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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 supplies SUfficient' to maintain a 
microalgae production facility 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 
investigation involved a literature and data survey and 
interviews 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 th~_s~rvey 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 description of 
the' hydrogeology of each site and a thorough discussion of 
relevant institutional considerations, inclUding permitting
requirements under current ground-water associated laws in 
Arizona. Detailed maps are included of the saline surface water 
and ground-water sources. Recommendations are included for 
further evaluation by SERlof 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. 

o Saline Ground-Water Areas 

Nineteen sa~ine ground-water plumes were identified in the six 
focal areas as being capable of providing greater than 4 mgd. The 
following table includes a ranking of the focal areas as 
potential regions for a microalgae production facility, together
with information on quantity of water in storage, water quality 
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PREFACE
 

This report comprises the results of an assessment of saline 
water resources in the State of Arizona potentially available for 
a microalqae biomass production facility. As a result of the 
assessment several surface water and qround-water resources were 
identified -as beinq possibly suitable for subsequent detailed 
studies, involvinq both technical and leqal-institutional
considerations. Basic details on the follow-on studies are 
included in the report. 

The authors wish to acknowledqe the support and encouraqement of 
the followinq individuals at the Solar Enerqy Research Institute: 
Mark Sorency, SERI Technical Staff and Bill Barclay, Staff 
Alqaloqist. Other individuals who contributed to the completion
of the report include !'.s. Kay Warman, who assisted in word 
processinq; 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; Georqe
Smith with the United States Geoloqical Survey who provided base 
maps and illustrations. Finally, the authors express special
qratitude to Dr. Leo Leonhart for his technical review and 
valuable comments on the first draft of the manuscript. 
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SERI PROJECT FLOW CHART
 

TASK I - DEFINE SALINE WATERPROSPECTIVE SOURCES OF
 

CATEGORIZE SALINITY CATEGORIZE SALINITY
 

ASK II - DEFINE AREAS CAPABLE OF SUPPLYING A 1,000 HECTARE FACILITY
 

TASK III - IDENTIFY CHEMICAL COMPOSITION OF POTENTIAL SITES
 

TABULATE DATA FOR EACH AREA
 

~~K IV - IDENTIFY POLITICAL, LEGAL, ECONOMIC AND ENVIRONMENTAL CONSTRAINTS 
SOCIATED WITH DEVELOPMENT OF THE WATER RESOURCES IDENTIFIED IN TASK II 

TASK 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 

v: 



-----------------------------------------------------------------

-----------------------------------------------------------------

-----------------------------------------------------------------

-----------------------------------------------------------------

-----------------------------------------------------------------

-----------

-----------------------------------------------------------------
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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 NaC1	 outside of an 

Active 
Manaqement
Area; Gila 
River 
litiqation 

13 
III Buckeye 5 1.2x10 NaCl	 Within 

Phoenix 
AHA 

13 
Plateau 4 4.1x10 NaCl outside 
Uplands of an 

AHA; on 
Navajo
Indian 
Reservation 

10 
I	 Colorado 1 6.4x10 NaCl Within Colorado 

River, in River Indian 
Parker Valley Reservation 

----------------~-------------------------------------11
 
V Safford 3 2.Sx10 NaCl Gila River
 

Valley CaCl litiqation
 
2
 

12 
IV Phoenix 4 3.2x10 NaCl within 

to CaCl Phoenix 
2 

Casa Grande and Pinal 
AMA's 

---------------------------------~-------------------- -----------13 
TOTAL 7.1x10 liters 
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o Institutional Considerations 

A microalqae 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 Solar Energy Research Institute (SERI) is conducting research 
on the development of microalgae biomass systems for the 
production of liquid 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 solar radiation. A 
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 
quantity, quality, and· location of available saline water 
resources will assist S~ in assessing the economic and 
technical potential of biomass systems and in the location of 
project 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 ale (1984) estimated 
that potent~ally 33 million acres are available for microalgae
production an the Southwest. This study was a broad-brush 
assessment and raised important questions. An analysis by Hill et 
ale (1984), evaluating the technical and economic feasibility of 
producing microalgae in the Southwest, indicated that the 
availability of saline water could be the natural resource most 
likely to limit the extent to which this technoloqy is developed.
The stUdy of Maxwell et ale (1984) indicated the presence or 
absence of aquifers with saline ground water, but did not attempt 
to develop data on potential yields from the aquifers 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 hig-her figure is for open ponds.
The analysis further indicated that wells should be less than 
250-400 ft in depth and should be situated less than 10 miles 
from the facility boundary to meet cost feasibility requirements.
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 microalqae 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 productiGn, inclUding annual insolation and 
growing season, the desert ecosystem, institutional factors 
relating to land and water ownership, land availability, and 
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nutrient availability. 

Amonq the southwestern states, Arizona closely matches the 
physical requirements for successful microalqae production. 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 averaqes approximately 1900 
BTU's of solar energy per square foot per day, which is nearly
40% more than typical midwestern cities, and receives about 4000 
hours of sunshine annually. Saline irriqation return flows exist, 

. most notably in the yUma and Buckeye areas. similarly, saline 
qround waters are present throuqhout the state, as docUmented by
Kister (1973), Daniel (1981), and Thompson et ale (1983). Saline 
qround-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, includinq extensive holdinqs owned by the Federal 
qovernment and by the State of Arizona. Extensive areas also 
reside in private ownership and within indian reservations. Both 
private landowners and indian qovernments may welcome the 
opportunity to develop saline water resources. similarly, in some 
locations, farmers may -be willinq to lease their lands for a 
project. 

Impediments to a project should also be noted. For example,
extraction of qround water in certain desiqnated areas may be 
constrained by the requirements of the 1980 Arizona Groundwater 
Manaqement Act. Development of a project may also be affected by
the requirements of recently-enacted qround-water quality
leqislation in the state, and by permittinq requirements to 
protect qround-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 Resources Research Center, 
University of Arizona, for the Solar Energy Research Institute. 
The major objective of the study was to develop a more detailed 
assessment of the availability of saline water in Arizona for 
establishment of a microalqae'production facility and to identify
potential institutional and environmental constraints. . 

Specific objectives were as follows: 

1. Task I, delineate areas with saline aquifers havinq static 
water levels within 500 ft of the land surface (or deeper if 
economically feasible) and areas withlarqe amounts of saline 
surface water, includinq irriqation return flows. For the 
purposes of this stUdy, "saline" waters are those containinq 
qreater than 3,000 mq/l dissolved solids. 
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2. Task II, establish areal classifications, as defined in the 
first objective, according to the following rates: less than 
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. 

s. Task V, identify needs for future research that will be 
required to refine site selection for a microalgae production 
fac~lity. 
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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 ale (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 land 
area. _Major land 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 limestone. 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 constitutinq 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-wate2 
system is included as Figure 2-3. Limestone units store ana 
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) 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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province is limited to supplying scattered farms and homesteads,
industrial and utility sites, and a few major population centers, 
including Flagstaff. In 1983 approximately 92,000 acre-feet of 
qround 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 (1981), 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 qround-water quality in the 
Plateau Uplands Province. According to Kister, the lowest 
salinity ground water is present in the N multiple aquifer 
system, where salinity levels are generally less than 1000 mg/l.
Total salinity in the D multiple aquifer system ranges from 1000 
to 3000 mg/l. 'In the C multiple aquifer system, salinity ranges
from 200 to 25,000 mg/l. Ground waters having less than 500 mg/l 
are classified as calcium bicarbonate or sodium bicarbonate, 
whereas water with salinity levels exceeding 500 mg/l is 
classified as sodium SUlfate, calcium sulfate, or sodium chloride 
types (Kister, 1973). 

2.1.2 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 streams, originate in this area. In fact, these 
streams, fed by rain and s.nowmelt, supply the state with 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 geoloqy of the Central 
Highlands Province as follows: 

(This 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 
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longer period of- erosion and/or nondeposition of 
sedimentary rocks such as are found in the other 
provinces. 

According 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. 

According to Liqner et ale (1969), the prominent feature of the 
province 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 (Liqner et al.,1969). Among the prominant river systems
draining this province are the Salt and Verde Rivers. Springs
along the Mogollon Rim and in other locations are the primary 
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 locally 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 qround water reservoirs. Agricultural 
production and demands on ground water are accordingly small. In 
1983 only about 45,000 acre-feet were withdrawn (OSGS, 1984). 

Kister (1973) specified that ground-water quality is generally 
excelle~t, with total dissolved solids (tds) concentrations less 
than 1,000 ppm. However, several springs discharge saline water 
to streams. For example, Clifton Hot Springs 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 
mq/l from the Salt Banks on the Salt River, and 8000 mq/l from 
the White River Salt Sprinqs. These waters are qenerally 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 land 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 primarily desert with little precipitation
and flat, sandy soils. The southeastern area is comprised of 
mountains, forest areas, and desert flatlands. 
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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. Additionally, 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 
region also contains over 85% of the State's population, 95% of 
the irrigated land, and also 90% of the employment. The state's 
principal metropolitan areas, Phoenix and Tucson, are located in 
this province. 

As described by Liqner 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 generallynorth?
northwest trending basins and mountain ranges. Results of a 

. gravity modelling project by Oppenheimer and Sumner (1980},
showed that several basins contain as much as 10,000 feet of 
sediment. 

Nations and stump (1981) described the structural and geological
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 principal drainage system in the province is the Gila River 
and tributaries inclUding the Santa Cruz River, and the San Pedro 
River. 

The recently completed Southwest Alluvial Basin 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 virtually separate.
hydroloqical entities (Anderson, 1985). Based on aquifer geology
and geohydrology, the basins were grouped into five categories, 
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 pediments are common along the basin margins. Alluvium 
which has backfilled the graben is called basin fill. The basin
fill sediments are the most widespread and dominant water-bearing
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 basin fill deposits and by mudstone and evaporite
deposits. Saline ground water occurs in the evaporite deposits
because of the presence of halite, gypsum and anhydrite' (Smith et 
al., 1982). In some cases fine-grained layers within the basin 
fill units may act to confine underlying water bearing
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 support irrigated agriculture, the mining 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 qro~d-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 ale (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 mainly 
occurs in the areas along and in the vicinity of the Gila River 
from Safford to Yuma, along the southern most reach of the 
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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. Accordinq to 
Robertson (1985) concentrations of fluoride,. barium, arsenic and 
chromium may exceed state and Federal contaminant levels in 
qround 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 diaqram, included as Figure 3-1. 

3 .1 PRELIMINARY INVENTORY 

The overall qoa1s of this task were to identify and collect 
existinq 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 ale (1984). The biblioqraphies in eaQh of 
these reports were used as the basis for the collection of 
further relevant references. The report of Thompson et a1. (1984)

,is particularly valuable in that it delineates the TDS 
concentrations of qround water within 500 feet ,of the lands 
surface on a map for the SWAB/RASA (Southwest Alluvial Basin 
Regional Aquifer System Assessment )proqram. Other important
references are the Water Resources Investigations and Hydro1oqic
Map Series issued by the uni~ed 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 Aqricultural 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 requestinq information on the quantity
and salinity of power plant discharges. Similar letters were sent 
to 24 irrigation districts for informat~on on the quantity and 
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SERI PROJECT FLOW CHART
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quality of irrigation return flows. To facilitate these requests,
questionnaires were developed for each source type and included 
with the cover letters. Follow up telephone calls were made when 
necessary. A list of the.aqencies 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 Ar~zona state Land 
Department, the Arizona Department of Health services, the United 
states Geological 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. 

3.1.3·' Maps 

salinity data obtained durinq 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 working map. Saline surface water sources, 
including saline springs and streams, power plants, irrigation 
return flows, and saline areas alonq 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 levels from 3,000 to 5,000 mq/l, 5,000 to 10,000 mg/l,
and qreater 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 screeninq, 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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4 
out simultaneously with the parallel activities durinq Task I. An 
initial screeninq of areas capable of yieldinq qreater than 
million qallons per day utilized published information. The 
annual report on water resources data for Arizona, published by
the United States Geoloqical Survey (e.q., White and Garrett,
1984) is a particularly valuable source of information on surface 
water supplies in Arizona. The USGS also publishes an annual 
summary of qround-water conditions in Arizona, which includes a 
map showinq potential well production for areas within the state. 
Also included in the document are data on chanqes in qround-water
levels and estimates of qround-water pumpaqe. The USGS has also 
published several "water Resources Investiqation" maps for 
specific basins in the State with useful information on qround 
water resources includinq qround-water contours, qround-water
flow directions, qround-water pumpaqe, and salinity of qround 
water. A parallel Hydroloqic Map Series published by the Arizona 
Department of Water Resources also shows qround-water conditions 
in various areas of the state. Recent reports from the SWAB/RASA
project include information on qround-water levels, sprinqs, and 
depth to qround water (Langer et al., 1984) and ground-water
withdrawals in the SWAB/RASA stUdy area (Bedinger et al., 1984). 

In addition to the literature review activities, additional 
information was obtained by contacting agencies and individuals 
with water resources information. For example, the questionnaire 
sent out to irrigation districts and power plant operators during
Task I activities, also included a request for information on 
water yields. 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 Lanqer et 
ale (1984) provided information on the discharqe of sprinqs in 
the SWAB/RASA area. 

Given the lack of extensive information on the hydroloqy 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. Accordinqly, several approximation
methods were used to estimate the sustained yield$ in many of the 
identified saline areas. These approaches were as follows: 

a. Estimates from published reports. 

Reports were found occasionally with estimates of the maximum 
obtainable yield for certain areas. These estimates were 
generally based either on existing pump yields or on aquifer test 
results for the area. These data were qenerally 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
capacity municipal or irrigation wells was used to estimate 
sustained aquifer yield. 

c. Comparison with other areas. 

For saline ground-water areas which lacked well discharge
information, yield 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 reSUlting from pumping. The volume of aquifer dewatered 
during a given period of time was calculated from the geometry
of the water level 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 yield from a system and. the annual rate of 
water level declines, it was possible to estimate the ability 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 (1946)
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 
a 10 year period of pumping. The analysis is based on 
following equation: 

for 
the 

2 
~h = (Q/4 'IT T) [In(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 literature or 
from United states Geological 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 yield criteria ( either 4 mgd or 13 
mgd). However, when the resulting depth to water was close to 500 
ft, it 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 Geological ~urvey 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: location of saline aquifer, depth to 
water, surface area overlying the saline plume, yield-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 this task was to determine the 
concentrations of the major ions and nutrients in the saline 
water sources. Major ions include calcium, sodium, magnesium,
chloride, bicarbQnate, 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 exam1n1ng 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 
Geological 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 chemistry data from the STORET data base. STORET is a 
computerized data base system operated by EPA for the storage and 

, retrieval of data relating to the quality of the waterways within 
and contiguous to the United states. The United states Geological
Survey was approached for water chemistry information compiled
during the SWAB/RASA project. For' purposes of the USGS retrieval 
system, a list of wells, including legal descriptions, was 
provided for each of the focal areas. The USGS data are 
particularly 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 qround-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 concentrations, are included in Appendix C and 
Appendix D. These data will be of value during follow-up studies 
when specific sites are examined as candidates for a microalgae
production facility. 

Mapping of Water Chemistry Data 

Representative water chemistry analyses, selected from· saline 
ground-water sources with adequate yield potential, were 
displayed on focal area maps by means of chemical quality pattern
diaqrams known as stiff diaqrams (Stiff, 1951). These diaqrams 
use a system of three parallel horizontal axis and a central 
vertical axis. Concentration ~f cations, in milliequivalents 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 straiqht line to form an irreqular
shaped polygon. The distinctive shapes of the polyqons for 
different areas allows for rapid comparison of water chemistry
and aids in identifyinq water types. 
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3.4 DEFINE POTENTIAL POLITICAL, LEGAL, AND ENVIRONMENTAL 
CONSTRAINTS 

The qeneral purpose of this task was to identify leqal,
environmental, and political constraints associated with the 
utilization of saline water in Arizona. Specifically, Arizona 
water law as applies to both surface and qround water, and 
relevant water quality statutes and regulations were examined. 
After this qeneral analysis was completed, the areas identified 
in Task II were evaluated in terms of these constraints. The 
approache~ used durinq this phase of the project are as follows: 

3.4.1. Review Existing Literature 

This literature review concentrated on leqal analysis of water 
acquistion and use. A biblioqraphic review of the Leqal Index 
revealed no sources that discussed saline water law in 
particular. However, a number of articles discussinq water 
riqhts acquistions and trends in water use in the West proved
siqnificant. 

3.4.2. Review Relevant State statutes a~d Regulations 

Relevant State statutes, specifically the Arizona Groundwater 
Manaqement Act of 1980, the Arizona Water Code of 1919, and 
water-quality laws and requlations were reviewed and analyzed.
These laws and requlations 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 acquirinq water under state 
law, and for complyinq with water quality regulations were 
explained in detail. 

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. In 
addition, phone interviews were conducted with officials from the 
Bureau of Reclamation, State Land Department , Active Manaqement
Areas, Arizona Public service, Irriqation Districts, Indian 
reservations, and others knowledqeable about saline water use in 
the state. 

3.4.4- Relating Saline Sources to Laws and Regulations 

After the qeneral 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 located 
outside of Active Management Ar~as 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 III 

4.1 TASKS I AND II 

The purpose of Task I'was to determine the location of sources of 
saline surface' and qround waters in Arizona, where the term 
"saline" is defined as a concentration greater than 3000 mg/l.
For qround-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 mqd, 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 agencies, from irrigation districts, and from power plant 
operators. A list 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 streams, 
irriqation 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. discharqe
data probably yield less than 10 gallons per minute because these 
springs do not appear on the· maps of Thompson et ale (1984) for 
the SWAB/RASA study, which used 10 qpm as the lower limit for 
listing on maps. Springs near Clifton and Indian Hot Sprinqs are 
currently used in pools and spas. Springs near White and Black 
Rivers are in an area of extreme topoqraphy 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 microalgae production facility. 

Five electrical qenerating stations were identified. In general
these sources appear to· be unsatisfactory for a microalgae
facility because the yields are less than the requisite 4 mgd,
and the discharge is qenerally treated with an algacide, which 
may restrict qrowth in a production facility. 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 Gillespie Dam 216 
Gila River below diversions at Gillespie Dam 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 discharge data for these sources 
represent average values for time intervals ranging from 1 year 
to 53 years. High 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 
waterlogging. The drainage water is discharged either into the 
Arlinqton Canal or into the Gila River (Jones, 1985). According 
to the Secretary-Manager of ·the District, Mr. T.H. Jones (1985),
this waste water could be made available 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-Mohawk 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 district 
pumpinq additional water for sale to a project, such as a 
microalqae product~on facili~y. 

In 1974, the United states Conqress passed the Colorado River 
Basin Salinity Control Act which authorized construction of a 
reverse osmosis desaltinq 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 microalqae production facility.
Additional details on this possibility are included in the 
section of this report dealinq with Task IV. 

4.1.2 Ground- Water Sources 

The locations of 61 qround-water areas in Arizona with salinity
levels in excess of 3000 mq/l and with water levels within 500 ft 
of land surface are shown on Plate II. These area$ were 
identified durinq Task I. Most of these areas are located in five 
qeneral reqions of the State, namely: alonq the Gila River' 
between Phoenix and Yuma: the reqion near Casa Grande: the Gila 
River between Safford and the San Carlos River: the Colorado 
River between' Parker and Ehrenberq: and in the east-central 
portion of Arizona near Holbrook, Winslow and st. Johns. Other 
saline areas occur at scattered locations throuqhout the State. 
The extent of the saline qroun4 water resources alonq the Gila 
River are well-defined in the literature that was examined durinq
the study (e.q., Daniel, 1981: Thompson et al., 1984). The area 
in the east-central part of the State is known to contain larqe
plumes of saline qround water, but the boundaries of these plumes 
are poorly-defined. The deqree of certainty of data in other 
saline qround-water areas depends on the deqree of development of 
the qround-water resources in each area. 

For convenience, 33 of the principal saline qround-water reqions
passinq the screeninq criteria for Task I were combined into six 
focal areas, shown on Figure 4-1. The qeneral locations of these 
areas are as follows: 

Area I:	 a reqion within the Colorado River Valley between 
Parker and Ehrenberq. 

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

Area III:	 a reqion of the Gila River Valley extendinq from 
Area II to Glendale. 

Area IV:	 a reqion extendinq southward from Phoenix to Casa 
Grande. 

Area V:	 a reqion of the Gila River valley 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 Winslow. 

As shown on Figure 4-1, Area I is located entirely within the 
USGS desiqnated area CHI ( Colorado River, Hoover Dam to Imperial
Dam). Area II is within the following USGS desiqnated areas: YUH 
(Yuma), GTD ( Gila River from Texas Hill to Dome), CHI, and GRD 
(Gila River drainage from Painted Rock Dam to Texas Hi~~). Area 
III is within the following desiqnated areas:GRD, HAR 
(Harquahala Plains), LHA ( Lower Hassayampa ), SRV (Salt River 
Valley) , WAT (Waterman Wash) , GIL ( Gila Bend Basin), and LSC 
(Lower Santa cruz). Area IV is within elements of the following
basins: SRV and LSC. Area V is primarily 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 desiqnated 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 production facility was 
further refined during the Task II screening process. As 
described in the methods section, a number of.methods were used 
during Task II to·· eliminate qround-water sources not capable of 
providing at least four mgd. As a result of the final screening,
19 saline ground-water plumes were identified in the six focal 
areas as being capable of providing greater than 4 mgd for a 
microalgae production facility. 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 long term yield. Thirty four of the original 61 areas were 
determined to be incapable of providing greater than 4 mgd. 

l 
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 ~o gallons per minute 
to wells. Also included were a.few areas in the southern part,f
the State in fractured crystalline rocks that yield little or no 
water to wells. 

The results of the screening process are summarized in Table 4-2
 
through Table 4-4. Table 4-1 desiqnates possible sites for a
 
project 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 unsuitable 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:
 
location,' depth to water, surface area available for a project,

estimated yield, criteria used to determine yield, reliability 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 6RWtHIATER AREAS FOR APROJECT 

POSSIa.E SITES - RDL AlB I 
p 

--OCUion Reliability of RBIarks ReferencesYield Criteria Used toDepth to Surface 
Yield EstilliteDeterwiae YieldYater Area 

(tID)(tt) (sq••i.) 

Metzger, et al.,..i thin the boundaries of the FairPublished Reports>1312 5~1 

ColorMo River Indian Reser 1973 
'--7-21 
B+21 

wtiOft 

Shall. zone COfttains 2W) to 
S780 III/I TDS 

&raftl zone contains 4520 to 
6050 III/I 1DS 

Deep zen eontains fresh .ter 

Aquifer is hydraulically 
~ed to the Colorado River 

POSSIa.E SItES - RDL AREA II 

Location Depth to 
Yater 
(ft) 

Surface 
Area 

(sq••i.) 

Yield 

(111) 

Criteria Used to 
DeteNi. Yield 

Reliability of 
Yield &tillite 

~+11 
to 

_-6-13 
~-7-13 

to 
'-7-21 
~+16 

- to 
:-8-20 

2-25 244 >13 Published Reports 
lIodified J&eob 
P.p Yields 

lladi fied Jaeob 
Published Reports 

600d 

Fair-~;-8-22 

'-9-22 
16 5 >13 

RBIarks Referenc:es 

Area il'Cludes Uellton-ftoha..k US6S, 1985; 
Irrigation District USGS, 1986; 

HAlpenny, et ai, 
1952 

USGS, 1985; 
uses, 1986 
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TAIU 4-2. POSSIa.E SRllNHIITER AREAS FOR A PROJECT (Cantinuecl) 

Location 

A-l-l 
8-1-1 
to 

8-1-4 
C-l-1 
to 

C-I-5 
C-2-5 
D-l-l 

Depth to 
Water 
(ft) 

10-200 

Surface 
Area 

(sq••i.) 

230 

Yield 

osn 

>13 

POSSIa.E SITES 

Criteria Used to 
Deterwine Yield 

Published Reports 
Modified Jacob 
Pu.p Yields 

- FOaL 

Reliability of 
Yield Estillilte 

Sood 

AREA III 

ReIIarks 

Yield decreases .ith depth 

Water levels have declined 
50 to 200 feet since 1923 
in east part of area 
for drainage 

References 

Stlllik, 1982; ..... 

Stulik IIld TIII!ft'" 
ter, 1964 

Sebenik, 1979; 
Halpenny, et al-. 
1952 

USGS, 1985; 
Halpenny, et al 
1952 

~ 

" 
Weist, 1965; 
USGS, 1985; 
USGS, 1986 ~ 

..... 

Stulik, 1982 

v, 

C+-\ 
C-5-4 

C-4-7 
C+8 
C-5-8 
C-5-9 

C-4-10 

»-4-1 

<100-300 

<100 

175 

400 

18 

53 

7 

4 

>13 

4-13 

>13 

>13 

Published Reports 
Pu.p yields 

Published Reports 
ee.pariSClll .ith 

other areas 

Published Reports 
Modified Jacob 

Historical declines 
eo.pariSClll .ith 

other areas 

Fair 

Poor 

Fair 

Poor 

Water levels declined 30 ft 
m. 1979 to 1984 
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naE 4-2. POSSIIlE ~lER AREAS FOR APROJECT (Continued) 

POSSII..E SIlES - FIDI. AREA IV 
~ 

Reliability of ReIIarks Referenc:esYield Ca-iteria Used toSurfaceDepth toLacation 
Yield &tilliteDeterlline Yield ArMWater'" 

(ft) (IB»(sq••i.) 

" Most of the area is on the Fair ISiS, 1985; 
J-2-2 

Published Reports4-13~t-2 42100-200 
6Uia River lndiilft Reservation uses, I.Moditied Jac:ob 

0-2-3 

.Published Reports Perched ater .y be presentFair US6S, 1985;~1-4 >13<100-200 39 
I 

in southern pari of iI"N US&S, 1986JIoditied Jac:ob~1-5 

Western pari of area is on the to 
a)-H 6ila River Indian Reservation 

." 
Most of area is il'Tigated 

1)-5-7 Extenshe agricultural deYel Koftiec:zki indFairPublished Reports4-13300-500 9 
opEllt in area English, 1979; 

US6S, 1986 
Modified J.cob.-s-e 

~ 

Konieczki and 
l-i-6 

Depth to Mater increasesFairPublished Reporis4-13100-400 661-6-5 
English, 1m; 

D-7-6 
east to eestModified JiCOb 

uses, 1986; 
uses, 1985 
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I 
TAU 4-2. POSSIa.E 6RCU1H1ATER AREAS FOR A PROJECT (Continued) 

Loeation 

&-3-21 
&-3-22 
D+22 
D-H3 
D-5-23 
D-H4 
»+24 
&-6-2S 

Depth to 
Water 
(ft) 

lHO 

SurfiCI 
Area 

(sq••i.) 

SO 

Yield 

OED) 

4-13 

POSSIa.E SITES - RDL AlB V 

Criteria Used to Reliillility of Rearks 
Detertline Yield Yield Estillite 

Published Reports Fair Yield listed is for water 
Modified JiCOb tillie aqaifer (allavi.) 

Yield for artesian aquifer 
is less than 4 M6D 

Allavi. is hydraulically 
c:onnec:ted to the 6ila River 

Allavi. averages 40 to 60 
feet thiclmess 

References 

US6S, 1985; 
HInson, 1972; 
Laney, 1977; 
Weist, 1971 

&-6-26 
&-7-26 

26-68 5 4-13 Published Reports 
to.parison ,dth 

other areas 

Fair Yield listed is for water 
tillie aquifer (allavi.) 

Yield for artesian aquifer 
is less than 4 M6D 

Allavi. is hydraalieally 
c:onnec=ted to the 6ila River 
Allavi. awrages 40 to 60 
feet thiclmess 

US6S, 1985; 
Hanson, 1972; 
Laney, 1977; 
Weist, 1971; 

H-26 40 3 4-13 to.parison "ith 
other areas 

Poor Insuffieient inforution 

, 

r
 

!'--' 

'-

,. 

k 

'. 

, 

'.. 
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TAIllE 4-2. POSSIBlE ~TER AREAS fOR APROJECT (Continued) 

POSSIIl£ SITES - RDL AREA VI 
"\ 

J 

Location Depth to 
Water 
(tt) 

Surfac:e 
Area 

(sq••i.) 

