 25000
C-07-15 250DD
£-07-15 25(CB

DATE

10-07-T1
10-03-72
03-27-13
03-01-74
03-05-73

05-04-74
11-01-66
07-12-67
10-24-68
07-01-69

08~04-70
07-01-71
06-01-72
07-02-73
035-30-74

08-03-75
03-08-78
07-03-67
07-01-68
07-01-49

09-02-70
12-30-71
01-03-73
01-02-74
02-04-73

04-06-76
07-27-67
11-04-68
07-31-70
12-30-71

01-03-73
01-02-74
02-06-75
01-29-76
08-01-68

SAMPLE TEMPER-
NUMBER  ATURE
(DEE ©)
{00010}

(00008)

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

130
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

AGENCY
CoL-
LECTING
SAMPLE
{CODE
NUMBER)
{00027)

AGENCY
RANA-
LYZING
SAMPLE
(CODE
NUMBER)
{00028)

-

SPe-
CIFIC
CON-
DucT-
ANCE

{us/cM)
{00095)

14800
14300
14500
14800
13100

12700
9990
9750
9290
8530

%1
1270
7750
3130
3300

5200
3800
6340
6350
6050

9760
3570
3300
9130
7200

o
16000
19200
18800
19400

18400
22800
22000
19700
11200

DIYGEN,

DIS-
SOLVED
(PER-

EENT
SATUR-
ATION)

(00301)

——

PH
{STAND-
ARD

UNITS)
{00400}

1.6
1.6
1.1
1.3
1.2

7.4

1.8
7.8
1.7
1.7
8.0

7.4

7.8
1.4

7.3
1.6
7.7
7.3

CARBON
DIOXIDE

- DIS-

SOLVED
M6/L
AS C02)
{00403)

3
13
15
17
1.4

26

-
-
-

14
%7
13
13
12

12
12
17
12
1.1

32

6.7
10

12

1l
8.9

3

ALKA-
LINITY
FIELD
(ne/L
AS
CACE3)
{00410)

276
267
385
280
303

43
418
413
363
397

430
347
433
%7
393

235
£33
376
360
390

405
398
- 430
312
387

A7
200
170
247
208

203
24
230
240
328



DATE

10-07-71
10-03-72
03-27-13
03-01-74
03-05-75

05-04-74
11-01-66
07-12-67
10-24-68
07-01-67

08-04-70
07-01-71
06-01-72
07-02-73
03-30-74

08-05-75

03-08-76

07-03-47
07-01-48
07-01-49

. 09-02-70

12-30~71
01-03-73
01-02-74
02-04-75

04-06~75
07-27-67
11-04-48
07-31-70
12-30-71

01-03-73
01-02-74

02-06-75

01-29-76

. 08-01-48

BICAR-
BONATE

ACIDITY FET-FLD

(N6/L
#5

CACD3)
(00433}

(M6/L
S
HCE3)

{00440)

340
330
470

340 -

370

420
510
500
849
480

%0
450
330
330
480

290
330
440
440
430

490
430
520
380
450

310
280
210
270
20

230
270
280
290
400

CAR-
BONATE
FET-FLD
(NB/L
AS CO3)
(00445)

NITRO-
NITRO-  GEN,
GEN,  ORGANIC
TOTAL  TOTAL
(M6/L (N6/L
RSN ASN)

(00600)  {00603)

NITRO-
BEX,
ORGANIC
DIS-
SOLVED
(H6/L
AS N)
{00607)

NITRO-
6EN,
NITRATE
DIS-
SOLVED
(WS/L
8 N)
(00618)

NITRO-
NITRD-  GEN,
GEN,  NO2+NO3
NITRATE  DIS-
TOTAL  SOLVED
MB/L  MGIL
ASN SN

00620)  (00631)

PHOS-
PHATE,
ORTHD,

DIS-
SOLVED
(NG/L

AS PO4)

100660)

PHOS-
PHORUS,
ORGANIC
TOTAL
(N6/L
85 P)
(00670}

PHOS~
PHORUS,
ORTHO,
DIS-
SOLVED
(M6/L
AS P)
{00471)



DATE

10-07-71
10-03-72
03-27-713

03-01-74

03-05-73

05-04-76
11-01-66
07-12-67
10-24-48
07-01-69

08-04-70
07-01-71
06-01-72
07-02-73
05-30-74

08-05-75
03-08-76
07-03-47
07-01-68
07-01-49

09-02-70
12-30-71
01-03-73
01-02-74
02-04-75

04-06-75
07-27-67
11-04-58
07-3t-70
12-30-71

01-03-73
01-02-74
02-06-75
01-29-74
08-01-68

PHOS-
PHORUS,
ORGANIC
DIS-
SOLVED
(N/L
A8 P)
00673

HARD-

HARD-  NESS,
NESS  NONCAR-
(G/L  BONATE
AS (N6/L
CACO3)  CACO3)
{00900) (00902}

2300 2000
2300 2100
2300 1900
2400 2100
2000 1700
2100 1700
2100 1700
1900 1500
1700 1400
1600 1200
1400 950
1300 970
1400 940
430 160
720 330
10 300
1200 770
1400 1000
1300 980
1300 870
1300 8%0
1200 240
1200 730
1100 780
1200 800
940 320
2300 2100
2800 2600
2800 2600
2800 2600
2700 2500
3500 3300
3400 3200
2800 2600
1600 1200

CALCIUM

Dis-

SOLVED

{Ms/L

AS CA)
{00913)

460
a0
480
300
440

370
310
430
430
400

360
340
370
140
240

180
310
350
310
310

330
370
300
310
350

230
670
800
890
900

820
1100
980
800
420

Q9

MAGNE-
SIUM,
DIS-

SOLVED
(MB/L
AS ¥6)
(00925)

280
260
270
270
220

280
190
20
160
140

120
120
10
20
16

72
110
130
140
120

110

100
79
1)

87
150
190
130
140

160
190
230
200
130

SoDIuM
sapium, AD-
DIsS- SORP-
SOLVED TION
(M6/L  RATID  PERCENT
AS NA) sod1un
(00930)  €00931)  (00932)
2600 24 )
2500 2 &9
2500 A 70
2300 3 89
2300 3 I
2000 20 &8
1600 16 -
1600 14 -
1500 16 -
1400 16 -
1200 15 L}
1200 4 &
1200 15 bb
320 11 1
880 = 13 87
920 15 B
900 12 82
980 12 -
920 it -
890 11 -
840 11 38
850 it &0
780 10 39
750 10 59
1200 16 69
740 11 63
3000 29 -
3700 3 -
3700 32 L
3700 32 "
3500 30 3
4100 3 n
4100 32 2
3700 32 i
2300 26 -

SODIUN+
POTAS-
SIUM
Dis-
SOLVED
{MG/L
AS NB)
(00933)

POTAS-
sium,
DIs-

SOLVED
N6/
A5 K)

(00935)

16
16
19
8.2
15

12
i

18
13
15

RRE! I =

- b

ChLo-
RIDE,
DIs-
.SOLVED
(M6/L
AS CL)
(60940)

4300
4190
4300
4300
3700

3300
2800
2600
2300
2200

1800
1800
1800

630
1200

1200
1200
1600
1400
1300

1200

1100

1000
1200
1700

830
4700
3600
500
3300

9100
7000
6700
5700
3200



DATE

10-07-71
10-03-72
03-21-13
03-01-74
03-05-75

05-04-76
11-01-66
07-12-87
10-24-68
07-01-69

08-04-70
07-01-71
06-01-72
07-02-73
05-30-74

08-05-75
03-08-76
07-03-67
07-01-68
07-01-69

09-02-70
12-30-7¢
01-03-73
01-02-74
02-04-75

04-06-76
07-27-57
11-04-48
07-31-70
12-30-71

01-03-73
01-02-74
02-06-75
01-29-76
08-01-68

SULFATE
DIS-
SOLVED
(MG/L

AS 504)

(00943)

1400
1300
1300
1400
1300

1500
1200
1200
1100
1100

1000
990
1000
N
760

830
930
960
940
930

940

1100

930
760
1000

910
2100
2500
2500
2900

2300
2600
2500
2500
1700

FLug-
RIEBE,
bIS-
SOLVED
{86/
AS F)

!

SILICA,
DIS-
SOLVED
(NG/L

A5
§102)

bb
46

lgyg

BORON,
DIS-
SOLVED
(s /L
AS B)
(00950) {00955) (01020) (01046) 1{01056) (70300}

10

IRON,
DIS-
SOLVED
{UB/L
85 FE)

- S0L1DS,
NANGA- RESIDUE
NESE, AT 180
DIS-  DEG. C
SOLVED  DIS-
(UB/L  SOLVED
S M) (NB/L)

SOLIDS,
SUN OF
CONSTI-
TUENTS,

DIs-
SOLVED
(M5/L)
{70301)

9200
gsoo0
9100
9200
8300

7800
6500
6200
3900
3400

4800
4700
4900
1900
3400

3300
3700
4200
4000
3800

3700
3700
3400
3300
4700

3100
11000
13000
13000
13000

12000
15000
15000
13000

7900

SOLIDS, SOLIDS,
Dis- DIs-
SOLVED  SOLVED
{TONS  (TONS
PER PER

DAY)  AC-FT)
{70302}  (70303)

NITRO-
BEN,
ANHONTA
DIs-
SOLVED
(6/L
AS NH4)
(71846)



DATE

10-07-71

10-03-72
03-27-73
03-01-74
03-03-79

05-04-76
11-01-66
07~12-47
10-23-48
07-01-69

08-04-70
07-01-71
06-01-72
07-02-73
05-30-74

08~05~75

03-08-76
07-03~47
07-01-48
07-61-49

09-02-70
12-30-71
01-03-73
01-02-74
02-04-75

04-06-76
07-27-67
11-04-48
07-31-70
12-30-71

01-03-73
01-02-74
02-06-75
01-29-74

08-01-58

NITRO-
BEN,

NITRATE
TOTAL
(N5 /L

AS NO3) AS NO3)

(71830

NITRO-  NITRD-
BEN, BEN,

ELEV.
GF LAND

NITRATE NITRITE NITRO- SURFACE

b1s- DIs-
SOLVED  SOLVED
(M6/L  (M6/L

{71851) (71836)

§EN,
TOTAL
M6/

AS ND2) AS NOJ)

{71887)

11

DATUM
(FT.
ABOVE
NGVD)

{72000}

304
. 304
304
304
304

304
306
306
306
308

306
306
306
306
306

306
306
301
301
301

301
301
301
301
301

301
31
3l
3
U

N
3
3
31t
307

DEPTH
0F
WELL,
TOTAL
(FEET)
(72008)

71.00
71,00
77.00
71.00
71.00

71.00
66.00
66.00
66,00
66.00

66.00
66,00
64,00
66.00
56,00

66.00
64,00
96.00
96.00
96.00

96.00
96.00
96.00
96.00
96.00

95,00
94.00
94.00
94.00
94.00

94.00
94.00
94.00
94.00
98.00

DEPTH
16 TOP
OF
SAMPLE
INTER-
VaL
{FT}
{72013)

DEPTH'
10 BOT-
TOM OF
SAMPLE
INTER-
VaL
{FT)
{72018)

SEDI-
" NENT,
DIs-
CHARGE
Sus-
PENDED
(T/DAY)
{80135)

-
-
-

SEDI-

HENT,

DISCH,
SUSP. +
BED MA-
TERIAL
(T/DAY)
{80154)

DRAIN-
AGE
AREA
‘sg.
Hl.)

(81024)



LOCAL
IDENT-

FIER

£-07-15 26CCB
C-07-15 25CCB
C-07-13 24CCB
C-07-15 25€CB
C-07-15 24CCB

C-07-15 24CCB
£-07-15 26CCB
C-07-15 25CCB
C-07-15 29BAR2
C-07-15 29BAR2

€-07-15 29BRA2
£-07-15 29BAA2
€-07-15 30B0D
C-07-15 30BDD
C-07-13 30BDD

C-07-15 30BDD
C-07-15 3080D
€-07-15 3080D
€-07-15 30BDD
€-07-15 30BDD

C-07-15 30BDD
C-07-15 308DD
C-07-15 30BDD
€-07-15 30BDD
C-07-16 258BCC

C-07-16 25BCC
C-07-16 23BCC
C-07-16 23BCC
C-07-16 25BLC
£-07-16 33CBB

C-07-16 33CBB
C-07-16 33CBB
C-07-16 33CBB
C-07-16 33CBB
C-07-16 33CBB

DATE

10-01-69
10-01-70
06-10-71
05-01-72
03-27-73

02-14-74
02-04-75
01-29-76
04-03-72
05-01-73

05-08-74
05-01-75
07-03-67
01-02-68
08-01-58

01-06-49
08-07-69
01-05-70
08-04-70
12-30-71

06-05-73
09-056-74
09-05-75
06-04-76
07-01-68

02-01-73
02-14-74
02-04-73
01-29-76
12-05-63

06-03-64
08-28-64
03-01-83
12-17-65
02-28-56

SAMPLE TEMPER-
NUMBER  ATURE
{DE6 ©)
{00010)

{00008)

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230

1230

1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

S 12

" RGENCY  AGENCY

coL- ANA-
LECTING LYZING
SAMPLE  SAMPLE

(CODE  (CODE
NUMBER)  NUMBER)
(00027}  (00028)

- 1076
- 1076

SPE-
CIFIC
CON-
pucT-
ANCE

ws/om
(00095)

10800
11100
10300
9720
8900

9240
8450
7770
3510
7070

7130
7430
11800
12600
12100

12000
12300
12100
11200
11400

10600
9840
9330
9450
8510

3720
3990
S240
3010
3920

8100
9250
12000

. 9940

10500

ORYSEN,

IS~

SOLVED

{PER~ PH
CENT  (STAND-
SATUR-  ARD

ATION) UNITS)
(00301} {00400)

- 1.9
- 8.1
- 7.8
- 7.9

-~ 1.7
- 8.0
- 1.9
-- 1.9
. == 1.9

- 7.8
- 7.6

CARBON
DIOXIDE
DIS-
SOLVED
{Ms/L
AS C02)
(00403)

1.1
7.9
2.6
8.7

14
5.4
8.3
8.7

10

i
20

ALKA-
LINITY
FIELD
(M6/L
S
CACOS)
{00410)

317
317
A3
312
395

351
216
350
335
423

312
a4
390

383

376
426
463

482
318
316
469
403

387
398
33
385
308

343
340
348
328
33



DATE

10-01-69
10-01-70
06-10-71
03-01-72
03-27-73

92-14-74
02-04-75
01-29-76
04-03-72
05-01-73

05-08-74
05-01-75
07-03-67
01-02-48
08-01-68

01-06-59
08-07-4%
01-05-70
08-04-70
12-30~-71

06-05-73
09-06-74
09-03-73
06-04-75
07-01-48

02-01-73
02-14-74
02-04-75
01-29-76
12-05-43

06-03-64
08-28-44
03-01-65
12-17-63
02-28-66

BICAR-
BONATE
ACIDITY FET-FLD
(6/L  (MS/L
AS AS
CACO3)  HCO3)
{00435)  (00440)

- 390
- 390
- £30
- 30
- 130

- 430
- 340
- 430
- 430
- 920

- 15
- 510
- 480

- 470

- 450

- 320

- 30
- 450
- 630
- - 370
- 490

- 470
- 490
- 470
- 470
- 380

- 420
- 410
- 420
- 400
-~ 400

CAR-
BONATE
FET-FLD
{N6/L
AS CO3)
{00443)

NITRO-
BEN,
TOTAL
(NG/L
AS M)
100600)

NITRO-
6EN,
ORGANIC
TOTAL
{N6/L
RS W)
{00605}

13

NITRO-
BEN,
ORGANIC
DIs-
SOLVED
(N6 /L
AS N)
(00607}

NITRO-
6EN,
NITRATE
DIS-
SOLVED
(NG/L
AS W)
(00518)

-

NITRO-
BEN,
NITRATE
TOTAL
M6/
AS N}
100520)

NITRO-
6EN,
NDZ+NO3
DIS-
SOLVED
{M6/L
AS N)
(00631}

PHOS-
PHATE,
ORTHO,

DIS-
SOLVED
{6/L

AS PO4)

100660}

PHOS-
PHORUS,
GRGANIC
TOTAL
6L
AS P)
{00670}

-

PHOS-
PHORUS,
ORTHO,
DIS-
SOLVED
(B/L
85 P)
(00671)



DATE

10-01-69
10-01-70
06-10-71
05-01-72
03-27-13

02-14-74
02-04-75
01-29-74
04-03-72
05-01-73

05-08-74
05-01-75
07-03-67
01-02-58
08-01-68

01-06-69
08-07-49
. 01-03-70

08-04-70
- 12-30-71

06-05-73
09-06-74
09-05-75
06-04-76
07-01-48

02-01-73
02-14-74
02-04-73
01-29-76
12-05-63

06-03~64
08-28-44
03-01-65
12-17-43
02-28-66

PHDS-
PHORUS,
ORGANIC

is-

SOLVED

(6/L

As P
(006731

HARD-
NESS
(N6/L
AS
CACD3)
100900

1400
1400
1600
1200
1100

1200
1000
990
350

1300

1200
1300
2000

2000

2000
1900
1900

1600
1400
1300
1400

850
750
700
640
1400

1900
2200
3000
2400
2500

HARD~
NESS,
NDNCAR-
BONATE
{(N6/L
LACO3)
(00902)

1000
1000
1100
850
760

860
30
640
200
890

870
900
1600

1500

1600

1500
1500

1100
970
830
950
430

460
330
320
250
1100

1600
1900
2700
2100
2100

CALCIUM

Dis-

SOLVED
(6/1
AS cA)
{00915)

380
400
410
320
310

350

470
330
740
390
390

14

MAGNE-
STUM,
DIs-

SOLVED
(NG/L
AS ¥6)
(00925)

110
130
230

230

20

170
190

180
140
120
150

95

89
61
XS
"
130

190

230
250

S0DIuN
sopIL, AD-
bis- SORP-
SOLVED TION
(N6/L  RATID PERCENT
AS NA) : SODIUN
(00930) (00931} (00932)
2000 s} -
2000 3 76
" 1800 20 n
1800 3 n
1700 2 76
1700 2 75
1500 21 76
1400 21 76
380 i1 1]
1200 14 85
1200 15 67
1200 15 b6
2300 3 I3
2200 2 n
2200 2 70
2100 n n
2100 21 70
1900 21 12
1800 2 74
1700 21 3
1700 20 72
1200 18 76
1000 18 72
1000 17 1L
900 13 1A
920 16 75
800 10 -
1200 12 -
1300 13 -
1800 14 -
1300 14 -
1500 14 -

SODIuM+
POTAS-
SItM
DIs-
SOLVED
(M6/L
AS NA)
{00933)

POTAS-
SIum,
DIS-

SOLVED

(me/L

AS X)

(00933)

9.0
16
1]
16

16
15
1
9.0
17

18
13

CHLO-
RIE,

DIS-

SOLVED
(N6/L
A CL)
(00940}

2900
2900
2600
2300
2100

2300
2100
1800

590
1300

1600
1600
3400

3309

3300

3000
2900

2500
2300
2100
2100
1300

990
950
10
820
1400

2200
2600
3700
2900
3000



L

DATE

10-01-69
10-01-70
04-10-74
05-01-72
03-27-73

02-14-74
02-04-75
01-29-74
04-03-72
05-01-713

05-08-74

05-01-75
07-03-47
01-02-68
08-01-68

01-06-49
08-07-49.
01-05-70
08-04-70
12-30~-71

06-05-73
09-06-74
09-05-75
06-04-76
97-01-48

02-01-73
02-14-74
02-04-75
01-29-76
12-03-83

06-03-64
08-28-44
03-01-63
12-17-63
02-28-566

SULFATE
DIS-
SOLVED
{M6/L

AS 504

(00945}

1400
1400
1400
1300
1200

1200
890
1000
590
1200

1200
1200
1700

1700

1700

1600
1900

1700
1500
1300
1600
1200

1100
1100
1200
1100

870

1100
1200
1400
1200
1200

FLUG-  SILICA,

RIDE,  DIS-
DIS-  SOLVED
SOLVED  (M6/L
(/L 85
ASF)  SID
(009500  (00955)
- k7]
- 3
- 3
- .
- 3
- 27
- 7
- 14
- 3
- el
- 30
- 28
- ya
- 3

BORON,
DIs-
SOLVED
(we/L
AS B!
{01020

iS5

IRON,
DIs-
SOLVED
(uB/L
AS FE)
(01046)

SOLIDS,
RESIDUE
AT 180  CONSTI-
DEE. C TUENTS,
BIs-
SOLVED  SOLVED
(6/L)
(703001

HANGA-
NESE,
bIS-
SOLVED
(/L
45 M)
01056)

SOLIDS,
SuM oF

DIS-

(M6/L)
(70301)

7000
1000
- 6700
6000
3600

3800
3000
4300
200
4500

4600
4800
8300
8300
8100

8400
8100
8400
7600
7800

4500
4400
6100
6200
4200

3700
3600
3600
3300
3700

5300
6100
8100
64600
6700

SOLIDS, SOLIDS,
DIS- D1s-
SOLVED . SOLVED
(TONS  (TONS
PER PER
DaY)  AC-FT)
(70302)  {70303)

- 7.9
- 6.9
- &.7
-~ 3.0
- 6.2

- 6.3
- 6.3
- 11.7
- 163
- 11.4

- 11.4
- 1.7
- 11.4
- 10.8
- 10.7

- 9.4
- 8.7
- 8.4
- 8.5
- 3.9

- 5.0 ’

NITRO-
BEN,
AMNONIA
DIS-
SOLVED
(Me/L
AS NHA)
(71846)



DATE

10-01-49
10-01-70
06-10-71
05-01-72
03-27-73

02-14-74
02-04-75
01-29-76
04-03-72
05-01-73

05-08-74
05-01-75
07-03-67
01-02-48
08-0{-58

01-06-49
08-07-69
01-05-70
08-04-70
12-30-71

06-05-73
09-06-74
09-05-73
06-04-74
07-01-68

02-01-73
02-14-74
02-04-73
01-29-76
12-05-43

06-03-64
08-28-64
03-01-45
12-17-65
02-28-b6

NITRO-
6EN,
NITRATE
ToTAL
(n6/L
AS NE3)
(718501

NITRO-
GEN,
NITRATE
DIS~
SOLVED
(N6/L
AS NO3)
{71851)

NITRD-
GEN,
NITRITE
DIS-
SOLVED
(M6/L
AS NO2)
(71836}

NITRO-
BEN,

TOTAL
Ms/L

AS NO3)

(71887)

16

ELEV.
GF LAND
SURFACE

DATUN

(FT.

ABOVE

NGVD)
(72000)

307
307
307
307
307

307
307
307
297
297

ratl
a1l
293
293
293

93
293
293
293
293

293
293
293
293
286

286
285
288
285
Figp)

215
275
75
275
275

DEPTH
OF
WELL,
TOTAL
(FEET)
(72008)

98.00
98.00
98.00
78.00
98.00

98.00
98.00
98.00
100.00

100.00

100.00
100.00
142,00
142.00
142.00

142,00
142.00
142.00
142.00
142.00

142.00
144,00
144.00
144,00
144.00

144,00
144.00
144.00
144.00

89.00

89.00
89.00
89.00
89.00
89.00

DEPTH
10 TOP
oF
SANPLE
INTER-
VAL
(FT)
(72015)

DEPTH
10 BOT-
TON OF
SANPLE
INTER-
VAL
(FT)
{72016)

SEDI-
MENT,
DIS-
CHARSE,
SUS-
PENDED
(T/DAY)
(B0153)

SEDI-
HENT,

DISCH,
SUSP. +
BED MA-
TERIAL
(T/04Y)
{80156)

DRAIN-
AGE
AREA
(se.
1.

(81024



——

LaocaL
IDENT-

FIER

C-07-16 33CBB
€-07-16 33CBB
C-07-16 33CBB
C-07-16 34BBB
£-07-16 J4BBB

C-07-16 34888
C-07-16 34BBB
£-07-16 34B8B
C-07-1& 34BBB
€-07-16 34BBB

C-07-16 34BEB
C-07-16 34338
C-07-17 34000
£-07-17 34000
C-07-17 34000

C-07-17 34000
C-07-17 340DD
€-07-17 34000
C-07-17 3400D
£-07-17 34000

C-07-17 34000
£-07-17 34000
C-07-17 34000
C-07-17 34000
C-07-17 34000

C-07-17 34000
C-08~16 O1BLC
£-08-16 018CC
C-08-16 01BCC

I-

C-08-16 018CC -

€-08-16 01BCC
C-08-16 01BCC
C-08-16 01BLC
€-08-16 01BCC
c-08-16 01BCC

DATE

03-28-74
03-05-73
05-04-74
01-06-69
10-01-69

01-02-70
10-01-70
10-07-71
10-03-72
10-04-73

10-01-74
10-06-75
08-28-64
03-30-63
07-07-63

06-20-66
09-19-67
10-24-68
10-02-49
10-05-70

10-08-71
02-02-72
02-05-73
03~01-74
05-01-75

06-03-76
12-05-63
02-27-64
08-28-64
03-01-63

08-30-635
12-01-65
02-28-66
07-01-66
07-03-67

SAMPLE TEMPER-
NUMBER  ATURE
(DES O)
{00010}

(00008}

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

AGENCY
coL-
LECTING
SAMPLE
(CODE
NUMBER)
(000272

ABENCY
ANA-
LYLING
SANPLE
(COIE
NUMBER)
(00028)

1076
1076

1076
1076
1076
1074
1076

DXYSEN,

SPE- DIs-
£IFIC  SOLVED
CON- {PER-
BuCT- CENT
ANCE SATUR-

{us/cM)  ATION)
(00093) (00301)

12400 --
10100 —
910 -
%70 -
9390 -

8540 —
7850 -
010 -
6490 —
6100 -

%50 -
%0 -
12800 -
11900 --
11800 -

10500 -~
10200 -
9290 --
8680  --
7040 --

e . -
70 -
8500 -
7140 --
8150 —

530 -
3630 -
4160 -~
210 -
M3 -

29% -
£29 -
55 -
420 -
455 -

PH
(STAND-
ARD

UNITS)
{00400)

1.5
7.3
1.4

8.0
1.7
7.8
1.8

8.0
1.7

CARBON

DIOXIBE
" DIS-
SOLVED
{M6/L

#S £02)
(004035)

3.7

i1
17
14
12
19

ALKA-
LINITY
FIELD
(M6/L
AS
CACO3)
{00410}

388
38
415

-

461

455
428
415
45

S6b
440

338

343
360
360
359
N

358
387
376

403
349
367
353
n

360
390

393
323



ey

DATE

03-28-74
03-03-73
05-04-76
01-06-49
10-01-69

01-02-70
10-01-70
10-07-71
10-03-72
10-04-73

10-01-74
10-06-75
08-28-44
03-30-65
07-07-635

06-20-6b
09-19-47
10-24-48
10-02-69
10-05-70

10-08-71
02-02-72
02-05-73
03-01-74
03-0¢-73

06-03-76
12-05-63
02-27-64
08-28-64
03-01-43

08-30-465
12-01-45
02-28-66
07-0{-66
07-03-67

BICAR-
BONATE
ACIDITY FET-FLD
(N6/L  (MG/L
S RS
CACO3)  HCO3)
(00435) (00440

- )
- 470
- 510

- 690
- 340
- 410
- 410
-~ 410

- 420

- 410
- 40
- 430

- 430
- 40
- 450

- 40

- 490
- 430
- 430
- 130
- 450

- 480
- 480
-~ 390

CAR-
BONATE
FET-FLD
(M6/L
as Co3)
(00445)

[— K~ B S -

L

NITRG-
8EN,
TOTAL
(M6/1
&S N}
{00600)

NITRO-
BEN,
ORGANIC
TOTAL
(M6/L
AS N)
(00605)

18

NITRO-
BEN,
ORGANIC
Dis-
SOLVED
(6 /L
#s N)
(00607)

NITRO-
6EN,
NITRATE
DIS-
SOLVED
(ME/L
A N
(00618)

NITRO-
BEN,
NITRATE
TOTAL
{H6/L
As N}
100420)

NITRO-
6EN,
NO2+NO3
DIs-
SOLVED
(H6/L
AS N)
(00631)

PHOS-
PHATE,
ORTHO,

DIS-
SOLVED
(M6/L

AS PO4)

(00660)

PHOS-
PHORUS,
ORGANIC
TOTAL
(NB/L
7S P}
(00670)

PHOS-
PHORUS,
ORTHO,
DIs-
SOLVED
(M6/L
45 P)
(00871)



DATE

03-28-74
03-053-73
05-04-76
01-04~89
10~-01-49

- 01-02-70

10-0t-70
10-07-71
10-03-72
10-04-73

10-01-74
10-06-75
08-28-b4
03-30-635
07-07-53

04-20-66
09-19-67
10-24-48
10-02-69
10-05-70

10-08-71
02-02-72
02-05-73
03-01-74
05-01-75

06~03-76
12-05-63
02-27-64
08-28-64

03-01-65

08-30-65
12-01-85
02-28-46
07-01-86
07-03-67

PHOS-
PHORLS,
ORGANIC
DIS-
SOLVED
(N6/L
A5 P)
(00673

HARD-

HARD-  NESS,
NESS  KONCAR-
{M6/L  BONATE
AS M6/L
CACO3)  CACOS)
(00900)  {00902)
2500 2100
2000 1600
1800 1400
1300 8560
1100 600
920 90
860 540
800 330
780 190
780 340
1900 1600
1700 1400
1600 1300
1400 1100
1300 950
1100 m
980 620
T30 360
820 7
960 600
980 680
680 300
820 M0
710 310
1100 780
1400 980
1400 1000
1400 1100
1400 1000
1400 1000
1500 1100
1400 1000
1300 1000

CALCIUN
DIS-
SOLVeED
(M6/L
AS CA)
{00915}

640
320
420

300

28
240
280
210

180
180
400
350
330 .

280
210
230
210
190

250

150
170

150
290
340

390
350
370

380
330

19

MAGNE-
SIUN,
DIs-

SOLVED
(N6/L
AS ¥B)
{00925)

230
170
190

140

110
80
L1
LT

7
9
230
210
190

170
160
130
110

82

I}

100
2
95

82
100
120
130
110

120
130
130
130
130

SODIUN,
s-
SOLVED
(M6/L
AS NA)
{00930

1900
1600
1400

1800

1500
1400
1200
1100

1100
1000
2400
2300
200

2000

1900
1800
1600
1300

1500
1700
1700
1400
1600

1500
410
440
470
490

480
490
520
310
330

SODIUM
AD-
SORP-
TION

RATID  PERCENT

(00931)

17
16
15

2

21
20
18

18

18
16

SODIUM
{00932

62
&3
63

*

n
76
75
£

1
74

n
80
78
81

81

SODIUM+
POTAS-
SIUN
DIs-
SOLVED
(MG/L
AS NA}
{00933)

POTAS-
Sium,
DIs-

SOLVED

(N6/L

AS K}

{00935}

14
12
15
1
10

CHLO-
RIDE,
pIS-
SOLVED
{N6/L
RS CL)
{00940

3300
2400
2200

2100

1700
1400
1200
1100

1100

970
3700
3400
3200

2700
2500
2200
2000
1400

1700
1900
1900
1500
1800

1500
570
T
79
850

770
810
860
830
820



DATE

03-28-74
03-05-73
05-04-76
01-04-69
- 10-01-6%9

01-02-70
10-01-70
10-07-71
10-03-72
10-04-73

10-01-74
10-06-75
08~28-64
03-30-65
07-07-63

06-20-66
09-19-47
10-24-68
10-02-69

10-05-70

10-08-71
02-02-72
02-05-73
03-01-74
05-01-75

06-03-76
12-05-63
02-27-64
08-28-64
03-01-45

08~30-65
12-01-65
02-28-66
07-01-6b
07-03-67

SULFATE
‘DIS-
SOLVED
{M6/L
AS S04}
{00943)

1300
1400
1400

1700

1600
1300
1200
1200

1100
1100
1600
1600
1500

1400
1300
1400
1300
1200

1300
1500
1400
1100
1300

1200
830
880
910
930

710
920
950
950

m

FLUD-  SILICA,

RIDE,  DIS-
DIS-  SOLVED
SOLVED  (MG/L
M6/L  AS
SF S0
(00950)  (00955)
~ 2
- %
- 5
- i
- »
- 4
- %
- [y

BORDN,
DIS-
SOLVED
(Us/L
AS B)
01020)

20

IRON,
DIS-
SOLVED
{us/L
AS FE)
{01046}

NANGA-
NESE,
DIS-
SOLVED
(US/L
AS M)
(01056}

SOLIDS,
RESIDUE
AT 180
DEG. €
DIS-
SOLVED
(MB/L)
(70300)

-

!

SOLIDS,
SUM OF
CONSTI-
TUENTS,

DIS-
SOLVED
(46/L)
(70301)

7900
6300
3900
6500
6200

3%00
3400
4700
4200
4000

4000
3600
8300
8000
7600

6800
6500
6000
3300
4400

3000
35600
3400
4400
3200

4700
2400
2800
2900
3000

2800
2900
3100
3000
3000

SOLIDS, SOLIDS,

DIS-

SOLVED  SOLVED

(TONS
PER
DAY)

(70302}

DIS-

(TONS
PER
AC-FT
{70303)

10.7
8.9
8.0
8.9
3.0

850
1.1
6.5
3.7

5.5 )

5-‘
3.0

NITRO-
6EN,
ANNONIA
DIS-
SOLVED
(NG/L
AS NHA)
(71846)



. DATE

03-28-74
03-03-75
05-04-76
01-06-6%9
10-01-49

01-02-70
10-01-70
10-07-74
10-03-72
10-04-73

10-01-74
10-056-73
08-28-64
03-30-63
07-07-65

05-20-46
09-19-67
10-24-48
10-02-69
10-05-70

10-08-74
02-02-72
02-03-13
03-01-74
05-01-75

06-03-74
12-05-63
02-27-44
08-28-b4
03-01-43

08-30-45
12-01-63
02-28-56
07-01-b6
07-03-67

NITRO-

GEN,
NITRATE
TOTAL

(M6/L
AS NOS)
{71850)

NITRO-
GEN,
NITRATE
DIs-
SOLVED
6L
AS NO3)
(71851)

NITRO-
GEN,
NITRITE
bIs-
SOLVED
{M6/L
AS NO2)
(71836)

NITRO-
BEN,
TOTAL
(46/L
AS NO3)
(71887)

21

ELEV.
OF LAND
SURFACE

DATUM

(FT.

ABOVE
NGBVD)
(72000

25
25
20
2n
2n

279
mn
2n
m
27

2
m
268
266
266

266
266
266
266
266

266
266
266
26
266

.26
283
283
283
283

- 283
283

283

DEPTH
OF
WELL,
TOTAL
(FEET)
{72008)

89.00

89.00
89.00

90.00

90.00

?o'oo
90.00
90.00
90.00
90.00

92.00
92.00
96.00
96.00
96.00

95.00
95,00
96.00
96.00
96.00

95.00
96.00
96,00
94.00
?6.00

94.00
103.00
103.00
103.00
103.00

- 103.00

103.00
103.00
103.00
103.00

DEPTH
T0 TGP
OF
SAMPLE
INTER-
VAL
(FT)
{72013}

DEPTH
T8 BOT-
TOM OF
SAMPLE
INTER-
VAL
{FT)
(72016)

SEDI-
NENT,
DIS-

SEDI-
MENT,
DISCH,

CHARGE, SUSP. +

SUS-

BED MA-

PENDED  TERIAL

(T/08Y)
{80155)

{T/DAY}
{80136)

DRAIN-
ABE
AREA
(se.
ML)

(81024)



IDENT-

- FIER

C-08-15 01BCC
C-08-16 01BCC
€-08-16 01BCC
C-08-16 01BCC
€-08-16 01BCC

C-08-16 01BCC
C-08-16 04BAR
£-08-16 04BAA
C-08-16 04BAA
C-08-16 04BAA

C-08-15 09BDD
C-08-16 09BDD
C-08-16 098DD
C-08-16 09800
C-08-16 09BDD

C-08-16 0980D
C-08-16 07800
C-08-16 11BBB
C-08-16 11BBB
€-08-16 11BBB

£-08-16 11BBB
C-08-16 11BBB
C-08-16 11BBB
C-08-16 11BBB
€-08-16 11BBB

C-08-16 11BBB
C-08-16 11BBB
C-08-156 11BBB
C-08-16 22BBA
C-08-16 228BA

C-08-16 22BBA
C-08-16 22BBA
C-08-16 22BBA
C-08-16 22BBA
C-08-16 228BA

DATE

07-02-68
07-18-69
08-04-70
02-01-72
02-01-73

01-02-74
03-03-69
07-02-49
11-30-70
01-29-76

08-07-69
09-02-70
01-03-72
01-03-73
05-07-74

04-02-75
03-04-78
12-05-63
02-27-64
08-28-84

10-24-68
07-02-69
09-29-70
06-10-71
05-01-72

04-30-73
11-05-74
10-03-73
01-03-68
01-05-68

07-62-68
01-07-69
07-62-69
01-05-70

- 09-02-70

SAMPLE TEMPER-

NUNBER  ATURE

(00008)

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230

1230

1230
1230
1230

(DEG C)
{00010}

22

ABENCY  AGENCY
CoL- ANA-
LECTING LYZING
SAMPLE  SANPLE
(CODE  (CODE
NUMBER)  NUMBER)
{00027)  (00028)

DIYGEN,
SPE-  DIS-
CIFIE  SOLVED
CON-  (PER-
NCT-  CENT
ANCE  SATUR-

(US/CH)  ATIDN)
{00095)  (00301)

4690 -~
4980 -
W -
730 -~
4640 -

M0 -
as -
3060 -
080 —
me -

‘0 -
V20 -
490 -
8 -
8% -

1580 -
810 -
8530 -
M0 —
TH -

030 -
w|e -
N0 -
o --
b0 -

HWw -
w0 -
31 -
3 -
3030 -

325 -
3380 -
320 -
J1g0 -
a0 -

PH
(STAND-
ARD

UNITS)
{00400)

8.1
7.7
1.8

1.7

1.4

1.8
1.7
1.7
1.6

1.5
1.5

CARBON
DIDXIDE

DIS-

SOLVED

{N6/L
A5 €02)
{00403)

6.0
13
12

8.1
19

17

14
20

3.4

ALKA-
LINITY
FIELD
(M6/L
AS
CACO3)
{00410)

353
399
390
400
405

382
383
410
445

365
400
403

464

45
426
386
616
3!