Yield 

OISD) 

Criteria Used to 
DeteNine Yield 

Reliability of 
Yield Estiute 

14-D 
~14-28 

;1-15-26 
to 

)-15-29 
,~16-30 

Flowing 
to 
50 

58 see 
1"eIIiU"ks 

Published Reports Fail' 

A-IH3 
to 

~16-27 

A-17-21 
to 

~17-27 

..l-18-21 
to 

~18-27 

~19-21 

to 
+19-26 
~ 

to 
..,H0-2S 

FlaMing 
to 

500 

500 >13 Published Reports 
Pu8p Yields 

"6ood 

Reurks 
.., 

; 

Area identified is Zuni Riwr 
Alluvi. - blSUfficient data 
is available to estillte yield 
for the alluvi. 

SaliN! water lIily exist if' the 
Coconino Sandstone - yield 
for the Coconino is probably 
greater than 13 tED 

.., FleMing -eUs penetrate the 
Coamino Sandstone 

, 

Ca::onino Sandstone 
~ 

SaliN! area continues to the 
ftOrih and east; hcIever, depth 
to Mater exceeds 500 feet

1 

FleMing -eUs OCN' along the 
Little Colorado River. Depth 
to .ter increases to the 
nariheast 

Yield varies vertically and 
areally, depending on 
fracture density. 6ener'ally, 
yield increases Mith depth• 

Petrified National Forest Park 
is .ithin the boundaries of 

-, 
the saline area. 

--., 

RefI!l"l!N:eS 

IIIam, 1977; 
Mann, 1976 

MalIn, 1977; 
Davis, 1986; 
Mann, 1976 
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TABlE 4-2. POSSla.E 61UNH1ATER AREAS FOR APROJECT (Continued) 
"-

POSSIa.E SITES - RDL AREA VI (Continued) 

L 

Loc:ition llepthto Surface Yield Criteria Used to Reliability of ReIIarIcs References 
Water Area DeteNine Yield Yield Estime 
(tt) (sq••i.) (E)) 

IH8-15 150-200 300 )13 Published Aepcris Fair Coconino Sindstone 11Im, 1976; 
to Akers, 1964; 

A-18-18 Yield vries VlriiCl1ly and Davis, 1986; 
A-19-15 areally, depending on frlC'ture 11Im, 1977 

to density. 6enera1ly, yield 
A-19-17 i~ .ith depth. l 

A-20-15 
to Northern part of iJ'H is on 

A-20-17 the Navajo Indiift Reservation 
1'-21-14 

to 
A-21-17 
A-22-14 
A-22-15 

, 

A-18-19 ~ 29 )13 Published Repcris Fair Coconino Sm:Istone 11Im, 1976; 
Akers, 1964; 

Yield varies Vlriically aJId Davis, 1986; 
arully, depending on frlC'ture ...... 1977 
density. 6enerIlly, yield 
inc:reases ~th depth. • 

POSSla.E SITE - IlITSllIE RDL AREAS 

Loc:ation Depth to Surface Yield Criteria Used to Reliability of RE!IIarks References 
Water Area Detenaine Yield Yield Estime 
(tt) (sq••i.) (liED) , 

C-I8-1 214 16 )lJ ~ Yields Fair Area lies .ithin the Hollet, 1981 
C-18-2 Modified Jacob boundaries of the Papago 
C-19-1 Indian Reservation 
C-l9-2 
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TAILE 4-3. SIlES UI1H IIBFFICIENT DATA TO DETEAMlhE YIB.D 

",cation Depth to Surface Yield Cr'iteri; Used to Reli_i1ityof ReIIIrIcs . References 
water Area Deterwine Yield Yield &tillite 
(tt) (sq. Ii.) OED) 

1-25-15 200-500 65 4-13 Published llepcris Poor lneludes Red Lake (dry) USBS, 1985; 
&-25-16 Well Yields lESS, 1986 

16 Modified JiCOb No infcndion available 
1-26-17 southeast of RId LBe 

d-27-16 
1-27-17 Red Lake consists of fine

gr~ined liCUStrine deposits 

Well yields up to 2.2 ED 
-est of Red Lake 

l-39-16 
1l-4O-16 

17-310 12 ? - - Area is adj~ to saliM 
areas in Mev.. Saline area 
extends to at least the lake 
Mead area. 

Kistert 1973 

Surface .-ea 1isted does not 
inelude area in 'Mev.. 

:-7-11 
L:-7-12 

211 7 ? - - Possibly perc:hed mer -

D-8-32 
1+32 

? 6 ? - - Saline water OCCUI"S in 
uw:cmfined alluvi~l aquifer. 
Confined aquifer contains fresh 
.ter. 

Yield for confined aquifer is 
greater than 13 Mgd. 

J-13-31 
~14-31 

-~ 

~ 

65. 13 ? - - Unccmfined alluvial aquifer. 

Depth of alluvia ~proxillately 

100 feet. 

Depth to botte. of mnfining 
bed approxillitely 500 feet 
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TAIl.E 4-3. SITES WITH INSlFFICIENT DATA TO IlETERMIfE YIa.» (Continued) 

Loc:ation Depth to 
Water 
(tt) 

Surface 
Area 

(sq••i.) 

Yield· 

(1&) 

Criteria Used to 
Iletenline Yield 

Reliability of 
Yield Estillilte 

AI!urks 

-

References 

-1-14-12 
1-15-12 

200-700 2 ? - -

D-23-26 
D-a-27 

<lOO 9 ? - - Saline I8tI!I" oc:c:urs in uncon
fined alluvial aquifer. C0n
fined aquifer conUins fresh 
uter. 

Water levels tim! declined up 
up to 3S feet bet.een 1966 II'ld 
1977 

Loc:ation Depth to 
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TAIlE H. SITES lIBJITAIlE FOR DEYEIJRENT (ContiNlld) 

Surface Yield Criteria Used to1JeatiOft Depth to Reliability of ReurIcs References 
AreaYater DeterlliN! Yield Yield Estillilte
 

eft) . (sq. .i.)
 nsn 
-..., 

(4-13-5 2 P.p Yields Martin FONation50 600d OMen-Joyce, 
lIodified Jacob 1984; T..enter & 

.., Saline ..aier generally Metzger, 1963; 
occurs in -sstone fEies, Levings and 
is interiingered with the Mam, 1980 
1wmane aquifer. Water 

-., 

in the liEStone aquifer is 
generally less than 500 119/1 
'IDS. 

Within the boundaries of 
Prescott National Forest 

--, 

(4A-IH SO 2 Pu.p Yields 600d Mart in FOI"IIation OMen-Joyee,
-'-14-5 lIodified J-=ob 1984; T..enter & 

Saline leiter generally Metzger, 1963; 
oc:evs in Rlstone facies, Levings and 

~ 

is interfingered .ith the Mann, 1980 
li.stON! -.uifer. Water 
in -the HEStone &qUifer is 

--, generally less than 500 119/1 
TDS. 
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~ 

-15-4 (4SO 2 ee.prison with Fair Martin FOI"IIilt ion Owen-Joyc:e, 
other areas 1984; T..enter & 

Saline uti!'" generally Metzger, 1963; 
oeeurs in .-Istone facies, Levings and 
is iftterfingered with the MaIm, 1980 
1illl!5tone iquifer. water 
in the liEStone aquifer is 
~ally less than 500 Jlg/1 
lOS. 

Within the boundaries of 
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---., 
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TAIl.E 4-4. SITES lIGJITAIIlE FOR DEVEUJlIIENT (Continueef) 
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I 
A-13-28C1 ? 3 (4 Published Report 600d Di~trele in Bidahochi 

Forution 
Farrar, 1980 

I 
Farrar, 1980 I 

Mann, 1977 I 

Mann, 1977 I 

Harper and 
I 

Anderson, 1975 I 
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Forution 

A-13-28(3 
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10 
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to 
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Mann, 1977; I 
USGS, 1985 

1 
, 
I 

Farrar, 1980 

I 
USGS, 1985; 
Mann, 1977 

"' 
Farrar, 1980 

A-22-22 
A-22-23 
A-2J-21 

to 
A-2J-23 

? 50 (4 Published Report Good ·Bidihodli Forution 
and alluvia 

A-23-31 
A-24-31 

? 11 (4 Published Report Fair D-aquifer (fine grained 
sand and silt) 

Area is on Ariz~ Mexico 
border - llay continue in ...... 
Mexico. 

A-24-21 74 5 (4 Published Report Good Diatrele -in Bidahocbi 
FOI"IIiltion 
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TAILE 4-4. SITES tl&JlTAIlE FOR DEVEUJ3tENT (ContinuecU 

'.catiOft Depth to 
wate
(tt) 
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Yield 

(IB,)) 
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Yield Estillate 
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JIi!y 
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Counties) 

--.., 

50 (4 Published Repart 
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Levings mI 
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Cir50ft ? 
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UMlnty) 

12 (4 Published Repart Fair usss. 1985 

.entana ? 
Mesa 
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ounty) 

8 (4 Published Repart Fair uses, 1985 

r---'''i 

ubc:hulcai ? 
Wish 

20 (4 Published Repart Fair US6S, 1985 

••-26-9 100-700 
H6-10 
~-'-c1-IJ 

-27-10 
A-28-9 
~10 

-29-9 

56 (4 Published Reparts 
lbIified J-=ob 

Fair Coamino Smlstone 

Depth to IIilter increases 
to the south and MeSt 

Southern part of area is on 
Wupatki Naticmal MoftuEnt 

US6S, 1985; 
Appel and Bills, 
1980 

--, 

..-40-7 ? 
MO-8 
-~ 

:rT (4 Published Reparts Good Moenkopi Forution 
(siltstone) 

US6S, 1985i 
Levings and 
Farrar, 1970 

8-33-15 5--518 
~ 

8 (4 Pub! ished Repart Fair Within the boundary of Lake 
Mead Nitional Recreation 
Area 

USSS, 1985 

--4-16 200-250 3 (4 Published Repart Fair Outside uin ..ater bearing 
unit 

US6S, 1985 
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TAIlE 4-4. SITES IJ6JITAllE FOR IlEVEIJIIfENT (Conti1'lUed) 

Loeation Depth to 
Water 
(tt) 

Surfac:e 
Area 

(sq••i.) 

Yield 

(tim) 

Critll"ia Used to 
Deterwine Yield 
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Yield &tillite 

RelIIrks Refl!l"ellC:l!S 

Metzger', et al 
1973 .... 

"-~ 

Metzger, 1957 i 

1 
Long, ILL, 11983 

1 

Sebiftik, 1979 I 

r 

8-1-23 
C-l-23 

20 18 (4 Published Report Fair Saline .-ter oc:curs bela. the 
• ift .-ter ,bearing zone ift 
fine-grained sedilllmts. 

8-H 
B-2-9 
8-1-8 
8-1-9 

400-500 3S (4 Published Report Fair Fine grained alluvial 
selliBlts up to 1000 tt thick 

8-1; 
C-l;o 

<100 
" 

4 (4 Published Reports Fair Perched mer 

Area is on Arizona Public 
Servic:e ee-ission land 
(Palo Verde Nuclear PaMer 
Plant) 

, C+5 
C-.H 
C-H 

<100 24 (4 P.p Yields 
Published Reports 

Good May be pen:hed ...ter 

Fine-grained sedilllmts up to 
900 ft thick ift area 

D-W 400-500 13 (4 Published Reports 
Modified Jacob 

Good Outside .ift ...ter bearing 
unit 

USGS, 1985; I 
USGS, 1986 

f
f 

USGS, 1985 

"I 

I 

USGS, 1985 , 

D--H9 
1)-4-30 
D-5-29 
»-5-30 

? 13 (4 Published Report Fail" 

D-5-6 
»-5-7 

300-400 5 (4 Published Report Fair Outside Ain ...ter bearing 
unit r
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TAIl.E 4-4. SITES lI6JITABlE FOR I£\lEUREJfT (Continueef) 

ReferencesRBarksReliability of
 

Water
 

Criteria Used toYieldr~eltiOft Surfia!Depth to 
Yield Esti.teDetlnline Yield Area 

(lED)(ft) (sq. Ii.) 
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Jones, 1980 

~~ 

usss, 1985;Wilcox Playa(4 600d 
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Published Report 48_ 14-24 50-300 
Modified Jac:ob1)-1W5 

Fi..-grained l~..ine 
s!CIiEnts 

'~15-24 

15-25 
1)-16-24 

,-----,., 

Roeske- m:I(4 llay be per'Ched ~ui fer'Fair 
Modified Jacob 
Published Report970rl6-20 

Werrel, 1973; 
Pu.p Yields Confined aquifer (below 200 US6S, 1986 

feet) contains fresh .tel" 

~ ~ 

Roeske andMay be per'Ched aquifer(4 FairPublished Report86SlHO 
Werrel, 1973; Modified Jacob1)-17~ 

CanfiN!d aquifer (bele- 200 uses. 1986 
feet) c:ontains fresh ..ater 

P.p Yields 

US6S, 19&5;Outside uin .ater bearing(4 600dPublished Reports 
P.-p Yields 

5116'17~ 
unit (ee.ababi Mountians) Hollet, 1981 

41
 



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 ~e area of interest. 

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

o number.of areas potentially yielding greater than ~3 mgd 

= ~2 

o number of areas capable of yielding from 4 to ~3 mgd = 7. 

Estimated yields from each of the six focal areas are summarized 
in Table 4-5. Yield values over a ~o 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 were 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 drainable porosity.
(The estimated value of drainableporosity was .15). 

In addition to showing the locations of each of the focal areas 
on Figure 4-~ and on Plate II, base maps scaled at 1:~25,000 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 quality of surface water sources 
germane to this project are included in Appendix C. These data 
are for Water Year October 1981 to September ~982. 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 

o Gila River at Calva, AZ 
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TABLE 4-5
 

YIELD AND QUANTITY DATA
 

~-~~-~~~----~----------~--------~~-------------------- -----------
FOCAL AREA I 

Location Depth to Surface Yield Yield Quantity
Water Area over 10 years in storaqe* 

(ft) (sq. mi.) (MGD) (liters) (liters) 

11 10 
B-5-21 12 5 >13 >l.S 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 storaqe*

(ft) (sq. mi. ) (MGD) (liters) (liters) 

11 13
.-' C-6-11 2-25 244 >13 >1.S x 10 1.4 x 10 

to 
C-S-20 

11 11 
C-S-22 16 5 >13 >1.8 x 10 2.S x 10 
C-9-22, 



TABLE 4-5 (Continued) 
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TABLE 4-5 (Continued) 

-~-~--~-----------~----~--~------~------~------~-----------~------FOCAL AREA VI
 

Location Depth to Surface Yield Yield Quantity 
Water Area over· 10 years in storage* 

(ft) (sq. mi. ) (MGD) (liters) (liters) 

11 12
 
A-14-27 Flowing 5S >13** >1.S x 10 3.0 x 10
 

to to
 
r':J., A-16-30 50
 

11 13
 
A-16-23 Flowing 500 >13 >l.S x 10 2.9 x 10
 

r -,~ 

to to
 
A-20-2S 500
 

11 13
 
A-1S-lS 150-200 300 >13 >1.S x 10 1.0 x 10
 

to
 
A-22-15
 

11 12
 
A-1S-l9 40 29 >13 >1.8 x 10 1.6 x 10
 

-----------~-------------------~-----------~---~------------~--~~-

OUTSIDE OF FOCAL AREAS 

Location Depth to Surface Yield Yield Quantity
Water Area over 10 years in storaqe*

(ft) (sq. mi.) (MGD) (liters) (~iters) 

11 11
 
C-1S-1 214 16 >13 >1.8 x 10 5.7 x10
 
C-1S-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 Globe, AZ 

o Gila River above diversions, at Gillespie Dam, AZ 

o Gila River below Gillespie Dam, AZ 

o Diversions and return 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 constituents but also values 
for the trace constituents, including arsenic, barium, cadmium, 
chromium, cobalt, copper, iron, lead, manganese, mercury, nickel, 
selenium, silver, and zinc. From the viewpoint of microalgae
production, the information on the concentrations of the major
nutrients (N, P, and X), and trace elements will be particularly
helpful. 

4.2.2 Ground-Water Sources 

Data on the chemical composition of ground water within the 
identified plumes in the six foeal areas are included in Appendix
D. The data for focal areas II, III, IV, and VI were obtained 
from USGS computer files. The data for areas I and V are from the 
literature. The chemical analyses from the USGS mainly include 
the major chemical constituents, 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 quality pattern diagrams for selected wells in the 
saline ground-water plumes are included on the focal area maps,
Plates III through VI. It is apparent from these diagrams and 
from an examination of the chemical quality data in Appendix D , 
that sodium chloride is the major water type. This is not 
surprising considering the extensive presence of salt deposits in 
the State (Peirce, 1981). Fairly substantial levels of 
bicarbonate are also present, Which may be important from the 
viewpoint of microalqae 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 entering 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 recoqnition of water quality issues. There is a new 
focus in the West on protecting the quality 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 
microalqae 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 Qf 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 

c, 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, particularly the Desert 
Lowlands, . the ground-water is stored in deep porous aquifers
which yield 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 LAW 

5.3.1 Surface Water 

Arizona water law recognizes three classes of water supply:
surface water, water flowing in definite underground channels, 
and percolating groundwater. Both surface water and water 
flowing, in definite underground channels are governed by the 
doctrine of prior appropriation CARS 45-131a). The primary
feature of this doctrine is best expressed by the aphorism "first 
in time, first in right", or that the rights of prior uses are 
superior 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 appropriated under the terms outlined in the 
Arizona water code which was promUlgated in 1919. Under this 
code, the water is considered public in character and the basis 
and the limit and measure of a right is beneficial use (ARS 45
131b). Permitted uses of appropriated water include domestic 
use, irrigation, stock watering, water power, recreation, 
wildlife inclUding fish, for personal use or delivery to 
consumers. Surface water rights, once obtained, may be lost 
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 right may be severed from the land for irrigation
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 

48
 



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 appropriation permits
required, ground water has been viewed as a private resource. In 
a lenqthy series of court cases, some contradictory, Arizona 

... courts have applied a I-rule of reasonable use" to the use of 
percolating ground waters. Under this rule, a landowner is 
allowed to pump any amount of qround water from underneath his 
property and utilize it for any beneficial and reasonable 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 Leqislature 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 Varley ~ city of Prescott .(638 P. 
2d. 1324 (1981», the rule of reasonable use was clarif1ed. In 
these cases,' both of which challenged the Arizona Groundwater 
Management Act (AGMA) on constitutional qrounds, 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 Legislature enacted the Arizona 
Groundwater Management Act (herein referrred to as the Ac~). 
This law, a radical departure from previous policy concern1nq
ground water, has been characterized a~ the most comprehensive
ground water management plan of any western state. Basically, the 
Act is a comprehensive management plan that includes 
restrictions on new qround water uses, and also conservation 
requirements fo~ existing water uses. Surface water uses are not 
affected. 

The Act designates four Active Management Areas (AHA) and most 
provisions of the Act only apply to these four areas: 1) the 
Tucson area; 2) The Phoenix area: 3) the Prescott area; and 4) 
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the Pinal area (see Fiqure 5-1). In these areas, the Act applies
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 population and over 69% 
of the total overdraft (Johnson, 1980). Additional AHA's may
also be created either by the Director of the Arizona Department
of water Resources {ADWR) or upon petition by 10% of the voters 
in a proposed AHA. Once the petition is submitted, all registered 
voters may vote on the proposed AHA. In fact, the ADWR is 
currently investigating the possibility of creating an AHA in the 
Sierra Vista area, located in Cochise County (see Fiqure 2-1). 

The Act also created three Irrigation Non-Expansion areas (INA), 
one in Douglass, one in the Harqualala Valley, and one in the 
Joseph City area (see Fiqure 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
capacities over 35 qpm 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' appointed by the 
governor, has general responsibility over policy decisions, 
particularly the administration of all laws relating to ground 
water. In practice, however, the AHA offices have been 
relatively autonomous, with each utilizing different 
administrative procedures. In addition, the Arizona water 
Commission acts as an advisory committee to the Director, and 
local ground-water users adivisory councils assist the Directors 
of the AHAs. 

The management goal for all AHAs is safe-yield by 2025. In the 
Act, safe-yield 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 
pr.ohibited in AHAs except those which are granted a permit, and 
existing uses, which were "grandfathered", will be subject to 
increasingly stringent conservation requirements. Thus, in an 
AHA, 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 rights within 
an AHA. First, irrigation grandfathered rights 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 land 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
Irigat~on qrandfathered right. Basically, these rights were 
bestowed on all non-irrigation uses of ground water at the time 
the AHA 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 land from 
Which the ground water was withdrawn and are transferable off the 
land anywhere within an AHA 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 qrandfathered rights, ground-water withdrawals 
in an AKA are also allowed by obtaining a permit. There are 
seven types of permits: 1) mine dewatering; 2) mineral 
extraction and processing: 3) general industrial use; 4) poor
quality ground wate~; 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 qranted 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 rights. To 
exercise either option will require "a combined analysis of water 
rights laws, hydrology I geology I engineering, and business 

r", jUdgement" (Phillips, 1984). In fact, a competent water lawyer
and a water resources hydrologist are necessary for any
acquistion of water rights. As 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 BERI will be 
considered an aqriculutral use or industrial use of water. Under 
the AGHA, agricultural water use is defined as lithe 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 opposition 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 AHA 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 AHA 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-irrigation user to 
withdraw poor quality 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 
qround 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 period of up to thirty
five years. However, the Pirector will monitor the withdrawals. 
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and has the authority to terminate the permit if another 
beneficial use is available for the water, or if he feels that it 
is inconsistent with the manaqement plan for the AMA. 

These permits are intended for those industries "which can use 
brackish or salt water that could not be used for drinkinq or 
irriqation ll , such as coolinq for a power company. They are also 
intended to IIhelp prevent the intrusion of brackish water into 
fresh water supplies ll (Johnson, 1980 ). Additionally, these 
permits may be qranted if the intent is to remedy industrial 
pollution of qround water • 

To date, only a few poor qround water quality permits have been 
qranted for water quality cleanup. For example, this type of 
permit was qranted in the Tucson AHA to remedy a qround water 
pollution problem, the infiltration of TeE, an industrial 
solvent, into the qround water. Also, a number of permits are 
pendinq in the Phoenix AMA, applied for by power companies. 

Another type of permit that may be acceptable for this project is 
a qeneral industrial use permit. To date, these permits have 
been the most common type of permit qranted in an AMA. The 
Director will only issue an industrial use permit if the qround 
water area lies outside of a service area of a municipal or 
private water company and if all of the followinq conditions 
apply: 1) uncommitted CAP and municipal water is not available; 
2) other surface water and effluent is not available; 3)
irriqation qrandfathered riqhts 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 qranted for a period of up to 50 years, with the 
averaqe runninq about 20 years. Also, if any other sources of 
water can be obtained at the cost of the qround water beinq
withdrawn, the Director may require that this alternate source of 
water be used at any time durinq the life of the permit. 

Before any permit is .issued, DWR will require hydroloqic studies
 
to justify the issuance of the permit. The permit application

forms require the followinq information:
 

1) names and addresses of the applicant and landowner. 
2) the AMA and subbasin 
3) a leqal description of the land 
4) the category of the permit
5) specific purpose for the qround water 
6) the annual amount withdrawn in acre-feet per year
7) a description of the wells, whether existinq or new 

includinq the location, diameter, and any other infor
mation the Director requires. 

In addition, if any new wells will be constructed, a well spacinq
analysis will be required. 
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A third type of permit that may be suitable for this project is a 
drainage water withdrawal permit. These permits may be issued by
the Director if he determines that drainage.of irrigated lands is 
necessary for reasonable economic return from aqricultural
production in respect to those lands. The withdrawal of such 
ground water must also be consistent with the management plan for 
the AHA (ARS 45- 519a). 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 AHA 

Another option for acquiring water in an AHA is to purchase water 
rights. Three types of water rights are available for purchase:
Type 1 and Type 2 non-Irrigation qrandfathered rights and 
Irrigation qrandfathered 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 qrandfathered rights, the land 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 just 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 rights. Farm owners crowded 
by urbanization, land 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 ARB 4~-142 entitled "Application for 
Permit to Appropriate Water". 

The application to appropriate water must include the following
information: 

~)	 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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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 \0

Director of the ADWR. 

The Director of the DWR has the authority to rej ect 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-l43a)., 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 qranted and the I ' 

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 must be completed within five years (ARS 45-150). ...However, extensions may be granted at the discretion of the 
Director" if justified by the maqnitude of the works, physical
difficulties, or the cost of work. 

Once the works to appropriate the water have been compl~ted and 
the water put to beneficial use, the Director 1ssues 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. 

56
 



There are two restrictions on transfers however. First, no water 
right may be transferred from lands within the boundaries of 
irrigation districts, agricultural improvement districts, or 
water users associations without the written approval of the 
affected entity. 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 supplies or contributes 
water for the irrigation of lands within an irrigation district, 
agricultural improvement district, or water user association, 
shall be severed or transferred without the consent of the 
affected entity" CARS 45-172). The statute provides that all 
such transfers must first be submitted 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. Ope 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 priority dates. Given that most streams· in Arizona 
are over-appropriated, it is likely that those. individuals 
holding surface water rights with late priority 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 rights 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 will 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 

0'\	 riqht 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 previously
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 
with some portion required to be returned to the river source. 

5.3.3.4 Ground Water outside of AHA'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 less costly than following 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) al~ 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 like~y 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 
adjudication, this water would probably also be assigned a 
priority date, with later priority 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 discharged into stream beds. But competition for this 
source of water is increasing. In fact, effluent discharged from 
the Tucson and Phoenix areas totals approximately 280,000 acre
feet a year (Arizona Town Hall, 1985). Increasingly, 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 9Ist 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 e~fluent 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 

5.4.1 State Lands 

In Arizona, 13% of the land area is administered by the State, a 
total of 9.6 million acres (Arizona 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 land, but also for all water and mining
rig;ttts, 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 
approximately 70 leases. Presently, there are over 700 
commercial leases and over 450 agricultural leases 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 stricter than the acts of other western states, must be 
complied with in any transaction involving 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 prefe~red 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 original lessee. As.one lawyer notes, "A 
successful bidder who did not prepare the plan must cash out the 
existing leasee. Inevitably, the cost is so high that the 
bidding is chilled" (Kolsrud, 1986). 

According 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 must 
receive fair market value for the land 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, depending on the area and 
competition. At a recent auction in Pinal County, the minimum 

60
 



value set was $45.00 and acre-foot. Based on these prices, the 
cost of water for a SERI project on state land 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 Lands 

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 Indian tribes. The federal land is 
administered primarily by the Bureau o£ Land Management and the 
Forest Service but the Defense Department, the National Park 
Service, and the Bureau of Reclamation (BLM) 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 BLK does lease land, primarily for agriculture and grazing,
it is usually fairly small ~rcels, or the leases are long-term
leases that the BLM "inher~ted". This agency is bound by a 
mandate to manage the public lands to maximize their potential
for the public. . 

The BLK 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 BU! land is separate from other 
larger land holdings of the Agency, that it may consider selling
the land. 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 qroup,
with distinct cultures. Due to high unemployment, poverty, and 
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underutilization of natural resources, some tribes may be 
interested in a microalqae project in order to become more 
economically self-sufficient. 

Indian reservations in Arizona hold another type of water riqht,
the reserved riqht, that is wholly seperate and different from 
water riqhts acquired under State law. These water riqhts have 
their basis in federal law and differ substantially from State
held riqhts. 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 throuqh a- series 
of court cases, it holds that when a reservation was established, 
enouqh water to fulfill the purposes of the reservation was 
implicitly reserved. The riqht is qiven a priority date of the 
time the reservation was established and the riqht is not 
measured by a criteria of beneficial use and cannot be lost 
throuqh non- use. 

The water riqhts of the Indian tribes in Arizona are larqely
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 reservat.ions, the Ak-Chin Community
and the San Xavier district on the Papaqo (now the Tohono 
O'Odham) Reservation, have had their riqhts quantified throuqh
leqislative settlements. But the bulk of the tribes will have 
their riqhts quantified in the Gila River adjUdication. 