398
Y
321
418
430

1
358
402

270

239

20


http:11-30.70

DATE

07-02-68
07-18-69
08-04-70
02-01-72
02-01-73

01-02-74
03-03-6%
07-02-49
11-30-70
01-29-78

08-07-59
09-02-70
01-03-72

01-03-73 -

05-07-74

06-02-75
05-04-76
12-05-63
02-27-64
08-28-64

10-24-48
07-02-69
09-29-70
06-10-71
05-01-72

04-30~73
11-05-74
10~03-75
01-03-48
01-05-48

07-02-68
01-07-49
07-02-69
01-05-70

09-02-70

BICAR-
BONATE
ACIDITY FET-FLD
{46/l (M6/L
As AS
"CACO3)  HCO3)
{00435) (00440}

- 430
- 450
- 480
- 430
- 90

- 470
- 470
- 300
- an

430
490
- 490
- 340
a0

!

340
920
no
70
670

N I

490
630
- 640
- 310
- 00

- 640
- 440
- 490

- 330
- 310
- 20

- 21

CAR-
BONATE
FET-FLD
{M6/L
RS CO3)
(00443)

NITRO-  NITRO-
NITRO-  GEN, GEN,
NITRO-  GEN, ORGANIC NITRATE
GEN, (ORGANIC  DIS- D1s-
TOTAL  TOTAL  SOLVED  SOLVED
(W6/L  (M6/L  (M6/L  (MB/L
ASN  ASN) ASN) RSN
{00600) (00605) (00&07) {00618)

23

NITRO-
GEN,
NITRATE
TOTAL
{Ns/L
As N
{00620)

!

!

NITRO-
GEN,
NO2+NO3
DIS-
SOLVED
(N6/L
AS N)
{00631)

PHIS-

ORTHO,
DIS-
SOLVED
{M5/L
AS POA)
(00660}

PHATE,

Pﬂus_
PHORUS,
ORGANIC

TOTAL

(MB/L

85 P)
(00670)

PHOS-
PHORUS,
ORTHD,
DIS-
SOLVED
(MB/L
A5 P
(00871)



DATE

07-02-48
07-18-49
08-04-70
02-01-72
02-01-T3

01-02-74
03-03-69
07-02-69
11-30-70

01-29-76

08-07-69
09-02-70
01-03-72
01-03-73
05-07-74

06~02-75
05-04-76
12-05-63
02-27-54
08-28-64

10-24-68
07-02-49
09-29-70
06-10-71
05~01-72

04-30-73
11-05-74
10-03-75
01-03-68
01-05-48

07-02-68
01-07-59
07-02-69
01-05-70
09-02-70

PHOS-
PHORUS,
ORGANIC

bIS-

SOLVED

(MG/L

RS P)
{00673)

HARD-

HARD-  NESS,
NESS  NONCAR-

(WE/L  BONATE
A MEIL
CACOS)  CACO3)
(00900)  (00902)
100 1000
1400 1000
1400 1000
1300 920
1300 990
100 750
1300 920
1300 89
1500 1100
1500 1100
1600 - 1200
1300 940
400 8%
1200 740
1000 3550
1200 730
1700 1100
150 920
1400 900
1100 69
1000 500
%0 470
930 510
1000 550
1000 510
890 540
%0 500
150 180
S0 300
570 330
520 300

CALCIUN
D1s-
SOLVED
{M6/L
RS CA
(00915}

M0
360
380
310
340

300
320
370
380

380
410
370
380
320

260
280
400
350
320

240
230
0
300
0

20

200
200

110
130
140

150

{

24

MAGNE-
SIUK,
D15-

SOLVED

(MB/L

AS N}

00925)

130
120
110

94
11e

9
120

92
140

130
140
100
100

9

86
110
170
160
140

120
100
%
4
100

71
99
98

4

SODIUM
SODIUN,  AD-
DIS-  SORP-
SOLVED  TION
(NG/L  RATID PERCENT
AS NA) SOD1UM
(00930)  (00931) (00932)
550 7 -
810 7 -
850 B 50
460 8 52
610 8 50
400 8 53
£80 8 53
710 9 65
800 9 53
780 9 -
) 9 51
820 10 s7
740 9 54
710 9 56
700 10 40
630 8 54
1500 % -
1300 5 -
1200 o -
960 13 -
970 " -
910 13 b6
880 13 &7
900 13 85
890 12 &5
900 1" 68
850 13 &
990 21 £
970 19 i
950 18 7900
849 17 78

SODIuM+
POTAS-
S1uM
DIS-
SOLVED
(MB/L
AS NR)
{00933)

POTAS-
Sium,
DIS-

SOLVED

{MG/L

45 K

(00935)

-

13
13
16

15

14

14
12
14
13

10
1t

CHLO-
RIDE,

DIS-

SOLVED
(ME/L
AS CL)
(00940)

850
940
8560
840
780

740
830
820
1000

1300
1300
1100
950
840

130
700
2000
1700
1600

1200
1100
1000
1000
960
940
930
930
960
1000
1000

860



DATE

07-02-48
07-18-69
08-04-70
02-01-72
02-01-73

01-02-74

03-03-6%9 -

07-02-6%
11-30-70
01-29-76

08-07-6%
09-02-70
01-03-72
01-03-73
05-07-74

06-02-75
05-04-76
12-05-63
02-27-b4
08-28-64

10-24-68
07-02-49
09-29-70
06-10-74
05-01-72

04-30-73
11-05-74
10-03-75
01-03-68
01-05-58

07-02-68
01-07-69
07-02-69
01-05-70
09-02-70

SULFATE
DIS-
SOLVED
{NB/L

AS S04)

{00945)

990
1000
780
1100
1100

910
1200
1200
1300

1000
1000
1100
1000
1000

920
1000
1600
1400
1200

1100
1000
1000

950
1100

1000
1000
930

960

950

900

FLUC-  SILICA,

RIDE,
ps-
SOLVED
(M6/L
A5 F)
{00950)

BIS-
SOLVED
(N6/L
As
5102)
(00935)

28

26

BORON,
DIS-
SOLVED
{US/L
A5 B
(01020)

25

IRON,
DIs-
SOLVED
We/L
AS FE)
(01046)

SOLIDS, SOLIDS,
MANGA- RESIDUE SUM OF
NESE, AT 180. CONSTI-
DIS-  DEG. C TUENTS,
SOLVED  DIS-  DIS-
W6/L  SOLVED  SOLVED
AS M) (MB/L)  (NB/L)
(01056) (70300} (70301}

- - 3100
- - 3300
- - 3200
- - 3300
- -~ 3200

- - 2900
- - 3700
- - 3400
- - 3500
- - 3900

- - 3800
- -~ 3900
- - 3800
- - 3300
- - 3300

- - 3000

- - 3100

- 5900
- - 5300
- - 4500

- - 3800
- - 3800
- - 3700
- - 3500
- - 3600

- - 300
- - 3400
- - 3300
- - 3500
- - 3200

- -- 3300
- -- 3400
- -- 3300
- - 3400
- - 2900

soLids, SOLIDS,

DIS-

SOLVED  SGLVED

{TONS
PER
DAY}

{70302

DIS-

(TONS
PER
AC-FT)
(70303)

4.0
3.0
4.9
31
3.3

4.9
4.7
4.5
4.7
4.3

4.6
4.7
4,7
4.6
4.2

NITRO-
§EN,
ANNONIA
Bs-
SOLVED
(NB/L
AS N4}
(71846}



—-

DATE

07-02-68

07-18-49
_ 08-04-70

02-01-72
02-01-73

01-02-74
03-03-69
07-02-6%
11-30-70
01-29-76

08-07-69
09-02-70
01-03-72
01-03-73
05-07-74

056-02-75
05-04-76
12-05-63
02-27-64
08-28-64

10-24-48
07-02-69
09-29-70
06-10-71
05-01-72

04-30-73
11-05-74
10-03-75
01-03-48
01-05-48

07-02-48
01-07-49
07-02-69
91-03-70
09-02-70

NITRO-
NITRO-  GEN,
BEN,
NITRATE
TOTAL
(B/L
AS KO3)
(71850)

D15-

NITRO-
BEN,
NITRATE NITRITE
DIS-
SOLVED  SOLVED
(M6/L -
A5 NO3) AS NO2)
(71851)

{M6/L

(71836}

ELEV.
OF LAND

NITRO- SURFACE DEPTH

BEN,
TOTAL
(M6/L

AS NO3)

{71887

26

DATUN
(FT.
ABOVE
NGVD)

{72000

283
283
283
283
283

283
274
276
276
276

270
270
270
210
270

270
21
281
281
281

281
281
281
281
281

281
281
281
294
294

294
294
294
294
294

OF
WELL,
TOTAL
(FEET)

(72008)

103.00
103.00
103.00
103.00
103.00

103.00
97.00
97.00
97.00
97.00

109.00
109.00
109,00
109.00
109.00

109.00
109.00
63.00
63.00
63.00

63.00
63.00
63,00
63.00
63.00

63.00
63.00
63.00
72.00
72.00

72.00
72.00
72,90
72.00
72.00

DEPTH
T0 TOP
oF
SAMPLE
INTER-
vaL
(FT)
{72015)

DEPTH
T0 BOT-
TOM OF
SANPLE
INTER-
VAL
(FT)
(72016}

SEDI-
NENT,
DIS-
CHARGE,
SUS-
PENDED
(1/08Y)
(80155)

SEDI-

HENT,

DISCH,
SUSP, +
BED MA-
TERIAL
{T/DRY)
{80138)

DRAIN-
ABE
AREA
{5a.
ul.)

(81024)

-



LOCAL
IDENT-

FIER

C-08-16 22BBA
C-08-16 22BBA
€-08-14 22BBA
C-08-16 22BBA
C-0B-16 22BBA

C-08-16 228BA
£-08-17 01BBC
C-08-17 018BC
C-08-17 01BBC
C-08-17 OLBBC

£-08-17 01BBC
C-08-17 01BBC
£-08-17 01BBC
C-08-17 08BBB
C-08-17 08BBB

C-08-17 08BBB
C-08-17 08BEB
C-08-17 08BBB
C-08-17 08BBB
€-08-17 08838

£-08-17 08BBB
C-08-17 088BB
C-08-17 138BB
C-08-17 13BBB
C-08-17 13BBB

C-08-17 138BB
C-08-17 13B8B
C-08-17 138BB
C-08-17 13BBB
C-08-17 138BB

C-08-17 13888
C-08-17 13388
£-08-18 14ARA
£-08-18 14AAR
C-08-18 14AA

DATE

06-01-71
05-01-72
04-30-T3
03-28-74
03-04-75

03-04-76
10-01-69
10-05-70
10-08-71
10-04-72

10-04-T3
01-06~75
01-28-74
08-28-64
03-30-65

08-02-48
10-02-69
08-04-70

© 01-03-72

01-04-73

01-03-74
06-02-73

- 07-03-67

07-02-48
07-03-59

08-04-70
05-04-71
03-02-72
03-02-73
03-28-74

03-04-75
04-06-76
02-28-54
03-01-63
07-07-63

SAMPLE TEMPER-
NUMBER  ATURE
' (DE6 ©)
(00008} (00019)
1230 -
1230 -
1230 -
1230 -
1230 -

1230 -
1230 -
1230 -
1230 -
1230 -

1230 -
1230 -
1230 -
1230 -~
1230 -~

1230 -
1230 -
1230 -
1230 -
1230 -

1230 -
1230 -
1230 -
1230 -
1230 -

1230 -
1230 -
1230 -
1230 -
1230 -

1230 -
1230 -
1230 -
1230 --
1230 -

27.

AGENCY  AGENCY

coL- ANA~
LECTING LYZING
SAMPLE  SAMPLE
{CODE  (CODE
NUMBER) - NUMBER)
{00027) (00028)
- 1076
- 1076
- 1076

OXYGEN,
Dis-
SOLVED
(PER~
CENT
SATUR-
ATION)
100301}

SPE-
CIFIC
CON-
pucT-
ANCE
(Us/cH)
{00095)

o -
45 -
010 -
M0 -
20 -

70 -
12400
12300 -~
11800 -~
10600 -

10100 --
8950 -~
8800 -
14300 -

1400 -

10100 --
m|e -
00 --
7390 -
7480 -

1N -
3800 -
Jrge -
3720 -
2610 -

w50 -
¥ -
a0 -
300 -
3200 -

4850 --
4940 -
23800 --
16600 -~
15600 -

PH
(STAND-
ARD

UNITS)
(00400)

1.9
7.8
1.1
1.7
7.3

7.8

8.1

1.6

7‘6

1.8
1.9
7.8
1.6
7.3

7.4

7.4

CARBON
DIDXIDE
DIS-
SOLVED
(M6/L
a5 C02)
(00405)

296

1.3
10
10
26

8.5

1.0
2!
2

28
18
23

8.3

ALKA-
LINITY
FIELD
{M6/L
AS
CACO3)
{00410)

230
25
269
267
27
214
438
435
430
433

430
438
478 -
317
328

390
390
398
410
413

439
385
330
363
338

367
267
345
367
347

37
354
312
310
315



DATE

06-01-71
05-01-72
04-30-73
03-28-74
03-04-75

03-04-74
10-01-69
10-05-70
10-08-71
10-04-72

10-04-73
01-06-73
01-28-76
08-28-~64
03-30-63

08-02-48

10-02-59
03-04-70
01-03-72
01-04-73

01-03-74
06-02-73
07-03-67
07-02-58
07-03~59

08-04-70
05-04-71
03-02-72
03-02-73
03-28-74

03-04-75
04-06-78
02-28-44
03-01-65
07-07-45

BICAR-

BONATE
ACIDITY FET-FLD
(M6/L  (MB/L
AS AS
CACE3)  HCO3)
{00435)  (00440)

280
300
330
330
330

340
360
560
540

600
%0
380
390
400

430
480
490
- 300
310

540
470
430
430
Mo

450
330
420
£30
420

430

380
380

550

CAR-
BONATE
FET-FLD
(N6/L
A5 C03)
{00443)

0
0
0

 NITRO-
NITRO-  GEN,
BEN,  ORGANIC
TOTAL  TOTAL
(M6/L  (NS/L
AN RSN
100500  (00605)

28

NITRO-
GEN,

ORGANIC

DIS~

SOLVED
{Me/L
AS N}
(00507)

NITRO-
GEN,  NITRO-
NITRATE  GEN,
DIS-  NITRATE
SOLVED TOTAL
(MB/L  (MG/L
ASN) RSN
(00618)  100620)

NITRO-
GEN,
NO2+ND3
DI1s-
SOLVED
(¥6/L
AS N)
(00631}

PHDS-
PHATE,
ORTHE,

pIS-
SOLVED
(N6/L
AS PO4)
{00640}

PHOS-
PHORUS,

PHOS-
PHORUS,
ORTHO,

ORGANIC  DIS-

TOTAL
(M6/L
AS P)

{09670

SOLVED
{M6/L
AS P)
{00671}



DATE

06-01-71
05-01-72
04-30-73
03-28-74
03-04-75

03-04-75
10-01-69
10-05-70
10-08-71
10-04-72

10-04-73
91-06~75
- 01-28-76
08-28-54
03-30-65

08-02-68

10-02-6% -

08-04-70
01-03-72
01-04-73

01-03-74
06-02-75
07-03-47
07-02-48
07-03-49

08-04-70
03-04-71
03~02-72
03-02-73
03-28-74

03-04-75
04-06-74
02-28-b4
03-01~45
07-07-65

PHOS-
PHORUS,
ERGANIC
DIs-
SOLVED
(NB/L
s P)
(00673)

HARD-
HARD-  NESS,
NESS  NONCAR-
(NG/L  BONATE
S (ML
CACD3)  CACO3)
100900)  (00902)
9 2%0
$30 180
590 320
Mo 170
150 180
0 130
2400 1900
2300 1900
2000 1600
1800 1400
1800 1300
1400 980
1500 990
1900 1500
1800 1500
B0 540
80 260
660 240
80 270
0 320
650 210
360 0
1700 1400
1700 1400
1700 1300
1600 1300
1600 1300
1600 1300
1700 1400
1800 1200
1400 1100
400 1100
3200 2900
2100 1800
1900 1400

CALCIUN
DIs-
SOLVED
(N6/L
AS CA)

{00915)

130
120
1%
120
130

100
390
390
470
450

420
170
330
380
350

190
18
150
210
180

160

3
420
430
420

420
400
450
430
20

380

470

400

29

MAGNE-
SIUM,
DIS-

SOLVED

NG/

AS MG}

(00925)

4
32
2
32
32

38
prid
210
200
160

180
20
130
20
20

1o

&9
i
L)}
n

61
8
170
150
150

150
150
120
150
120

120
130
380
250
220

SODIUN,
DIS-
SOLVED
s/t
AS NA)
100930)

890
870
950
830
170

790
2100
2100
2000
1800
1700
1500
1600
2800

2900

1900
1600
1500
1500
1500

1400
1200
690
680
670

700
680
670
850
400

380

590

4500
3400
3100

48 -

SODEUM
AD-
SORP-
TION
RATID  PERCENT
SODIUN
(00931)  (00932)
18 80
19 81
18 7
18 80
16 78
18 80
n -
19 86
2 68
18 &7
19 68
18 89
18 70
29 -
-
28 -
28 -
2% 83
2% 8
o] 81
5 8
7 87
7 -
7 -
7 -—
8
8 48
7T W
7 &5
7 %
7 4
7 47
A
33 -
32 -

SODIUM+
POTAS-
SIumM
bIS-
SOLVED
{M6/L
AS NR)
{00933)

POTAS-
SIUM,
DIS-

SOLVED
(NG/L
A5 K)
(00935)

9.0

7.0
10

7.8
13

6.3
13
21
YA

3
32
1S

12
15
16
18
14

24
11

CHLO-
RIIE,
DIS-

SOLVED
(NB/L
AS CL)
100940}

840
770
9%0
770
710

630
3360
3200
3000
2300

2500
2000
2000
4100
4100

2200
1700
1500
1500
1500

1400
1000
1200
1100
1100

1100
1100
1100
1000

990

?10
920
7200
4300
400



DATE

06-01-71
05-01-72
04-30-73
03-28-74
03-04-75

03-04-75
10-01-69
10-05-70
10~08-71
10-04-72

10-02-73
01-06-75
01-28-76
08-28-44
03-30-65

08-02-48
10-02-49
08-04-70
01-03-72
01-04-73

01-03-74
06-02-75
07-03-67
07-02-48
07-03-69

08-04-70
05-04-71
03-02-72
03-02-713
03-28-74

03-04-73
04-06-74
02-28-64
03-01-43
07-07-65

SULFATE
DIs-
SOLVED
(MB/L

AS 504)

{00945}

940
870
940
830
%0

820
1800
1700
1700
1500

1600
1400
1500
1900
1900

1300
1200
1200
1300
1300

1200

920
1200
1200
1200

1200
1200
1200
1200
1000

990
1100
2800
2300
2200

FLUB-  SILICA,

RIDE,. DIS-
piS-  SOLVED
SOLVED  (NB/L
{M6/L as
AS F)  SI102)
{00950)  (00955)
- kY)
- 34
- 37
- 3t
- 30
- 3
- 3t
- 41
- 2b
- %5
- 27

BORON,
IS~
SOLVED
(Us/L
AS B)
{01020

30

IRON,

DIs-
SOLVED
(U6/L
AS FE}
{01044)

SOLIDS,

NANGA- RESIDUE
NESE, AT 180
Dis- DEG. C
SOLVED  DIS-
(Us/L  SOLVED
AS MN)  (MG/L)
{01056)  (70300)

S0L1DS,
SUN OF
CONSTI-
TUENTS,

DIS-
SOLVED
(NG/L)
(70301)

3000
2800
3200
2800
2600

2600
8400
8000
7600
6700

6700
3700
3800
9600
9600

6200
3000
4700
4900
4800

4600
3500
3800
3800
3800

3800
3600
3700
3700
3400

3200
3300
16000
12000
11000

SOLIDS, SOLIDS,
MS-  DIS-
SOLVED  SOLVED
(TONS  (TONS
PR  PER
DAY)  AC-FT
(70302)  {70303)

- 4.2
- 4.0
- 4.5
- 3.8
- 3.6

- 3-5

NITROD-
GEX,
AMMONTA
Dis-
SOLVED
(M5/L
AS NH4)
(71846}



DATE

06-01-71
05-01-72
04-30-73
03-28-74
03-04-75

03-04-76
10-01-69
10-03-70
10-08-71
10-04-72

10-04-73
01-06-75
01-28-76
08-28-64
03-30-63

08-02-48
10-02-69
08-04-70
01-03-72
01-04-73

01-03-74
06-02-75
07-03-67
07-02-68
07-03-69

08-04-70
05-08-71
03-02-72
03-02-73
03-28-74

03-04-75
04-06-76
02-28-64
03-01-63
07-07-635

NITRO-
BEN,
NITRATE

TOTAL  SOLVED  SOLVED

(N6/L

AS NO3) AS NO3) AS ND2)
{71831}

{71830)

NITRO-  NITRO-

GEN,

NITRATE NITRITE

DIs-

(W6/L

BEN,
DIS-

(M6/L

{71836)

ELEV,
OF LAND
NITRD- SURFACE DEPTH
GEN, DATUN  OF
TOTAL  (FT.  WELL,
(MG/L  ABOVE  TOTAL
AS ND3) NGVD)  (FEET)
(71887) (72000 (72008)
- 294 72.00
- 294 72,00
- 294 72.00
- 294 84,00
- 294 84,00
- 294 84.00
- 263 94.00
- 263 94,00
- 263 94,00
- 23 94,00
- 263 94.00
- 263 94.00
- 263 94.00
- 249 83.00
- 249 83.00
- 249 83.00
- 249 83.00
- 29 - §3.00
- 249 83.00
- 249 83.00
- 249 83.00
- 49 83.00
- 259 97.00
- 259 97.00
- 259 97.00
- 259 97.00
- 259 97.00
- 259 97.00
- 259 97.00
- 259 97.00
- 259 97.00
- 259 97.00
-_ 234 83.00
- 234 83.00
- 234 83.00

31

DEPTH
T0 TOP
OF
SANPLE
INTER-
VAL
(FT)
(72013)

-
—
e

DEPTH
T BOT-
TOM OF
SAMPLE
INTER-

VAL

(FM
{72016)

SEDI-
KENT,
D1S-

SEDI-
MENT,
DISCH,

CHARGE, SUSP. +

BED MA-

PENDED  TERIAL

(T/DAY)
(80135)

{T/DAY)
(80138)

DRAIN-
RGE
AREA
{sa.
Ml.)

(81024)



LOCAL
IDENT-

“FIER

C-08-18 14AAA
C-08-18 14AAA
C-08-18 14AAR
£-08-18 14ARA
€-08-19 14ARA

C-08-18 14ARA
C-08-18 14RAR
C-08-18 14AAA
C-08-18 14ARA
C-08-18 14ARA

C-08-18 14rAA
C-08-18 14ARA
C-08-18 14anA
C-08-18 14AAA
C-08-22 32CDD

C-08-22 32000
- C-08-22 32000

. C-08-22 32C0D
C-08-22 32C0D
C-08-22 32000

C~08-22 320D
C-08-22 32C0D
C-08-22 32CDD
C-08-22 32C0D

DATE

08-31-65
12-01-635
03-01-66
07-01-66
07-05-67

07-02-68
07-03-69
10-05-70
11-02-71
10-04-72

03-27-73
03-01-74
03-04-75
03-04-76
09-05-61

01-02-62
03-30-62
04-24-52
11-08-62

04-24-563

11-19-63
02-19-64
01-28-65
01-24~-66

SANPLE TEMPER-

NUMBER  ATURE

{00008)

1230
1230
1230
1230
1230

1230
1230
1230
1230
1230

1230
1230
1230
1230

(DE6 C)
(00010}

32

AGENCY  AGENCY
£oL- ANA-
LECTING LYZING
SAMPLE  SAMPLE
{CODE  (CODE
NUMBER)  NUMBER)
00027)  {00028)

1028 1028
1028 1028
1028 1028
1028 1028
1028 1028
1028 1028
1028 1028
028 1028
1028 1028
1028 1028

SPE-
CIFIC
CON-
DucT-
ANCE

{us/om
(00095)

13900
13600
15000
12500
12200

- 11700

10700
10600
11500

9820

9940
8040
7480
8480
4320

4600
6230
520
4670
3320

4380
4330
4240
4140

DIYSEN,
DIs--
SOLVED
(PER-
CENT
SATUR-
ATION)
(00301

PH

{STAND-

ARD
UNITS)

{00400)

CARBON
DIOXIDE
DIS-
SOLVED
{N6/L
S C02)
{00403)

—

12
12

11
1§
10
8.7
i1

6.8
17
14

8.8
yv)

i1

18

14
9.3

ALKA-
LINITY
FIELD
(M6/L
AS
CACE3)
{00410)

305
315
321
338
350

3
350
33
308
33

34
338
335
355
223

21
224
23
28
230

231
233
23
239



DATE

08-31-63
12-01-43
03-01-56
07-01-46
07-05-67

07-02-68
07-03-49
10-03-70
11-02-71
10-04-72

03-27-13
03-01-74
03-04-73
03-04-76
09-05-61

01-02-42
03-30-62
04-24-62
11-08-62
04-24-53

11-19-83
02-19-64
01-28-45
01-24-46

BICAR-
BONATE
ACIDITY FET-FLD
(M6/L  (MG/L
AsS £S5
CACO3)  HCO3)
(00435)  (00440)

- 3N
-~ 380
390
410
M0

430
430
- 410
380
- 390

410
410
430
210

20
270
270
- 280
-. 280

280
- 280
- 280
- 290

2

CAR-
BONATE
FET-FLD

(M6/L
AS CO3)
(00443)

NITRO-

NITRO-  GEN,
NITRO-  GEN, ORGANIC
GEN, ORGANIC  DIS-
TOTAL  TOTAL  SOLVED
(M6/L  (MG/L  (MG/L
ASN)  ASN)  ASN)
{00500) (00605} {00607)

!
!
1

33

NITRO-
GEN,
NITRATE
DIs-
SOLVED
M6/t
RS N
(00618)

NITRO-
BEN,
NITRATE
TOTAL
{n6/L
A5 N)
100620)

NITRO-
GEN,
ND2+ND3
DIS-
SOLVED
{N6/L
AS N)
(00631}

PHOS-
PHATE,
ORTHO,
DIs-
SOLVED

M5/L

AS PO#)
(00560

PHDS-
PHORUS,
ORGANIC

TOTAL

(N5 /L

85 P)
(00670)

PHOS-
Pﬂms ]

ORTHO,

DIS-
SOLVED
(N6/L
85 P
100671)



DATE

08-31-63
12-01-63
03-01-86
07-01-65
07-05-47

07-02-58
07-03-6%
10-03-70
11-02-71
10-04-72

03-27-713
03-01-74
03-04-75
03-04-75
09-00-41

01-02-62
03-30-62
04-24-62
11-08-62
04-24-43

11-19-63

02-19-84
01-28-85
01-24-54

PHOS-
m'
ORGANIC

IS~

SOLVED

(M6/L

AS P)
(00673)

HARD-
NESS
(M6/L
s
CACO3)
(00900)

1700
1700
1900
1600
1400

1200
- 1100
1100
1100
940

950
690
730
850
1000

1100
1300
1100
1000
1100

960
940
860
780

HARD-
NESS,
NONCAR-
BONATE
(M6/L
CACO3)
{00902)

1400
1400
1500
1200
1000

840
720
730
770
620

610
330
390
300
820

880
1000

810
850

730

10
630
340

CALCIUN

DIs-

SOLVED
{Me/L
fS CAY
{00913)

360
360
380
330
300

250
230
270
280
220

220
190
170
180
250

250
290
260
250
30

240
220
200
190

34

MAGNE-
SIUR,
DIS-

SOLVED

(M6/L

AS M6)

{00925)

180
190
20
180
160

140
120
92
120
92

100
3
3.
97

100

110
130
110

99
110

90
%
87
14

SODIUMS

50DIUM POTAS-

SoDIuM,  AD- SIUM
DIS-  SORP- DIs-

SOLVED  TION SOLVED
(N6/L  RATID PERCENT - (MG/L

A5 NA) SODIUN A5 NA)

(00930)  (00931) {00932) (00933)
2800 3 - -
2800 3t - -
3100 32 - -
2700 - -
2500 30 - -
2200 2 - -
2200 30 - -
2100 2 81 -
2200 30 Bt -
1900 28 82 -
2000 2 g2 -
1500 27 8 -
1500 - 24 Bl -
1500 5 80 --
- - . 51 500
- - 54 500
- - 59 840
- -- 55 &40
- - B I
- - 5% 710
- - 57 580
- - 57 580
- - 81 610

- - 83 410

CHLO-
RIDE,
DIS-
SOLVED
{¥6/L
AS L)
100940)

3800
3800
4000
3300
3100

200
2600
2700
2700
2300

2400
1800
1700
1900
1000

1100
1600
1200
1100
1300

1000
970
960
8%0



DATE

08-31-65
12-01-43
03-01-56
07-01-56
07-05-67

07-02-68
07-03-69
10-03-70
11-02-71
10-04-72

03-27-73
03-01-74
03-04-75
03-04-76
09-05-61

01-02-62
03-30-62
04-24-62
11-08-82

04-24-63 .

- 11-19-63
02-19-64

01-28-65 .

01-24-66

SULFATE
DIS-
SOLVED
N6/t

AS 504)

(00945)

2100
2200
2500
2200
2000

1800
1700
1600
1600
1400

1400
1100
1100
1300

480

600
630
330
630
J80

940
380
aB0
380

FLUO-  SILICA,
RIDE,  DIS-
DIS-  SOLVED
SOLVED  (MB/L
MG/L  AS
A5 F) IO

{00930)  {00935)

- 3
- 19
- 2

- 2

- 18
- 24

BORON,
DIs-

SOLVED  SOLVED

{us/L
AS B)
(01020)

35

1RON,
DIs-

{us/L
A5 FE)
{01045}

MANGA-
NESE,
DIS-
SOLVED
we/L
AS MN)
(01056)

SOLIDS,
RESIDUE
AT 180
DEG. €
DIS-
SOLVED
(6/L)
{70300)

SOLIDS,
SUN OF
CONSTI-
TUENTS,

DIS-
SOLVED
(¥6/L)
(70301)

9400
9300
10000
. 8900
8200

7400
6900
6900
7000
6100

6400
3000
4800
5400
- 2500

2800
3700
2%00
2900
3100

2600
2600
2600
2300

SOLIDS, SOLIDS,

DIS- DIs-
SOLVED SOLVED
(TONS  (TONS

PeER PER
DAY)  AC-FT)

{70302) {70303)

- 8.7
- 6.8
-~ 8.5

- 1.3

NITRO-
GEN,
AMMONIA
DIS-
SOLVED
(6/L
AS NHe)
{71846)



DATE

0B-31-45
12-01-63
03-01-66
07-01-66
07-05-67

07-02-68
07-03-49
10~05-70
11-02-71
10-04-72

03-27-73
03-01-74
03-04-75
03-04-76

09-05-61

01-02-62
03-30-62

04-24-82

11-08-62
04-24-63

11-19-63
02-19-64
01-28-65
01-24-66

NITRO-

NITRO-  GEN,
SEN, NITRATE
NITRATE  DIS-
T0TAL . SOLVED
(NE/L  (MG/L
AS NO3) AS NO3)
(71850) (71851)
2.8 -

NITRO-

GEN,
NITRITE

DIS-
SOLVED
(MBIL
AS NO2)
{71854}

ELEV

OF LAND
NITRO- SURFACE DEPTH
GEN,  DATUM oF
TOTAL (FT.  MELL,
{M6/L  ABOGVE  TOTAL
AS NO3) NBVD)  (FEET)
(71887) (72000) (72008)
- 234 83.00
- 2. 800
- 234 83.00
- 23 83.00
- 234 83.00
- 34 83.00
- 234 83.00
- 34 83.00
- 3 83.00
- . 234 83.00
- 23 83.00
- 234 83.00
- 234 83.00
- 144 200.00
- 144 200.00
- 1 200,00
- 14 200,00
- 14 200,00
- 144 200.00
- 144 200.00
- L 200.00
- 144 200.00
- 144 200.00
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DEPTH
T0 TOP
oF
SANPLE
INTER-
VAL
(FT)
{72015

-
-
-—
-

96
%0
9
90
90

90

9
90

DEPTH

- T0 BOT-

T0M OF

SAMPLE

INTER-
VAL
(FT

(72016)

200
200
200
200
200

200
200
200
200

SEDI-
MENT,  NENT,
DIS-  DISCH,
CHARGE, SUSP. +
SUS-  BED MA-
PENDED  TERIAL
(T/DAY) {T/DAY)
(B0155) {80154

SEDI-

DRAIN-
AGE
AREA
(50,
HI.)