The quantification of· Indian riqhts is a top priority for the 
State of Arizona. The early priority dates of the reservations' 
water riqhts, most datinq back to the 1880's, predate the water 
riqhts held by most non-Indian water users. And until these 
riqhts are settled, the leqal status of non-Indian riqhts with 
later priority dates is uncertain. " Further, the maqnitude of 
these riqhts is staqqerinq. While it is unclear at this point
what standard the Court will apply in the Gila River 
adjUdication, if the "Practically I~riqable Acreaqe" standard, 
the method used by the Supreme Court in Arizona v. California, is 
applied, some estimates place Indian water riqhtS-in the State at 
30 million acr -feet of water (Western states Water Council, 
1984). 

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

Indian tribes are sovereiqn powers, holdinq riqhts to self
qovemment, but also subject to the plenary powers of the Federal 
qovemment. Reservation land is held in trust for the Indians by
the Federal qovemment. The land cannot ~e 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 leased for a variety of purposes including for the 
"development or utilization of natural resources in connection 
with operations under such leases" (25 U.S. Code Sec. 415). This 
provision has been interpreted as including 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 
requlations concerning water quality do not apply on the 
reservations. In general, in the past there has been very little 
requlation of water use on the reservations. Recently, a humber 
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 significance to the microalgae
project will be reviewed. First, the issue of water quality, and 
the current Arizona permitting process will be discussed. Second, 
land subsidence will be examined. Finally, 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 seemingly, out of harm's way" (Briggs,
1984). However, this misconception 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 piscovery of these pollutants, public
officials and the citizenry alike have bequn to push for more 
stringent controls for water quality. currently, there is an 
intiative 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 Legislature has passed new qround-water quality
legislation• 

. This bill, introduced into the Legislature at the end of April,
1986, is the result of weeks of closed-door negotiations between 
environmental qroups, public officials, and representatives of 
affected industries. By means of this bill, Arizona will 
implement stricter standards for qround-water quality protection
in the near future. 

5.5.1.1 Federal Role 

While three levels of government - Federal, local, and state 
all have responsibility for qround- 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 Conqress 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 fraqmented at the 
federal. level. As one author notes, "It is not covered 
comprehensively by anyone Federal law; nor is one Federal agency 
or office reponsible for overseeing or coordinating all ground 
water proqrams and activities" (Lofgren, 1984). In fact, sixteen 
federal laws and at least fourteen federal agencies have some 
effect on ground-water quality (Lofqren, 1984). 

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

The EPA. has also recently developed a Groundwater Protection 
strateqy 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 strateqy has four goals: 1) to build and enhance state 
programs for ground water protection; 2) address contamination 
from leaking storage tanks, landfills and other sources; 3) adopt
quidelines for ground water protection 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 law provides the context and often standards for 
water quality protection, the states have a primary role. 
Basically, the federal agency will develop the scientific data, 
technical standards and framework, and utilizing federal qrants
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. 
36-1851). 

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" CARS 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 require a permit under the Arizona Groundwater Quality
Protection Program (Brown, 2986). This section of the report will 
outline the permit application process that is currently in 

'place, especially as it relates to the proposed microalqae
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 discharges 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 project 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 Disposal" (NOD). The purpose of a NOD permit is to allow very
small dischargers to obtain a permit without having to go through
the full permit process that will require hydrogeologic 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 permits are granted on the basis on a NOD. 
Most applicants for NOD permits must also submit Applications for 
Permits. 

Owners 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)
topographic map detailing the facility location; 3) the type of 
facility 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 
protact ground water quality; 8) description of wastes and 
pollutants and flow rates, including an analysis of chemical, 
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biological, and physical properties of the wastes; 9) a 
description of any ground water monitoring programs; and 10) any
other information which the applicant believes will demonstrate 
that the facility should be permitted. (ACRR: R9-20-206) • 

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

Unde+ the regulations, adverse qround-wate~ quality i~pact is 
defined as "any measurable change to the phys1cal, chem1cal, or 
biological character of qround 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 qround water conditions or drinking water quality
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 migration. Secondly, very rarely will 
a discharge meet either drinking water standards or match the 
ambient qround 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 
applications if it is determined that no wastes or pollutants
will enter the aquifer or ground water in SUfficient quantities 
to violate ground-water standards. In making this determination, 
the ADHS reviews the facility desiqn, 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 permit application itself requires a great deal of 
information. First, the application must include a hydroqeologic 
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 wil~ 
have on the ground water. . 

Finally, the ADHS can also require 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 applicant to provide
information on how it will handle unintentional spills or leaks 
and a post-closure plan detailing 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 quantities 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 microalgae 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 recognize~ as a problem in Arizona ifor many 
years. In some areas of the state, inclUding the Buckhorn area 
and Paradise valley area near Phoenix, approximately 5 feet of 
subsidence has occurred over the last 20 years. Other areas 
inclUding the Pinal AKA 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 underground
aquifers. Usually subsidence will occur in an area where 
underlying confined aquifers consisting of permeable sand or 
gravel of low compressibility are intermixed with clay strata of 
low permeability 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 Picach~ in Pinal county has damaged 
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the Picacho Reservoir, water wells, railroad lines, 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 land 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 subsidence 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 impose 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 conclusion, while there are no statutes or a body of law that 
specifically 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 tested but "a number of legal theories support
the awarding of damages for subsiden~e. Further, the state of 
Arizona is increasingly aware of subsidence as a major problem
and does have the authority 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 is that if the project is located on federal lands, 
namely Bureau of Land Management land or an Indian reservation, 
an environmental impact statement (EIS) will be required. 

The National Environmental Policy Act of 1969 (NEPA) established 
a national policy for the environment and also set up procedures
that federal agencies must follow in assuring the protection of 
the environment. One of the most prominent features of the Act 
is Section 102 (2) (c) which requires all federal agencies to 
prepare environmental impact 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 aqency to aqency. But it is important to realize that they 
can often be expensive reports to complete. It is advisable to 
contact the relevant federal aqency and neqotiate what is 
required for the report. For most federal lands, the Bureau of 
Land Manaqement would be the appropriate aqency. 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 usinq United states Department of Enerqy 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 immediately to the east of the Colorado River south of
 
Poston, Arizona. From a physiographic perspective, the area Ls
 

" 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 depicted on the Plate III extending in a north

south direction paralleling the Colorado River. Ground water in the
 

,	 plume satisfies the screening criteria of Tasks I and II, namely,
salinity in excess of 3,000 mq/l, depth to ground water less than 
500 ft from land surface, and potential yields 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). Daily solar data, climate 
data, and data on daily 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 hydrogeology 

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 
tota11y 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 

71 



phreatophytes and riparian veqetation and more 
recently by aqricultural crops. The stream alluvium 
that underlies the flood-plain area is the principal 
water-bearinq unit. Older alluvium outside the flood
plain is hydraulically connected to the stream 
alluvium and is part of the main aquifer. Ground-water 
flow occurs both laterally and lonqitudinally in the 
basins. A principal 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 leakaqe. Ground water pumped from 
the flood plain is river water that infiltrated. In 
places, minor quantities of water may be withdrawn 
from storaqe and evapotranspiration may decrease; 
however, lowerinq water levels will increase the 
water-level qradient resultinq in more streamflow 
infiltration. 

A representative cross-section throuqh a Colorado River Basin is 
depicted in Fiqure 2-5. 

6.1.4 Saline ground water 

As shown on Plate III~ this focal area contains a plume of saline 
ground water extendinq for several miles in a direction 
parallelinq the Colorado River. The source of the plume appears 
to be irriqation return flows to qround water. The TOS 
concentration within the plume is mainly betweem 3000 mq/l and 
5000 mq/l, except for a small plume with a salinity above 5000 
mq/l. Two chemical quality pattern diaqrams are included to 
illustrate representative water chemistry in the plumes. Except 
for absolute concentrations, the two diaqrams are similar 
indicatinq the predominance of sodium and chloride in the 
anionic-cationic makeup of the water. Sulfate is the second 
dominant anion and calcium is the second dominant cation. 
Additional information on the chemical composition of qround 
water in· this area is inclUded in Appendix o. 
Hydroqeoloqical features of the area which may . affect qround
water development for a microalqae facility. are described in the 
followinq paraqraphs. 

Tucci (1982) used the report of Metzqer et ale (1973) to 
summarize the hydroqeoloqic system of the Parker Valley, which 
includes the stUdy area. Basically the area is underlain by three 
principal hydroloqic units. The lowermost unit is a fanqlomerate 
consistinq of ·cemented sandy qravel. Ground water may be confined 
in this unit, and it is not beinq exploited as a major water 
source. OVerlyinq the fanqlomerate unit is the Bouse formation 
consistinq of a basal limestone, a sand unit, and a tufa (Tucci, 
1982). Metzqer et ale (1973) describe this formation as a 
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brackish water 'sequence. The averaqe hydraulic conductivity of 
the upper zone of the Bouse £ormation is 30 ft/day (Metzqer et 
al., 1973). The lower 'zone is the confininq layer for the 
underlyinq fanglo~erate. 

The Bouse formation is overlain by an alluvium formation. This 
formation is 125 .ft thick and its areal extent is confined to the 
fl'oodplain (Tucci, J.981) • 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. 

Tucci (1982) simulated the qround-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 qpm. 

6.1.5 'Land ownership 

Land ownership is a critical factor in planning for a microalqae
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 Manaqement. 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 
aqriculture. 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 leased to non
Indians. Terms for most leases run from one to five years, with 
the longer 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 nop-Indians to lease land on the 
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Reservation. By leasinq land and water the Tribe hopes to 
increase revenue and protect their water riqhts. Further, the 
economic crisis that is affectinq farminq in qeneral also'has an 
impact on the Reservation, especially on cotton production. The 
Tribe is encouraqinq lessees to experiment with more lucrative 
specialty crops •. 

This reservation may be very interested in this type of project.
The Indians have a large, dependab1.e source of water and amp1.e
lands. They also have a drainaqe problem on the Reservation that 
this project could rectify. Finally, the Tribe is very
interested in diversifyinq their economic development because of 
the fallinq market for cotton and otheraqricultural products
(Laffoon, 1985). If the return on the lease was qreater than 
what they presently make leasinq that land for farminq, 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 must approve the lease. The Bureau of Indian 
Affairs would probably require an environmental impact statement, 
but is also likely to approve the lease if the Tribes aqree to 
the project. Finally, the Bureau of Reclamation, as manaqer of 
the Colorado river will monitor the withdrawals of qround water 
because the qro~d water is hydroloqically connected to the 
Colorado River and must be charqed to the Tribes' allotment. 

74
 



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 mq/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 essentially 
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. Details on possible sites for a microalqae production
facility in this area are·included in Table 4-2. As shown on the 
table, the total land 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 Energy 

According to Osborn and Huddy (no date), the focal area near Yuma 
is classified as Low Desert within the Sonoran Desert clim~tic 
zone. A detailed summary of daily solar data, climate data, and 
daily solar ~adiation.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 Mohawk 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). . 

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 sedimentary rocks and an overlying
moderate- to coarse-grained facies of the lower basin 
fill, which forms the main water-bearing zone. An 
overlying fine-qrained facies of the lower basin fill 
occurs near the basin centers. Upper basin fi11 
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 
mountain 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 Leake and Clay (1979) salinity levels of more than 
8,000 mg/l were fairly common in the Wellton-Mohawk area in the. 
1970's. 

Hydrogeological features affecting 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 (c) in the Yuma area (Wilkins, 1978). 

White et ale (1979) described the qround-water geology of the 
area from Painted Rock Dam to Texas Hill. The following 
discussion is abstracted from their report. 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 fill 
deposits have been divided into upper, middle, and lower units. 
The potential yield of wells in the alluvittm exceed 1,000 qpm 
(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 overlies 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 yielding in excess of 1000 gpm
(USGS, 1984). Salinity levels in excess of 8000 mg/l are not 
uncommon. The chemical quality pattern diagrams show that ground 
water is generally of the sodium-chloride type. However, the 
sample from TaS, R16W was more of a mixed sodium-calcium
chloride-bicarbonate type. Detailed chemical analyses for wells 
in this area are included in Appendix D. 

According to Wilkins (1978), the Yuma area is underlain by
materials ranging from dense crystalline 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 
qravel 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 zone. The coarse qravel zone is the principal
production zone 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 pumpinq 

was required to overcome water logging of the agriCUltural 
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fields. Accordinq to Wilkins (1978), 158,000 acre-ft was pumped
in 1975 for drainaqe purposes. Wells in the area are capable of 
pumpinq at rates qreater than 1000 qpm (USGS,1984). Ground water 
from one well in the area was reported to have a TDS of qreater
than 10,000 mq/l. As depicted on Plate III, the chemical quality 
pattern diaqram for the area illustrates that qround 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 Manaqement (BLM). 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 
Provinq Ground. Similarly, the land to the south is within the 
Luke Air Force Ranqe, except for reqions near the saline qround
water boundary which are in private hands or owned by BLM and the 
ASLD. The united states Marine Corps Air station is located at 
the western edqe of the larqer plume. The lands within the 
military reservations would not probably not be available for a 
project. 

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

6.2.6 Legal and Institutional Factors 

In terms of leqal constraints and land availability, this area 
may be the best area for a microalqae production project amonq
the six focal areas examined durinq this project. First, it is 
not located within the boundaries of an Active Manaqement area. 
For qroundwater to be pumped, project planners would need only to 
construct the well accordinq to state standards and reqister the 
well . with the State. No permits or expensive hydroloqical
studies would be needed. However, involvinq a trained hydroloqist
in the process is advisable. Secondly, there is a lot of private
land available. Dr, Gordon Dutt (Department of Soils, Water and 
Enqineerinq, 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 usinq saline water, the 
majority do not. 

However, ·there are some leqal constraints on the use of this 
qround water and on the return flows of the irriqation districts. 
One factor to consider is the Treaty of 1944 siqned by the United 
States and Mexico. The Treaty apportioned the waters of the Rio 
Grande, Colorado, and Tijuana rivers. It allocated 1.5 million 
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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 required, during the 
shortage years on the river, this allotment to Mexico must be met 
first. The Bureau of Reclamation closely monitors ground-water
pumping that is close to the river as this pumping is charged to 
Arizona's entitlement under Arizona 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 limit the 
permissible levels of salinity of the water delivered to Mexico. 
Under this aqreement, the water at Morelos dam must equal 155 
parts per million, the salinity levels of the water stored in 
Imperial dam. 

The Salinity'control Act was passed by Congress to implement this 
agreement. Primarily the Act authorizes construction of a 
reverse osmosis desalinization plant near Yuma, Arizona. But the 
Act also contai~s' 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 obligations. The 
Bureau of Reclamation operates a pumping field in this area and 
monitors groundwater withdrawals. Second, 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 
in the adjUdication. The Court may rule that ground water that 
is hydrologically connected to the surface water flow of the Gila 
River will .be adjUdicated. This determination could affect the 
placement of the project because the court could assign priority
dates to groundwater use in this area and those rights assigned
later priority dates may lose the right to pump in a shortage 
yea~ 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 
irrigation districts in the area. Under Arizona law, 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 

79
 



to the river, even if it is hiqh1y saline. While the We11ton
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 irriqation 
district or the Bureau of Reclamation miqht object to this 
transfer. 

Interestinq1y, 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 averaqe 25,000 to 35,000 acre-feet of water a year and will 
have a TOS of 9,000 to 10,000 (Boyer, 1986). The water is 
scheduled to be discharqed into the Santa Clara Slouqh, which 
empties into the Gulf of California. Presently, 
indicated uses for this water. Neqotiations w

there are 
ith Bureau 

no 
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 IV. 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 mq/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 lesser 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. Detailed 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 Zone. 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
annua1 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 

The aquifer systems of the west basins include pre

Basin and Ranqe sedimentary rocks and an overlying
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moderate- to coarse-grained facies of the lower basin 
fill, which forms the main water-bearing zone. An 
overlying fine-grained facies of the lower basin fill 
occurs near the basin centers. Upper basin 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 
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 salinities 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 quality pattern diagram for a well-water sample
containing 4000 mg/l total salinity is included on Plate IV. This 
diagram was created using a representative analysis for the 
saline area, reported in Appendix D. According to this diagram
ground water in this area is basically a sodium-chloride type.
Bicarbonate represents the lesser anion. The Luke salt mass is 
located within this area ( Peirce, 1981). 

Hydrogeological considerations for extracting ground water for a 
microalgae production 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, 
sedimentary deposits comprise the main water-bearing unit. These 
deposits include unconsolidated to weakly consolidated clay,
silt, sand and gravel, locally containing thick deposits of 
evaporites. Thickness of the main water-bearing unit may be as 
much as 1,200 ft (Ross, 1978). The area is underlain by a thick 
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widespread evaporite deposit consisting mainly of halite, ranging
in depth from 880 to 1,500 ft in depth. According to Ross's map, 
water levels in much of the Buckeye area are within 100 ft of 
land surface. The Arizona Department of Water Resources (1984)
pointed Qut that 'wells in the Buckeye Irrigation District showed 
a rise in water levels during the period 1964 to 1983, and that 
21 wells had an average water level increase of about 47 ft in 
this period. A reason for the increase was the increased re~ease 
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 portion of the Arlington Valley, and the 
Palo . Verde Nuclear Generatinq 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 zone 
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 i~ 30 to 60 feet in thickness, 
consisting of silty sands and gravelly sands with discontinuous 
stringers of silty clay and clay. The middle alluvium is 230 to 
300 feet thick, 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 station. According to Long, the TDS of 

. the . perched ground water varies from 2856 to 18,990mg/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 
mq/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. According to this diagram, ground water is 
predominantly a sodium-chloride type. 

According to Sebenik (1981), alluvial deposits in the Gila Bend 
area form the main water-bearing unit, consisting 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 ranqes from a few qallons per minute to 
several thousands of qallons per minute (Sebenik,l981).
Depths to qround water in the plume north of Gila Bend are 
qenerally less than 200 feet from land surface ( Sebenik, 1981). 

6.3.4.3 Rocky Point and Hyder Valley Areas 

Saline qround water in the plume near Rocky Point is qenerally
about 3,000 mq/l. In the representative sample used to plot the 
chemical quality pattern diaqram, the TDS was 3,562 mq/l. Aqain,
the qround water is predominantly a sodium chloride type. TDS in 
the small pocket of saline qround water in the Hyder Valley was 
qenerally about 3,000 mq/l. Accordinq to the chemical quality 
pattern diaqram, the sample was of a sodium chloride type. 

The hydroqeoloqy of the both areas is inclUded in the map report
of White et ale (1979), Which covers the reqion of the Gila River 
drainaqe from Painted Rock Dam to the Texas Hill area. Accordinq 
to White et ale (1979), valley fill deposits constitute the main 
water bearinq unit in the area. These deposits mainly consist of 
clay, silt, sand, and qravel deposits, and weakly consolidated 
mudstone and sandstone. The valley fill deposits have been 
divided into upper, middle, and lower units. Well yields in the 
plume should be sufficient to provide at least 4 mqd. 

6.3.5 ~ Ownership 

Land ownership in Area III is shown on Plate IV. Within the larqe
plume of saline qround water near Buckeye are the municipalities
of Goodyear and Buckeye, and the Palo Verde Nuclear Generatinq
station. Land ownership within the plume is mainly in private
hands, with a small amount of property manaqed by the United 
states Bureau of land Manaqement (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 
Drainaqe District occupies a strip of land north of the Gila 
River and the Southern Pacific Railway line, east and west of 
Buckeye. The Roosevelt Irriqation District is within a strip of 
land north of the Buckeye Irriqation District. Within 10 miles of 
the plume boundary, land ownership is mainly in private hands or 
manaqed by BLM and the Arizona state Land Department. At the 
eastern edqe of the plume is the Gila River Indian Reservation. 
The McMicken Irriqation 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, althouqh small parcels are within the State Trust. 
Some BLM land is also present. The Gila Bend Indian Reservation 
is located to the west of the plume. Otherwise, lands within 10 
miles of the plume are manaqed by BLM and SLD or are in private
hands. 

84
 



The· small plume near Mobile encompasses privately owned land and 
an area managed by the BIaM. Lands north of the plume are 
primarily privately owned, with BLM land predominating to the 
south. 

Lands within the plume near Rocky Point are mainly managed by
BLM, although about a quarter of the area is in private
ownwership. Within 10 miles of the plume, the major landowner is 
BLM. 

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 AHA. The other plumes 
near Hyder Valley, Gila Bend, and Rocky Point are located 
outside of the AHA. For the areas outside of the AHA, the legal
constraints on the use of water are minimal, similar to Area 2. 
However, the Buckeye and Arlington Valleys differ quite
siqnificantly 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 microalqae production facility. The area is considered water 
logged, with the groundwater table rising. As the project 
manager for the Buckeye Irrigation District stated, "Our problem
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 Irrigation District 
uses part of it, but not all. Buckeye Irrigation District does 
not charge Arlington anything for the water. Arlington must 
simply maintain the canal. 

The Phoenix AHA is currently conducting a stUdy to determine 
whether the Buckeye and Arlington areas should be excluded from 
the Phoenix AHA. Under a directive from the Legislature, the AHA 
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 AHA staff member , stated that 
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the aqency would support a viable use of this saline water and 
that a poor qroundwater quality permit wo~ld be appropriate in 
this case. In fact, this area is a qood example of an area where 
the pumpinq 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 purchasinq
existinq riqhts, or initiatinq new riqhts under the Arizona Water 
Code (See section 5.0). The adjudication of water riqhts that is 
presently beinq conducted in Arizona is a very siqnificant factor 
for the Gila River system is the most over-appropriated source of 
water in the state. Once the adjudication is completed,· any
riqhts with very late priority dates may not receive the full 
quantity in shortaqe years. Also, any water riqhts considered 
for purchase would have to be carefully examined to see that they
also would be viable riqhts after the completion of the 
adjudication (see section 5.0). 

One other source of water is the waste water from the Palo Verde 
Nuclear Generatinq Plant. The Palo Verde Plant, under a contract 
neqotiated in 1973, will receive up to 140,000 acre-feet of 
effluent from the 9lst 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, dependinq on the amount 
of effluent actually consumed. . The plant will only take the 
water it needs with the excess to be discharqed into the Salt 
River. Accordinq to a Palo Verde plant enqineer, this water is 
presently unclaimed (Roqers, 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 throuqh a cold lime softeninq process to 
replace the hard ions with soft ions. The ammonia is oxidized to 
nitrates and the pH of the water is controlled. The water is 
then run.throuqh 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 approximately 15,000 ppm~ The 
water is then stored and evaporated in a 200 acre on-site pond.
The annual amount of water discharqed to this pond is unknown at 
this time. Presently, the Plant has no plans for this water. 
Carter Robinson, plant enqineer, is interested in alternative 
uses for this 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 (Roqers, 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-l-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 mq/l, and depths to qround water of less than 500 ft. 
Durinq 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 project are included in Table 4-2. The 
estimated surface area overlying the saline plumes is 156 square
miles. . 

Features of the area that are relevant for a potential microalqae
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 Enerqy
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 square 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 geohydrological features of 
these basins are as fo+lows: 

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 fill. Basin-center 
deposits that have more than 60 percent fine-grained
materials are common; the upper basin fill 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 evapoptranspiration 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 large 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 reviewed 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 chemical 
quality pattern diagram for a representative 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 
ale (1978). According 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, etal., 1978). 

Aquifer tests in township 01-4, by the USGS, determined that 
transmissivity values were in the order of 40,000 qpd/ft. The 
unit is capable of yielding in excess of 1,000 qpm to wells. 
Laney et ale (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. 

88
 



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 predominantly a sodium chloride type, with calcium and 
sulfate being the secondary ions. 

This area shares similar ground-water condition to the area 
described in the previous section. However, perched ground water 
is not indicated on the maps of Laney et "ale (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 Dl-2 and 01-3, transmissivity values 
range from 26,000 gpd/ft to 171,000 qpd/ft. Potential well yields 
are greater than 1000 gpm (Laney et al.,l97S). 

6.4.4.3 Casa Grande Area 

As shown on Plate V, the plume in the vicinity of the City of 
Casa Grande occupies portions of R-S-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 magnesium-sulfate type, with calcium and chloride being of 
secondary importance. The water quality maps of Thompson et ale 
(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 Ronieczki and English (1979). According to these 
authors, the main water-bearing unit consists mainly 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 
is 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 
o 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 ft 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 Coolidqe Area 

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

The discussion of qround-water conditions in the Casa Grande 
area, covered in the previous section, . is also qermane to the 
plume in the Coolidqe area. In this area, qround water levels 
ranqe from about 100 ft to 400 ft below land surface (Konieczki
and Enqlish, 1979). Most wells in the area should be capable of 
supplyinq 1,000 qpm (USGS,1984). 

6.4.5' Land ownership 

Lan4 ownership in Area IV is included on Plate V. About three 
fourths of the area within the plume encompassinq West Chandler 
is privately owned. About one fourth of the area is within the 
Gila River Indian Reservation. A small seqment of land in T12S, . 
R5E is within the Roosevelt Water Conservation District. A 
seqment within the northern part of the plume is within the Salt 
River project Aqricultural Improvement and Power District. Within 
10 miles of the saline qround-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 entirely 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 rouqhly south of Casa Grande is within the San 
Carlos Irriqation and Orainaqe District. 

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

6.4.6 Legal and Institutional Factors 

Most of this area is located in two Active Manaqement Areas: the 
Phoenix AHA and the Pinal AHA. As reviewed in section 6.3, no new 

90
 



uses of qroundwater are possible in an AHA unless either a permit
is issued by the AHA or existing qrandfathered 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 AHA have 
revealed some obstacles to the granting of a permit for this type
of project. Mainly, officials are concerned that the use of such 
a large quantity of wa~er in open evaporation ponds would not be 
consistent with the management plan (Gessner, 1986; O'Hare, 
1986). Also,· officials are concerned about public perception of 
the project. In the past, city water officials and AHA staffs 
have utilized public education techniques to convince citizens to 
voluntarily conserve water. The emphasis of these campaigns 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 wronq 
message. 

If· the AHA 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 opposition 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 Manaqement Act, the 
project could qualify for anyone of three permits. But project
planners will have to weigh the benefits and costs of placing the 
project within AHA boundaries. This option is decidedly more 
complex and expensive than locating the project outside of an 
AMA, 'but these costs may not be prohibitive. For example, before 
the permit is issued, the DWR can require extensive hydrologic
studies and continued 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 AKA 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 project on one of the Indian 
reservations. Of the two reservations in this area, the Ak-Chin 
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and the Gila River reservation, the Gila River community would 
probably be better suited for this type of project. The Ak-Chin 
reservation recently renegotiated the legislative 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 proj~ct, especially if the spirulina
project proves profitable. 
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6.5 AREA V 

Area V is located 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. During Task 
II three of the areas satisfied the third criterion of 
potentially 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 possible locations within the saline 
ground-water plumes for a microalgae production facility are 
specified in Table 4-2, which also includes values for depth to 
ground water, potential surface are, yield criteria, and 
information on reliability of the yield estimates. Information on 
the surface water Chemistry in the area is included in Appendix
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 following
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 (OsDorn and Huddy, no date). Daily solar data, 
climatic data, and data on daily solar 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 averaqe 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 
diaqonally acr9SS 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 ~6,OOO mq/l in 1940. The salinity of the Gila River varies 
with discharge rates, being more saline during low flow periods.
For example, during studies for the USGS along the Gila River 
above Calva, Laney (1977) observed that the salinit.y of river 
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water ranged from about 300 mg/l during high flows to about 4,800 
mg/l during low flows. During his studies in the Valley during
the ~940's Hem (1950) found that the concentration of dissolved 
salts in river water leaving the Valley was double that of the 
surface water entering the valley. According to Hem the increase 
in salinity 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-bearing units separated by a fine
grained unit unit that consists of both lower and 
upper basin-fill sediments. The fine-grained sediments 
form a leaky confining layer that overlies the lower 
part of the aquifer. The lower water-bearing unit may
include at least the upper part of the pre- Basin and 
Range sedimentary 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 discharge along the 
central axis of the basin•••• 

A generalized cross-section through the southeast basins is she"1 
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 
screening 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/l.
According to the chemical-quality pattern diagram for a water 
sample from this plume, ground water is mainly 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 mq/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 (~971), Muller et ale (l973)~ and other 
authors, the ground-water system of the Safford Valley is 
hydroqeologically divided into two major systems: an artesian 
system occupying the lower extent of the basin fill unit and a 
surficial water table aquifer within Quaternary alluvial 
material. Weist (1971) indicated that the basin fill 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 
ale (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 Safford Valley could 
contain significant deposits of salts at depth in the valley
fill. 