(81024)



CHEMICAL ANALYSES FOR SELECTED WELLS IN AREA III

{The following information was obtained fros the U.S. Geological Survey, Tucsom, Arizona)

AGENCY  AGENCY
LOCAL CoL- ANA-
IDENT- LECTING LYZING
I- SANPLE TEMPER- GSAMPLE  SAMPLE
FIER DATE NUMBER ATURE  (CODE  (CODE
(DEG C) NUMBER) NUMBER)
B-01-01 09DAB 09-01-5¢ - - - -~
B-01-01 09DAB 04-30-63 - - — -
B-01-02 14DDB 07-14-78 — 2.0 - -
B-01-02 14DDB 08-22-80 1460 245 - 80020
B-01-02 290DB 08-22-80 1460 2.0 - 80020
B-01-03 32BAA 04-14-42 - - - -
B-01-03 32BAA 05-03-79 1460 3.5 - 80020
B-01-03 35ACB 07-06-37 - -~ - -
B-01-03 35ACB 09-19-37 - - - -
B-01-03 35ACB 03-03-79 1460 2.0 - 80020
B-01-04 33ABA 09-09-61  -- - -
B-01-04 I3ADA 05-02-79 1460 4.0 - 80020
8-01-04 35ABB 05-03-79 1460 4.0 - 80020
B-01-09 17ABB 09-26-719 1250 - - 9704
B-02-09 148BB 07-16-32 1250 31.5 1028 1028
B-02-09 14888 09-26-52 1250 3.5 1028 1028
B-02-09 14BBB 03-25-33 1250 32.0 1028 1028
B-02-09 14BBB 12-06-66 1250 3.0 1028 1028
B-02-09 14BBB 09-19-72 1250 2.0 - -
B-02-09 14883 08-08-74 1250 B0 - -
8-02-0% 14BBB 12-11-79 1250 - - 9704
B-02-09 24BBB 09-20-79 1250 - - - 9704
C-01-03 06CDB 05-03-79 1460 BS - 80020
C-01-04 11€BC 05-03-79 1460 2.0 - 80020
C-01-04 18ABB 07-18-51 -~ B35 - -
€-01-04 1BABB 05-03-79 1460 2.0 - 80020
€-01-05 34DBD 07-18-74 - - - -
C-01-05 340BD 06-29-77 - 2.0 - -
C-01-05 34DBD 04-24-81 1340 3¢S -~ 80020
C-02-05 03AAR 07-18-74 - 26,0 - -
-02-05 03AAA 06-29~77 - 5.0 - -~
£-02-05 1aDAA 07-30-74 — .0 - -
C-02-05 16DAA 06-28-77 - 2.0 - -
C-04-04 32BBA 06-16-63 1200 26.0 1028 1028
C-04-04 - 32BBA 11-22-73 1200 - - -
C-04-04 3ZBBA 08-13-79 - 2.0 - -
C-04-08 31DCC 11-08-72 -~ no - -
£-04-08 34000 07-12-17 - - 1028 1028

37

FLOW
RATE
(6PX)

OXYGEN,

SPE- Dis-

CIFIC
CoN-
DucT-
ANCE
{us/cM)

3900
4800
4900

8150
3450
3380
3380
4700

3800
7100
4000

128

709
138
9566
1180
1010

3700
3950
6000
3210

2700
- 3900
7700
3000
7100

6900
7550
7300
2300
4380
4950
8380

SOLVED
(PER-
CENT

SATUR-

. ATION

PH
(STAND-
ARD

UNITS)

1.3
7.9
1.2
7.1

1.3
1.4



CARBON  ALKA- BICAR- NITRO-  GEN,  GEN,  GEN,

PH  DIOXIDE LINITY BONATE CAR-  NITRO-  GEN, ORGANIC NITRITE NITRATE

LA DIS- FIELD ACIDITY FET-FLD BONATE  GEN, ORGANIC  DIS-  DIS-  DIs-

{STAND- SOLVED (MG/L  (MG/L  (NG/L FET-FLD TOTAL TOTAL  SOLVED SOLVED SOLVED

DATE  ARD  (MB/L S AS  AS  (MG/L  (MG/L  (NG/L  (ME/L  (NBIL  (WB/L
'UNITS)  AS C02) CACO3) CACO3) HCD3) ASCOS) ASN) ASN)  ASN) ASN)  AS N

09-01-59 - - 9% - 240 0o - - - - 340
M-30-63 - = - - 220 0 - - - = -
R - - - - - - - - -
08-2-80 -— - mw - - - - - - - -
08-2-80 - - % - - - - - - - -
M-14-82 — - - - 160 0 - - - - -
05-03-19 - 2 210 - 260 0 - - - - -
07-06-37 - 2 - - 240 0o - - - - -
09-19-37  — 82 - - 260 0 - - - - -
05-03-19 - 3 B0 - 300 0 - - - - -
09-09-81 -~ -  im - 20 o - - - - 30
05-02-19 - 2 180 - . 0 - - - - -
05-03-7% - 14 180 - 0 o - - - - -
09-2%-79 —~ O 44 2 - 170 I - - w

-8R - - 15 - 150 - -- - - -
0-2%-52 - @ - 123 - 150 0o - - - - -

03-25-55 ~— 19 12 - 150 0 - - - - -
12-06-66 - %1 18 - 140 o - - - - -
09-19-72 - 22 s - 140 o - - - - -
08-08-74 - 35 M5 — 0 W — - - - - -
2-44-79 - 3.2 - 100 0 - - - - 190
09-20-79 - 0.5 43 - 370 2 - - - = 0
05-03-79 - 2 A0 - 250 0 - - - -

05-03-19 — 10 %0 - 320 0 - - - - -
07-18-51 - - @ - - 270 0 - - - - -
05-03-79  -- 54 %0 - - R - - -
o7-18-4 - - - - - - -- - - - -
06211 - - - - - - - - - - -
06481 7.4 2 - - - - - - - - -
07-18-74 - 9 1% - 150 - -- - - - -
06-29-1 - - - - - - - - - - -
07-30-14  -- H W - 40 - - - - - -
06-28-77 - = - - - - - - - - - -
06-16-85 - - - - - - - - - - -
1-2-73 - .3 151 - 180 o - - - 013 7.7
0B-13-19 — = — = - - - - - - - -
1-08-72 - @ - W - 820 0 - - - - -

07-12-77 - - - - - - - - - - -

38



DATE

09-01-59
04-30-43
07-14-76
08-22-80
08-22-80

04-14-42
05-03-79
07-06-37
09-19-37
05-03-7%

09-09-41
05-02-79
05-03-79
09-26-79
07-16-52

09-26-52
- 03-25-35
12-06~66
09-19-72
08-08-74

12-11-19
09-20-79
05-03-79
05-03-79
07-18-51

05-03-79
07-18-74
06-29-77
06-24-81

07-18-714 -

06-29-77
07-30-74
06-28-77
06-16-63
11-22-13
08-13-79
11-08-72
07-12-77

NITRO-
6EN,
NITRATE
TOTAL
(N6/L
AS N}

NITRO-
BEN,
NO2+N03
Dis-
SOLVED
(N6/L
RS N)

.20
1.70

PHOS-
PHATE,
ORTHO,
DIS-
SOLVED
{M6/L

AS PO4)

0.15
0.0%

0.0
0.18

0.09

o.zs

0.09

Pans..
PHOS-  PHORUS,
PHORUS,  ORTHO,
ORGANIC  DIS-
TOTAL  SOLVED
M6/L  (N6/L
ASP) ASP)

- -

- 0.05

- 0.01
- 9.02

- 0- 08

- 0. 03

39

PHOS-
PHORUS,
ORGANIC

DIs-

SOLVED

(M6/L

45 P)

HARD-
NESS
{86/L
AS
CACO3)

2000
2200
1600
1200

2300
1200
700
150
1100

1500
1200
1100
700
130

15¢
130
150
140

30

L 5]
1200
1200

1100

830
1200

1300

1200

1400

HARD-
NESS,

NONCAR-

BONATE
(N6/L
CACO3)

1800

-

1409
910

1000

8%
1400
970

890
330

3
i1

23
470
990
%00

820

600
1100

860

1100

1100

CALCIUM
DIS-
SOLVED
(M6/L
45 Ch)

490
40
390
270

300
240
170
180
260

380
280
290
130

28

2
32
38
32

190

13
o0
20

260

210
320

340

L £

410

MAGNE-
sIuM,
DIS-

SOLVED

(N6/L

85 6

190
210
150
120

250

150
70
1A

120

140
11¢
85
a8
15

21
12
i3
14

20
3.0

140

130

110

Fdl

110

12131

SaDIUM,
DIs-
SOLVED
(MB/L
AS NA)

420
29
750
860

970
850
450
480
630

800
930
1300
780

170

140

710
1100
950
1000

900

730
1000

1200
480

1400



| DATE .

09-01-59
04-30-63
07-14-76
08-22-80
08-22-80

04-14-42
05-03-79
07-06-37
09-19-37
05-03-79

09-09-51
05-02-79
05-03-79
09-26-79
07-16-52

09-25-32
03-25-55
12-06-b6
09-19-72

08-08-74.

12-11-719
09-20-79
05-03-79
05-03-79
07-18-51

05-03-79
07-18-74

06-29-77"

04-24-81
07-18-74

06-29-77
07-30-74
06-28-77
06-16-63
11-22-73
08-13-79
11-08-72

07-12-77 .

SoDTUN
AD-
SORP-
TION

POTAS-
SI1UM
BI§-
SOLVED
RATID PERCENT  (M6/L
SODIUN  AS NA)-
50 -—
81 -
8 -
& -
8 -
N -
55 -
b4 980
2 -
&3 100
59 9%
- 140
-
8 -
83 940
65 1000
4 -
&é -
64 -
&b -—
% -
68 -

SODIUM+ -

POTAS-
STU,
DIS-

SOLVED

{NG/L

A5 K)

12
10

0.0
1.8
0.0
0.0
1.3

1.8

4.5

857
i1

CHLO-
RIDE, SULFATE
DIS- DIs-
SOLVED  SOLVED
(M6/L  (MB/L
AS CL) AS S04}
400 1400
330 1700
1200 1300
1400 700
2100 1100
1100 1200
660 470
720 300
1000 770
1000 1500
1300 1100
1400 1600
800 060
i 120
69 -
780 110
120 140
130 210
120 . 130
630 1000
850 810
1100 1300
1300 1100
1200 -
1200 980
1100 680
1800 720
1800 940
1200 310
2300

40

960

FLUO- SILICA,
RIDE,  DIS-
DIS-  SOLVED
SOLVED  (M&/L
(MS/L AS
AS F)  5I02)
0.3 2
1.2 33
2.1 1)
1.2 33
2.0 yi
2.1 2
3.2 -
1.4 38
L3 41
1.¢ 4
2.2 38
1.6 37
4-4 -
180 -
1.7 26
3.2 “
3.3 40
3.6 -
2-9 -
2.3 32
3.2 1|
3.8 -
2.8 31
2'8 -
0.9 25
1.3 -
3.4 35
5.0 -

BORON,
DIS-
SOLVED
(U/L

A5 B)

2700
2000

3200

6000

CHRO-
MIUN,
HEXA-

VALENT,

DIS.
(s/L
AS CR)

IROK,
TOTAL
RECOV-
ERABLE
{UB/L
AS FE)



DATE

09-01-39
04-30-63
07-14-76
08-22-80
08-22-80

04-14-42
05-03-79
07-06-37
09-19-37
05-03-79

09-09-51
05-02-79
05-03-79
09-26-79
07-16-52

09-26-52
03-25-55
12-06-b6
09-19-72
08-08-74

12-11-719
09-20-79
03-03-79
05-03-79
07-18-31

05-03-79
07-18-74
06-29-T7
06-24-81
07-18-7¢

06-29-77
07-30-74
- 06-28-77
06-16-85
11-22-73
08-13-79
11-08-72
07-12-77

IRON,
Dls-
SOLVED
(Us/L
AS FE)

MANGA- RESIDUE SUM OF SOLIDS, SOLIDS, GEN,  GEN,  GEN,
NESE, AT 180 CONSTI-  DIS-  DIS- AMMONIA NITRATE NITRITE NITRO-
DIS-  DEG. C TUENTS, SOLVED SOLVED DIS-  DIS-  DIS-  GEN,
SOLVED DIS-  DIS- (TONS  (TONS  SOLVED SOLVED SOLVED TOTAL
{US/L  SOLVED SOLVED PER PER  (MB/L  (MG/L  (MB/L  (MG/L
AS MN)  (MB/L) (MG/L)  DAY)  AC-FT) AS NHA) AS ND3) AS NO2) AS NO3)
- - 3600 - - - 16 - -
- - 3600 — - - 53 - -
10 - 3900 - 53 - - - -
0 - 3600 - 48 - - - -
- - $200 - - - 200 - -
20 - 3700 - 5.0 - - - -
- 2110 2000 - - - 8 - -
- 2320 2100 — - - 60 - -
10 - 3000 -- 41 - - - -
- - 400 — - - 140 - -
20 - 390 - 53 - - - -
20 - 4800 -- bb - - - -
- IO - - - - 930 - -
- - T 0.62 - 9.3 - -
- - % - 0.63 — - - -
- 780 870 - - - - -
Q0 - 5710 - 0.77 - - - -
- 3130 - - - - B4 - -
- 3230 - - - - 150 - -
10 - 400 -- 56 - - - -
4o - 000 - 5.4 - - - -
a0 - 3700 - 50 - - - -
10 - 3000 - L - - - -
40 - 300 - 55 - - - -
"/ - 700 - b4 - - - -
70 - 200 - 3.5 - R 0.43 -
30 - 5400 - - - - -

SOLIDS, SOLIDS,

41

1.4

NITRO- NITRE-  NITRO-

ELEV.
QOF LAND
SURFACE

DATUM

{FT.

ABOVE

NeVD)

983
783
750
750

924
924
884
884
884

929
1157
1192

1192
{11
1192
1192
1192

1192
s
a7
829

774
74
T14
783

783
762
762
870
670
670
303



DATE

09-01-59
04-30-63
07-14-76
08-22-80
08-22-80

04-14-42
05~03-79
07-06-37
09-19-37
05-03-79

09-09-61
05-02-79
05-03-79
09-26-79
07-16-32

09-26-52
03-25-33
12-06-6b
09-19-72
08-08-74

12-11-719
09-20-79
05-03-79
05-03-79
07-18<31

05-03-79
07-18-74
06-29-T1
06-24-81
07-18-714

06-29-77
07-30-74
06-28-77

06-16-65

11-22-73
08-13-7%
11-08-72
07-12-17

DEPTH
OF
WELL,
TOTAL
(FEET)

218.00
218.00
354.00
334.00

206,00
206.00
132,00
132.00

132.00 .

268.00
268,00
1152.00
1214.00
1530.00

1330.00
1530.00
1330.00
1330.00
1530.00

1530.00
1820.00
184,00
146.00
186,00

186,00
332,00
332.00
332,00
301.00

301,00
5%0.00
990.00
260,00
260.00
260,00
487.00
438.00

DEPTH  DEPTH  SEDI-

T0 BOT-
TOM OF
SANPLE
INTER-

VAL
(FT

218
218

-
-

206

-

132
132

BELON
LAND
SURFACE
(WATER
LEVEL)
(FEET)

SEDI-
NENT,  MENT,
DIS-  DISCH,
CHARGE, SUSP. +
SUS-  BED MA-
PENDED  TERIAL
(T/0AY)  (T/DAY)

42

DRAIN-
ABE
ARER
(58,
Ml.)

SPE-
POTAS-  CIFIC
SIUN 80 CON-
DIS- pucT-
SOLVED  ANCE
{PCI/L LAB

AS K40)

(us/cH)

HARD-

ALKA-  NESS
LINITY  NONCAR-

LAB
(M6/L

S

BONATE
{N6/L
as

CACO3) CACO3)

4950 230

2000
2180
1590
170

2290
1220
700
743
1140

1540
1150
1070
&97
132

149
129
148
138

54
45

1200
1160

1100

825
11%0

1300

1220

1400



LocAL
IDENT-
I-
FIER DATE
C-04-08 34000 07-12-T7
C-04-10 33880 09-10-52
£-04-10 33B0D 08-27-54
£-04-10 33800 06-15-55
£-04~10 33800 08-23-56
£-04-10 33800 08-08-57
CARBON  ALKA-
PH  DIOXIDE LINITY
LB DI~ FIELD
(STAND-  SOLVED  (MG/L
DATE  ARD  (ME/L  AS
UNITS) AS CO2)  CACOS)
07-12-17 - - -
C09-10-52 - - %
08-27-54 - - 93
06-15-55 — 30 97
08-23-5 - 2.0 104
08-08-57 - 0.9 15
_NITRO-  PHOS-
NITRD-  GEN,  PHATE,
GEN, NO2NO3  ORTHO,
NITRATE  DIS-  DIS-
TOTAL  SOLVED  SOLVED
DATE  (MG/L  (MB/L  (MG/L
ASK)  ASN)  AS PO4)
07-12-11 - - -
09-10-52 - - -
08-27-54 — - -
06-15-55 - - -
08-23-56 — - -
08-08-57 - - -

SAMPLE TEMPER-
NUMBER  ATURE
~ (DEE ©)
1210 21.0
- 25-5
- 25-5
- 25.5
- 25.5
BICAR-
BONATE
ACIDITY FET-FLD
M6/L  (MB/L
S AS
CACO3)  HCD3)
- 110
- 110
- 120
- 130
- »
PHOS-
PHOS-  PHORUS,
PHORUS,  ORTHO,
ORBANIC  DIS-
TOTAL  SOLVED
M6/L  (MG/L
AS Pl ASP)

43

AGENCY  ABENCY
CoL- ANA-
LECTING LYZING
SAMPLE  SAMPLE
(CODE  (CODE
NUMBER) NUMBER)

1028
1028
1028
1028
1028

1028
1028
1028
1028
1028

CAR-
BONATE
FET-FLD
(M6/L
AS C03)

NITRO-
BEX,
TOTAL
(NG/L
85 N}

OO OO
!

PHOS-
PHORUS,
ORBANIC
DIs-
SOLVED
(N6/L
AS P)

HARD-
NESS
(MG/L
s
CACO3)

330
820
1300
1400
1100

FLOW
RATE
(6PM)

m
300
600
570
1070

NITRO-
GEN,
ORGANIC
T0TAL
MG/t
as N

HARD-
NESS,

NONCAR-

BONATE
(46/L
CACO3)

40
30
1200
1300
1100

OIYGEN,
DIS-
SOLVED
{PER-
CENT
SATUR-
ATION)

SPE-
CIFIC
CoN-
DUET-
ANCE
(US/CH)

3440
2500
4170
3800
6170
6300

NITRG-  NITRO-
GEN,  GEN,
ORGANIC NITRITE
DS-  DIS-
SOLVED  SOLVED
MBI (N6IL
AN ASN)

-—

NAGNE-
S1UM,
pIs-

SOLVED

(N6/L

25 ¥5)

CALCIUM
DIS-
SOLVED
{H6/L
AS CA}

190
300
449

PH
(STAND-
. ARD
UNITS)

6.8
8'0
8.0

NITRO-
GEN,
KITRATE
DIS-
SCLVED
{M6/L
AS N)

.50
13.9
19.0

SoDIuN,
DIs-

SOLVED
(M6/L
AS NA)



~=

SODIUM+ CHRO-
SoDIUM POTAS- POTAS-  CHLO- FLUO-  SILICA, NIUM,  IRON,
AD- SIUN  SIUN, RIDE, SULFATE RIDE, DIS-  BORON, MEXA-  TOTAL
SORP- DIS-  DIS- DIS-  DIS-  DIS-  SOLVED  DIS- VALENT, RECOV-
TION SOLVED SOLVED SOLVED SOLVED SOLVED (NG/L  SOLVED  DIS.  ERABLE
DATE  RATI0 PERCENT (NG/L  (M/L  (MG/L  (NG/L  (MG/L  AS (U6/L  {UB/L  W6/L
SODIUN AS NA} ASK) ASCL) ASSO8 ASF) SI02) ASB) ASCR) AS FE)
07-12-77 - - - - - - -~ - - - -
09-10-52 - 80 - &S0 360 56 0¥ 0 - - -
08-27-54 - - 560  — 980 440 59 W - - -
06-15-55 10 57 800 — 1500 79 L8 N0 - - -
08-23-5 — - - -~ 1500 - - - - - 50
08-08-57 - - - - 1600 - - - 2100 ~ -
SOLIDS, SOLIDS, NITRO- NITRO-  NITRO- ELEV.
MANGA- RESIDUE SUM OF SOLIDS, SOLIDS, GEN,  GEN,  GEN, OF LAN
IRON,  NESE, AT 180 CONSTI-  DIS-  DIS- AMMONIA NITRATE NITRITE NITRO- SURFACE
DIS-  DIS-  DEG. C TUENTS, SOLVED SOLVED DIS-  DIS-  DIS-  GEN,  DATUM
SOLVED SOLVED  DIS-  DIS- (TONS  (TONS  SOLVED SOLVED SOLVED TOTAL  (FT.
DATE  {U6/L  (UG/L SOLVED SOLVED PER  PER  (MB/L  (MG/L  (MG/L  (ME/L  ABOVE
AS FE} AS MN) (N6/L) (MG/L)  DAY)  AC-FT) AS NH4) AS NO3) AS NO2) AS NO3)  NEVD)
07-12-77 - - - - - - - - - - 534
09-10-52 - - - 1800 - 24 - Q - - 539
08-27-54¢ - - - 2500 - - - S8 - - 539
06-15-55 — - - 700 - 5.1 - B4 - - 539
08-23-56 0 - - - - - - - - - 539
08-08-57 . - - - - - - - - - - 539
DEPTH  DEPTH  SEDI-  SEDI- SPE- HARD~
T0 BOT- BELON  MENT,  NENT, POTAS-  CIFIC  ALKA-  NESS
DEPTH  TOM OF LAND  DIS-  DISCH, ORAIN- SIUM 40  CON- LINITY NONCAR-
OF  GSAMPLE SURFACE CHARGE, SUSP. + AGE DIS-  DUCT-  LAB  BONATE
WELL, INTER- (WATER  SUS- BED MA- AREA SOLVED ANCE  (MB/L  (NG/L
DATE  TOTAL VAL  LEVEL) PENDED TERIAL (S8. (PCI/L LAB  4S AS
(FEET}  (FD)  (FEET) (T/DAY) (1/DAY) ML) A5 K40) (US/CM)} CACO3) CACO3)
07-12-77 438.00 — - - - - - - - -
09-10-52  §40.00 - - - - - - - - 532
08-27-54  £40.00 — 88.65 - - - - - - 820
06-15-55  £40.00 -- B88.60 - - - - - - 1310
08-23-56 640.00 - - - - - - - - -
08-08-57 580,00 - - - - - - - - -
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LOCAL
IDENT-
I-
FIER

£-05-04 088DD1

£-05-04 08BDD2
C-05-04 08BDD2
£-05-05 13CBA2
C-05-05 180CD2

C-05-05 18DCD2
£-05-05 18DCD2
C-05-05 18DDC3
£-03-05 18DDC3
C-05-05 18DDC3

€-05-06 150DD
C-05-06 1600D
C-05-06 14DBD
C-05-06 160DD
C-05-06 34LCD

£-05-06 34CD
C-05-06 34CCD
£-05-06 34CCD
£<05-06 34CCD
£-05-06 34CCD

£-05-09 12ACD1

DATE

05-28-53
06-02-54
06-02-54
06-03-54
08-15-79

08-15-79
08-15-79
04-01-74
04-27-74

06-23-T7

01-08-74
04-27-76
03-24-80
03-24-80
04-16-55

04-27-76
06-21-77
08-16-79
03-24-80
03-24-80

11-08-712

45

AGENCY  ABENCY
coL- ANA-
LECTING LYZING
SAMPLE TEMPER- SAMPLE SAMPLE
NUMBER ATURE  (CODE  (CODE
(DEG ) NUMBER) NUMBER)
- 3.3 1028 1028
1200 2.0 1028 1028
1200 2.9 1028 1028
1200 8.4 1028 1028
1200 - 9999 9704
- B3 - -
1200 - - 9704
1200 4.0 - -
1200 A5 - -
1200 - - -
1200 - 9999 9704
1200 2.0 -~ 9704
1200 83 1028 1028
1200 6.3 - -
- %0 - -
1200 - 9999 9704
1200 %3 - 9704
- 4.0 - -

SPE-
CIFIC
CON-
BUCT-
ANCE
{us/cH

19500,

18900
17800
14200

8500

6730
6000
3800

1960
9700

7160

4300
3500
6300

-~

31800

DXYSEN,

DIs- CARBON
SOLVED DIOXIDE
{PER-  PH DIs-

CENT  (STAND-  SOLVED

SATUR-  ARD {M6/L

ATION) UNITS) AS CO2)
- 7. 8 6- 1
- 7.5 15
- 7.4 1.8
- 1.2 15
- 7.8 4.3



NITRO- NITRO-  NITRO- NITRO-  PHOS-

ALKA- BICAR- NITRO-  GEN, GEN, GEN,  NITRO-  GEN, PHATE,

LINITY BONATE CAR-  NITRO-  GEN, ORGANIC NITRITE NITRATE  GEN, ND2#NO3 = ORTHOD,

FIELD ACIDITY FET-FLD BONATE  GEN, ORGANIC  DIS- bIs- DIS- NITRATE  DIS- DIS-

(N6/L  (M6/L  (MG/L FET-FLD TOTAL . TOTAL  SOLVED SOLVED SOLVED TOTAL  SOLVED SOLVED

DATE AS AS AS MM6/L  (MG/L  (M6/L  (MB/L  (M6/L  (MB/L  (MB/L  (NE/L  (ME/L
CACO3) CACOD) HCO3) ASCO3) ASN)  ASN) ASN)  ASN) ASN)  ASN)  AS N} A4S PO4)

(00410)  (00435) (00440} (00445) (00500} {00405) (00607) {(00613) (00618) (00520} (00631} (00440)

05-28-53 456 - 560 0o - - - - - - - -
06-02-54 316 — 39 0 - - - - - - - -
06-02-54 408 — 500 0 - - - - - - - -
06-03-5¢ 3B - 390 ¢ - - - - - - - -
08-15-79 198 — @ — 0 - - - - - - - -
08-15-79 - - - - -- - - - - - - -
08-15-79 198 — M - - - - - a0 - - -
0-01-74 238 — 290 0 - - - 0.0 650 - 850 0.2
W27 - - - - - - - - - - - -
Wz - - - - -- - - e
01-08-74 161 - 200 o - - — <001 10— 110 0.0
u-2-7%6 - - - - - - - - - - - -
03-24-80 120 — = - 0o - - - - - - - -
03-24-80 120 - 150 - - - - - 00 - - -
0-16-55 147 — . 180 0 - - - - 120 - - -
W27 -~ - - - - - - - - - - -
06-21-17 - - - - - - - - - - - -
08-16-79 - - - - - - - - - = e -
03-24-80 14 - - 0 - -~ - - - - - -
03-24-80 102 - 10 - - - - - e - - -
11-08-72 54 - 660 0o - - - - = = 002 0S
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DATE

05-28-53
06-02-54
06-02-54
06-03-34
08-15-79

08-13-79
08-15-79
04-01-74
04-27-76
06-23-77

01-08-74
04-27-76
03-24-80
03-24-80
06-16-35

- 04-27-76
06-21-77
08-16-79
03-24-80
03-24-80

11-08-72

" PHOS-

PHORUS,
ORGANIC
TOTAL
{M6/L
AS P)
(00670}

PHOS-  PHOS-
PHORUS, PHORUS,
ORTHD, ORGANIC
pIs-  DIS-
SILVED  SOLVED
N6/L  (MBIL
ASP AP
(00671)  (00673)
0.07 - —

w01 -

0.05 -

HARD-

HARD-  NESS,
NESS  NONCAR-
(NG/L  BONATE
B NENL
CACO3)  CACO3)
(00900) (00902)
MO0 3900
MOO 3700
300 3300
4000 3500
1600 1400
1600 1400
0 730
2000 1900
2100 2000
200 2000
1000  B60
g0 70
R £1)
5500 4900

47

CALETYM
bIS-
SOLVED
(M6l
A5 CA)

(00915)

1000
940
870

1000
0

350

350
350
290

280
280

1500

NAGNE-
SIUM,
s~

SOLVED
{NG/L
AS )
(00925)

450
420
380
350

70

70
%

160
170
170

&9

a4l

420

SoDIUN,
DIS-
SOLVED
(M6/L
AS NA)
{00930

SoDIM
AD-
SORP-
TION
RATIO  PERCENT
SODIUN
(00931).  {00932)
- b1
2 &3
2 b4
13 51
5. -
5 -
1 R
15 81
-
-
17 3
17 -
7 -
B 70

SDDIUN+

POTAS-.

SIun

DIS-
SOLVED

{H6/L
AS NA)
{00933)

3200
3200

3000
1900

1300

POTAS-
SIuM,
DIS-

SOLVED

{(N6/L

AS X)

{00933)



oMo
RIDE, SULFATE
DIS-  DIS-
SOLVED  SOLVED
DATE  MB/L (ML
AS CL) AS SO4)
(00940} (00945)
05-28-53 5000 2300
06-02-54 5000 2100
06-02-54 5500 2100
06-03-54 4500 1300
08-15-79 2300 %00
08-15-79 - -
08-15-79 2300 900
04-01-74 1800 610
04-27-76 - -
06-23-77 - -
01-08-74 2000 2400
04-21-76 - -
03-24-80 2400 2400
03-24-80 2400 - 2400
06-16-55 1800 980
w276 - -
06-20-77 - -
08-16-79 — -
03-24-80 1500 850
03-24-80 1500 850
11-08-72 11000 3200

FLUG-  SILICA,
RIDE, DIS-
DIS-  SOLVED ARSENIC

SOLVED (M6/L  TOTAL

{n6/L AS {Us/L

AS F)  SI02)  AS AS)
{00950) (0093%) (01002)

1-1 33 -

-— 37 -
0.3 30 -
1.0 - 0
1.0 - -=
2.1 41 -
2-‘ - -
2.0 - -
21 32 -
3-0 - -
2.1 -~ 0
4.0 44 -
.3 - -
3-1 - -
Iy - -
3.0 - 0
4.4 2 -

BORON,
DIS-
SOLVED
(Ws/L
4S B
{01020

CADNIUN
T0TAL
RECOV-
ERABLE
{ue/L
AS CD)

(01027)

-

0

{0

e

CHRO-
NIUN,
TOTAL
RECOV-
ERABLE
(e
85 CR)
(01034)

©

<0

0

COPPER,
TOTAL
RECOV-
ERABLE
{UB/L
85 CU)
101042)

IRON,
TOTAL
RECOV-
ERABLE
(UB/L
AS FE)

{01045)

IRD
I

Ny
8-

SOLVED

(ue
AS
{010

L
FE)
46)

10



DATE

05-28-33
06-02-54
06-02-54
06-03-54
08-15-79

08-15-79
08-15-79
04-01-74

04-27-76 -

06-23-77

01-08-74
04-27-176
03-24-80
03-24-80
06-16-33

04-27-76
06-21-77
08-16-79
03-24-80
03-24-80

11-08-72

LEAD,
TOTAL
RECOV-

ERABLE .

(UB/L
AS PB)
{01051)

<0

HANGA-
NESE,
TOTAL
RECOV-
ERABLE
{ue/L
AS HN)
{01053)

<0

MANGA-
NESE,
DS~
SOLVED
{U6/L
S MN)
{01056)

SILVER,
TOTAL
RECOV-
ERABLE
(ue/L
AS AB)

TINC,
TOTAL
RECOV-
ERABLE
{Us/L
AS IN)

(01077) (01092

Y

{0

49

SELE-
NIUM,
‘TOTAL
{us/L

AS SE)
{01147)

SOL1DS,
RESIDUE
AT 180
DES. €

DIS-
SOLVED
(6/L)
(70300)

7020
1110

3830
3830

SOL1DS,
SUN OF
CONSTI-
TUENTS,

BIS-
SOLVED
(NE/L)

{70301).

13000
13000
12000

9300

NITRO-
S0LIDS, SOLIDS, GEN,
Dis- DIS- AMMONIA
SOLVED SOLVED  DIS-
(TONS  (TONS  SOLVED
PER PER {M6/L
DAY}  AC-FT) A4S NH4)
{70302) (70303) (71846)
- 18-0 -
- 17.7 -
- 16.6 -
- 12.7 -
- 5.5 -
- 9.3 -
- 8.3 -
- 30-3 bt



DATE

05-28-53
06~02-54
06-02-54
06-03-54
08-13-79

08-15-79
08-15-79
04-01-74
04-27-76
06-23-77

01-08-74
04-27-76
03-24-80
03-24-80
06-16-55

04-27-76
06-21-77
08-16-79
03-24-80
03-24-80

11-08-72

NITRO-

BEN,
NITRATE
TaTAL

(NG/L
AS NO3)

-(71850)

g8&x!

NITRO-
GEN,
NITRATE
Dis-
SOLVED
{M6/L
AS NO3)
{71851)

R R

NITRO-

GEN,

NITRITE  NITRO-

ns-

GEN,

SCLVED TOTAL

(¥6/L

AS NO2) AS NO3)
{71856)

{#6/L

(71887)

NERCURY
TOTAL
RECOV-
ERABLE
(ue/L
AS HE)

{71900)

50

ELEV.
OF LAND
SURFACE

DATUM

{FT.

ABOVE

NEVD)
(72000)

640
540
635
640

&40
640
645
645
645

650
660
660
650
36

736
73
36
736
736

318

DEPTH
oF
NELL,
TOTAL
{FEET)
{72008)

1.9
17,30
17.30
20.80
960.00

9460.00
960.00
708.00
708,00
708.00

1672.00
167200
1672.00
1672.00
1000.00

1000.00
1000.00
1000.00
1000.00
1000.00

1346.00

DEPTH  SEDI-  SEDI-
BELON  NENT,  MENT,
LAND  DIS-  DISCH,
SURFACE CHARGE, SUSP. +
(VATER  SUS-  BED MA-
LEVEL) PENDED TERIAL
(FEET) (T/DAY} (T/DAY)
(72019) {B0155) (80156)
1031 - -
1.9 - -
1.5 - -
.48 - -

DRAIN-
AGE
AREA
(5Q.
L)

(81024)



CHEMICAL ANALYSES FOR SELECTED WELLS IN AREA IV
{The following information was abtained froa the U. 5, Geological Survey, Tucson, Arizona)

51

DXYGEN,
AGENCY  ABENCY  SPE- DIs-

LOCAL COL- AN~  CIFIC  SOLVED PH
IDENT- LECTING LYZING  CON- {PER- PH LAB

I- SAMPLE ' TENPER- SAMPLE SAMPLE  DUCT-  CENT  {(STAND- (STAND-
FIER DATE  NUMBER ATURE  {CODE  (CODE ANCE  SATUR-  ARD ARD

(DEG C) MNUMBER) NUMBER) (US/CM) ATION) UNITS)  UNITS)
D-01-01 34AAR 12-29-33 - - - - - - - -
D-01-01 3b6RAR 10-27-34 — - - - 4070 - 7.4 -
D-01-01 3amAf 05-31-35 © — - - - 4030 - 7.4 -
D-01-01 34AAA 10-19-35 -~ - - - 3050 — 7.4 -
D-01-01 35RAR 05-09-36 - 2.8 - - 4040 - 74 -
D-01-01 3&6RAR 10-28-36 — 2.0 - - Mg -- 7.4 -
D-01-01 3644 04-12-37 - 2.0 - - M0 - 7.4 -
_ D-01-01 3bAAA 04-07-38 — - - - Mg - 7.5 -
D-01-01 344 09-20-38 - -- - - £39% - 74 -
D-01-01 36AAR 09-23-82 - - - - 4850 -- - -
D-01-01 34AAA 10-30-43 — - - - 550 - - -
D-01-01 34AAR 10-04-44 — - - - 4590 - - -
B-01-01 344AA 02-12-8% - - - - 700 - -~ -
D-01-01 3sRAR 10-01-46 — - - - 4640 -- - -
D-01-01 34AAR 09-30-47 - - - -- %20 -— - -
D-01-01 36AAA 09-22-48 - - - - 4550 - - -
D-01-01 34AAR 09-15-50 - - - - 4660 - 7.4 -
D-01-01 34A4R 04-22-54 - - - - 5140 -- 7.4 -
D-01-05 31AAR 12-2-33 -~ - - - - - - -
D-01-05 31A8A 01-22-35 — - - - 7070 - 8.1 -
D-01-05 31AAA 10-10-37 - - - - 6900 - 7.6 -
D-01-05 31A4R 04-11-38 — - - - 6040 - 7.5 -
D-01-05 31444 09-19-38 - - - -- 57180 ~— 7.4 -
D-01-05 31AAA 04-06-39 -— - - - 7160 — - -
D-01-05 31AAA 09-27-3% - - - - 7080 -- - -
D-01-05 31AAA 11-07-39 - - - - 7080 - - -
D-01-05 3188R 04-23-40 — - - - 5970 - - -
D-01-05 31AAA 10-08-40 — - - - 730 - - -
D-01-05 31AM8 - 04-29-48 — - - - 4500 -- - -
" D-01-05 31AAA 04-16-53 -— - - - 5850 -- 7.3 -
D-01-05 31AAR 04-09-57 — - - - 5600  -- 7.3 -
D-02-03 01BDA 09-16-75 - 27,0 - - 5700 -- - -

D-02-03 01BDA 08-04-82 — 23.5 80020 80020 4400 - 6.9 7.4
D-02-04 01AAR 08-05-80 1440 3.0 - 80020 3780 -- 69 -
D-02-04 11CAB 08-01-80 1440 28.0 — 80020  .4990 -- 7.0 -



DATE

12-29-33
10-27-34
05-31-33
10-19-35
05-09-34

10-28-36
04-12-37
04-07-38
09-20-38
09-23-42

10-30-43
10-04-44
02-12-46
10-01-45
09-30-47

09-22-48
09-15-50
04-22-04
12-22-33
01-22-35

10-10-37
04-11-38
09-19-38
04-06-39
09-27-39

11-07-39
04-23-40
10-08-40
04-29-48
08-16-33

04-09-37
09-16-75
08-04-82
08-05-80
08-01-80

CARBON  ALKA-
DIOXIDE LINITY

DIS-
SOLVED
{H6/L

AS C02).