Water levels in wells in the 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 
fill and alluvium are 0.0005 and 0.15, respectively. Average
transmissivity values for the area were 110 qpd/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. I~ 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 ~ small parcel of land 

.-~	 within the state Trust. The plume is surrounded with State Trust 
land and privately owned land. 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 encompassing the large plume extending along the 
Gila River is primarily in mixed ownership, including both 
private holdings and BLM 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 large plume and the lesser 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 agricultural purposes.
Further, the stream flow and quality of the river water is highly
variable. Between 1914 and 1973, the stream flow of the river 
varied from a minimum of 20 cfs to a maximum of 10,000 cfs. 

Because the river is fUlly appropriated and the stream flows so 
variable, any new initiation of a water right or purchase of an 
existing right must be undertaken cautiously. 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 earl'ier 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 
cla~m, 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 Equity
Decree No. 59, commonly known as the Gila Decree. Under this 
Decree, water rights were awarded to the ,Gila River Indian 
Reservation and to non-Indian irrigators 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. 

96
 



If this area were chosen for the microalqae project and surface 
water rights desired, it would be advisable to purchase this type
of right - one already adjudicated under a court decree. The 
adjudication statute provides that all court decreed rights will 
be written into the final decree for the Gila River adjudication.
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 previously decreed. 

The qroundwater 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 
adjudication. A likely option is that ,the groundwater that is 
hydrologically connected to the surface flow of the river will be 

~	 included in the adjudication. 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 
uses on the reservation are grazing and for recreational 
purposes. No land is leased for agricultural uses but in 1981 
over 456,606 acres of land were leased to non-Indians ·for 
businesses and other purposes. 

The Tribe then has quite a bit of experience in leasing land to 
non-Indians and may consider'a project of this type. Also, this 
Tribe will have their water rights adjUdicated in the Gila River 
adjUdication 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 re~olved over the next few 
years. 
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6.6 AREA VI 

Area VI, depicted on Plate VI, is located entirely 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 qround- water areas 
identified durinq Task I as havinq salinities in excess of 3,000 
mq/l and depths to water of less than 500 ft, only four remained 
after applyinq the yield criterion of 4 mqd durinq Task II •. One 
area is located in the southeastern portion of the area. A 
second, much larqer area, occupies the central part of the area. 
A third, relatively small, area encompasinq Joseph City, and a 
fourth, larqer area, includes the City of Winslow and part of the 
Painted Desert. The total land area overlyinq the saline ground
water plumes is almost 890 square miles. 

The leqal descriptions of possible locations for a microalqae
production facility within the saline ground-water plumes in this 
area are specified in Table 4-2, which also includes values for 
depth to qround water, potential surface aree, yield criteria, 
and information on reliability of the yield estimates. Similarly,
specific data on qround-water chemistry in the plumes is included 
in Appendix D. Factors affectinq the development of a production
unit are summarized in the followinq paraqraphs. 

6.6.1 Climate 

Area'VI is located within Zone 7, Basin and Ranqe, in the 
classification scheme of the Arizona Solar Energy Commission 
(Osborn and Huddy, no date). Accordinq to Osborn, clear sunny
days are the rule, with an averaqe of more than 270 days with 
clear or only partly cloudy skies. Larqe chanqes in diurnal 
temperature occur because of the hiqher elevation of the area. 
Summer days are warm and maximum temperatures of 90 degree F. or 
hiqher are reported between late May and mid-September (Osborn
and Huddy, no date). Total horizontal insolation on an annual 
averaqe basis is 1,802 BTU per square ft per day and the averaqe
monthly temperature is 55.3 deqrees 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 includinq the Puerco 
River, Leroux Wash and Cottonwood Wash. There are no substantial 
sources of saline surface water in the area, but the Cholla 
Generatinq station is located a few miles southwest of Holbrook. 

6.6.3 General Hydrogeology 

The consolidated sedimentary rocks constitutinq the aquifers of 
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this physiographic province comprise fine-grained sandstone 
units, many of which do not. readily t.ransmit. water (Liqner, et 
al.,1969). The limest.one-units store and t.ransmit 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) mUlti-aquifer sustems. The thin 
deposits of alluvium along the major water courses also yield 
ground water. 

6.6.4. Saline Ground Water Areas 

Four principal saline 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 chemical quality 
pattern diagram illustrates that ground water is mainly a sodium
chloride type. The salinity of ground water in the large cent.ral 
plume has a salinity mainly bet.ween 3,000 and 10,000 mg/l.
However, two isolated areas contain ground water with TDS values 
above 10,000 mg/l. The TOS of one sample was about 64,000 mg/l.
According to the chemical quality pat.tern diagrams, ground water 
is strongly of the so~ium-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 diagram shows 
that ground water is strongly of the sodium-chloride type.
Peirce (1981) indicated that the most extensive salt deposit in 
the Colorado Plateau Province 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 viewpoint
of extracting water for a microalqae production 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 se~ies 
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 0
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 potent.ial 
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yield in wells within alluvium is from less than 1 gpm to qreater
than 1,700 gpm. Wells in alluvium units within the bounded areas 
on Plate VI are capable of providinq saline water at the rates 
required for a.microalqae 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 
oriqin. Due to the fine-grained composition of the sandstones and 
siltstones comprising this member, the hydraulic 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. Accordinq this formation cannot be relied upon for 
supplyinq a microalqae facility. 

TheO-aquifer occurs in the northeastern part of the area. Member 
units· of the O-aquifer include the Oakota sandstone, the Morrison 
Formation, the Cow-Sprinqs Sandstone,' the Entrada Sandstone, and 
the Carmel Formation. Wells in the O-aquifer are not capable of 
yielding water much in excess of 20 gpm, and would not be suited 
for a microalqae 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. Accordinqly, this formation would be unsuitable for a 
microalqae 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 conqlomerate elements of the 
Shinarumo member are capable of yielding up to 30 gpm in wells, 
which would not be enough for a microalqae facility. 

The Moenkopi Formation is also ubiquitous throughout the area. 
Ground water occurs in sandstone and conglomerate units. However, 
because well yields are qenerally less 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 fracturinq. 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 qenerally 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 holdings and state Trust lands, and a small amount 
of BLM land. A similar mix of ownerships prevails within and 
near the central plume, 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 legal
constraints on the use of groundwater. There are no Active 
Manaqement Areas in this part of the state and only one 
Irriqation Non-Expansion Area (INA). 'However,· there are some 
factors .that distinquish 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 riqhts in this area are being adjudicated in 
the Little Colorado River adjUdication. While qround water may
also be included in this adjudication, the ramifications are much 
less severe than in the Gila River adjUdication. On the Gila 
River, large amounts of groundwater that is hydrologically
connected to an over-appropriated surface water supply are being
used. Any adjUdication of surface rights will affect groundwater
pumpinq. 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 pumpinq in the Joseph City 
area. Under the Arizona Groundwater Manaqement Act, this area 
was desiqnated an Irrigation Non-Expansion Area (INA). In an 
INA, only land that had been irriqated between January 1, 1975 
and January 1, 1980, may be irrigated now. Also, all pumping
from wells with a capacity of over 35 qpm must be measured and 
reported annually. Since only new irriqation uses are 
prohibited, the microalgae project would not be affected by the 
leqal constraints on water use in an INA, assuminq 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 BLM or state Trust land, or is 
part of the Navaj 0 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 irriqated land or 
urban land. 

The Navajo Tribe may also be interested in a microalqae project.
This reservation is the larqest reservation in the United states,
encompassinq more than ~5 million acres of land. While the 
tribe has leased very little land to non-Indians for aqriculture,
it has leased land for business and other purposes, and for 
mininq. The tribe has also recently promulqated a water code 
and is also beqinninq to aqqressively develop the water supplies 
on the reservation. The water riqhts of this reservation will be 
quantified in the Little Colorado adjudication. 
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SECTION 7.0 

RECOMMENDATIONS FOR FUTURE WORK 

During the course of this project a number of likely candidate 
sites for a microalgae production facility were identified from 
the perspective of the salinity and potential yield of surface 
and ground-water reso~rces. In addition, the institutional

'environmental constraints on projects at these sites were 
reviewed. Ostensibly, the next stage of the selection process 
will be to locate 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, length of 
growing season, ·and availability of enough land to meet the 

, areal needs for a project. Site-specific 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. 
section is to briefly review technical 
approaches for final site selection. 

The purp9se of this 
and institutional 

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 required 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 
ra~es 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 predicting 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 project 
are great (i.e., flow rates qreat.er than 4 mgd), it is 
particularly important to determine th~ long-term consequences of 
a project on the regional qround-water system. Ideally, a qround
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 qround-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 qround-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 aquifer 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 interpret the results. Such studies 
will inclUde collecting and examining ground-water related 
information for the region of interest, including data on stream 
flow losses, qround-water levels, vertical direction of ground
water motion, pumpinq data, cropping patterns and crop types, and 
other parameters required fora 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 

. Geological Survey. This mode~ is capable of simUlating three 
dimensional ground-water flow. This model is available for IBM
pc. Again, a hydrogeolQgist 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 qround-water models is limited by the 
availability of information on the hydraUlic and chemical 
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properties of the aquifer system. Hydrau1ic properties of interst 
are the transmisivity (T) and storativity (S). AJ.thouqh some 
values of T and S are avai1able for the areas identified in 
section 6.0, in genera1 there wi1l not be enough data available 
to construct and run a mode1 with a feeling of confidence in the 
results. Accordingly, site specific aquifer tests will be 
required, either using existing wells, or by constructing test 
wells. Methods for conducting and interpreting the results of 

'aquifer .tests are described by Lohman (1972). Aquifer testing is 
an expensive and technically demanding process and again a 
trained hydrologist should be involved in the planning and 

, performance stages. 

7.1.2.2 Well Desiqn and Construction 

Production wells at the site of a microalgae production facility
should be constructed using approved methods under the 
supervision of an experienced hydrogeoloqist. Effective well 
siting and construction will be particularly important for a 
proj ect in Focal Area 6, in the Plateau Uplands province, where.' 
the success of a well depends on intercepting water yielding
fractures. A recent article by Caswell (1981) describes 
techniques for pump testing in fractured-rock wells. 

An excellent guide for desiqning and constructing 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	 Constructing test holes for geophysical logging and 
formation sampling (this step will facilitate identifying
productive layers in the aquifer, and provide background
geological information) 

o	 Well construction, including methods of construction 

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

0	 Well qrouting 

0	 Well screen and perforations 

0	 Well plumbness and aliqnment 

Well development0 

Well testing for performance0 

Well disinfection0 

Selection of an experienced driller for this program is of 
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critical importance. The goal should be to hire the most 
experienced and capable driller and not necessarily the lowest 
bidder. 

In addition to careful well construction, the success of a well 
depends on tailorinq the pumpinq plant to the particular
conditions of each well site. The well testing program for 
performance will assist in developing the specifications of a 
'pumpinq plant for site specific conditions. The selection 'of 
materials for a pumpinq plant will be an important factor when 
pumping saline qround water. 

7.1.2.3 Ground-Water Samplinq for Chemical Quality 

As shown in Appendix 0, there exists a sizeable amount of 
information on the qround-water chemistry of the focal areas. 
Nevertheless, it is hiqhly recommended that samples be obtained 
at the site of a potential project to ensure that the quality is 
compatable with the needs of the project. The test well proqram
described in the previous paraqraphs provides an ideal 
opportunity of obtaininq samples for chemical analyses. If 
possible, depth-wise samples should be obtained to characterize 
vertical stratification of water quality within water-bearing 
strata. The onsite sampling program should be supplemented with 
a samplinq proqram to obtain a better perspective of the areal 
distribution of chemical constituents in the vicinity of the 
site. This information will be helpful when modelling the effect 
of the project on lonq-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 usinq recommended 
techniques. A proper chain-of-custody procedure should be 
initiated. 

An important aspect of well water samplinq is to pump the well 
for a sUfficient period of time to ensure that the well discharqe
is representative of the contributinq water- bearinq formations. 
A . sample collected at that time will represent an "averaqe" of 
the water quality in the region stressed by the pump. (In order 
to obtain samples from individual zones it will be necessary to 
install a packer assembly and submersible sampling pump.) Wood 
(1976) describes a method for determining the representativeness
of well water samples using periodic checks on the levels of such 
unstable constituents as pH, specific electrical conductance, 
alkalinity, and redox potential. Other procedures for collecting
representative water'quality data from water wells are described 
by Gibb et ale (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 considering anayzinq for a suite of the EPA priority
pollutants, including the trace organics. 

7.1.3 Conjunctive y!! of Surface Water and Ground Water 

In addition to concentrating 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 ~ 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 regional ground~water quality. For 
example, prolonged pumping may induce a flow of fresh water into 
the area, diluting the project supply. Alternatively, the project 
may improve the fresh water supply by improving the overall salt 
balance in the area. Ground-water flow models which inclUde a 
transport component will be useful in predicting long-term
quality effects of a project. 

7.2 INSTITUTIONAL ACT~TIES 

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 legal and 
institutional elements of the area relative to obtaining water 
rights for a project must be researched, using guidelines set 
forth in section 5.0. Of partiCUlar importance is to itemize the 
requirements for a permit in an AHA, which may PQse special
problems. Similarly, a Notice of Disposal should be filed as soon 
as possible with the Arizona Department of Health Services once a 
final choice has been ~ade. 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 determined. 
Similarly, if leasing of State or Federal lands is being
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 status of the project clarified with the Arizona 
Department -of Water Resources (e.q., should the project be 
classified as an industrial or aqricultural activity?). 

Given the dYnamic nature of water politics in Arizona, it is 
hiqhly 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 project a total of eight surface water sources were 
identified as having the potential of yielding larqe enough
quantities (i.e., >4 mgd) of saline water for a microalgae
facility. Similarly, 33 saline ground-water areas passed the 
screening 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 disadvantages of the separate 
areas from the viewpoint of both yield and institutional 
consideration, the following ranking, in descending order of 
importance, was developed: 

1. 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 project, namely, drainage waters from the Wellton~ 
Mohawk Irrigation District and from the South Gila Valley
Irrigation Districts, and effluent from the Yuma desalination 
plant, which will be coming on line in 1989. The brine outflow 
from the desalting plant is particularly desirable because it 
will be available in large quantities, and the supply is reliable 
and cheap. Undeveloped land i.s nearby. A disadvantage 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 list is 
that there will be no legal restrictions on pumping qround water 
because the area is outside an AHA. A great deal of private land 
is available. for a project and there wil.l probably be a 
willingness on the part of farmers to cooperate in a project. A 
possible 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. 

water Production Capabilities 

This area was rated high on the list of candidate areas because 
it also has an abundance of saline drainage water for a project,
namely . discharges from the Buckeye Irrigation District. This 
cheap abundant supply could be augmented with saline ground water 
to ensure a steady supply. Discharge 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 AHA, and the associated restrictions on pumping ground 
water. Inasmuch as the ongoing studies sponsored by the Arizona 
Department of Water Resources may remove the Buckeye area from 
the Phoenix AHA, obtaining ground water for a project may not be 
a . problem in the future. Officials 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. 

water Production Capabilities 

A particular advantage of this area is that large expanses of 
land are available for a project. Similarly, 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 conjunctive use with ground water. In 
addition, a possible problem may arise when attempting to locate 
a well field for a facility because well yield 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 maj or advantage is that the area is outside an AHA. with no 
legal constraints on pumping ground water. The Navajo Tribe may
be interested in a project on their Reservation. Private land 
holdings are also available for.a project. 
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8.4 AREA I THE COLORADO 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 list because 
saline surface water sources are not available for conjunctive
operation. Wells in the alluvium unit are good pro~ucers. 

8.4.2 Institutional Considerations 

An advantage of this area is that it is outside· an AHA. The 
saline ground-water plume is entirely within the Colorado River 
Indian Reservation. outside lands are within state Trust Land and 
BLM managed areas. If the tribe were interested in a project,
land could be leased for a 25 year period. The reservation 
officials have extensive leasing experience and less 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 reqular 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 limited 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 agriCUlture in the area it may be difficult 
to obtain sufficient land in the area for a large-scale project.
The Gila River adjUdication will greatly aff~ct 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. 
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APPENDIX B
 

LIST OF CONTACTS
 



LIST OF CONTACTS AND SOURCES OF INFORMATION
 

AGENCY, 

,u.s. Geological 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 Babcock 

Natalie White 

Les Kister 

Dennis Watt 

Ed Swanson 

Tim Love 

Jim Hedley 

Craig O'Hare 

Phil Briggs 

Chuck Constant 

Gary Small 

Leonard Halpenny 

TELEPHONE 

629-6266 

629-6629 

629-6850 

629-6564 

726-2654 

257-2356 

255-1543 

62B-5aS8 

255-1554 

628-5480 

236-2826 

327-7412 

TYPE OF INFORMATION 

General Information 
Aquifer 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 
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Wellton-Mohawk 
Irrigation District 

Buckeye Irrigation 
District 

o Gi I a Vall ey 
Irrigation District 

u.s. Department of 
Agricul ture 

. C.L. Gould 785-3351 

Travis Jones 386-2196 

Scott Pace 428-3847 

Extension Services Local 

Bill Cartes 
Richard Gibson 
Mabel Flint 
Larry White 
F. Van Wilson 
Robert Racicot 
Rob Grumbles 
Richard Harris 
Billy Jo Moore 
Lowell True 
Carlton Camp 
Ronald Cluff 
C.L. Isacson 
Douglas Dunn 
Barry Ticks 

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 

Wellton-Mohawk 

Buckeye 

Gila Valley 

Information 

Tucson
 
Casa Grande
 
Duncan
 
Flagstaff
 
Globe
 
Holbrook
 
Kingman
 
Nogales
 
Parker
 
Phoenix
 
Prescott
 

. Safford 
St. Johns 
Wilcox 
Yuma 
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The following irrigation districts 
regarding saline water. 

Buckeye Water Conservation 
~nd Drainage District 
Rt. 1 Box 69 
Buckeye, Arizona 85326 

Franklin Irrigation District 
RRl, Box 51 
~Duncan, Arizona 85534 

~aricopa-Stanfield Irrigation 
and Drainage District 
Box 57 
Maricopa, Arizona 

Mohave Valley Irrigation
 
and Dr~inage District
 
P.O. Box 5100
 
Mohave ~ailey, Arizona "86440
 

New State Irrigation
 
and Drainage District
 
F'. o. Box 1980
 
Phoenix, Arizona 85001
 

Ocotillo Water Conservation
 
District
 
P. O. Box 487
 
Chandler, Arizona 85224
 

Roosevelt Water Conservation
 
District
 
P.O. Box 168
 
Higley, Arizona 85236
 

,San Tan Irrigation District 
P. O. Bo>: 8 
Chandler Heights, Arizona 85227 

were contacted for information 

Chandler Heights 
Citrus Irrigation'District 
P.O. Box 38 
Chandler Heights, Arizona 85227 

Hohokam Irrigation & Drainage District· 
Box 1244 
Coolidge, Arizona 85228 

McMicken Irrigation District 
10451 W. Palmeras Dr. 
Sun City, Arizona 85373 

New Magma Irrigation 
and D~ainage,District 

3839 E. Altadena 
Phoenix, Arizona 85028 

North Gila Valley Irrigation 
District 
1405 W. 16th Street 
Yuma, Arizona 85364 

Queen Creek Irrigation District 
Rt 1. Box 20V 
Queen Creek, Arizona 85242 

San Carlos Irrigation and 
Drainage District 
P.o. Box 218 
Coolidge, Arizona 85228 

Show Low Silver Creek Water
 
Conversation and Power District
 
Box 121
 
Snowflake, Arizona 85937
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St. David Irrigation District 
St. David, Arizona 85630 

Tonopah Irrigation District 
1730 N. Stapley Dr. 
~esa, Arizona 85203 

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

Woodruff Irrigation District 
Sox 54 
Woodruff, Arizona 85942 

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

Unit B Irrigation and Drainage 
District 
RR 1 Box 31M 
Somerton, Arizona 85350 

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

Yuma Mesa Irrigation and 
Drainage District 
14329 S. Fourth Ave. Extension 
Yuma, Arizona 85365 
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The following power plants were contacted for information 
regarding saline water resources. 

Ajo Improvement Company
 
1 Plaza
 

.. Ajo, Arizona 85321
 

Citizens Utilities Company
 
'Mohave Division
 
Kingman, Arizona 86401
 

Morenci Water and Elec. Compa~y 

P.o. Box 68
 
,Morenci, Arizona 85540
 

Mesa City Utilities 
P.O. Box 1466
 
Mesa, Arizona 85201
 

Thatcher Municipal Utilities 
P.O. Box 670
 
,Thatcher, Arizona 85552
 

Arizona Electric
 
'Power Cooperative, Inc.
 
P.o. Box 670
 
Benson, Ariz~na 85602
 

Graham County Electric:
 
Cooperative
 
Drawer B
 
Pima, Arizona 85543
 

Navopache Electric Co-op, Inc. 
P.O. Box 308
 
Lakeside, Arizona 85929
 

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

'Arizona Power Authority
 
1810 West Adams Street
 
Phoenix, Arizona 85007
 

Arizona Public Service Company
 
411 North Central Avenue
 
Phoenix, Arizona 85004
 

Citizens Utilities Company
 
Santa Cruz Division
 
Nogales, Arizona 85621
 

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

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

Wickenburg Utilities System
 
Box 1269
 
Wickenburg, Arizona 85358
 

.	 Duncan Vall ey El ec:tr i c 
Cooperative, Inc:. 
P.o. Box 0 .
 
Duncan, Arizona 85534
 

Mojave Electric 
Cooperative, Inc. 
P. Q. Bo~{ 1045
 
Bullhead City, Arizona 86430
 

SUlpher Springs Valley 
Electric Cooperative, Inc. 
P.o. Bo>~ 820
 
Wilcox, Arizona 85643.
 

US Bureau of Indian Affairs 
Department of the Interior 
San Carlos Irrigation Project 
P. o. Box 456
 
Coolidge, Arizona 85228
 

Navajo Tribal Utility Authority
 
F'. O. Box 170
 
Fort Defiance, Arizona 86504
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Papago Tribal Utility Authority 
P.O. Box 816
 
Sells, Arizona 85634
 

·····~Electrical District #2 
P.O. Box 548
 
Coolidge, Arizona 85228
 

Electrical District #4
 
~ P. O. Box 605
 
Eloy, Arizona 85231
 

Electrical District #6
 
2845 East Camelback Road
 

~. Suite 720
 
Phoenix, AZ 85016
 

Cholla Power Plant 
P. o. Bo>~ .188
 
Joeseph City, Arizona 86032
 

West Phoenix Power Plant
 
_408 South 43rd Avenue
 
Phoenix, Arizona 85043
 

'Palo Verde Nuclear Station 
P.o. Box 53999
 
Phoenix, Arizona 85072-3999
 

Electrical District #1
 
Pinal County
 
711 East CottonWOOd Lane
 
Casa Grande, Arizona 85222
 

Electrical District #3
 
711 East Cottonwood Lane
 
Suite C
 
Casa Grande, Arizona 85222
 

Electrical District #5
 
Box 8
 
Red Rock, Arizona 85245
 

Childs and Irving Power Plant
 
. Camp Verde, Arizona 86322
 

Ocotillo Power Plant, 
P.O. Box 1117
 
Tempe, Arizona 85281
 

Yucca Power Plant 
P.O. Box 1985
 
Yuma, Arizona 85364
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APPENDIX C
 

SURFACE WATER QUALITY
 



LITTL£ COLORADO R1VER BASIN 

09386030 LITTLE COLORADO RIVER ABOVE ZION RESERVOIR. NEAR ST. JOHNS. AZ 

LOCATION.--Lat 3'-35'01". long 109-24'23". 1n SE~S£~ aec.30. T.14 N•• R.28 E., Apache County. Hydrologic Unit 
15020002. on downstream aide of center pier of bridge on private road. 1.5 mi (2.4 km) upatream from carriZo 
Creek. 4 mi (6 km) upstream from Zion Reservoir. and 5.8 mi (9.3 km) uorchvest of St. Johns. 

DRAINAGE AREA.--975 mi2 -(2.525 kIll2 ) . 

VATER-DISCIIAltGE UCOJU)S 

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

GAGE. --Water-etagerecorder. Altitude of gage 1a S. 560 ft <1.690 III), frca topo8%apb1c map.
 

REKARlCS.--Record8 fair except thole for periods of no lage-hel~t record. -.hiell are poor. Diver8ione abow stadon
 
for 1rrigation about 10.200 acre. (41.3 kmZ) . including I.S~O acre. (6.07 kaZ) served by Lyman Canal. Regula
tion by many reservoirs abo~ 8tat10n (combined capacity, 46.900 acre-ft or 57.8 hili'). the largest of WhiCh is 
Lyun Lake. 

AVERAGE DISCHARGE.--7 yeara, 8.91 ft'/a (0.252 m'/8), 6.460 acre-ft/yr (7.96 ha'/yr).
 

EXTREHES FOR PERIOD OF REOORD.--Kax1aum di.charge. 453 ft'/s <12.8 11I'/.) AUf. 17. 1982. gage height. 3.46 ft
 
(1.055 m); ~imum daily. 0.04 fts/s (0.001 m'/8) Aug. 2. Sept. 7. Oct. 6-20. 1978. 

EXTREMES FOR CURRENT lEAR.--Maxlll1U1D discharge. 453 ft'ls (12.8 m'/a) Aug. 17, gage helpt, 3.46 ft 
(1.055 .); minimum daily. 0.09 ft'/s (0.003 .'/a) Kay 1. 

DISCHARGE. IN CUBIC FEET PER SECOND. WATER YEAR OCTOBER 1981 TO SEPTEKBER 1982 
MEAN VALUES -

DAY ocr NOV DEC JAN FE8 !'fAR APR KAY JUN JUL AUG SEl 

1 
2 
3 

2.0 
5.1 

39 

2.8 
2.5 
2.4 

3.8 
3.3" 
1.8 

8.0 
9.0 
9.0 

6.S 
6.1 
7.9 

7.2 
4.2 
5.1 

3.1 
5.4 
6.5 

.•09 
.18 
.41 

1.3 
2.2 
2.4 

.50 

.50 

.50 

6.5 
13 

6.5 

12 
5.8 
4.8 

4 
5 

10 
3.4 

2.4 
2.2 

2.2 
2.1 

8.0 
7.6 

8.4 
8.8 

4.8 
4.5 

5.8 
5.1 

.18 
1.2 

1.1 
2.9 

.SO 

.32 
5.8 
3.9 

4.5 
5.1 

6 2.2 2.1 2.4 7.6 8.8 3.9 5.1 1.0 .41 .12 14 10 
7 
8 

2.2 
2.1 

2.0 
2.0 

2.2 
2.3 

7.2 
6.5 

11 
9.2 

3.7 
3.4 

4.8 
4.5 

2.0 
2.2 

.32 

.32 
.12 
.32 

12 
8.0 

4.2 
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.S 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 
1.5 

1.6 
1.8 

2.7 
2.-.6 

2.8 
2.8 

5.0 
5.0 

11 
11 

8.0 
4.8 

3.7 
3.7 

7.3 
5.1 

3.1 
2.0 

1.3 
1.4 

19 
13 

13 
12 

16 1.7 1.9 2.8 S.S 10 3.4 3.1 4.4 3.4 1.3 14 8.8 
17 
18 

1.8 
1.6 

2.0 
2.4 

2.9 
2.7 

S.S 
6.0 

10 
10 

. 3.1 
3.1 

3.4 
2.0 

3.2 
2.4 

4.8 
4.5 

8.0 
1.6 

191 
59 

6.1 
5.8 

19 
20 

2.0 
2.2 

1.8 
1.8 

2.5 
2.8 

1.0 
8.0 

10 
10 

3.1 
3.1 

1.8 
1.6 

2.0 
2.0 

4.2 
3.4 

2.0 
2.2 

21 
19 

5.4 
6.S 

21 2.3 1.7 4.1 9.2 9.2 2.9 2.7 2.4 2.4 1.4 71 11 
22 
23 

2.2 
2.2 

1.1 
1.5 

5.3 
4.5 

9.0 
8.0 

10 
10 

2.9
2.7 

2.9 
2.4 

2.7 
4.8 

2.7 
1.8 

1.3 
1.1 

46 
29 

6.5 
7.6 

24 
25 

2.4 
2.3 

1.5 
1.3 

4.0 
4.5 

8.0 
8.5 

11 
13 

2.7 
2.4 

1.4 
1.3 

3.9 
3.4 

.41 

.41 
1.0 
2.0 

27 
33 

8.0 
8.0 

26 
27 
28 

2.3 
2 •.5 
2.8 

1.1 
3.1 
3.7 

5.0 
6.0 
7.0 

9.0 
9.6 
8.0 

15 
13 
11 

2.4 
·2.9 
2.9 

1.6 
.74 

1.0 

1.8 
1.8 
1.4 

.50 

.50 

.41 

14 
32 

7.5 

48 
169 
45 

7.2 
6.5 
5.4 

29 
30 

2.6 
2.1 

4.2 
4.7 

6.0 
7.5 

6.8 
7.2 

3.1 
3.1 

1.0 
.32 

3.7 
1.8 

.50 

.74 
25 
38 

37 
35 

6.1 
5.8 

31 2.1 8.2 7.2 3.1 1.4 11 18 

MAL 
•lEAN 
MAX 
!'lIN 
"'C-FT 

113.9 
3.67 

39 
1.6 
226 

73.2 
2.44 
4.7 
1.3 
145 

114.9 
3.71 

8.2 
1.8 
228 

224.7 
7.25 
9.6 
5.0 
446 

291.9 
10.4 

15 
6.1 
519 

114.2 
3.68 
8.0 
2.4 
227 

90.76 
3.03 
6.5 
.•32 
180 

71.62 
2.31 
7.3 
.09 
142 

52.94 
1.76 
4.8 
.-32 
105 

162.87 
5.25 

38 
.12 
323 

1035.5 
33.4 

191 
3.9 

2050 

254.3 
8.48 

30 
1.0 
504 

AL YR 1981 TOTAL 1469.83 MEAN 4.03 MAX SO MIN .07 AC-FT 2920 
..n YR 1982 :::'tITAL 2600.79 MEAN 7.13 MAX 191 HIN .09 AC-FT 5160 

NOTE.--No gage-height record Dec. 24 ~o Jan. 6. Feb. 13 to Mar. 25. 
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1.ITTl.I-: COI.ORADO RIVER HAS IN S5 

09386030 LITTLE COLORADO RIVER ABOVE ZION RESERVOIR, NEAR ST. .roues. AZ--Continucd 

WATER-QUALITY RECORDS 

PERIOD OF RECORD.--1980 to eurrent year. 