31
2
3
3t

3
30
2%
19

FIELD

(M6/L
AS

CACO3)

81
110

BICAR-
BONATE

ACIDITY FET-FLD

{M6/L
4]
CACO3)

{M6/L
S
HCO3)

390
300
300
90
430

470
0
480
450
480

480
490
500
170
10

460
450
500
410
450

310
410
390
370
320

510
390
480
90
420

CAR-
BONATE
FET-FLD

(M6/L
AS C03)

52
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SDo0cCoo

[~ — 2 —~ B — )

SOLIDS,
RESIDUE
AT 105
DEE. €,
sus-

PENDED
(H6/L)

NITRD-

GEN,
T0TAL
(M6/L
AS N

NITRO-
GEN,

ORGANIC
TOTAL
{N6/L
aS N)

NITRD-  KITRO-

6EN,  GEN,  NITRO-
ORGANIC NITRATE  BEN,
}1S-  DIS-  NITRATE
SOLVED SOLVED TOTAL
(NG/L  (MS/L  (MS/L
AS W) fs N

AS ¥



DATE

12-29-33
10-27-34
05-31-35
10-19-35
05-09-36

10-28-36
04-12-37
04-07-38
09-20-38
09-23-42

10-30-43
10-04-44
02-12-46
10-01-46
09-30-47

09-22-48
09-15-50
04-22-54
12-22-33
01-22-35

10-10-37
04-11-38
09-19-38
04-04-3%
09-27-3¢

11-07-39
04-23-40
10-08-40
04-29-48
04-16-33

04-09-57
- 09-16-75
08-04-82
08-05-80

08-01-80

NITRO-

6EN,
NO2+NO3

DIS-

SOLVED
(NG/L

AS N

13.0
10.0
7.40

- PHOS-

PHATE,
ORTHO,
DIs-
SOLVED
G/L

AS PO4)

0.03
0.0
0.0

PHOS-
ORGANIC

JOTAL SOLVED  SOLVED SOLVED

{M6/L
45 P)

PHOS-

PHOS-

PHORUS, PHORUS, CARBON,
ORTHO, ORGANIC ORGANIC HARD-

DIS-

{Ms/L
AS P)

DIs-

{M6/L
AS P)

U I

i

53

DIs- NESS  NONCAR-
(M6/L  BONATE

(M6/L AS
AS C}  CACO3)

- 1100
- 860
- B850
- 8%0
- 860

- 87
- 860
- 90
- 900
- 1000

- 940
- 950
- 970
- 930
- 930

- 970
- 1000
- 1200
- 330
- 1300

- 1100
- 1200
- 1200
- 990
- 1000

- 1000
- 1200
- 1100
- 700
- 1300

- 1300
- 1400

.4 1100
1.7 2100

HARD-
NESS,

(Me/L
cacod)

CALCTUY
DIS-
SOLVED
(H6/L
AS CA)

290
200
210
210
210

210
210
220
210
40

220
220
230
230
220

230
230
270
150
320

260
330
340
230
250

30
330
270
180
340

340
340
300 -
%0

100

NAGNE-
SIuM,
DIS-

SOLVED

(N6/L

AS ¥5)

SSIR "B

[d

100
100

%8
100
100

100
100
{10

130
8
160

SODIUN,
DIS-
SOLVED
{N6/L
AS NA)

600
370
370
580
580

390
380
620
620
&80

640

650
670

620

670

710
130
1100

1100
840
790

1200

1200

1200
o
£200

. 700
B0

750

870
880
600



, SODIUM+ '
SaDIUN POTAS-  POTAS-  CHLO- FLUO-  SILICA, ARSENIC

AD- SIUN SIUM, RIDE, SULFATE RIDE, DIS-  ARSENIC  S5US-
SCRP- DIS- DIs-  DIS- 1S~ DIS-  SOLVED  DIS-  PENDED ARSENIC
TION SOLVED SOLVED SOLVED SOLVED SOLVED (MG/L  SOLVED TOTAL  TOTAL

DATE RATIO PERCENT (M6/L  (MG/L  (M6/L  (M6/L  (MB/L AS (Ue/L  (s/L WL
SODIUN AS NA) ASK) ASCL) A4S SD4) ASF)  5102)  AS AS) AS AS) AS AS)

5 - 0.0 90 50 — - - = -

12-29-33 8

10-27-34 9 59 - 0.0 870 400 - - - - -
05-31-35 9 5% - i1 880 400 - - - - -
10~19-35 9 5% - 0.0 910 410 - - - - -
05-09-36 ] 0 - 0.0 B% 410 - - - - -
10-28-36 9 0 - 0.0 910 430 - - - - -
04-12-37 9 5 - 1.0 900 430 - - - - -
04-07-38 9 5% - 4.0 9% 470 - - - - -
09-20-38 9 80 - 0.0 980 470 - - - - -
09-23-42 ] 59 - 0.0 110 530 -- - - - -
10-30-43 9 W - 0.0 1000 480 - - - - -
10-04-44 9 0 - 0.0 1000 500 - - - - -
02-12-46 10 0 - 0.0 1000 520 - - - - -
10-01-84 9 0 - 0.0 1000 520 - - - - -
09-30-47 9 0 - 0.0 1000 510 - - - - -
09-22-48 9 58 -- 0.0 970 510 - - - - -
09-15-50 9 - - - 1000 550 - - - - -
04-22-54 9 - - - 1200 620 - - - - -
12-22-33 3 - - - 1800 900 - - - - -
01-22-35 14 5 - 0.0 1800 750 - - - - -
10-10-37 16 7 - 0.0 1700 730 - - - - -
04-11-38 11 0 - §.0 1500 600 - - - - -
09-19-38 10 58 - 0.0 1500 560 - - - - -
04-06-39 18 3 - 0.0 1700 790 - - - - -
09-27-3% 17 7 - 0.0 1700 780 - - - - -
11-07-39 14 N - 5.0 1700 760 - - - - -
04-23-40 10 5% - 0.0 1500 590 - - - - -
10-08-40 14 70 - 1.0 1800 800 - — - - -
04-29-48 12 8 - 1.0 950 450 - - - - -
04-16-53 10 - - - 1400 620 - - - - -
04-09-57 9 - - - 1300  ° SBO - - - - -
09-16-75 - - - - - - 0.8 - - - --
08-04-82 11 58 - 8.4 1600 900 0.1 25 - - -
08-05-80 12 8 - 13 1500 630 0.5 21 30 - -
08-01-80 & B - 13 2000 640 0.4 34 5 - -

o4



BERYL- CADNIUN CHRO-  CHRO-
BERYL-  LIUM, SUS-  CADNIUM NIUM,  MIUA,
BARIUM, LIUM, TOTAL  BORON, CADMIUN PENDED TOTAL  HEXR-  TOTAL COBALT, COPPER,
plIs- bIS- RECOV-  DIS- DIS-  RECOV- RECOV- VALENT, RECOV- DIS- DIs-
SOLVED  SOLVED ERABLE SOLVED SOLVED ERABLE ERABLE  DIS.  ERABLE SOLVED  SOLVED
DATE (U6/L  (W6/L  (us/L  (U6/L  (UG/L  {UG/L  (UB/L  (US/L  (¥6/L  (UG/L  (US/L
AS BA} ASBE) ASBE) ASB) ASCD) ASCD) ASCD) ASCR) ASCR) ASCO) ASCUl

2838 - - = = = = - - - - -
10-27-388 = = - = - - - - - - -
I R - - -

01935 - - - = = = = = - - -
05093% - = - = = = = - - - -

0-283% - - - - - - - - -- - -
W-12-37 - - o~ = - - - - - - -
04-07-38  — - - 8 - - - - - - -
09-20-38 - - - - - - - - - - -
09-B-42 - - - - - - - - - - -
10-3043 — - ~- - - - - - - - - -
10-04-44 = = - = - - - - - - -
02-124% - - - - - - - - - - -
0-01-4 - - - = - - - - - - -

09-30-47 - - - - - - - - - - -

09-248 — - = = = - - - - - -
09-1550 -~ - = -
W2 - - - = = = - - - - -
2y - - - - - - - - - - -
-2y - - - = = = o~ - - - -

10-10-37 - - - 1800 - - - - - - -
01138 -~ - - 10 - - - - - - -
09-19-38 - - - - - - - - - - --
0-0639 -~ - - 70 - - -- - - - -
09-27-39 - - - - - - -- - - - -
u--% - - - - - - - - - - -
04-23-40 — - - - - - - - - - -
10-08-40 - - - - - - - - - - -
-2 — - - - - - - - - - -
01653 - - - - - - - - - - -
040957 - - @ - - - - - - - - -
09-16-75 - - - - - - - - - -- -
08-04-82 - = — - M0 - - - - - - -

. 080380 S0 1 - 700 . <1 - - I - 3«10

08-01-80 170 1 - 940 - - 0 - G <10

.55



SUS-  COPPER, LEAD,  MANGA-  MOLYB- NICKEL, STRON-  VANA-
PENDED TOTAL  IRON, LEAD, TOTAL  NESE,  DEMUM, NICKEL, TOTAL  TIUN, DIUN,
RECOV- RECOV-  DIS-  DIS-  RECOV-  DIS-  DIS-  DIS-  RECOV-  DIS-  DIS-
ERABLE ERABLE SOLVED SOLVED ERMBLE GOLVED SOLVED SOLVED ERABLE SOLVED  SOLVED

DATE  (UB/L  (UG/L  (UG/L’ (US/L  (US/L  (UB/L  (UB/L  (UG/L  (UB/L  (UG/L  (WG/L
ASCU) ASCI) ASFE) ASPB) ASPB) ASMN ASHD) ASND ASND ASSR) 4SV)

12-29-33 -~ = - -- - - - - - - - -
10-27-4  — - - - - - - - - - -
053135 - - - - - - -
10-19-35  — - - - - - - :
05-09-36 - - - - - - - - - - -

t
!
!
!

10-28-3% - - - - - - - - - - -
04-12-37 - - - - - - - - - - -
04-07-38 — - - - - - - - - - -
09-20-38 - — - - - - - - - - - --
09-23-42 - - - - - - - - - - -

10-30-43 -~ - - - - - - - - - -
10-04-44  — - - - - - e e - -
021246 - . — = - - - - - - - -
10-01-46 - - - - - T -
09-30-47 - - - - - - - - - - -

W24 - - - = = = = =~ e
091550 -~ - @ - - - - - - - - -
W - - - - - - - - - - -
228 - - - - - - - - - - -
W-2-3B - = = = - = = = e -

10-10-37 - - - - - - - - - - -
od-11-38 - - - - - - - = - - -
09198 - - - - - - - = - - -
T - -
0-z7-39 - ~ - - - - - = - - -

u-o-% - - - - - - - - - - -
M-23-40 - - - - - - - - - - -
10-08-80 — - - - - - - = - =
04-29-48 - - - - - - - = = = -
M-16-53 - - - - - - - = - - -

08-09-57 - - - - - - - - - - -
09-16-75 — ~ - - - - - - - - -
08-04-82 - - 20 - - 0 - - - - -
08-05-80 -~ - (a0 10 - a W - - 5800 4
08-01-80 — - B 10 - 4 W - - 7600 a

. 56



—

DATE

12-29-33
10-27-34
05-3t-35
10-19-35
05-09-36

10-28-36

04-12-37

04-07-38
09-20-38
09-23-42

10-30-43
10-04-44
02-12-46
10-01-46
09-30-47

09-22-48

09-13-50
04-22-54
12-22-33
01-22-35

10-10-37
04-11-38
09-19-38
04-06-39
09-27-3%

11-07-3%
04-23-40
10-08-40
04-29-48
04-16-33

04-09-57
09-16-75
08-04-82
08-05-80
08-01~80

- ZINC,

Dis-

SOLVED

{u6sL
AS IN)

1INC,
Sus-
PENDED

‘RECOV-

ERABLE
{us/L
AS IN)

LINC,
TOTAL
RECOV-
ERABLE
{us/L
S IN)

ALUN-

NN,  LITHIUM

DIS-
SBLVED
{ue/L
AS AL)

20
20

57

0Is-
SOLVED
{us/L
AS LI

380
300

SELE-
NIUN,
DIs-
SOLVED
{us/L
AS SE)

SELE.
NIUN,
Sus-
PENDED
TOTAL
{us/L
AS SE)

SELE-
NIUNM,
TOTAL
{us/L

AS SE) -

SOLIBS,
RESIDUE
AT 180
De6. €
DIs-
SOLVED
{N6/L)

2640
2620
2640
2600

SOLIDS,
SUN OF
CONSTI-
TUENTS,

DIS-
SOLVED
(NG/L}

2700
2000
- 2500
2500
2500

2500
2500
2300
2600
1900

2700
2700
2800
2800
2700

2700
2300

3200

3400
4500

4200
3600
3500
4400
4300

4300
3500
4400
2600
3500
3300
4000

4100

SOL1DS,
DIS-
SOLVED
(TONS
PER
DAY)



DATE

12-29-33
10-27-34
03-31-35
10-19-35
03-09-36

10-28-35
04-12-37
04-07-38
09-20-38
09-23-42

10-30-43
10-04-44
02-12-4%
10-01-45
09-30-47

09-22-48
09-15-50
04-22-54
12-22-53
01-22-35

10~10-37
04-11-38
09-19-38
04-06-39
09-27-39

11-07-39
04-23-40
10-08-40
04-29-48
04-16-53

04-09-57
. 09-16-75
08-04-82
08-05-80
08-01-80

NITRE- NITRO-  NITRO-
SOLIDS, GEN,  NITRO-  GEN, . GEN,
DIS- MMMONIA  GEN, NITRATE NITRITE
SOLVED DIS- NITRATE DIS-  DIS-
(TONS  SOLVED TOTAL  SOLVED SOLVED
PER  MB/L  NG/L  (MGL  (MSAL
AC-FT) AS NHS} AS NOS) AS ND3) A4S NO2)

- - - 0.0 R -
- - - 35 -—
- - - g

- - - 3t -

- -— - 33 -

- - - 29 -

- - - 29 -

- - - 37 -

- - - 27 —
- - - 2% —
- - - 2 -
- - -— 37 -

- - -— 35 -—

-— - - 3 -

- - - » -

- - - 2 -
- - - 22 -
- - —- 3 -
- - - 29 -
- - - T} -

- - - 3 -
- - - 27 -
- - - 4 -
- - - o -

- - - -

NITRO- MERCURY
6EN,  DIS-
TOTAL  SOLVED
NB/L  (US/L

AS NO3)  AS HE)

HERCURY
sus-
NPENDED
RECOY-
ERABLE
{us/L
85 H6)

NERCURY
TOTAL
RECOY-

(Ue/L
AS HE)

ELEV.
OF LAND
SURFACE

DATUM

(FT.

NEVD)

us
193

193
193
1193
1193
Hs

1193
1S
1193
1S
193

193
1154
1154



DATE

12-29-33
10-27-34
05-31-35
10-19-35
05-09-36

10-28-3&
04-12-37
04-07-38
09-20-38
09-23-42

10-30-43
10-04-44
02-12-46
10-01-45
09-30-47

09-22-48
09-15-50
- 04-22-54
12-22-33
01-22-35

10-10-37
04-11-38
09-19-38
04-06-39
09-27-39

11-07-3%
04-23-40
10-08-40
04-29-49
04-16-53

04-09-57
09-16-75
08-04-82

08-05-80 -

08-01-80

DEPTH

OF .
NELL,
TOTAL
(FEET)

700.00
700.00
700.00
700,00
700.00

700,00
700.00
700.00
700.00
700.00

700,00
700.00
700.00
700,00
700.00

700,00
700,00
7060.00
245.00
243.00

245.00
243,00
245.00
243.00
245.00

245.00
245,90
245.00
245,00
245,00

243,00
800.00
800.00

DEPTH  SEDI-
T0 BOT-  MENT,
TOM OF  DIS-
SAMPLE CHARGE,
INTER-  SUS-

VAL

(FT}  (T/DAY)

245 -
245 -
A5 -
2435 -
45 -

25 -
85 -
A5 -
2435 -
245 -

SEDI- -

KENT,

DISCH,
SUSP. +
BED MA-

PENDED TERIAL

(T/DAY)

1

59

DRAIN-
AGE
AREA
{se.
MI.)

!

U

!

11

W2/
K-t/
STABLE
ISQTOPE
RATIO
PER
MILL

0-18/
0-16
STABLE
ISOTOPE
RATID
PER

MIL

SPE-
CIFIC
CON-

HARD-
ALKA-  NESS
LINITY  NONCAR-
DucT- LAB  BONATE
ANCE (M6/L  (MB/L
LAB AS AS
(US/CH)  CACD3) CACO3)

1070
855
860
887
85

865
860
941
901
1040

938
954
989
751
%1

964
1030
1150

33
1300

1080
1240
1250

986
1030

1050
1250
1120

704
1260

1250
1380

1100
2140



LOCAL
IDENT-

F

D-02-04 13ADA
D-02-04 {3ADA

I-
IER

D-02-04 148D

D-02-05 17CAR
0-02-05 17CAA

D-02-05 17CAA
D-02-05 18AAA
0~02-05 18AAA
0-02-05 20BCC
D-05-07 Z3DAA

D-05-08 20ADD

i

CARBON  ALKA-
DIOXIDE LINITY
FIELD
(M6/L

Dis-
SOLVED

DATE {M6/L
A5 (02}

08-04-80
08-05-82
07-31-80

rl}
17
27

07-03-75 -~

07-25-71%

07-25-80
07-02-75
07-15-80
07-23-80
08-30-82

09-04-41

40

3
49
16

AS

CACO3)

99

140

&6

190
160

198

DATE

08-04-8¢
08-05-82
07-31-80
07-03-75
07-25-79

07-26-80
07-02-75
07-15-80
07-25-80
08-30-82

09-04-41

ACIDITY
(Ne/L
AS
CACO3}

1460

1460

—

1450

1460
1460

BICAR-
BONATE
FET-FLD BONATE DES. C,
(M5/L FET-FLD  5US-

HCO3)

240

9.3
28.5
24.5,
25'0

4.5
24.0
23.5
4.3
2.0

4.5

CAR-

(N6/L

{CODE  {CODE
(DEG C) MUMBER) NUMBER)
- 80020
80020 80020
- 80020 -
- 80020
- 80020
- 80020
80020 80020
80020 80020
SOLIDS,
RESIDUE
AT 105 NITRO-
BEN,
TOTAL
PENDED  (MS/L
ML) A5 N

AS C03)

60

AGENCY  AGENCY

coL-

ANA-

LECTING LYZING
SAMPLE TEMPER- SAMPLE SAMPLE
NUMBER  ATURE

OIYEEN,

SPE-  DIS-
CIFIC  SOLVED
CON-  (PER-
DUCT-  CENT
ANCE  SATUR-
(US/CH)  ATION)
o -
4650 -
6880 -
850 —
599 —
850 -
900 -
520 -
850 -
590 -
o -
NITRO-
NITRO-  GEN,
GEN,  ORGANIC
ORGANIC  DIS-
TOTAL  SOLVED
M6/L  (MB/L
AN ASN)

! ! !
O !

i
PH L&D
(STAND-  (STAND~
ARD  ARD
UNITS)  UNITS)
69 -
7.0 1.5
7.0 -
65 -
67 -
b8 -
7.2 81
NITRG-
BEN,  NITRD-
NITRATE  GEN,
DIS-  NITRATE
SOLVED  TOTAL
M6/l (NG/L
AN BSH


http:SPE-D.1S

DATE

08-04-80
08-05-82
07-31-80
07-03-75
07-25-79

07-26-80
07-02-75
07-15-80
07-25-80
08-30-82

09-04-4]

DATE

08-04-80
08-05-82
- 07-31-80
07-03-75
07-25-1%

07-26-80
07-02-15
97-15-80
07-25-80
08-30-82

09-04-41

—

NITRD-  PHOS- PHOS-  PHOS-

BEN,  PHATE, PHOS- PHORUS, PHORUS, CARBON,
NO2:ND3 ORTHO, PHORUS, ORTHD, ORGANIC ORGANIC
DIS-  DIS- ORGANIC DIS- pIS-  DIS-
SOLVED SOLVED TOTAL SOLVED  SOLVED SOLVED
(N6/L  (MS/L  (NG/L (MB/L  (MG/L  (MG/L
ASN) ASPO4) ASP) ASP) ASP) ASC
13.0 0.0 - 0.00 - 4.5
14.0 - - 0,00 - -
20.0 0.0 - 0.00 - -
17.0 0.0 - 0.00 — -
20-0 0-0 - 0:00 - 11
18,0 0.0 — 0.00 - 1.1
17.0 0,03 - 0.01 - -

* SODIUMs
SODIUM POTAS- POTAS-  CHLO-
AD- SIM  SIM, RIDE, SULFATE
SORP- Dis-  DIS-  DIS-  DIS-
TION SOLVED SOLVED SOLVED  SOLVED
RATID PERCENT (N6/L  (MB/L  (MG/L  (MB/L
SODIUM AS NA) AS K}  AS CL) AS SOA)
3 ¥ - 12 1700 600
5 ky 10 1700 540
5 - 14 2800 630
3 8 - 8.9 1700 540
4 0 - 10 1500 40
8 [T - 12 1700 650
11 59 - 7.7 1100 1200
- - 40 - 970 980

6l

HARD-
NESS
{N6/L
AS
CAca3)

2000
2000
3500

-—

2200
2100
1500
1200

1600

FLUO-
DIs-
SOLVED
(M6/L

AS F)

0.2
0.2
0.2
0.7
0.8

0.2
0.8
0.2
0.4
1.0

1.4

HARD-
NESS,
NGNCAR-

- BONATE

(N6/L
CACO3)

1900
1900
3400

-

2100
1900
1400
1000

1400

SILICR,
DIs-
SOLVED
{(MB/L

AS
§102

28
29
45

4.7

—

H
4%
37

CALCIUN

DIs-

SOLVED
{N5/L
A5 CA)

320
320
1000

-

390
600
410
310

490

ARSENIC
DIS-

SOLVED
(us/L
AS AS)

3

NAGNE-
SIUM,
DIs-

SOLVED

(H5/L

45 15)

160
160
250

170
150
120

38

100

RRSENIC
Sus-

PENDED
TaTaL
(UB/L

AS 45)

SODIUM,
Dis-
SOLVED
(¥6/L
A5 NA)

370
530
710

390
420
680
790

ARSENIC
TOTAL
(us/L
S AS)



DATE

08-04-80
08-05-82
07-31-80
07-03-75
07-23-19

07-26-80
07-02-73
07-13-80
07-25-80
08-30-82

09-04-41

IATE

08-04-80
08-03-82
07-31-80
07-03-75
07-25-79

07-26-80
07-02-75
07-13-80
07-25-80
- 08-30-82

09-04-41

BARIUN,
DIS-
SOLVED
(UB/L
AS BA)

COPPER,

PENDED
RECOV-
ERABLE
(us/L

as cb)

BERYL-
Litm,
DIs-
SOLVED
{us/L
RS BE)

COPPER,
TOTAL
RELOV-
ERABLE
(UB/L
AS W)

BERYL-
LIUM,
TOTAL
RECOV-
ERABLE
W6/
AS BE)

IRON,
DIS-
SOLVED
{us/L
fAS FE)

0

2
{10
90

BORON, CADMIUM
) IS~
SOLVED  SOLVED
U/t  {Us/L
ASB)  ASCD

560 {1
630 -
90 -

90 -

o - «
1600 -

TOTAL
RECOV-
ERABLE
{Us/L
S PB)

LEAD,
bIS-
SOLVED
(Us/L
45 PB)

{10 -

62

CADNIUN
sus-
PENDED
RECOV-
ERABLE
{us/L
S CD)

NANGA-
- DIS-
SOLVED

(Ue/L .

AS HN)

20
30

10

20
{

CABMIUM
TaTAL
RECOV-
ERABLE
{Us/L
AS CD

MBLYB-
DENUN,
DIs-
SOLVED
(UB/L
AS H0)

CHRO-
NIUM,
HEXA-
VALENT,
DIS.
(Ue/L
85 CR)

NICKEL,
DIS-
SOLVED
(us/L
AS NI}

CHRO-
MILM,
TOTAL  COBALT,
RECOV-  DIS-
ERABLE  SOLVED
WE/L  (Us/L
AS CR) S CD)
- 3
- 3
NICKEL, STRON-
TOTAL  TIUM,
RECOV-  DIS-
ERABLE  SOLVED
{US/L  (UB/L
AS NI)  AS SR)
- 7800
-- 5000

COPPER,
DIS-
SOLVED
(UB/L
A5 CU)

10

VANA-
DIUM,
DIs-
SOLVED
{6/t
AS V)



—

08-04-80

06-05-82 -
07-31-80 -
07-03-5 -
07-25-19 -

07-26-80 -
07-02-15 -
07-15-80 -

07-25-80

08-30-82 --

09-04-41 . -

DATE

08-04-80
08-05-82
07-31-80
07-03-75
07-25-19

07-26-80
07-02-75
07-15-80
07-25-80
08-30-82

09-04-4{

1IXC,

SUS-  ZINC,
2N, PENDED TOTAL
DIS-  RECOV-  RECOV-
SOLVED ERABLE ERABLE
MATE  (UE/L  (UB/L  (USIL
ASTN ASIND AS IN)

9 - -
5 - -—
NITRD-
SOLIDS,  GEN,
DIS- AMMONIA
SOLVED  DIS-
(TONS  SOLVED
PER {¥6/L
aC-F1) AS MY
5.0 -
5-0 -
7.5 -
4.7 -
4.7 -
3.1 -
5.0 -

10 360 3 -
0 - 0 -
0 250 § -
NITRO-  NITRO-

NITRO-  GEN,  GEN,

GEN, NITRATE NITRITE NITRO-

NITRATE  DIS-  DIS-  GEN,

TOTAL  SOLVED SOLVED TOTAL

ALUN-
INUN, LI
DIS-

/L ¢

{Me/L  (MB/L
AS KO3) AS NO3) RS ND2) A4S HDJ)

SELE-

SELE-  NIUN,

THIUN  NIUM,  SUS-
MS-  DIS-  PENDED
SOLVED SOLVED SOLVED TOTAL
UG/L  (UBL  (UB/L
AS AL ASLI) ASSE) AS SE)

(M6/L  (MB/L

SOLIDS, SOLIDS,

RESIDUE SUN OF SOLIDS,
SELE- AT 180 CONSTI-  DIS-
NIUM, DE6. C TUENTS, SOLVED
TOTAL bIs- DIS-  {TONS
{U/L  SOLVED SOLVED PER

AS SE)  (M6/L)

MERCURY
Ss-
MERCURY MPENDED
DIS-  RECOV-
SOLVED ERRABLE
{Us/L  (UB/L
AS HG) RS HE)
0 -
0 -
0 -

(M6/L)  DAY)

3700 -
3600 -
™0 -

- -—

MERCURY
TOTAL
RECOV-
ERABLE
(us/it
AS HE)

400 -

B -
o0 -
3800 -

200 -

ml
OF LAND
SURFACE

DATUN

(FT.

ABOVE

NGVD)

1198
1%

1198
1388

1412



—-—

DATE

08-04-80

08-05-82
07-31-80

07-03-75-

07-25-79

07-26-80

© 07~02-T5

07-13-80

07-25-80

08-30-82

09-04-41

DEPTH
oF
WELL,
TOTAL
(FEET)

300.00
300.00

300.00
350.00
350.00

212.00

160.00

DEPTH  SEDI-  SEDI-
T0 BOT- NENT,  MENT,
TOM OF  DIS-  DISCH,
SAMPLE CHARGE, SUSP. +
INTER-  SUS- BED MA-
VAL  PENDED TERIAL
(FD)  (T/08Y) (T/DAY)

.64

DRAIN-

(50,
Hi.)

H-2/
H-1/
STABLE
1SQTOPE
RATIO
PER
HILL

0-18/
0-1&
STABLE
1SOTOPE
RATIO
PER

HIL

SPE-
CIFIC

CON-
puct-
ANCE

LAB

(US/CH)

6150

HARD-
ALKA-  NESS
LINITY  NONCAR-
LAB  BONATE
(M6/L  (M6/L
AS S
CACD3) CACO3)
- 1970
e 1960
- 3330
- 2170
- 2120
- 1330
132 1160
- 1630



" ICATION DATE
=23 170C 04-04~43
—23 17CD 08-06-43
3 170D 04-17-44
-24 06CD 09-12-41
=24 06CD 09-09-43
‘4 02CD 08-14~43
<3 010D 03-25-43
ree: Hes, 1950
20 06-00-35
-3 1 08-00~33
317 04-00-58
407 07~00-561
-26 05 11-00-58
=25 08 12-00-39
b 06 04-00-59

,ves Smith, Draper and Fuller, 1947

DEPTH
OF WELL
(FEET)

102
30
120
48
200

&5

CHEMICAL ANALYSES FOR SELECTED WELLS IN AREA V

HCO3
{M6/L)

177
813
211
411
131
934
578

366
476
34
303

49
7
215

co3
(6/L)

tL
(N6/L)

1570
1990
16%0
3690
1980
1355
1750

1328
2800
1903

4
8275
1184
1400

65

S04
{M6/L)

32

1049 -

976
1147
802
989
702

560
730
944
bY<]
1740
833
720

NA + K
{NE/L)

1033
1412
1140
2485
1470
1547
1002

nz
1672
1369
761
9879
878
489

CA
(M6/L)

190
381
210
381
167
145
415

450
363
23
160
183
244
321

M5
{N6/L)

3
93
3
91
B
45
112

90
149
121

61

64

63
135

NITRO-
GEN

PHOS-

AS NO3  POROUS

{§6/L)
A

3

2
1
1

(M6/L)

1

T8
{¥6/L)

3480

3230
3760
8010
4520
#4450
4270

311
6212
4994
2964
16191
3349
3501



LacAL
IDENT-
I_
FIER

A-14-27 13BDC
A-16-23 15BAD
#-16-30 19DBC1
A-18-17 0SCAA
fA-18-24 08BCB

#-19-14 20BLD
A-19-16 28CCC
A-19-15 3508B
A-19-17 03DDD
A-19-23 198CB

BICAR-
BONATE
FET-FLD
(N6/L
DATE AS
HCO3)

07-02-75 430
12-22-71 .330
09-12-47 430
08-22-57 250
12-22-11 330

02-27-1% 1%
02-20-79 200
06-16-72 270
05-02-56 -

06-18-75 4%

(The following information was obtained from the U.5. Geolegical Survey, Tucson, Arizona)

BONATE
FET-FLD
(M6/L
A5 C03)

(S
D OOoO

L I — -

DATE

07-02-15
12-22-11
07-12-47
08-22-57
12-22-11

02-27-79
02-20-79
06-14-72
03-02-66
05-18-73

NITRO-
GEN,
TOTAL
(NG/L
as N)

CHENICAL ANALYSES FOR SELECTED WELLS IN AREA VI

SANPLE TEMPER-
NUMBER  ATURE
{DEe C)
- 15.0
- 19.3
1280 15.0
- 18.0
1120 14.0
1120 13.0
1280 17,0
1280 18.0
- 13.0
NITRO-

NITRD-  GEN,
GEN, ORGANIC
ORBANIC  Dis-
TOTAL  SDLVED
(M6/L  (MB/L
ASN) ASN)

66

AGENCY
ANA-
LYZING
SANPLE
(CODE
NUNBER)

1028
1028
9902
1028
1028

1028
1028
1028
1028
1028

NITRO-
BEN,
NITRITE
oIS
SOLVED
(/L
a5 1)

0.06

SPE-
CIFIC
CON-
ucT-
ANCE
{usscn)

8800
63%0
8330
90400

6630
6100
3870
12100

R00.

NITRO-
GEN,
NITRATE
DIS-
SOLVED
(M6/L
AS N

0.43

0.5

DIS-
SOLVED
(PER- PH
CENT  {5TAND-
SATUR-  ARD
ATION) UNITS)
- 7.3
- 3-5
- 7.0
- 707
- 1.6
- 705
- 11- 1
NITROD-
NITRO-  GEN,
GEN,  NO2+ND3
NITRATE  DIS-
TOTAL  SOLVED
{M6/L  (MB/L
As N) AS N
- 0.49
- 0.03
- 0.06
- 0.08
- 0.01
- 0.42

CARBON

~ DIOXIDE

DS~
SOLVED
(M6/L

AS C02)

87

17
1.2

8

6.0
8.0
13

PHOS-~
PHATE,
TOTAL
{M6/L
AS PDY)

0.03

ALKA-
LINITY
FIELD
{M6/L
AS
CAco3)

356
mn
356
218
435

160
160
220

402

ms-
PHATE,
ORTHD,

bis-
SOLVED
(M6/L
AS PON)

0.0
0.06

0.46

0.0
0.09
0.03

0.09

ACIDITY
(M6/L
fS
CACD3)

PHOS-
PHORUS,
ORSANIC

TOTAL

{N6/L

A P)



PHOS-  PHOS-
PHORUS, PHORUS,
ORTHO, ORGANIC

bIS- DIS-
SOLVED  SOLVED
DATE  (M6/L (ne/L
AS P) A5 P}
07-02-73  <0.0t -
12-22-71  0.02 -

. 09-12-47 - -
08-22-57 - -
12-22-71  0.15 -
02-27-17  <0.01 -
02-20-79  0.03 -
06-16-72  0.01 -
05-02-46 -~ -
06-18-75  0.03 -

CHLO-
RIDE, SULFATE
pis- DIs-
SOLVED  SOLVED
DATE {M6/L  (MG/L
AS CL) AS 504)
07-02-75 2200 1700
12-22-71 1800 270
09-12-47 1700 300
08-22-57 2500 380
12-22-71 37000 1700
02-27-79 1800 300
02-20-79 1800 320
06-16-72 1500 2
03-02-66 3800 490
06-18-75 890 1100

HARD-
NESS
(NB/L
AS
CACG3)

. 2400
330
440
460

3000
440
40
640

500
220

FLUO-
RIDE,
DIS-
SOLVED
M6/
AS F)

HARD-
NESS,
NONCAR-
BONATE
(N6/L

CACO3)

CALCTUM
DIs-
SOLVED
(Me/L
S CA)

2100 600
63 9%
280 230
40 9%
2500 880

280 79
20 93
420 150
- 200
0 81

SILICA,
DIS-  BORON,

SOLVED  DIS-

(6/L  SOLVED
AS UB/L

S102} A5 B)

13 &40

8.3 -
230
230

10 1200

67

NAGNE-
SILN,
DIS-

SOLVED

(M6/L

AS NG}

230
19

190

3t

0.8
3.4

IRON,
TOTAL
RECOV-
ERABLE
(UB/L
AS FE)

40

SODIUM,
DIS-
SOLVED
{Ms/L
AS NA)

1200
1200
1300

24000

1200
1200
1000

1200

IRON,
DIS-
SOLVED
{Us/t
AS Fe)

80
<10
10

<10

SODIUM
AD-
SORP-
TION
RATIO

i1
30
3
34
200

26
18

NANGA-
NESE,
DIS-
SOLVED
(us/L
AS WN)

130

310

{10
{10
18

PERCENT
SODIUN

8

S da&s &3

50L1DS,
RESIDUE
AT 180
DEE. C
b1s-
SOLVED
{n6/L)

3560

SODItm+
POTAS-
SIum
DIS-
SOLVED
{M6/L
AS NA)

S0L10S,
SUM OF
CONSTI-
TUENTS,

pIS-
SOLVED
(M5/L)

6200

3600
3800
4800
64000

3600
3600
2900
5600

POTAS-
SIun,
Dis-

SOLVED

(M6/L

A5 K

15
12

37

12
1
1.3

4.3

SOLIIS,
DIS-
SOLVED
(TONS
PER
DAY)



DATE

07-02-75
12-22-7t
09-12-47
08-22-57
12-22-71

02-27-77
02-20-79
06-16-72
05-02-66
06-18-75

SOLIDS,
DIS-  DROXIDE
SOLVED  ION
(TONS  FET-FLD
PER (H6/L
AC-FT)  AS OW)

Hy-

8'6
‘Iq -
6.6 -~
87.1

4.8 -
‘c? -
4.0 -

-

48 -

30

NITRO- NITRO- NITRO-
GEN,  GEN,  GEN,
AMMDNIA NITRATE NITRITE NITRO-
Bis- DIs- DIs- BEN,
SOLVED SGLVED SOLVED TOTAL
M6/ (M6/L  (MG/L  (MB/L
A5 NH4] AS NO3) AS NO2) AS NOJ)
- 1-9 0-2 -
- 1.1 - -
- 1-8 0:03 -

68

ELEV.
OF LAND
SURFACE

DATUM

{FT.

ABOVE

N6VD)

35635
3
9798
4885
9299

4845
#8460
48%0
3185
EXTH]

DEPTH
oF
WELL,
TOTAL
(FEET)

105,00
500.00
134000
40900
§00.00

198.00
198.00
610.00
£80.00

35.00

SEDI-  SEDI-
MENT,  MENT,
DIS-  DISCH,
CHARGE, SUSP. +
SUS-  BED MA-
PENDED  TERIAL
(T/DAY)  (T/DAY)

DRAIN-
AGE
AREA
(Wl
ML)
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