WATER QUALITY DATA. WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982 

SPE- lIARD
STREAM- CIFlC HARD- NESS, 
now. CON- PH TEMPER- NESS NONCAR

INSTAI;- DUCT- (STAND- ATURE. TEMPER- (HG/L BONATE 
TIME TANEOUS ANCE ARD AIR ATURE AS (HG/L 

DATE (CFS) (UHHOS) UNITS) (DEG C) (DEG C) CACO) CACO) 

HAR 
2S.~. 1600 2.6 3550 8.2 20.0 12.0 825 536 

HACNE- SODIUM POTAS- CHLO- FLUO
CALCIUM SIUH. SODIUM. AD- SIUH. SULFATE RIDE. RIDE. 
DIS- 015- 015- SORP- 015- DIS- 015- DIS
SOLVED SOLVED SOLVED TION SOLVED SOLVED SOLVED SOLVED 
(HC/L (HC/L (HG/L PERCENT RATIO (HG/L (HC/L (HC/L (HG/L

DATE AS CA) AS HG) AS NA) SODIUM AS K) AS S04) AS C.) AS F) 

MAR 
25••• 200 79 510 56 ~.n 24 s:n 520 2.1 

SOLIDS. NITRO
snICA. SUH OF SOLIDS, SOLIDS. CEll. MANGA

DIS- CONSTI- DIS- DIS- N02+N03 BORON. IRON, NESE. 
SOLVED TUENTS. SOLVED SOLVED DIS- DIS- OIS- OIS
(HG/L DIS- (TONS (TONS SOLVED SOLVED SOLVED SOLVED 
'AS SOLVED PER PER (HG/L (UG/L (UC/L (UG/L

DATE SI02) (HC/L) AC-F!) DAY) AS N) AS B) AS FE) ~ HN) 

MAR 
25••• a 2398 3.3 16.8 <.10 840 70 110 

< Aetual value 15 known to be less than value shown. 
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GILA RIVER BASIN 

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

-")CA!IO~.-·-Lat 33·11'08". long 110·13 '10", in S\l%; sec.8, T.3 S., R.2l E. (unsurveyed), Graham County, Hydrologic
Unit. 15040005, in San Carloa Indian Re~e1:'vation, on Southern Pacific Rai1T.Qad bridge at nead of San Carlos 
Reservoir. 2.0 ml (3.2 km) west of Calva. 

)qAtNAGE AREA.--ll,470 mi Z (29.710 kmZ) . 

\lATER-DISCHARGE RECORDS 

RIOO Of RECORD.--October 1929 to current yeAr. 

:AGE.--Water-stage recorder. Datum of gage 1s 2,517.29 ft (767.270 m) Rational Geodetic Vertical Datu~ of 1929 • 
._~	 Pr10t' to Oct. I, 1954, and Aug. 25, 1958, to Dec. 11. 1962, at datum 2.52 ft (0.768 GI) lower. Oct. I, 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) down
stream ~t dRtUQ 3.65 ft (1.113 m) lover. Oct. 20, 1972. to Sept. 30, 1974, supplementary gage at bridge on U.S. 
Highway 70. 6.'- mi (10.0 ~m) upstream at datum 2,560.19 it (780.346 m) HGVD. . 

tEHARKS.--Records fair except those above 1,000 ft'/s (24 m'/8). which are poor. Diversion above station for 
.---,	 irrigation of about 69,000 acres (219 kma>. metallurgical treatment of ores, and aunicipa1 uses. 

'E~~~~ O!SCHARGE.--53 years, 285 ft'ls (8.071 m'/5), 206,500 aere-f~/yr (255 hm'/yr); ~d1an of yearly mean dis
charges, 180 ft'/s (5.10 GI'/s), 130,000 acre-ft/yr (160 h~'/yr). 

:~T~~H~S FOR ~ERIOD Of RECORO.--Maxi~ discharge, 100.000 fe'ls (2,830 m'/s) Dec. 19, 1978. gage height, 15.20 ft 
,~	 (4.633 m); no flow at times. 

TRF.~~S OUTSIDE PERIOD or R£OORO.--~ximum discharge since at least 1914. probably in excess of 100,000 ftS/s 
(2,830 m'/~> Jan. 20, 1916, determined on basis of pca~ discharge at atat10ns near Solo~n and at Kelvin. 

'XTREHES FU~ CURRENT YEAR.--Max1mum discharge. 2,020 ft'ls (57.2 m'/s) Sept. 12, 0800 hours, gage he1gh~. 7.58 f~ 
(2.310 m), ~o peaks above base of 3.000 ft'ls (85 m'/s); no flow July 14-17. 20-25. 

DISCKARCE, tN CUBIC F~€T PER SECOND, \lATER YEAR OCTOBER 1981 TO SEPTEMBER 1982 
HEA.~ VALUES 

y 0C7 sov DEC JAU MAR APR HAY .J.UU JUL AUG SEP 

1 
2 
3 

23 
41 

189 

80 
81 
83 

133 
141 
149 

66 
70 
84 

168 
170 
170 

623 
539 
Sl1 

315 
305 
275 

121 
lla 
131 

48 
51 
46 

8.9 
1,$.1 
6.6 

55 
159 

76 

IS 
IS 
15 

~~ 

s 
1090 

420 
83 
86 

152 
145 

97 
106 

161 
163 

462 
390 

249 
225 

170 
340 

39 
35 

5.S 
4.4 

34 
25 

10 
10 

6 275 84 1'35 110 161 410 191 469 33 4.4 25 10 
7 
8. 

210 
154 

84 
89 

127 
119 

118 
119 

158 
158 

415 
410 

170 
158 

476 
462 

31 
29 

6.2 
5.0 

20 
20 

10 I 
6.0 

~ 437 91 104 123 161 360 161 441 28 3.6 20 10 
') 135 91 98 133 154 300 182 455 27 2.5 1'3 116 

12') 
116 

89 
87 

89 
87 

137 
154 

237 
309 

263 
235 

235 
280 

310 
235 

24 
24 

1.0 
.60 

18 
45 

372 
1350 

102 87 84 227 614 242 270 204 23 .30 97 472 
87 91 84 163 448 366 242 185 23 .00 93 235 
73 91 84 173 434 660 249 168 23 .00 SO 170 

16 61& 93 81 191 335 798 275 149 22 .00 38 130 
17 61 91 78 218 330 1010 295 137 21 .00 60 110 
j 59 93 72 214 320 902 280 125 20 .40 60 100 
} 68 91 66 191 270 798 263 116 113 .20 50 90 
) 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 
l2 79 100 69 179 280 740 221 83 13 .00 93 102 

l 73 
89 

108 
114 

68 
66 

19 L 
191 

256 
242 

553 
434 

242 
260 

79 
72 

12 
11 

.00 

.00 
53 
50 

98 
104 

78 112 70 19 L 2~6 370 232 64 9.3 .00 50 89 

~6 8t> 112 81 1nl'l 115 360 232 57 8.1 '32 40 79 
).7 81 116 83 154 415 345 194 57 6.6 69 40 79 

j 

l 
.J 

8Q 
80 
80 

116 
123 
127 

81 
78 
70 

1.. 9 
154 
158 

587 300 
270 
266 

165 
147 
135 

S6 
52 
49 

5.2 
4.7 
6.2 

24 
18 
14 

30 
30 
20 

69 
. 57 
41 

U S!I 69 If)8 300 47 21 20 

··..,-AL. 43~:~ 2~77 2892 4758 7805 1521,$8 6908 5619 671.1 235.70 1639 4123.0 
\N 141 95.9 91.3 153 279 1&93 230 181 22.4 7.60 52.9 137 

1090 127 152 227 614 1010 315 476 51 69 205 1'350 
.~ 2J ~O ~l 66 154 215 135 47 4.7 .00 18 6.0 

8690 SHO 571.0 9440 1~480 30320 11700 11150 13'30 468 3250 81:lQ 

'f~ 1~13; TOTAL 3~q81,f)0 ~11-:A:~ ~7.1; MA.X 1.190 Mit: ,00 Al.-!'-r 634L.0 
'i~ :93:: T·)·r"l. 'i719'.aO Mt-:A~~ lS] MAX l1S0 MHl .:10 AC-;.-r 1:'J500 
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CILA RIVE~ BASIN Z09 

09466500 GILA RIVER AT CALVA. AZ--Continueri 

YA':EK-QUALITY RECORDS 

PERIOD OF REOORD.--October 1974 
, '% : 

to curr~nt year. -
\lATER QUALITY DATA. WATER YEAR OCTOBER 1981 TO SEPT~~BEH 1982 

DATE 
TIME 

STREAM
FLOW. 

I NSTAN
TANEOUS 

(CfS) 

SPt-
CIFIe 
CO~J-

DUCT-
ArlCE 

(TJMHOS) 

PH 
(STAND

ARD 
UNITS) 

TE:1P£R
ATURE. 

AIR 
(DEC C) 

TEMPER
ATURE 

(DEC C) 

TUR
BID
ITY 

(N'fU) 

OXYGEN. 
015

SOLVED 
(MC/L) 

OXYG"::~ 
Ofl1Arm. 

CIU:M
ICA1. 
(HIGH

LEVEL) 
(MG/L) 

COLI
FORM. 
FECAL. 
0.1 
Uf'I-MF 

(COLS .1 
100 m.) 

STKEP
TOCOCCI 

FEeA.J•• 
KF AGAR 
(COLS. 

PER 
100 Ml..) 

OCT 
21••• 

DEC 
08 ••• 

FEB 
10••• 

APR 
06••• 

JUN 
10••• 

AUG 
10••• 

1100 

1400 

0910 

tl930 

1230 

noo 

19 

120 

168 

191 

28 

18 

3050 

'3400 

2800 

2R50 

6200 

3300 

8.2 

8.'3 

8.8 

8.5 

7.8 

8.3 

24.0 

18.0 

8.0 

21.0 

32.0 

'34.6 

11.0 

14.0 

10.0 

15.0 

28.0 

'36.0 

60 

96 

76 

S6 

11 

52 

10.2 

10.4 

10.2 

12.0 

7.8 

7.7 

81 

85 

17 

44 

31 

HiO 

K16 

70 

SO 

400 

190 

710 

600 

270 

200 

230 

DATE 

HARD
NESS 
(MC/L 

AS 
CAC03) 

HARD
NESS 

NONCAR
BONA':£ 

(HG/L 
AS 

CACO) 

CAl.CIUM 
015
SOLVED 
(MC/L 
AS CAl 

MACNE
SIm1. 
015

SOLVED 
(MC/L 
AS Mt';) 

SOOT.UM. 
D!S

SOLVED 
(Me/L 
AS NA) 

PERGEUT 
SOUIUM 

SODIUM 
AD-' 

SORP-
TIon 

RATIO 

?OTAS
SIU~1. 
ers

~()l.VED 

(MC/L 
~s K) 

A!..~:A-

l.HHTY 
LAB 

(XC/L 
A~ 

CAC03 ) 

SUl.FATE 
015
SOl.V ED 
mC/L

AS S04) 

CHloO-
RIDE. 
tllS-
SOLVED 
(HC/L 
A~ CI.) 

OCT 
21••• 

DEC 
08••• 

FEB 
10••• 

APR 
06 ••• 

JUN 
10••• 

AUC 
10••• 

4)40 

S40 

440 

490 

920 

600 

296 

270 

180 

234 

697 

435 

150 

150 

120 

140 

B3 

140 

39 

40 

32 

35 

85 

60 

490 

490 

420 

430 

IDOO 

860 

66 

66 

67 

65 

70 

75 

9.6 

9.S 

9.0 

8.7 

15 

H 

11 

9.7 

9.0 

8.6 

15 

14 

240 

:!71) 

260 

~60 

229 

162 

320 

340 

280 

280 

650 

570 

740 

760 

600 

600 

1500 

1301) 

DAn: 

FLUO
RIDE. 

DIS
SOLVED 
(liC/L
,\5 F) 

SILICA,
OIS
SOLI1FJ> 
(HCIL

AS 
S102) 

SOLID!;. 
RESIDUE 
A": 180 

DEC. e 
!lIS-

SOLVF.D 
(HG/L) 

5n1.ID5. 
SUU Of 
CONSTI
TUE~m.;. 

DIS
SOLVED 
(HG/L) 

~jOl.ID:-i • 
:'>15

SOLVEI, 
(TOi:S

PER 
AC-F!) 

S01..1D:-::. 
:>1$-

SOL.VEr) 
(TO~~S 
PE~ 

OA.Y) 

~Or.IOS. 
RESIDUE. 
AT 111; 
DEC. c. 
!;US

P€~mt:J) 

(HG/!.) 

t:I"rt(O
(;E~~ • 

::O2+:~O) 

T07AL 
(~1G/L 

r\S N) 

~a!RO-

Cf.~J. 
:;/)1·~;O3 

~IS-

SO\.VEO 
(!{G/L 
'\S =0 

~ITRO-

GEN. 
Art!'tO~;IA 

IHS
SOl.VED 
mC/1~ 
,\$ I:, 

NITRO
GEN .. 

AI1MOfHA 
~IS-

SO\.VED 
(HG/L 

A.S NU4) 

OCT 
21. •• 

DEC 
08 ••• 

FEB 
"10••• 

APR 
06••• 

Jun 
10••• 

AUC 
10 ••. 

1.6 

t.~ 

1.7 

.50 

.20 

1.7 

16 

38 

'36

36 

32 

12 

1920 

2760 

1700 

1710 

3560 

3060 

1930 

1990 

1660 

1690 

3650 

3080 

2.6 

3.8 

2.1 

2. '3 

4.8 

4.~ 

410 

894 

771 

882 

266 

147 

125 

25'. 

172 

21A 

44 

.71 

1. 1 

~ .:') 

1.1 

./.1) 

.2f> 

.65 

1.1 

.9~ 

1.1 

.41 

. i '? 

<.060 

.070 

c "Q~O 

.070 

.100 

.IJ90 

.08 

.09 

.08 

.0Cl 

.U 

.11 

i\ 
< 

Based on non-id.~al col:1l"1)' count , 
ActlJ~l value is known tu :)C l css than vallIe shown. 
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0 CILA ~tVER aASI~ 

09466500 elLA Mtvg~ AT CALVA. AZ--Continued 

YATER QUALI~Y DATA. UA7EM YEAR OCTOBeR 1981 ~O SF.P'I'EHBER 1982 

_. 

D...rF. 

rUTIW-
CEt~. 

ORGAnIC 
DIS

SOLVEJ> 
(HG/L
AS rl) 

NITRO ~U,!,IW-

CEN.AM CEN.AM
!'fOtJIA + HONIA + 
OR~ANIC ORGANIC 

TOTAL DI~. 
(MG/L (HG/L 
AS N) ASrt) 

NITItO-
GEr~, 

T01'AL 
(HG/L
AS ~) 

NITRO
GEN. 

TO'l'AL 
(KC/L 

AS N03) 

PROS
PHORUS. 

TOTAL 
(HG/L
AS P) 

PHOS· 
PHORUS 
TOTAL 
(HC/L

AS P04) 

PHOS
PHORUS. 

DIS-
SOLVeD 
(HG/L
AS P) 

PHOS
PRORUS,

ORTHO, 
DIS

SOLVED 
(HG/L
AS P) 

PHOS
PHATE. 
ORTHO. 

DIS
SOLVED 
(MG/L

AS P04) 

ARSENIC 
TOTAL 
(UG/L
AS AS) 

OCT 
21. •• 

DEC 
OS ••• 

FEB 
10 •• " 

APR 
06 •.• 

.93 

.67 

.61 

.69 

1.1) 

1.B 

1.6 

2.0 

7.3 

7.8 

7.1 

8.8 

.2'30 

.130 

.090 

.070 

.71 

.40 

.28 

.21 

.060 

.250 

.110 

.050 

.050 

.100 

.040 

.070 

.15 

.31 

.12 

.21 

6 

5 

JU:J 
10••• 

AUG 
10 ••• 

.90 1.60 

LSa 

1.0 2.0 

2.1 

8.9 

9.1 

.050 

.190 

.15 

.58 

.030 

.040 

<.010 

.040 .12 

3 

5 

PATE 

ARSENIC; 
SUS-

PErlDED 
TOTAL 
(OC/L
AS AS) 

AKSENIC 
DIS

SOLVED 
(UC/L
AS AS) 

g"tIUH.
TOTAL 
RECOV
ERARLE 
(UC/L 
,\S BA) 

BARltr.1, 
. SUS~ 

PEt:OED 
RECOV
ERABLE 
(OC/L 
AS JA) 

BARIUM. 
DIS

SOLVED 
(OC/L 
AS BA) 

CAOMIU~ 
TOTAl.. 
RECOV
ERARLE 
(UC/L 
AS CO) 

CADMIUM 
sus-

PEr:DED 
RECOV-· 
ERARl.(
(UC/L
AS CD) 

CADHIU:1 
015

SOl.vED 
(UC/L
AS CD) 

CHRO
MIUH. 
TOTAL 
RECOV
ERABLE 
(OC/L 
AS CR) 

CiRO-
HIUM. 
sus-

PENDED 
RECOV. 
(UC/L 
AS CR) 

eno-
MIUM, 
015
SOLVED 
(OG/L 
AS CR) 

OCT 
21 ••• 

DEC 
08 ••• 

FEB 
10 •.. 

APR 
06 •.. 

JU:: 
10••• 

AUG 
10 ••• 

I 

0 

0 

1 

S 

5 

3 

4 

300 

200 

100 

300 

100 

100 

0 

200 

200 

8S 

200 

100 

<1 

<1 

3 

1 

<1 

<1 

1 

2 

<1 

<1 

10 

10 

<10 

10 

10 

0 

0 

1 

<10 

<1 

10 

10 

DA"fE 

CHRO
MIUM. 
HEXA

VALENT, 
DIS. 

.(UG/L
AS CR) 

COBALT. 
TOTAL 
RECOV
£KABLE 
(DC/L
AS CO) 

COBALT. 
·5US

PENDED 
RECOV
ERABL£ 
(Ue/L
AS CO) 

COBALT. 
DIS

SOLVED 
(UC/L
AS CO) 

COPPER. 
TOTAL 
RECOV
£RULE 
(DC/L 
AS CU) 

COl"PER, 
sus-
PENDED 
RECOV
ERABLE 
(UC/L
AS CO) 

COPPER. 
DIS
SOLVED 
(DC/L
AS CD) 

IROtl. 
TOTAL 
RECOV
ERULE 
(UG/L
AS FE) 

IRON. 
SUS-

PEtloED 
RECOV
ERABLE 
(UG/L
AS FE) 

LEAD. 
TOTAL 
RECOV
ERABLE 
(UG/L
AS PB) 

LEAD,
SUS

PENDED 
RECOV
ERABLE 
(UG/L
AS PB) 

OCT 
21 ••• 

DEC 
08 ... 

FEB 
10 •.. 

<1 

<1 

<1 

2 

7 

2 0 

<3 

23 

100 

60 

19 

55 

4 

5 

4000 

9200 

3900 4 

12 

4 

A~R 

06 ••• 
JUN 

10••• 
AUG 
10.~. 

<1 

<1 

<1 

<1 3 

<1 

100 

10 

21 

5 

17 

5 

4 

410 

2300 

350 

2300 

<1 

< Actual value is known to be less than value shown. 
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2'..,Gll•.\ l(11!~:H. KASI~: 

09406500 CtlI.A RIVE'.~ AT r.AI.V". AZ--C.,nt ifluccf 

\-1A1'F.R QUAL In llA7A. \:A~ER YEAR ocrOSER 1981 TO s~p'rF.·1RI~1( IQ82 

HA~GA- :".A~GA- MEI<CIJt(y iHCl<f.I•• 
r~ES":. m~SE. ~1A:~eA- Hfo:RCURY SUS- NICKf.t.. SUS

LEAD. TOTAL sus- t%f:SE. TOTAL pF.:mEO MEkCURY TOTAl. PENUF.O ~ICK£l •• Sl-:1.F.:
015- REooV- PErmr.:) OIS- I<ECOV. I<Eoo'1- 015- t<ECOV- ~":COV- DIS- IUtr.-l. 

.SOLVED ERABU: RECO'J. SOLVEU ERABL€ ERABU: SOLVED ERAl\LF: EMARt.E SOLVED TO rAI • 
(Ue/L (UC/1. <UC/1. (UC/L (UC/L (UGIl. ' (UC/t. (UC/L (UC/l. OlCIL (uen 

DArE AS PB> AS mIl "5 f1!J) AS MTI) AS IIC) AS lie) AS IIG) AS nI) AS ~r!.> AS rl1) AS se> 

OCT 
21. •• 0 130 110 20 .1 .1 .0 s 4 

DEC 
08••• <1 

FEB 
10••• <1 300 290 12 .3 '-.1 16 14 :! 

APR 
06 ••• 3 --

JUt~ 

10 ••• 2 70 30 40 .4 -=.1 3 -=1 2 
AUC 

10••• <1 no 90 20 .7 '- .1 6 4 2 

SE1.£- ~INC. 5E01- ')~. 
NIUH. SELF.- SILVER. ZlNC, SUS- M::~rr • SUSP. 

SUS- NIUM. TOTAL SILVER, TOTAL PEND£!) ZINC, SECI- DIS- SIEVE' 
PEI~DED 015- RECOV. 015- RECOV. RECOV- OIS- MENT. CHARGE. InA~. 
TOTAl. SOLVED ERARt-to: SOLVED EKARLE ERARLE StJLVEO sus- sus- :: F'Ir:ER 
(UC/L (UC/L (UG/1. (UG/L . (UG/L (UG/L (UC/L PE::i)ED P£~H>ED 1'HAN 

DATE AS Sf) AS SE) AS AG) AS AG) AS ZN) A.1i Zt~) AS ZtJ) (MGIL) (T/DA"O .062 H~'! 

OCT
 
21 ••• 0 <1 0 30 20 10 "318 68
 

DEC
 
08 •.• 30 439 142
 

FEB 
10 ••• 0 <1 <1 120 110 10 397 180 

APR 
06 ••• 10 1310 676 14 

JU~I 
10••'. 1 <1 30 10 20 63 4.7 66 

AUC 
-l0 ••• 0 <1 <1 40 20 20 135 6.5 84 

< Actual value is known to be 1e,:;s than value shown. 
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Z48	 GILA RIVER BASIN 

09498400 PINAL CREEK AT INSPIRATION DAM NEAR GLOBE. AZ 

.OCA'TION.--Lat 33·34'23". long 110·54'02", in N£.\NWtSEt sec:.26. T.3 N•• R.14 E•• Gila County, Hydrologic: Unit 
15060103. in Tonto National Forest. on right bank 20 ft <6.1 m) upstream from Inspiration Dam. 3.8 mi (6.11 km)
upstrealll from lIIOuth. and 14 mi (22.5 km) northeast of the town of Globe. 

--"IRAINAGE AREA.--19S mi: (505 km2 ) . 

WATER-DISCHARGE RECORDS 

PERIOD OF REOORD.--July 24, 1980 to current year~ 

:AGE.--Water-stage recorder.	 Altitude of gage is about 2,800 ft (853 m) frotll topographic .p• 

•t£MARKS. - -Records poor. 

EXTREHES FOR PERIOD OF REOORD.--Haximum discharge, 2.920 ft'ls (82.7 m'/.) July 9. 1981 (frotll weather records),
 
--, gage heiRht. 5.05 ft <1.539 Ill). frotll high-water ark by the gage; minilllUZll daily. 1.5 ft'/a (0.042 m'/s)
 

Mar. 10-14.' 1981

~XTREHES FOR CURRENT YEAR.--Haxiwum discharge (.) and peak discharges above base of 200 ft'ls (5.66 m'/s): 

Dischar~e Gage height Discharn Gage height
Date Time (fe'/s) (mIls) (ft) <Ill) Date Time (ft'/s) (1Il'S/s) (ft) em) 

Ict. 3 unknown 1.430 40.5 3.40 1.036 July 22 1930 1.080 29.5 2.89 0.881
 
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
 

-f:far. l5 0930 224 6.34 1.55 0.472 Sept. 11 1600 -Z.050 58.1 4.11 1.253
 

Minimum daily, ~.9 ft'/s (0.139 m'/s) July 28. 

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

DISCHARGE. IN CUBIC FEET PER	 SECOND. WATER lEAR OCTOBER 1980 TO SEPTEMBER 1981 
MEAN VALUES 

DAY OCT NOV OEC JAN FEB HAR 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.S 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.S 5.5 5.0 
4 10 10 8.5 9.0 8.0 9.5 10 7.9 7.0 4.5 5.5 5.0 
5 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 9.5 8. S. 9.0 8.5 9.5 9.5 7.8 6.5 4.S 5.5 5.0 
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 5.5 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 5.0 
13 10 9.5 8.5 8.S 9.0 10 9.0 7.6 5.5 5.5 6.0 5.0 
14 10 9.S 8.5 8.5 9.0 10 9.0 7.6 5.5 5.S 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 5.5 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 10 8.5 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 B.O 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 5.5 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 5.5 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 8.0 7.2 4.5 5.S 5.0 7.0 
28 10 8.5 9.0 8.0 9.5 10 8.0 7.0 4.5 5.5 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 10 9.0 8.0 10	 7.0 5.5 8.1 

TOTAL 313 276.0 266.4 263.0 248.1 305.0 264.8 233.3 163.5 531.5 181.8 186.8 
~A.~ 10.1 9.20 8.59 8.4B 8.86 9.84 B.B3 7.53 5.45 17.1 5.86 6.23 

'--~iAX 12 10 9.2 9.0 9.6 10 10 7.9 7.0 340 11 25
UN 10 8.5 8.2 8.0 8.0 9.5 7.9 7.0 4.0 4.5 5.0 5.0
,C-FT 621 547 528 522 492 605 525 463 324 1050 361 371 

WTR YR 1981 TOTAL 3233.2	 MEAN 8.86 MAX 340 HlN 4.0 AC-f'T 6410 
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249 Glt.A Rl....EK 8,\SlN 

09498400 PINAL CKEEK AT INSPIRATION DAM NEAR GLOBE. AZ--Cont1nued 

DlS0fARGE. IN CUBIC F~ET PER SECOND. WATER 
MEAN VAl.UES 

YEAR OCTOBER 1981 TO SEPTEMBER 1982 

DAY OCT NOV DEC JAN FEIS MAR APR HAY JUN JUL AUG SEP 

.. 1 
2 
3 
4 
5 

1.0 
7.0 

40 
10 
8.0 

8.3 
8.4 
8.4 
8.4 
8.4 

8.8 
8.8 
8.8 
8.8 
8.8 

9.0 
9.0 
9.0 
9.0 
9.0 

6.3 
6.5 
6.5 
6.5 
6.5 

9.0 
9.0 
9.0 
9.0 
9.0 

10 
10 
10 
10 
10 

9.S 
9.5
9.5 
9.5 
9.5 

5.5. 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

6.0 
6.0 
6.0 
6.0 
6.0 

-

6 
7 
8 
9 

10 

8.0 
8.0 
8.0 
8.0 
8.0 

8.5 
8.5 
8.5 
8.5 
8.6 

8.8 
8.8 
8.8 
8.8 
8.8 

8.5 
8.5 
8.5 
8.5 
8.5 

7.0 
8.0 
9.0 

10 
16 

9.0 
9.0 
9.0 
9.0 
9.0 

10 
10 . 
10 
10 
10 

9.0 
9.0 
9.0 
9.0 
9.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.5 

6.0 
6.0 
6.0 
6.0 
6.0 

11 
12 
13 
14 
IS 

8.0 
8.0 
8.0 
8.0 
8.0 

8.6 
8.6 
8.6 
8.7 
8.7 

8.9 
8.9 
8.9 
8.9 
8.9 

8.0 
8.0 
8.0 
8.0 
8.0 

69 
16 
9.0 
9.0 
9.0 

9.0 
9.0 

80 
9.0 

80 

10 
10 
10 
10 
10 

8.5 
8.5 
8.5 
B.5 
8.5 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.5 
5.5 
5.5 
5.5 
5.5 

36 
6.0 
6.0 
6.0 
6.0 

16 
17 
18 
19 
20 

8.0 
8.0 
8.0 
8.0 
8.0 

8.7 
8.7 
8.7. 
8.7 
8.7 

8.9 
8.9 
$l.9 
8.9 
8.9 

7.5 
7.5 
7.5 
7.5 
7.5 

9.0 
9.0 
9.0 
9.0 
9.0 

24 
10 
10 
10 
10 

10 
10 
10 
10 
10 

8.0 
8.0 
8.0 
8.0 
8.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.5 
'5.5 
6.5 

16 
6.0 

6.0 
6.0 
6.0 
6.0 
6.0 

21 
22 
23 
24 

. 25 

8.0 
8.0 
8.0 
8.0 
8.0 

8.7 
8.7 
$l.7 
8.7 
8.7 

9.0 
9.0 
9.0 
9.0 
9.0 

7.0 
7.0 
7.0 
7.0 
7.0 

9.0 
9.0 
9.0 
9.0 
9.0 

10 
10 
10 
10 
1·0 

10 
10 
9.8 
9.5 
9.5 

7.5 
7.5 
7.5 
7.5 
7.5 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
9.5 
7.5 
5.0 
5.0 

6.0 
6.0 

39 
6.0 
6.0 

6.5 
6.5 
6.5 
6.5 
6.5 

26 
27 
28 
29 
30 
31 

8.0 
8.0 
8.2 
8.2 
8.2 
8.2 

8.7 
8.7 
8.7 
8.7 
8.7 

9.0 
9.0 
9.0 
9.0 
9.0 
9.0 

6.5 
6.5 
6.5 
6.5 
6.5 
6.5 

9.0 
9.0 

.9.0 

10 
10 
10 
10 
10 
10 

9.5 
9.5 
9.5 
9.5 
9.5 

7.5 
7.6 
7.5 
7.0 
6.5 
6.0 

5.0 
5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
4.9 
5.0 
6.0 
5.0 

6.0 
6.0 
6.0 
6.0 
6.0 
6.0 

7.0 
7.0 
7.0 
7.0 
7.0 

TOTAL 
MEAN 
MAX 
MIN 
AC·FT 

280.8 
9.06 

40 
7.0 
557 

258.2 
8.61 

8.7 
8.3 
5i2 

276.0 
8.90 
9.0 
8.8 
547 

239.0 
7.71 
9.0 
6.5 
474 

311.'3 
11.1 

69 
6.3 
517 

451.0 
14.5 

BO 
9.0 
895 

296.3 
9.88 

10 
9.5 
588 

254.6 
8.11 
9.5 
6.0 
505 

150.5 
5.02 
5.5 
5.0 
299 

162.9 
5.25 
9.5 
4.9 
323 

216.5 
6.98 

39 
5.0 
429 

217.5 
7.25 

36 
6.0 
431 

CAL YR 1981 
lll"R YR 1982 

TOl'AL 
TOTAL 

3192..8 
3114.6 

MEA:~ 

MEA~ 

8.75 
'3.53 

MAX 
MAX 

340 
80 

MIN 
~n~ 

4.0 
4.9 

AC-IT 6330 
AC-FL 6180 

s
 



ClLA RIVER BASIN
 

09498400 PtNAL CREEK AT INSPIRATION OAK NEAR GLOBE. AZ--Continued
 

WATER-QUALITY RECORDS
 

C--"ERIOD OF RECORD. -·!tovember 1979 to eur cene year. 

WATER QUALITY DATA. WATER YEAR OCTOBER 1981 "to SEPTEMBER 1982 

OXYGEN HARD

TIME 

STREAl1
FLOW, 

I NSTAN
TAt;EOUS 

(CFS) 

SPE
CIFIC 
CON
DUCT
ANCE 

(t.'MHOS) 

PH 
(STAND

ARD 
UNITS) 

TEMPER
ATURE, 

AIR 
(DEG C) 

TEMPER
ATURE 

(DEC C) 

OXYGEN, 
DIS

SOLVED 
(MC/L) 

DEMAND, 
CHEM
ICAL 
(HICH 

LEVEL) 
(HelL) 

HARD
t~ESS 
(HG/L 
AS 

CA(03) 

NESS 
RONCAR
BONATE 

(KG/L 
AS 

CA(03) 

CALCIUM 
DIS
SOLVED 
(HG/L 
AS CA) 

MAGNE
SIUK, 
DIS

SOLVED 
(HG/L 
AS He) 

CT 
28 ••• 1345 8.2 1.770 8.0 )0.0 23.4 8.7 60 1943 1800 580 120 

NOV 
20 ••• 

--EC 
1225 8.7 2970 8.0 18.0 17.9 7.7 5S 1959 1800 570 130 

30 ••• 1400 9.0 3010 7.3 14.0 16.0 8.6 27 2009 1900 590 130 
EB 
OJ.. •• 1215 6.3 2890 8.2 10.0 14.1 9.4 o 1959 1800 570 130 
22••• ~300 9.0 3080 8.1 19.5 20.9 6.7 34 1968 1800 590 120 

--'(AR 
23••. 1155 10 3050 8.1 15.0 20.3 7.3 15 1884 1800 540 130 
.PR 
23••• 1240 9.7 . 3120 8.0 20.5 24.0 6.8 31 1893 1800 560 120 

MAY 
27••• 1250 7.6 3180 8.4 24.0 22.9 7.4 35 2034 1900 600 130 

~U:: 

21••• 1~40 5.0 3080 8.1 32.0 28.0 7.4 36 1984 1900 580 130 • 
UL 
28 ••• 1715 4.9 3070 28.5 

AUC 
18••• 1415 3050 7.2 35.0 34.0 5.8 28 2034 1900 600 130 

:EP 
08 ••• 1~40 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 SlUM. LIN IT'! SULFATE RIDE, RIDE, DIS AT 180 CONSTIw 
DIS SORP DIS- LAB DIS- DIS DIS SOLVED D£C. C TUENTS,

SOLVED TION SOLVED (HG/L SOLVED SOLVED SOLVED (HelL DIS DIS
(HG/I~ PERCENT RATIO (MG/L AS (HG/L (MG/L (HG/L AS SOLVED SOLVED 

DATF. AS HA) SODIUM AS K) CAC03} AS S04} AS CL) AS F) SI02) (MG/L) (HG/L) 

OCT 
28••• 75 8 .8 4.7 110 1700 9lJ .3 40 2990 2688 

NOV 
20••• 6) 7 .6 4.5 120 1700 64 .2 41 3000 2650 

DEC 
30••. 61 6 .6 4.2 120 1900 72 .3 42 2990 2878 

FEB 
01••• 66 7 .7 4.1 130 1900 61 .2 41 2990 2857 
22••• 66 7 .7 5.4 130 1900 55 .3 42 3010 2862 

MAR 
23 ••• 67 7 .7 4.6 130 1800 55 .3 26 2980 2706 

APR 
23 ••• 66 7 .7 4.3 120 1900 60 .2 41 3030 2828 

MAY 
27 ••• 64 6 .6 4.4 124 1900 59 .3 44 3040 2882 

JUN 
21. •• 63 6 .6 4.6 120 1900 61 .2 46 3110 2862 

JUL 
28 ••• 

AUG 
18 ••• 68 7 .7 5.4 102 1900 69 .3 46 3110 2887 

SEP 
08 ••• 69 7 .7 4.6 92 1900 68 .2 42 3100 2885 
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GIl.A R!\'J:.:R I\ASI~ ZSI 

09498400 PI :;AL GIH';EK AT I::SPIRAT10N DAM t~EAR GI.OI~S::. AZ--Con::inu~d 

WATER QUALITY DATA. WATER YEAR OCTOBER 1981 TO SEPTE~BER 1982 .. 

D~TE 

SOLIDS. 
DIS

SOLVED 
(TONS

PER 
AC-F'r) 

SOLIDS. 
015

SOLVED 
(TOnS 
PER 
DAY) 

NITRO
CEN. 

~:02+N03 

TOTAL 
(MC/L
AS N) 

NITI(!>
GEN. 

N02+N03 
015

SOLVF.D 
(HC/L
AS N) 

rnTRO-
CE!~ ,AM
MONIA + 
ORCA"'[C 

TOTAL 
(HC/L
AS ~) 

NITRO
CEN. 

TOTAl. 
(MC/L
AS ~) 

NITRO
CEN. 

TOTAL 
(MC/L

AS NO) 

PlIOS-
PliORUS, 

TOTAL 
(MG/L
AS P) 

PHOS
PKORUS 
TOTAL 
(MC/L

AS POl.} 

PHOS
PHORUS, 

OR'4HO, 
015

SOLVED 
(MG/L
AS P) 

!lHOS-
PKATE. 
ORTHO, 

DIS
SOLVED 
(MC/L

AS POl.) 

ocr 
28 ••• 4.1 66.2 <.09 .11 .58 .050 .15 .020 .06 

~OV 

20 ••• 4.1 70.S .13 .14 1.20 1.3 5.9 .040 .12 <.020 
DEC 

30••• 4.1 72.7 .19 .18 .50 .69 3.1 .070 .21 .050 .15 
FEB 

01••. 4.1 50.9 .11 .12 .00 .11 .49 .030 .09 .020 .06 
22••• 4.1 73.1 .21 .20 .61 .82 3.6 .060 .18 .020 .06 

HAR 
23 ••• 4.1 8'-.9 .23 .23 .58 .81 3.6 .040 .12 .030 .09 

APR 
23 ••• 4.1 79.4 .14 .12 .70 .84 3.7 .080 .25 .020 .06 

MAY 
27 ••• 4.1 62.4 <.10 <.10 .90 .050 .15 .010 .03 

JU~ 
21. •• 4.2 42.1 <.10 <.10 .70 .050 .15 .020 .06 

JUL 
2S ••• 

AUG 
18••• 4.2 487 .12 .12 .70 .82 3.6 .110 .34 .040 .12 

SEP 
08 ••• 4.2 50.2 .10 .10 .70 .80 3.5 .210 .64 .1)40 .12 

SEDI
CADMIUM COPPER. MAliGA- MERCURY MEN! • 

BORON, 
oIS-

TOTAl. 
ItECOV-

TOTAL 
RECOV

IRON. 
015

LEAD, 
015

NESE. 
015

TOTAL 
RECOV

SELE
NIUM. 

ZINC, 
015

SEOI
MENT, 

015
CHARGE. 

SOLVED ERABLE EKABLE SOLVED SOLVED SOLVED ERABLE TOTAL SOLVED 5115 sus-
DATE 

(UG/L 
AS B) 

(UC/L
AS CD) 

(UG/L
AS CU) 

(CG/l
AS FE) 

(UG/L
AS PB} 

(UG/L
AS MN) 

(UG/L
AS HG) 

(!JG/L
AS SE) 

(UG!L 
AS ZN) 

P£~DED 
(MG!!.) 

PENDED 
(T!OA),') 

OCT 
28 ••• 60 <1 350 SO 2800 .1 <1 20 345 7.6 

NOV 
20 ••. 50 200 90 3 5200 .1 <1 SO 190 4.5 

DEC 
30 ••• 60 <1 50 30 6200 <.1 <1 30· 86 2.1 

FEB 
01 ••• 50 1 50 20 <1 6200 .1 <1 30 4 .07 
22 ••• 60 1 150 SO <1 5500 .1 1 20 265 6.4 

MAR 
23 ••• 60 1 200 40 5 5400 .1 <1 20 405 11 

APR 
23••• 60 3 120 50 3 4500 <.1 <1 20 294 7.7 

MAY 
27 ••• 60 2 70 40 <1 6000 .1 ~ <1 30 130 2.7 

JUN 
21 ••• 60 1 30 60 <1 5300 .1 <1 20 14 .19 

JUl 
28••• 1490 

AUG 
18 ••• 60 390 SO 2 6800 .1 20 299 

SfP 
08 ••• 180 1 120 60 <1 5600 <.1 30 156 2.5 

< Aceua1 value is known to be less than value shown. 

10
 



328 GIlA R!VER BASIN 

09518000 elLA RIVER ABOV~ DIVERSIONS. AT GILLESPIE DAM. AZ 
(National s~ream-qual1ty accounting netvork .:tnd pesticide station) 

LOCATION.--Lat 33-13'45". long 112-46'00". 1n SE1tN£~ sec.28. T.2 S•• R.5 W•• Maricopa County. Hydrologic Unit
 
15070101. at Gillespie Dam. 8 m! (13 km) dovnstream from Hassayampa River. Gila Bend Canal diverts from left
 
end. and Enterp~ise Canal diverts from right end of Gillespie Dam.
 

JRAlNAGE AREA.--49.6S0 m1z (128,600 kmZ ) . 

~AT£R-DISCHARGE RECORDS 
,-"ERIOD OF RECORD.--June 1935 to November 1939 (monthly c!isc~a~ge only published in WSP 1313). DccemDer 1939 to 

September 1971 (published vith records for sta 09519500. Gila River below Gillespie Dam). 1972 and 1973 (vater 
year c5timates 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 ft)/s (0.14 m)/s~ is not included. 

09518500. Gila 8end Canal: Hay 1935 to September 1971, October 1973 to current year (since October 1941. 
monthly discharge only).

09519000. Enterprise Canal: June 1935 to Septem~er 1939 (discharge measurements and monthly estimates 
only), Oc~ober 1939 to September 1971. April 1974 to current year (since October 1941, oonthly discharge only). 
Publishe<t as "Gille$pie Canal" prior to 1951. 

~ACE.--Cila Bend Canal: Yater-stag~ recorder 200 ft (60.9 m) downstream from headgates.
 
Ent~rprise Canal: Yater-stage recorder 600 ft (180 m) downstream from intake at dam.
 

c·"'E."tARKS.--Records good except those below 1.000 ft'ls (28.3 m3/s). which are fair. Record is obtained by combin
ing. on a daily basis. the flows of Gila Bend Canal. Enterprise Can~l. and Gila River below Gillespie Dam (see 
sta 09519500). Some of the diversions to Gila Rend Canal in the 1981 vater year were return~d to the river 
below the gage.

Hany lar8~ diversions above station for irrigation. ~nicipal. and industrial usc. ~low of Gila River and 
trihutaries above this station is regulated by San Carlos Reservoir on eila River - capacity, 1,073,600 acre-ft 
(1.320 nM): by a series of reservoirs on Salt Rive~ - capacity, 1,755.000 acre-ft (2.160 h~'): by Bartlett and
 
Horseshoe Reservoirs on Verde River - capacity. 3l7.iOO acre-ft (392 hm'): and by Lake Pleasant on Ag~ Fria
 
River - capacity, 157.600 acre-ft (194 hm').
 

'VERACF. DISC~ARGE.--47 years. 334 ft'ls (9.459 0'/5). 242.000 acre-ftlyr (298 hm'/yr); oedian of yearly mean dis

-~ charges. 66 ft)/s (1.87 m'/s). 47.800 acre-ft/yr (51 hm)/yr).
 

XTREMES FOK PERIOD OF REOORD.--Maximum daily discharge. 124,000 ft'/s (3.510 m'/s) Feb. 17. 1980: no flow except
 
for possible leakage of 1e$~ tban 5 ft)/s (0.14 m3/s) ~ov. 24-27, 1Q66. July 14, 1967.
 

~XTREMES	 ~~K CURRENT YEAR.--Maximum daily discharge, 3.~70 ft)/s (110 ='/s) Mar. 18: mini~~ dajly, 29 ft'/s

(0.82! t:l)!s) July 16.
 

DISCliARCE, I"l CUBIC r~:~'r PER SECO=:J. t:A7ER YEAR OCTOBER 1981 TO SEPTI:.:MRER 1982
 
~A:': v"'LUES
 

)AY ocr tlOV DEC JAt: • F'::8 ~.AR APR :1AY JIjN Jl:L AUC SEP
 
1 157 193 62 136 1l)) 163 361 90 71 66 73 47
 
2 168 193 66 137 168 161 303 9~ 69 57 68 40
 
3 173 193 61 145 1~1 150 275 109 67 39 74 54
 
4 163 188 64 144 151 :34 287 97 64 42 71 71
 
5 158 186 62 151 147 ~19 267 117 62 51 81 81
 
6 15$\ 178 62 159 146 115 216 139 59 43 77 81
 
7 158 11,'1 62 167 152 121 171 126 n 56 66 83
 
8 158 158 62 161 149 :32 248 119 68 7! 58 56
 
9 158 158 52 131 126 ~ 37 236 131 58 5: 50 52
 

10 168 154 49 90 107 :07 222 12l) 54 4/, '.9 81 
11 168 1~2 48 104 :11; :05 242 139 57 56 47 96
 
-l2 168 130 48 112 119 :15 250 ·142 71 60 49 132
 
13 168 128 48 112 113 165 206 135 64 65 69 238
 
14 163 118 48 116 136 2t.6 142 III 65 54 59 235
 
15 159 118 48 122 llR 2:'1 158 92 61 34 68 194
 
16 170 106 48 128 137 713 164 89 70 29 69 169 

-17 176 101 48 138 It.; :180 146 93 68 '33 57 146 
18 17i 90 50 143 110 B70 114 90 7! 49 52 155 
19 178 98 54 136 80 16~'J 1'53 88 69 69 69 125 
20 173 96 77 130 148 986 175 90 79 77 61 120 
21 17a 87 102 129 92 462 166 78 83 77 60 123
 
22 178 145 127 137 71 452 1n1 68 73 67 57 122
 
~3 173 86 137 149 94 ~B6 167 67 6.:- 101 75 129
 
ZI, 138 78 142 154 '35 455 IS4 63 58 110 89 131
 
25 186 78 142 154 103 395 132 71 70 102 138 128
 
26 1~8 78 142 153 177 388 120 73 71 112 138 131
 
27 183 68 142 149 277 354 109 n 63 116 U5 131 

~~~~ 1~8 68 145 156 t89 366 90 80 45 llfi 107. 11.
 
2'3 !93 68 147 153 3D 33 q1 36 lIS 101 131
 
30 193 68 142 149 Dt. III 71 62 1",1 ll~ 131 
31 193 144 IS!. 177 68 119 84 
OrAt. 5375 3660 2&31 4299 3~:!Cl 1':'602 5629 3020 1951 2205 2344 3544
 

~~A:~
 173 122 84.9 139 136 471 188 97.4 65.0 71.1 75.6 118
 ,x 193 1<13 147 l~ 7 ~71 J·no 361 142 83 121 1)11 238
 
eN IS7 (,8 48 ColO 71 ~ ')5 s ~ b3 36 29 47 40
 
C-F"T 1 ()(,.,.~ ?~~() 5220 aSJO 7580 2JS9';i) 11170 5990 31;70 4370 4650 7030

C*} .1 24 3200 7890 58611 117')0 1~38() ';330 '3250 3i9::l 39(,0 3810
 

~,....*.. ) 1030 1020 410 585 4$\1, ~~7 594 630 1,!1 ';7f, 688 831 ., 
,t.	 YR·: CIS 1 7,~':Al 41776 :-U::AN ]17 !'lAX 1,114 !'!I~~ ?') Ar.-F"!" R4RSO *51')10 ·*~Hl,') 
r:~	 YR 198:' ·:OTAI. 510130 ~AN ~45 ~'AX 33:"1 ~~ 1 ~: 29 '\[:-FT 1:)5301) *59..260 "*8l10 

fli ve r s ion,.:;. i n .'tcTC'-fc.'et, '=" Co i 1.1 loI."''H1 !':;t 1"'1:1 1 (S~-'l 1"') l,~'){l/) I. ')(.'~. T~fT'I:.r~:'i .Iil.')"'·.·. F"lT rt~""c.' r.!~ pr t or tr>
 
; t.4 ;2, 5'-"," st:.t (lO C;! ·~·I"O.
 

. _-- ** ~)i V'(.\ r .. ~("1~. i" ·u ... r ...... • fc:',,,, , 1" F.r"'''rpris.· ;".1:1.\1 (';·1 nt'l~,: .l()(')O). F,'T rt 'c1\r.ls "r i"1" I., '1'"::" • s .....· ~aC;;J'lnn .~ ';~;I 

~ 

... 

11·	 i 

http:rt'c1\r.ls


329 

I'~:RIOO Ufo" I(I':CORD.--:l.·,,;"'mh. ! t" 19~0 to SCl'ler.tb('r 1971. M;trch 1974 CO cur r ent, yNIl". 
Pr tor t.o Octuber 1~67. published as 09~19~OO, Gila River hclow c;ille!;pie Dam. Ariz. 

PERIOD OF DAI~Y KECORD.-
SPECIFIC CONDUCTA~CE; October 1964 to September 1971. April 1974 to September 1981. 
WATER TEHPERATCRES; ~c~mber 1950 to September 1971. April 1974 to September 1981. 

REHARKS.--Unpub1tshed daily specific conductance measurements for period December 19S0 to September 1964 available 
from district office in Lucson. Ariz. 

EXTREMES FOR PERIOD Of DAI~Y RECORD.-
SPECIFIC CONDUCTANCE: Maximum ~bserved, 13.200 =lcromhos July 10, II, 1966; =inimum observed, 236 micromhos 

Dee. 28,1967.
WATER TEMPERATURES: Maximum observed. 36.5·C July 8. 1958, July 22, 1959, Aug. 5, 8. 1966; minl~c observed. 

I.S·C Jan. 1. 1951. 

'WA':'£R QUALITY DATA, UATER YEAR OCTOBER 1981 TO SEPTEMBER 1982 

OXYGEN COLI STREP
SPE DEMAND. FOlU1. TOCOCCI 

DA"Z'E 
TIME 

STREAM
FLOlJ, 

I:lST,u:
'I'ArlEOUS 

(CFS) 

CIFIC 
CON
DUCT
ANCE 
(U~OS) 

PH 
(STAND

ARD 
UNITS) 

TEMPER
ATURE. 

AIR 
(DEG C) 

TEMPER
ATURE 

(!:lEC C) 

TUR
BID
ITY 

WTU} 

OXYGEI:. 
DIS

SOLVED 
(HG/L) 

CHEM
ICAl. 
(HIGI'!

LEVEL)
(HC/L) 

FECAL, 
0.7 
uti-MF 

(COLS.I
100 ML) 

FECAL,
KF AGAR 
(COLS. 

PER 
100 riL) 

OCT 
28••• 0945 188 3740 8.0 19.<r 17 .5 13 8.1 110 500 6S0 

NOV 
24 ••• 0940 59 5690 8.4 10.0 12.0 9.5 180 160 120 

DEC 
31 ••• 1005 E148 4150 7.2 17.0 13.0 8.5 7.8 4S 280 1200 

FEB 
02 ••• 
25.,. 

0915 
0955 

El7l 
E119 

4190 
5230 

8.1 
8.2 

4.0 
15.0 

10.5 
16.0 7.4 

7.4 
9.1 

39 
S4 

580 
2400 

910 
6900 

HAR 
25 ••• 1025 511 3770 7.9 18.0 17.5 5.8 49 K400 2700 

APR 
29••• 1045 E79 5100 8.8 30.5 24.0 36 16.0 <10 74 

JUN 
02 ••• 0855 69 5360 8.8 28.0 22.5 8.8 82 100 1200 
24 ••• 1040 55 5280 8.9 34.0 26.0 16 16.6 120 93 

JUL 
29 ••• 1650 121 4000 8.5 35.0 29.0 14.9 39 

AUG 
24 ••• 1$300 98 2580 7.9 27.0 31.0 33 9.3 1000 

SEP 
15 ••• 0945 199 3820 8.0 26.0 23.5 5.6 1100 2600 

HARD
~ESS MACNE SODIUH POTAS ALKA CHLO

HARD NONCAR CALCIUM SlUM. SODIUM, AD SIUM, LINITY SULFATE RIDE,
NESS BONA1'E DIS DIS DIS SORP DIS LAB DIS DIS. 
(HG/L (HC/L SOLVED SOLVED SOLVED TION SOLVED (HelL SOLVED SOLVED 

AS AS (HelL (MG/L (HC/L PERCENT RA1'IO (HG/L AS (HG/L (HG/L
DATE CAC03) CAC03) AS CAl AS He) AS NA) SODIUM AS K) CAC03) AS S04) AS CL) 

OCT 
28••• 670 428 ISO 71 540. 63 9.4 12 240 460 800 

INOV 
24 ••• 1300 

DEC 
31••• 830 550 190 86 550 59 8.6 11 280 550 920 

FEB 
02••• 
25 ••• 930 649 220 92 780 64 11 12 280 730 1200 

MAR 
25 ••• 

APR 
29••• 930 673 220 93 720 62 11 11 260 720 1100 

JUN 
02 ••• 1200 
24••• 860 698 180 100 790 66 12 9.9 164 790 1200 

JUL 
29••• 

AUG 
24. ',' 540 394 130 52 390 61 7.5 9.6 145 380 620 

SEP 
15 ••• 

K Based on non-ideal colony coun~. 
< Actual value is known to be less than value shown. 
E E8~1mated. 

1.2 



330 ClLA RIVER BASIN 

09518000 ClLA RIVER ABOVE DIVERSIONS. AT CILLESPIE DAM. AZ--Cont1nued 

WATER QUALITY DATA. WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982 

DATE 

FLUO
RIDE. 

DIS
SOLVED 
(KC/L 
AS F) 

SILICA. 
DIS
SOLVED 
(KG/L 
AS 

SI02) 

SOLIDS. 
RESIDUE 
AT 180 

DEC. C 
DIS

SOLVED 
(KC/L) 

SOLIDS. SOLIDS, 
RESIDUE SUH OF 
AT 105 CONSTI
DEG. C. TUENTS. 

DIS DIS
SOLVED SOLVED 
(HG/L) (KG/L) 

SOLIDS. 
DIS

SOLVED 
(TONS

PER 
AC-FT) 

SOLIDS. 
DIS

SOLVED 
(TONS
PER 
DAY) 

SOLIDS. 
RESIDUE 
AT 105 
DEC. C. 

SUS
PENDED 

(HC/L) 

NITRO
GEN,

N02+ff03 
DIS

SOLVED 
(MG/L 
AS N) 

NITRO
GEN. 

AKHONIA 
DIS

SOLVED 
(KG/L

AS NH4) 

NITRO
GEN. 

AMMONIA 
DIS

SOLVED 
(HC/L 
AS N) 

OCT 
28••• 1.7 26 2250 2220 3.1 1140 37 1.4 8.1 6.30 

NOV 
24••• 20 

DEC 
31. •• 1.7 26 2630 2520 3.6 13 8.8 8.8 6.80 

FES 
02 ••• 
2S••• .50 24 3300 3230 4.5 1160 

46 
49 10 1.4 1.10 

MAR 
25••• 2250 7S 

APR 
29 ••• 2.1 12 3190 3040 4.3 22 9.0 .13 .100 

JUN 
02 ••• 132 
24••• 2.2 5.5 3360 3180 4.6 499 162 7.3 .13 .100 

JUL 
29 ••• 124 

AUt:: 
24 ••• 1.0 16 1730 1690 2.4 458 130 1.1 .890 

sa 
15 •• , 210 

DATE 

NITRO
cEU.AH
MONIA + 
ORCIJ:!C 

TOTAL 
(MC/L 
AS N) 

PHOS
PHORUS, 

TOTAL 
(Hc/L 
AS P) 

PHOS
PHORUS 
TOTAL 
(MC/t

AS P04) 

PHOS
PHORUS. 

DIS
SOLVED 
(MG/l.
AS P) 

PROS
PHATE,
ORTHO, 

DIS
SOLVED 
(HG/L

AS P04) 

PMOS
PHORUS. 

ORTHO. 
DIS

SOLVED 
(KG/L
AS P) 

ARSENIC 
TOTAl. 
(UG/L
AS AS) 

ARs£:nc 
SUS

PENDED 
TOTAL 
(UG/L
AS AS) 

ARSENIC 
DIS

SOLVED 
(UG/L
AS AS} 

BARIUM. 
TOTAL 
RECOV
ERABLE 
(UG/L
AS SA) 

BARIUM,
SUS

PDICED 
RECOV
EHABLE 
(UG/L
AS BA) 

OCT 
28 ••. 3.50 3.00 9.2 2.90 6.7 2.20 10 9 100 0 

~GV 
24••. 

DEC 
31. •• 9.00 2.80 8.6 2.70 8.6 2.80 

FEB 
02 ••• 
2S••• 

HAR 
4.4!) 2.60 8.0 2.00 3.7 1.20 10 1 9 100 0 

2S••• 
APR 

29 ••• 4.60 1.30 4.0 .600 1.7 .560 
JUN 

02 ••• 
24 ••• 

JUL 
3.40 .920 2.8 .220 .58 .190 9 2 7 200 

29••• 
AUt:: 

24••• 
SEP 

).20 1. 30 4.0 .810 2.2 .720 9 2 7 <100 

15•.. 

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

13
 



GII.A RIVI-:k RASI:: 331 

O~I'" 1*WO t;r 1,.\ klVI-:Jo: A~O\''': 01VI-:RslorrS. AT C~II#J.I·:SrIF. 1);1.:1, Ai:- -Cont i nued 

\;.~7F.R Qt'Al..ITY l)ATA. VATER \'EAR OCTOBEK 1981 TO SErT~~REK 1982 

CADMIUM CItRO- CHRO COBALT. 

BARIUH. 
80I(or~. 

TOTAL. 
CAm'!lU~ 

TOTAL 
sus-

PENDED CADHIUH 
MIUM. 
TOTAL 

HIUf1. 
sus-

CHRO
HIUM. 

COBAL! • 
TOTAL 

5US
PENDEO COBALT. 

DIS RECOV RECOV RECOV 015 R£COV- PEllOED 015 RECOV. RECOV OIS

OAT[ 

SOLVED 
(Ue/L
AS SA) 

F.:RABlE 
melL 
AS B) 

F.RABLE 
(!JelL
AS CD) 

ERABLE 
(Ue/L
AS CD) 

SOLVED 
(Ue/L
AS CD) 

ERABLE 
(UG/L
AS CR) 

RECOV. 
(Ue/L
AS CR) 

SOLVED 
(Ue/L
AS CR) 

ERA8LE 
(lIC/L
AS CO) 

ERA8LE 
(Ue/L
AS CO) 

SOLVED 
(Ue/L
AS CO) 

OCT 
28 ... 100 1500 0 10 10 <10 0 

~OV 

24 ••• <1 
DEC 

31. .• <1 
fEB 

02 ••. <1 
25 ••• 100 2400 <1 <1 10 0 10 2 0 3 

~tAR 

·25 ••. 2 
APR 

29 ••• 
J~N 

02 ••• ~1 . 
24 ••. <100 2500 2 <1 20 10 10 <1 

JUL 
29., . 

A""...... 
24 ••• 100 1300 <1 <1 10 <10 <1 

SC:P 
15••. ~! 

COPPER. 
TOTAl. 
RECOV
ERABLE 

COPPER. 
SCS
PENDED 
RECOV
£RABLE 

COPPER, 
OIS
SOLVED 

IRON. 
tOTAL" 
RECOV. 
ERABLE 

rson, 
sus-

PENDED 
RECOV
ERABLE 

IRON. 
OIS

SOLVED 

LEAD, 
TOTAL 
RECOV
ERABLE 

LEAD, 
StiS-

PENDED 
RECOV. 
ERASLE 

LEAD. 
OIS

SOLVED 

MANCA
NESE. 
TOTAL 
RECOV. 
ERABLE 

MANeA-
NESE. 

SUS
PENDED 
RECOV. 

DATE 
ruc/t,
AS CU) 

(UC/L
AS CO) 

(UG/L
AS CU) 

(Ue/L
AS fE) 

(Ue/L
AS FE) 

(UG/l
AS f'E) 

(UG/L
AS PB) 

(ue/L 
AS PB) 

(VG/L
AS PB) 

(Ue/L
AS MN) 

(UC/l 
AS MN} 

OCT 
28 ••• 

::OV 
14 9 S 1600 1600 SO S 5 <1 120 40 

24., • 
tS'EC 

170 2 

31 •.• SO <1 
fEB 

02 ••• 50 <10 
25 ••• 19 8 11 1000 980 20 5 <1 260 50 

MAR 
25 ••• 50 <1 

APR 
29 ••• 70 <1 

JUN 
02 ••• so <1 
24"•.• 16 10 6 2200 2100 70 3 0 4 200 170 

Jut 
29 ••• 30 

·AU~ 
24 ••• 10 4 6 1800 1800 40 2 <1 160 90 

SEP 
15 •• , 30 <1 

< Actual value is known to be less than value shown. 
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332 GILA RIV~ BASIN 

09518000 GILA RIVER ABOVE DIVERSIONS. AT CILLESPIE DAM. AZ--Cont1nued 

WATER QUALITY DATA. ~A~ER YEAR OCTOBER 1981 TO SEPTEMBER 1982 

MERCURY NICKEL.. SELE
MANGA
NESE, 
DIS

SOLVED 

MERCURY 
TOTAL 
RECOV
ERABLE 

SUS-
PErmED 
RECOV
£lASLE 

MERCURY 
015

SOLVED 

NICKEL. 
TOTAL 
RECOV
ERABLE 

SUS
PENDED 
RECOV
ERABLE 

NICKEL. 
015
SOLVED 

SELE
HIUH. 
TOTAL 

NIUM. 
SUS

'DIDED 
TOTAL 

SELE.. 
NIUH. 
DIS

SOLVED 

DATE 
(UG/L
AS HN) 

(UG/L
AS He) 

(UG/L
AS HC) 

(UC/I:
AS HG) 

(UC/L
AS NI) 

(Ue/L
AS NI) 

(UG/L
AS NI) 

(UG/L
AS SE) 

(UG/L
AS SE) 

(VC/L
AS SE) 

OCT 
28 ••• 80 .1 ,I <.1 22 7 15 4 0 4 

NOV 
24••• .1 8 

DEC 
31••• .1 5 

FEB 
02 ••• .1 4 
25••• 210 .5 .4 .1 19 3 16 6 0 5 

MAR 
25•.• .1 3 

APR 
29••• .1 7 

JUN 
02 ••• <.1 7 
24••• 30 .2 .1 .1 20 13 7 8 0 9 

JUL 
29••• 

AUt; 
24••• 70 .1 <.1 15 8 7 3 0 4 

SEP 
15••• .1 5 

SIL'lER. 
TOTAL 
RECOV .. 

SILVER, 
sus-

PENDED 
RECOV

SILVER, 
015

ZUIC, 
TOTAL 
RECOV-

ZIt~C. 
sus-

PENDED 
RECOV.. · 

ZINC,
DIS.. 

CARBON,
ORGANIC 

SEDt-
KErn". 

SED1.. 
HE:n-,

DIS.. 
CHARGE. 

SED. 
SUSP. 

SIEVE 
DIAM. 

F.RABLE ERABLE SOLVED ERABLE ERABLE SOLVED TOTAL SUS SUS % FUJER 

DATE 
(UC/L
AS AG) 

(Ue/L
AS AG) 

(UC/L.
AS AG) 

(UG/L
AS ZN) 

(UG/L
AS ZN) 

(UC/L
AS ZN) 

(HC/L
AS C) 

PEUDED 
(HG/L) 

PENDED 
(T/DAY) 

THAN 
.062 HH 

OCT 
28••• <1 30 20 10 9.7 39 20 

nov 
24••• 33 5.3 

DEC 
31••• 21 

FEB 
02 ••• 61 
25••• <1 <1 30 10 20 51 85 

MAR 
25 ••• 143 197 56 

APR 
29 ••• 167 85 

JUN 
02 ••• 
24••• <1 <1 30 10 20 

1:!3 
140 

23 
21 

86 
97 

JUL 
29••• 93 

Aue 
24••• <1 <1 30 0 30 95 25 92 

SEP 
15••• 201 108 98 

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

lS 



~; tl.,; ~.~y~:~:!~ Kt\:- I ~~ 333 

0'.1',181.110 -.Il.A !O(l VI-:H Ar'.{)\''': ')lV~:!{:;In~:;-; • A7 I: r 1.1.1-:~;1· I E n,\~, . A7.~·Cc)nt in'l,·d 

I<AD lOCHf..MICAl. M:t,1.YS1-::•• ~A7EH YEA": l)CTORF.1< : qRl TO SF.nl-:~1Rf.R 19B:! 

CRO~S eROS:, (:RClSS r.R()S~ C:ROSS CKO$S (;ROSS (;ROSS
 
Al.P${A. ALPHA. ALP'iA. ALPHA. BF.4A. anA. RF.TA, Br.'!'A.
 

DIS- SUS!'. DIS- Sl!SP. DIS- SUSP. DIS- Sl'SP.
 
SOl.VED roTAL SOl.VF:D 70TAl. ~Ol.VED TOTAL SOl.VF.D TOTA!.
 
(CG/L (UG/l. (PCI/L (PCI/L (pcr/l. (PCI/L (PCIIJ, (PC1/L 

TIME AS AS AS AS AS AS AS SRI AS SRI 
DATE U-NAT) U-NAT> U-NA'!') U-NAT) CS-137) C5-137) Y'l"-90) YT-90) 

OCT 
28 ••. 0945 "66 1.3 .9 .;35 4.3 <34 4.0 

r~(JV 

24 ••• 0940 <120 <c.6 -:51 3.0 <49 2.9 
DEC 

3i. ••• 1005 <100 ".8 <48 3.4 <46 3.4 
FEB 

02 ••• 0915 "60 .9 .6 <36 1.7 <35 1.7 
25••• 0955 ..78 <2.0 <48 4.0 <46 3.8 

MAR 
25 ... 1025 "52 <3.2 <28 3.0 <27 2.9 

APR 
29 ••• 1045 <97 5.5 3.7 <46 9.0 <44 8.6 

.ren 
02... 0855 <100 5.0 3.4 <64 5.3 <60 5.2 
~4 ••• 104:) <lila 7.S 5.3 .;68 7.3 <64 6.9 

JUL 
29 ••• 1650 <48 4.3 2.9 <28 5.6 <27 5.4 

SEP 
15••• 0945 240 10 1?0 6.B <41 11 <39 10 

PE~TICIDE ANALYS~~, WAT£~ YF.il.R ocrOB€R 1981 TO S~:PTE.'1BER 1982 

CHLOR
PCB. PCN. AI,DRH:. DArn:. ODD, ODE. 

TOTAL tOTAL TOTAl. "TOTAL TOTAL TOTAL 
I:: 801'- IN 80-:'- I!J SOT- CHLOR- IN BOT- nJ BOT- nJ 801'

PCB. 1'0:1 HA- TOM riA- I.l.!:lRI!~ , '!'Otot !1A- OAr:E. TOM HA- DOD, TOM MA- DOE, TOU UA
TI:1E TOTAL TEIUAl. TERIAL TOTAL 'i'ER:::AL TOTAL TERIAL TOTAL TERIAL TOTAL TERIAL 

DATE (UG/L) (UG/KG) (Ue/KG) (UC/L) (UG/KG) (UG/L) (UG/KG) (Ue/L) <UG/KG) WGn..) (UG/KG)
(39516) (39519) <39251) (39330) (9333) (39350) (39351) (39360) (3936» (39365) (39368) 

OCT' 
28 ••• 0945 <1.0 <.1 4.0 3.9 47 

MAR 
2.5 ••• 10'25 <.10 0:.01 <.10 <.01 .02 

APR 
29••• 1045 <.10 3 <.01 <.1 <.10 5.0 <.01 <..1 .01 22 

01- E!iDO- REPTA
COT. £LORIN. SULFAN. ENDRIN, eHLOR. 

TOTAL TOTAL TOTAL TOTAL TOTAL 
IN 801'- 01- 01· IN BOT- E!mO- n: BOT- IN BOT- HEPTA- I~ BOT

DDT. TOM MA- AZINON, £LORIN "TOM MA- SCLFAN, TOM MA- ENDRIN, TOM ~- ETHION. eHLOR, 'l'OM MA
TOTAL TERIAL TOTAL TOTAL TERIAL TOTAL TERIAL TOTAL TERIAL TOTAL TOTAL TERIAL 

DATE CUG/L) (UG/KG> WG/l.) (UG/L) CUG/KG) CUG/I.) (Ue/KG) CUG/L) (UG/KG) CUG/L) (UG/L) (UG/KG) 

OCT 
28 ••• <.1 .4 <.1 .1 <.1 

MAR 
25••• <.01 .18 <.01 .01 <.01 <.01 <.01 

APR 
29••• <.01 <.1 .10 <.01 .2 <.01 <.1 <.01 <.1 <.01 <.01 <.1 

HEPTA- METR
CHLOR LINDANE OXy- MIREX. 

HEPTA- EPOXIDE TOTAL METR- CHLOR, METHYl. METHYL TOTAL 
eHLOR TOT. IN It! BOT- MALA- OXy- TOT. IN PARA- TRI- IN BOT

EPOXIDE BOTTOM LINDANE TOM MA- THION. CHLOR, BOTTOM THION. THION. MIREX, TOM HA
TOTAL :-tATL. TOTAL TERIAL TOTAL TOTAL HATL. TOTAL TOTAL TOTAL TERIAL
 

DATE (UG/L) (UG/KG) (OG/L) CUC/KG) (UC/L) (UG/L) <OC/KC) (UG/L) (UG/L) (UG/L) (UG/KG)

(39420) (39423> (39340> (39343) (39530) (39480) (39481) (39600) (39790) (39755) (39758)
 

OCT 
28 ••• <.1 <.1 60 <.1 

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 Jess than value shown. 
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334 elLA RIVER BASIN 

09518000 elLA RIVER ABOVE DIVERSIONS. liT GILLESPIE DAM. AZ--Concinued 

PESTICIDE ANALYSES. \lATER YEAR ocroBER 1981 TO SEPTEMBER 1982 

DATE 

NAPH
THA

LENES. 
POLY
CHLOR. 
TOTAL 

(UG/L) 

PARA
THION, 
TOTAL 
(UCi/L) 

PER
THANE 
TOTAL 
(UG/L) 

PER
THANE 
IN 
BOTTOH 
MATOIL 
(UG/ICG) 

TOX
APIIENE. 
TOTAL 
(UC/L) 

TOXA
PHENE. 
TOTAL 

IN BOT
TOM HA
!ERIAL 

(UG/KG) 

TOTAL 
TlI-

THION 
(UG/L) 

2.4-D. 
TOTAL 
(DelL) 

2. 4-DP 
TOTAL 

(DCIL) 

2,4.S-T
TOTAL 
(UG/L) 

SILVEX. 
TOTAL 
CUG/L) 

OCT 
28 ••• 

MAR 
2S••• 

APR 
29••• 

<.10 

<.10 <.01 

<.10 

<.10 

<1.00 

<1.00 

<1 

<1 

<10 

<10 

<.01 

<.01 

<.01 

.08 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

< Accual value is known to be Ie•• than value 8hovn. 
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:.~)G'\·,·TC)ll.-·! ... ! qOj \':.~.', Inl1~ 112°',6'00••, in St-:"..:'U:t ~~c.::8, T.2 S., ~.5 W., Jo1aricopa Count y , Ilydrulocic Unit 
lSeJ70~i)l, "'f Idl "nl! of c:il1...sp i e ~a"" S mi (:} km) do...nst'C'C'am from Ha!;sayalllp:i River. 

Pf.:Rt:')O OF Rl-:I;OI{O,--:\IIr,lIst }t~21 r o cur ren; year. ~w-flow records prior to October 1970 are not equivalent ..s 
l~al<.lv.(' of lcslIj ::han 'j ft'/s (0.14 m3/s) ~ot included, and fror:! October 1971 tn Septcmb\."'C' 1973, when no leakage 
vas includc~. Ann~al estimat.· ~f leak~ge ~a~ listed in REMARKS for the 1972 water year. Prior to 1939, pub
lished as ":,t Gillespie DaD." 

REVIS~U ~EO)KDS.--USP 1213:	 i939. ·WSP 1243: 1924(~). wsp 1926: Drainage area. 

CA~£.--Uat~r-st~g~ r~corde'C' since July 28, 1924. OatUQ of gage is 9.95 ft (3.033 m) below average elevation of 
crest of d..m. which is 753.46 ft (229.655 0) national r.eodetic Vertical Datum of 1929. Prior to Nov. 11. 1924. 
depth of ~~t~'C' read on crest At left end of dam. Nov. II, 1924. to July 22. 1932. datum of gage was at average 
~levation of dam c'C'~st. July 23. 1932. to Apr. 27, 1955, datum of gage was 5.00 ft (1~524 m) below average 
elevation of crest of dam. Since Apr~ 2, 1974, supplementary water-stage recorder and concrete control 70 ft 
(21.3 Q> dQwnstream fr~ ~rest of dam at datuo 5.~4 ft (1.719 m) lower than datu~ of base gage. 

K~~RKS.--R~corus g~od exc:gt those below 1,000 ft'/s (28.3 m3/s), whi~~ are poor. Flow consists of water passing 
ove~ the dam. and throu the dam. but does not include water diverted to Gila Bend or Enterprise Canals. See 
sta 09518000, Gila River above diversions. at Gillespie Dam, for records of flow reaching d~m. and of diversions 
to Gila Rend and Enterpris~ r.~nals. 

For div~r~ion5 and regulation above station. see REMARKS for sta 09518000. 

EXTR~MES FON PF.RIOD OF KECORD.--Haximum discharge, 178,000 ft'/s (5.040 mJ/s) Feb. 16. 1980. gage height, 18.81 ft 
(5.733 e). prcs~nt datu~: probably no f10v at times. 

~X~REH£S Ol~SIDE PEklOO OF REOORD.--Max1murn discharge since at least 1891. 250.000 ft'/s (7,100 ='/s). estimated, 
in February 1891. 

EXTREMES ~~~ CURR~~ YEAR.--Maximum disc~arge. 5.630 ft'/s (159 o'/s) Mar. 18. 0945 hours, gage height. 10.94 ft 
(1.335 0); no flow for several days. 

DISCIiARGt.	 IN CUSIC ft:t-:T PER secoso. WATER YEAR OCTOBER 1981 TO SEPTF.MBER 1982 
MEAN 'IALCES 

DAY OC~' NOV DEC JAN rEB MAR APR MAY JUN JUL AUG SEP 

1 ISO 175 44 .42 .15 .71 57 .19 .48 .08 .08 .00 
2 150 175 48 .42 .15 .53 6.9 .19 .48 .08 .05 ~OO 
3 IS5 175 43 .53 .11 .53 5.0 .19 .48 .08 .08 .00 
4 145 170 46 .53 .11 .53 4.0 .23 .42 .08 .19 ~OO 
5 140 168 46 .53 .11 .48 3.0 .37 .42 .11 .11 .00 

6 140 1150 46 .53 .11 .48 2.0 .53 .42 .15 .11 .00 
7 140 150 46 .53 .11 .48 1.6 ~53 .37 .15 .11 .00 
8 140 140 4S .53 .11 . ,42 1.3 .53 .37 .15 .08 .00 
9 :40 l40 .!.6 .53 .11 .28 1.3 .53 .37 .11 .08 .00 

10 150 130 46 .53 .11 .23 1.0 .53 .37 .11 :08 .00 

11 150 1~0 46 8.4 .11 .23 .84 .53 .32 .15 .08 .00 
~2 ISO 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 1~0 80 1.3 ~53 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 .42 30 161 .53 .48 .19 .23 .08 112 
23 160 10 .91 .42 63 175 .53 .48 .15 .65 .03 112 
24 
25 

170 
170 

60 
60 

.78 

.65 
.37 
.37 

65 
83 

150 
92 

.53 

.53 
.48 
.48 

.15 

.15 
.18 
.01 

.01 
•00 

112 
1:'2 . 

26 170 60 .53 .23 116 84 .53 .48 .15 .00 .00 112 
27 
21) 
29 

170 
170 
175 

50 
50 
50 

.53 

.48 

.42 

.23 

.23 

.19 

134 
26 

53 
62 
3! 

.48 

.19 

.19 

.48 

.48 

.48 

.11 

.11 

.11 

.00 

.00 

.01 

.00 

.00 

.00 

112 
112 
112 

30 175 SO .42 .15 15 .19 .48 .08 .05 .00 112 
31 175 .42 .15 41 .48 .08 .00 

TOTAL 
!1F.AN 
MAX 

4855 
157 
175 

3133 
104 
175 

812.44 
26.2 

48 

24.62 
.79 
8.4 

625.1)6 
22.3 

134 

8241.13 
266 

3620 

91.78 
3.06 

57 

14.40 
.46 
.53 

8.25 
.28 
.48 

2.74 
.088 

.65 

2.09 
.067 

.19 

1200.00 
40.0 

112 
:1I~ 140 50 .42 .15 .11 .23 .19 .19 .08 .00 .00 .00 
AC-IT 9630 6210 1610 49 1240 16350 182 29 16 5.4 4.1 2380 

CAL' YR 198] 
WTR YR 1982 

T()!AL 
TOTAL 

12813.34 
1901(;.51 

l".EAN 
MEAN 

15.1 
52.1 

MAX 
HAX 

175 
3620 

MIN 
:1IN 

.00 

.00 
AC-F'T 
AC-IT 

25420 
37710 

http:l~al<.lv


DIVERSIONS AND RETURN FLOWS AT AND BELOW IMPERIAL DAM 

09529160 SOUTH GILA PUHF OUTLeT CHANNEL NO. 3 NEAR YUMA. AZ 

)CATIOI.--Lat 32'43'04". long 114-30'12", 1n NW~SE~ sec.22. "1'.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) east of Yuaa. 

:10D OF RECORD. - -October 1968 to current year. 

~RI0D OF DAILY RECORD.-
SPECIFIC CONDUCTANCE: OCtober 1978 to current year. 

~RKS.--Unpub1ished miscellaneous chemical analyses for vater years 1965-68 available from district office 1n 
tuc:son. Ariz. 

JOPERATION.--Daily specific conductance record furnished by. and water samples collected ~Y. U.S. Bureau of 
Recla_tion. 

~EHES FOR PERIOD OF DAILY RECORD.-
iPECIFIC CONDUCTANCE: Kaxilllml observed. 5.350 m1.cromhos Sept. 12. 1981; minlaulD observed. 3.020 mcro1llhos 
Rov. 7. 1979. 

mEMES FOR CURREN':' YEAR.-
'iPECIFIC (X)NDUCTA.';CE: Hax1aulll observed. 5.230 meromhos Jan. 19; m1.niaum observed. 3,210 l:Iic:romhos Dec. 2. 

\lATER QUALITY DATA. WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982 

SPE HARD MACNE

DATE 
TIME 

STREAK
FLOV. 

INSTAN
TANEOUS 

(CFS) 

CIFIC 
CON· 
DUCT
ANCE 

(mmOS) 

PH 
(STAND

ARD 
UNITS) 

TEMPER
ATURE 

(DEG C) 

HARD
NESS 
(HelL 
AS 

CAC03) 

NESS, 
RONCAR-
BONA'rE 

(HG/L
CAC03) 

CALCIUM 
DIS
SOLVED 
(HelL
AS CA) 

SlUM. 
DIS

SOLVED 
(KG II.. 
AS KG) 

SODIUM. 
015

SOLVED 
(KG/L
AS NA) 

DEC 
07••• 2345 20 4590 7.8 21.5 807 473 178 88 690 

JAN 
04••• 0040 28 4370 7.7 19.5 826 495 194 83 640 

FEB 
01••• 

MAR 
0210 34 4600 7.6 20.5 926 602 219 92 639 

01••• 
APR 

0325 34 4590 7.7 21.0 927 601 223 90 612 

05••• 0205 34 4530 7.6 21.0 898 579 208 92 654 
KAY 

03••• 1240 31 4520 7.8 29.5 832 507 188 88 
AUG 

02••• 1325 26 4520 7.7 24.5 839 521 196 85 697 

SODIUK+ 
SODIUM POTAS- POTAS- BICAR- ALKA· CARBON 

AD- SlUM SlUM. BONATE CAR- LINITY DIOXIDE SULFATE 
SORP- DIS- DIS- FET-FLO BONATE FIELD DIS- DIS

. TIOR SOLVED SOLVED (KG/L FET-FLD ' (HG/L SOLVED SOLVED 
PERCENT RATIO (KG/L (Ke/L AS (MC/L AS (HG/L (MC/L

DATE SODIUM AS NA) AS K) Hal3) AS COJ) CAC(3) AS CO2) AS S04) 

DEC 
07••• 65 11 13 407 0 334 10 570 

JAN 
04••• 62 10.0 13 403 331 13 520 

FEB 
01••. 60 9.4 13 395 0 324 16 545 

MAR 
01. •. 59 9.0 13 397 0 326 13 530 

APR 
05••• 61 9.8 12 389 ,0 319 16 530 

MAY 
03 ••• 678 3'6 0 325 10.0 540 

A'JC 
02••• 64 11 9.2 388 0 318 12 520 
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DIVERSIONS AND RETURN fLOWS AT AND BELOW IMPERIAL DAM 

09~29160 SOUTH GILA PUMP OLJTl.E'T CHA.~NEL NO. 3 NEAR YUMA. AZ--Concinucd 

377 

WATER QUALITY DATA. WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982 

DATE 

CHLO
RIDE. 
DIS
SOLVED 
(HG/L
AS CL) 

nuo-
RIDE. 

DIS
SOLVED 
(HG/L
AS F) 

SILICA. 
DIS
SOLVED 
(HG/L 
AS 

5102) 

SOLIDS, 
RESIDUE 
AT 180 

DEG. C 
015

SOLVED 
(HG/L) 

SOLIDS. 
SUM OF 
CONSTI-
TOEIns. 

015
SOLVED 
(MG/L) 

SOLIDS. 
015

SOLVED 
(TONS

PER 
AC-FT) 

SOLIDS. 
015

SOLVED 
(TONS
PER 
DAY) 

NITRO
GEN,

NITRATE 
015

SOLVED 
(HG/L
AS N) 

NITRO
GEN. 

rlITRATE 
Di:;

SOLVED 
(Me/L

AS N03) 

DEC 
07 ••• 

JAN 
04 ••• 

FEB 
01 ••• 

MAR 
01 ••• 

APR 
05 ••• 

HAY 
03 ••• 

Aue 
02 .•• 

990 

930 

1010 

1020 

1000 

1000 

1000 

.8 

.8 

.7 

.6 . 

.8 

.7 

.7 

27 

26 

17 

34 

28 

29 

23 

2890 

2740 

2990 

2980 

2910 

2920 

2920 

2761 

2609 

2738 

2722 

2722 

2720 

2724 

3.9 

3.7 

4.1 

4.1 

4.0 

4.0 

4.0 

156 

207 

274 

274 

267 

244 

205 

1.00 

.90 

1.80 

1.00 

1.30 

1.40 

.63 

4.4 

4.0 

8.0 

4.4 

5.8 

6.2 

2.8 

SPECIFIC cormUCTANCE (MICROMHOS/CH AT 25 DEG. C).
ONCE-DAILY 

WATER YEAR OCTOBER 1981 TO SEPTEMBER 19.82 

DAY OCT NOV DEC JAN FEB MAR APR KAY JUN JUL AUC SEP 

1 
2 
3 
4 
5 

3210 
4520 
4580 
4620 

4410 
4430 
4420 
4430 
4440 

4640 4650 
4650 
4600 
4630 
4630 

4590 
4590 
4590 
4580 
4570 

4560 
4580 
4570 

4590 
4590 
4590 
4580 
4570 

4620 
4650 
4660 

4570 
4600 
4610 
4630 
4610 

6 
7 
8 
9 

10 

4630 
4650 

4670 
4350 

4440 
4450 
4450 
4450 
4480 

4620 
4620 
4600 
4620 
4590 

4580 
4570 
4570 
4580 
4590 

4580 
4570 
4570 
4580 
4340 

4640 
4640 

4620 
4610 
4610 
4610 
4590 

11 
12 
13 
14 
15 

4390 
4390 
4400 
4400 
4400 

4440 
4290 

4530 
4610 
4600 
4600 

4580 
4580 
4600 
4590 
4560 

4630 
4670 
4690 
4690 
4680 

4620 
·4630 
4560 
4610 
4070 

4610 
4600 
4610 
4600 

--
IS 
17 
18 
19 
20 

4410 
4400 
4390 
4430 
4410 

5200 
5210 
5200 
5230 
4650 

4550 
4640 
4640 
4690 4600 

4570 
4580 
4580 
4580 
4570 

4690 
4580 
4680 
4670 
4650 

4050 
4170 
4160 
4180 
4210 

4540 
4190 
4210 

21 
22 
23 
24 
25 

4420 
4410 
4430 
4420 
4410 

4580 
4610 
4650 
4670 
4660 

4650 
4650 
4660 
4660 
4620 

4610 
4600 
4600 
4590 
4590 

4500 
4570 
4580 
4570 
4580 

4650 
4660 
4650 
4650 
4660 

4070 
4210 
4220 
4230 
4240 

3620 
3630 
3260 
3650 

4310 
3800 
4210 
4190 

26 
27 
28 
29 
)0 
31 

4430 
4430 
4440 
4430 
4460 
4470 

4640 
4650 
4660 
4650 
4660 
4660 

4630 
4620 
4660 

4580 
4600 
4580 
4580 
4600 
461D 

4S80 
4570 
4S80 
4570 
4570 

4640 
4640 
4630 
4640 
4630 

4230 
4240 

4170 
4190 
4140 
4120 

MEAN 
MAX 
MIN 

4410 
4670 
3210 

4630 
5230 
4290 

4640 
4690 
4550 

4600 
4650 
4530 

4580 
4600 
4500 

4570 
4580 
4560 

4620 
4690 
4340 

4360 
4660 
4050 

4360 
4630 
3260 

4140 
4310 
3800 

\1I'R YR 1982 :1EAl; 4510 MAX 5230 MIN 3210 
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DIVERSIONS AND RETURN FLOWS AT AND BELOW IMPERIAL OAK 

09529300 WELL'I'OH-HOHAWK HAIN 0tmEl' DRAIN NEAR YOKA.. AZ 

~ATION (Revised).--Lat 32-44'33", long 114-26'10", in NE~~ see.I7. T.e S•• R.21 W•• Yuma County. Hydrologic
Unit 15070201, at SaSing atation. 7.8 m1 (12.6 km) upstream from outlet to Gila Ri~r. and 11 m1 (18 km) e••t 
of Yuma. . . 

'ERIOD OF RECDRD. --October 1968 to current year. 

~IOD OF DAILY RECORD.-
SPECIFIC alNDUCTANCE: OCtober 1976 to current year. 

WATER QUALITY DATA. WATER YEAR ocrOBER 1981 TO SEPTEMBER 1982 

SPE HARD MAGNE

DATE 
TIME 

STREAM
FLOU, 

INSTAN
TANEOUS 

(CFS) 

CIFIC 
CON
DOCT
ANtE 

(UMHOS) 

PH 
(STAND

AID 
UNITS) 

TEMPER
ATURE 

(DEC C) 

HARD
NESS 
(HG/L 
AS 

CAC03) 

NESS. 
NONCAR
BONATE 

(Ke/L 
CAC03) 

CALCIUM 
DIS
SOLVED 
(HG/L 
AS CA) 

SIUM. 
DIS

SOLVED 
(HC/L 
AS HG) 

SODIUM. 
DIS

SOLVED 
. (HG/L 
AS NA) 

OCT 
05••• 0235 191 4660 7.9 23.0 870 526 210 84 835 

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 18.5 857 503 208 82 740 

FEB 
01. •• 0300 201 4860 8.0 19.5 894 545 218 85 702 

MAR 
01••• 0250 191 4860 7.9 23.0 934 590 219 94 720 

.APR 
05 ••• 0300 202 4770 7.9 20.0 901 552 214 89 761 

MAY 
03 ••• 

JUN 
1230 214 4670 7.8 28.0 785 459 174 85 

07 ••. 
JUL 

1250 212 4700 7.9 25.5 817 468 192 82 713 

05••• 
AUG 

1525 209 4730 7.8 28.5 837 501 200 82 760 

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 SIUH SIUM. BONATE CAR LINITY DIOXIDE SULFATE 
SORP DIS DIS FET-FLD BONATE FIELD DIS DIS

TION SOLVED SOLVED (HG/L FET-FLD (HG/L SOLVED SOLVED 
PERCENT RATIO (HC/L (HelL AS (HelL AS (HG/L (HelL

DATE SODIUM AS HA) AS K) HC03) AS C03) CACD3) AS CO2) AS S04> 

OCT 
05••• 67 13 6.4 420 o 344 8.4 830 

NOV 
02••• 64 11 10 429 o 352 6.8 850 

DEC 
07••• 65 11 14 413 o 339 6.6 855 

JAN 
04••• 65 11 13 432 354 6.9 835 

FEB 
01••. 63 11 13 426 o 349 6.8 825 

MAR 
01. •• 62 '11 12 420 o 344 8.4 840 

APR 
05.•• 64 11 12 425 o 349 8.5 865 

HAY 
03••. 753 398 o 326 10 830 

JUN 
'H..• 65 11 8.0 426 o 349 8.5 875 

,JUL 
05••• 66 12 8.7 410 o 336 10 860 

AUG 
02 ••• 68 12 8.8 411 o 337 8.2 950 

SEP 
06 ••. 856 413 o 339 10 990 
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383 DIVF.KSJOr~s A.~D RETI:I~N rt.OlolS «t AND BeLOW I~PERIAL DAM 

09529300 WELLTor~-HOnAWK MAW OUTU:T DRAIN NEAR YUMA. AZ--Continued 

REMARKS.--~npublish~d chemical 3nalyse5 (continuing record) for water years 1961-68 available fron district office 
in ':'ucson. Ariz. Prior to Dec. 1. 1974. samples collected .tt gage site 1.000 ft (304.8 m) I1pstreaeJ. 

COOPERATIOtl.--Daily specific conductance record furnished by, and water saaples collected by. U.S. Bureau of 
Reclar.vat ion. 

EX7REHES FOR PERIOD OF DAILY RECORD••
SPECIFIC CONDUCTANCE: Maximum observed. 6.130 microchos Mar. 20. 1977; oinimum observed. 4.S50 Dec. 3. 1980. 

EXTREMES FOR CURRENT YEAR.-
SPECIFIC CONDUCTANCE: Haxi~m observed. 5.040 oicrombo$ July 18; min1mu~ observed. 4.570 oicromhos Dec. 10. 

WATER QUALI7Y DATA. WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982 

CHLO
RIDE. 

FLUO
RIDE. 

SILICA. 
DIS

SOLIDS. 
RESIDUE 
AT 180 

SOLIDS, 
SUM OF 
CONSTI

SOLIDS. 
DIS

SOLIDS. 
DIS

NITRO
GEN. 

NITRATE 

NITRO
GEN,

NITRATE 

DATE 

DIS
SOLVED 
(HG/L 
AS CL) 

DIS
SOLVED 
(HG/L
AS F) 

SOLVED 
(HG/L 
AS 

SI02) 

DEG. C 
DIS

SOLVED 
(HG/L) 

TUENTS. 
DIS

SOLVED 
(HG/L) 

SOLVED 
(TONS

PER 
AC-FT) 

SOLVED 
(TONS

PER 
DAY) 

DIS
SOLVED 
(HG/L
AS N) 

DIS
SOLVED 
(HG/L 

AS N03) 

OCT 
05 ••• 1380 1.0 27 3000 3092 4.1 1550 2.70 12 

NOV 
02 ••• 905 2.2 31 3080 3078 4.2 1590 2.S0 11 

DEC 
07 ••• 910 2.0 24 31'30 3051 4.3 1630 1. 70 7.5 

JAr: 
04 ••• 900 1.9 26 3080 3021 4.2 1720 .68 3.0 

FEB 
01 ••• 

MAR 
920 3.4 24 3150 3015 4.3 1710 3.40 IS 

01 ••• 910 1.8 30 3140 3045 4.3 1620 2.70 12 
APR 

05 ••• 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 
JUN 

07 ••• 860 1.9 29 3150 2977 4.3 1800 1.40 6.2 
JUL 

05 ••• 2.4 28 3230 3019 4.4 1820 1.40 r 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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DIVERSIONS AND RE'IURN FLOWS AT AND BELOW IMPERIAL OAK 

09529440 SOUTH ClLA PUMP OUTLET OIANNEL NO.4 NEAR YUMA, AZ 

CATION.--Lat 32-42'46", lons 114-35'50". in NWtNW~ sec.26, T.S S., R.23 W•• Yuma County, Hydrologic Unit 
15030107. at gaging atatioD, 1.5 m1 <2.4 k.) upstream from outlet to Colorado River. and 1.5 mi (2.4 km) 
.ast of Yuma. 

'<-""'RIOO OF RECORD. --October 1968 to cunent ,ear. 

RI0D OF DAILY RECORD ••
SPECIFIC CONDUCTANCE: October 1978 to current year. 

~ .....Ullpubl1shed m.cellaneoUi chead.cal aaalyaea for vater years 1966-68 available from district office in 
Tuc8on. Ariz. 

WATER QUALITY DATA, WATER YEAR OCTOBER 1981 TO SEPTEMBER 1982 

DATE 
TIME 

STREAM
FLOW, 

INSTAN
TANEOUS 

(eFS) 

SPE-
CIne 
COR
DUCT
ANCE 

(UMHOS) 

PH 
(STAND-

AIm 
UNITS) 

TEMPER
ATURE 

(DEG C) 

HARO
NESS 
(HC/L 

AS 
CAC03) 

HARD
NESS, 

NONCAR
BONATE 

(KG/L
<:AC03) 

CALCIUM 
DIS
SOLVED 
(MG/L
AS CA) 

KAGNE-
SlUM, 
DIS

SOLVED 
(MG/L
AS KG) 

SODIUM, 
DIS

SOLVED 
(KG/L 
AS NA) 

DEC 
07••• 0320 13 6010 7.7 23.0 1219 884 272 131 81S 

JAN 
04 ••• 0120 13 6040 7.6 20.0 1285 949 310 124 808 

FEB 
01••• 1235 13 6010 7.7 23.0 1273 .938 302 126 801 

MAR 
01••• 0355 13 5950 7.6 20.5 1326 991 310 134 800 

APR 
05••• 1240 IS 6290 7.6 23.0 1419 1085 334 142 867 

HAY 
03 ••• 

AUG 
1045 15 5430 7.6 29.0 1122 822 258 116 

02••• 1225 14 4800 7.6 25.0 992 722 244 93 698 

SODIUM+ 
SODIUK POTAS- POTAS- BlCAR- ALXA- CARBON 

AD- SlUM SlUM. BONATE CAR- LINITY DIOXIDE SULFATE 
SORP- /OIS- DIS- FET-FLD BONATE FIELD DIS- . DIS

TION SOLVED SOLVED (HG/L FET-FLO (HG/L SOLVED SOLVED 
PERCENT RATIO (HG/L (MG/L AS (KG/L AS (HG/L (HG/L

DATE SODIUK AS NA) AS lC) HC03) AS (03) CAC03) AS CO2) AS 504) 

DEC 
07••• 59 10 15 409 0 335 13 630 

JAN 
04••• 57 10 14 410 0 336 16 630 

FEB 
01••• =>:- 10 14 409 0 335 13 665 

MAR 
01••• 56 9.9 14 408 0 335 16 635 

APR 
OS••• 57 10 13 407 0 334 16 655 

HAY 
03••• 7SS 366 0 300 IS 680 

AUG 
02••• 60 10.0 8.6 329 0 270 13 750 

SOLIDS. SOLIDS, NITRO- NlnO-
CHLO- nuo- SILICA, RESIDUE SUM OF SOLIDS, SOLIDS. CEN. GEN,
RIDE. RIDE, DIS- AT 180 CONSTI- DIS- 015- NITRATE NI!RATE 
015- DIS- SOLVED DEG. C TUENTS. SOLVED SOLVED DIS- DIS
SOLVED SOLVED (HG/L 015- DIS- (TONS (TONS SOLVED SOLVED 
(KG/L (HG/L AS SOLVED SOLVED PER PER (HG/L (MC/L

DATE AS CL) ASF) SI02) (HG/L) (Ke/L) AC-FT) DAY) AS N) AS N03) 

DEC 
07 ••• 1440 .5 28 3900 3534 5.3 137 .29 1.3 

JAN 
04••• 1470 .s 27 3920 3588 5.3 138 /.68 3.0 

FEB 
01••• 1450 .6 28 3900 3591 5.3 137 .68 3.0 

HAR 
01. •• 1430 .5 32 3850 3558 5.2 135 .41 1.8

APR 
05••• 1550 .6 28 4030 3794 5.5 163 .95 4.2 

MAY 
03••. 1240 .6 30 3500 3260 4.8 142 .90 4.0 

AUC 
02••• 10~0 .3 21 3290 3030 4.~ 124 .70 3.1 
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DIVERSIONS AND RETURN FLOWS AT AND BELOY IMPERIAL DAM 391 

09529440 SOUTH cr LA PUMP OUTLET CHANNEL NO. 4 NEAR YUMA. AZ....COntinued 

COOPERATION.-·Wacer .ample. collected by U. S. Bureau of Reclama~1on. 

EXTREHES ~ PERIOD OF DAILY RECORD.-
SPECIFIC CONDUCTANCE: Maximum observed. 8.700 micromhos Nov. 23. 1979; ainimum observed. 3,800 micromhos July 3, 

1979. 

EXTREMES FOR CURRENT YEAR.-
SPECIFIC CONDUCTANCE: Maximum observed. 6,450 lIlicromhos Mar. 281 minimum observed. 4.890 micromho$ Aug. l. 

SPECIFIC CONDUCTANCE (HICROKHOS/CJ1 AT 25 DEC. C), WATER YEAR OCTOBER 1981 TO SEPTEHBER 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 6080 6020 6420 5100 6020 4900
 
3 6110 6130 6050 6430 5500 5940 5500
 
4 6080 6120 6040 6420 5490
 
5 6070 6130 60S0 6410 5460
 

6 6080 6130 6020 6420 5490
 
7 6090 6120 6030 6410 5500
 
8 6110 6130 6010 6360 5500
 
9 6100 6150 6050 6420 5960 5470
 

10 5580 5810 6030 5900 5870 5960 5450 

11 6110 5880 6030 5890 5920 5970 5510
 
12 6100 5970 5890 5940 5970 5500
 
13 6090 6040 5870 5920 5970 5510
 
14 6100 6030 5800 5920 5500
 
15 6100 6020 5570 5980 

16 6080 5860 6050
 
17 6100 6020 5850 6420
 
18 6090 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 

26 . 6120 6110 6040 6420 5500 5980 5990
 
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 6070 6440 

HEAN 6090 6090 6050 6170 5910 5370 5950 6030 5410 
MAX 6150 6150 6070 6450 6430 5500 5980 6430 5510 
HIN 5580 5870 6020 5970 5480 5100 5870 5810 4890 

W'1"R n. 1982 HEAN 5970 MAX 6450 KIN 4890 
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DIVERSIONS AND RETURN FLOWS AT AND BELOW tKPERIAL DAK 

09529300 WELLTON-HOHAWK MAIN OUTLET DRAIN NEAR YUMA. AZ--Contlnued 

SPECIFIC CONDUCTANCE (MICROHHOS/CK AT 25 DEG. C). WATER lEAR OCTOBER 1981 TO SEPTEMBER 1982 
ONCE-DAILY 

OCT NOV DEC JAN FEB MAR APR HAY JUN JUL AUG SEP 

1 
2 
~ 

4890 
4680 
4710 
4730 
4750 

4880 
4860 
4870 
4900 
4890 

4880 
4720 
4790 
4870 
4840 

4920 
4810 
4780 
4840 
4870 

4920 
4890 
4880 
4860 
4850 

4950 
4930 
4890 
4900 
4870 

4950 
SOlO 
4890 
4850 
4860 

4820 
4760 
4710 
4750 
4710 

4840 
4810 
4800 
4900 
4980 

4940 
4970 
4930 
4930 
4850 

4920 
4810 
4840 
4810 
4860 

4990 
4850 . 
4920 
4890 
4910 

6 
7 
~ 

4730 
4850 
4820 
4860 
4810 

4940 
4870 
4870 
4850 
4960 

4860 
4900 
4900 
4860 
4570 

4860 
4900 
4870 
4890 
4890 

4870 
4870 
4840 
4840 

. 4870 

4890 
4840 
4830 
4830 
4740 

4920 
4900 
4840 
4830 
4840 

4760 
4800 
4750 
4780 
4800 

4790 
4760 
4160 
4770 
4770 

4940 
4940 
4940 
4900 
4910 

4880 
4890 
4890 
4880 
4870 

4870 
4890 
4920 
4870 
4890 

u 
!! 

4840 
4840 
4860 
4870 
4830 

4870 
4860 
4910 
4890 
4790 

4760 
4830 
4810 
4850 
4940 

4900 
4900 
4870 
4850 
4690 

4850 
4850 
4840 
4840 
4820 

4820 
4820 
4850 
4810 
4820 

4870 
4850 
4850 
4850 
4870 

4810 
4810 
4740 
4800 
4770 

4800 
4750 
4790 
4760 
4680 

4880 
4900 
4930 
4930 
4830 

4930 
4930 
4850 
4810 
4700 

4900 
4860 
4910 
4830 
4890 

l6 
,1,1, 

4860 
4880 
4890 
4900 
4850 

4680 
4770 
4840 
4950 
4840 

4820 
4880 
4910" 
4850 
4930 

4780 
4830 
4860 
4830 
4850 

4810 
4850 
4790 
4810 
4890 

4820 
4820 
4860 
4850 
4800 

4860 
4820 
4800 
4790 
4830 

4810 
4760 
4780 
4800 
4820 

4680 
4730 
4930 
4820 
4920 

4910 
4870 
5040 
487~ 
4920 

4790 
4910 
4850 
4860 
4840 

4870 
4920 
4870 
4910 
4880 

21 
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4890 
4870 
4870 
4880 
4960 

• 4820 
4800 
4820 
4820 
4710 

4760 
4880 
4950 
4940 
4860 

4870 
4900 
4850 
4900 
4900 

4830 
4810 
4830 
4860 
4840 

4810 
4820 
4820 
4760 
4750 

4850 
4860 
4780 
4810 
4820 

4790 
4780 
4790 
4760 
4780 

4900 
4920 
4890 
4890 
4920 

4860 
4900 
4850 
4910 
4940 

4850 
4860 
4860 
4880 
4860 

4890 
4860 
4870 
4850 
4820 

!_~ 

~\J 

31 

4950 
4950 
4880 
4870 
4870 
4880 

4840 
4820 
4820 
4800 
4870 

4840 
4900 
4910 
4870 
4890 
4890 

4880 
4870 
4910 
4910 
4900 
4920 

4870 
4800 
4670 

4790 
4150 
4860 
4870 
4890 
4880 

4690 
4740 
4880 
4850 
4840 

4810 
4790 
4770 
4770 
4810 
4810 

4830 
4820 
4800 
4840 
4840 

4860 
4850 
4780 
4800 
4810 
4920 

4860 
4870 
4820 
5010 
5020 
5010 

4860 
4790 
4880 
4840 
5030 

'6 4850 
4960 
4680 

4850 
4960 
4680 

4850 
4950 
4570 

4860 
4920 
4690 

4840 
4920 
4670 

4840 
4950 
4740 

4850 
5010 
4690 

4780 
4820 
4710 

4820 
4980 
4680 

4900 
5040 
4780 

4870 
5020 
4700 

4880 
5030 
4790 

I'll YR 1982 MEAN 4850 MAX 5040 MIN 4570 

,,
,..,
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APPENDIX D
 

GROUND-WATER CHEMISTRY
 



CJDICAl ANALYSES FOR SaECTED WELLS IN AREA I 
(The folloMing inforlition Mas obtained frol ftetzger, 1973) 

SAftPLE NITRO PHOS-
INTERVAl HC03 C03 CL 504 NA + K CA "6 SEN POROUS TDS 

ICATIDN DATE (FEET) (flB/ll UtS/LJ ("S/L> ("6/U ("S/U ("S/L> U'S/Ll (ft6/l) (ftS/L> ("6/L> 

21BBB 03-28-63 127-128 316 1890 1250 931 572 188 4990 
~1 09CCC 03-28-63 125-126 428 3220 1850 1500 844 351 8000 
~02BAB 03-28-63 125-126 560 1800 1800 1630 286 167 6050 

23ACD 11-02-62 113-114 412 900 1050 625 334 123 3260 
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CHEJIlCAL ANALYSES FOR SELECTED IIEllS IN AREA II
 
(The following infarlation las obtained fro. the U. S. 6eological Survey, Tucson, Arizona)
 

OXY6EN, 
AGENCY AGENCY SPE- DIS- CARBON AtKA-

LOCAL COL- ANA- CIFIC SDLVED DIOXIDE UNITY 
IDENT- LEtTIN6 lYlIN6 CON- {PER- PH, DIS- FIELD 

1- SAtiPlE TEltPER- SAtlPLE SA"PLE DUCT- . CENT (STAND- SOLVED ("6/L
FIER DATE NU"BER ATURE (CODE ICODE ANCE SATUR- ARD ("6/l AS 

(DE6 C) NUDER) NU"BER) (OS/C") AlIDN} UNITS) AS CO2) CACD3) 
(00008) (00010) (00027) (00028) (00095) (003011 (00400) (OO40S) (00410) 

C-07-13 24AAA 11-17-76 29.0 4740 7.9 0.6 26
 
- -.~ C-07-14 09CCD 03-01-65 1230 7530 267
 

C-07-14 09CCD 03-29-65 1230 6130 326
 
C-07-14 09CCD 07-06-65 1230 5980 340
 
C-07-14 09CCD 08-30-65 1230 5720 335
 

C-07-14 09CCD 11-30-65 1230 5760 331
 
C-07-14 09CCD 02-28-66 1230 5190 460
 
C-07-14 09CCD 07--05-60 1230 5460 145
 
C-07-14 MCCD 10-08-67 1230 3350
 288
 
C-07-14 09CCD 07-01-68 1230 3200 310
 

C-07-14 09CCD ,07-01-69 1230 2800 290
 
C-07-14 GlfCCD . 09-02~71
 1230 2090 i.7 . 9.2 238
 
C-07-14 09CCD 07-03-72 1230 2160 '7.9
 6.1· 252
 
C-07-14 09CCD 09-06-73 1230 2650 7.5 18
 288
 
C-07-14 09CCD 05-30-74 1230 2690 7.8 8.9 290
 

&-07-14 09CCD 06-03-75 1230 2350 7.8 8.8 285
 
C-07-14 09CCD . 05-04-76 1230 2420 7.9 6.5 267
 
C-07-15 14CAA 12-06-67 1230 22900 371
 

-r-, C-07-15 HCAA 07-01-68 1230 17800 360
 
C-07-15 14CAA 07-01-69 1230 13000 408
 

C-07-15 14CAA 08-04-70 1230 11200 7.8 11 365
 
C-07-15 14CAA 12-30-71 1230 9680 7.9 10 418
 
C-07-15 14CAA 01-03-73 1230 8430 7.9 10 409
 
C·07-15 14CAA 01-02-74 1230 8220 8.0 8.0 412
 
C-07-15 14CAA 02-06-75 1230 8520 8.0 6.5 333
 

C-07-15 14CAA 01.-29-76 1230 7nO 7.6 20 407
 
C·07-15 20AAD 08-28-64 1230 13800 281
 
C-07-15 20AAD 03-29-65 1230 13400 276
 
C-07-15 20MD 07-06-65 1230 13800 262
 
C-07-15 20AAD 12-17-65 1230 13800 267
 

C-07-15 20AAD 03-24-67 1230 13600
 273
 
C-07-15 20MD 10-01-67 1230 14600 278
 
C-07-15 20AAD 10-24-68 1230 14300 273
 
C-07-15 20AAD 10-01-69 1230 13800 270
 
C-07-1S 20MD 11-03-70 1230 13800 7.8 8.3
 270
 

2
 



--

NITRO- NITRO- NITRO- PHOS- PHOS
BICAR- NITRO- GER, SEN, NITRO- SEN, PHATE, PHOS- PHORUS, 
BONATE CAR- NITRO- SEN, ORGANIC NITRATE GEN, N02+HD3 ORTHO, PHDRUS, ORTHO, 

ACIDITY FET-FlD BONATE SEN, .ORGANIC DIS- DIS- NITRATE DIS- 015- ORGANIC DIS
t"B/L (ElL FET-FLD TOTAL TOTAL SOLVED SOLYED TOTAL SOLYED SOLVED TOTAL SOLVED 

DATE AS AS ("6/L UtS/l ("6/L (ElL (RB/L (tlG/L ("B/L UtS/L ("S/L (R6/l 
CACD3) HCD31 AS CQ3) AS N) AS M) AS N) AS H) AS H) AS H) AS P04) AS PI AS P) 

(00435) (00440) ·(00445) (00600) (00605) (00607) (0061S) (00620) (00631) (00660) (00670) (00671) 

11-17-76 32 0 0.38 0.0 <0.01 
03-0I-itS 330 
03-29-65 400 
07-06-65 410 
08-30-65 410 

. 11-30-65 400 
02-28-66 560 
07-05-66 420 
10-0S~67 350 
07-01-68 380 

07-01-69 350
 
09-02-71 290
 
07-03-72 :no
 
09-06-73 350
 
05-30-74 350
 

06-03-75 350
 
05-04-76 330
 
12-06-67 450
 
07-01-68 440
 
07-01-69 500
 

OS-04-70 450
 
12-30-71 510
 
01-03-73 SOO
 
01-02-74 500
 
02-06-75 410
 

01-29-76 500
 
08-28-64 340
 
03-29-65 340
 

.07-06-65 320
 
12-17-65 330
 

03-24-67 330
 
10-01-67 340
 
10-24-68 330
 
10-01-69 330
 
11-03-70 330
 

3
 



PHOS- SDDIUtt+ 
PHDRUS, HARD MSNE SOD IUtI POTAS POTAS CHLO
OR6AJ1IC 

DIS.. 
HARD
NESS 

NESS, 
NDflCAR.. 

CALCIUIt 
DIS-

SIUIt, 
DIS

5ODIUIt, 
DIS

AD
SORP-

SIUtt 
DIS-

SIUIt. 
DIS.. 

RIDE, 
DIS

SOLVED om/L BONATE SOLVED SOLVED SOLVED TION . SOLVED SOLYED SOLVED 
DATE ("S/L 

AS P) 
AS 

CACD3) 
(IIS/L 
CACD3) 

(lt6/L 
AS CAl 

("6/L 
AS "6) 

(lt6/L 
AS HA) 

RATIO PERCEHT 
SOOIDIt 

(ItS/L 
AS HA) 

("6/L 
AS K) 

("6/L 
AS CD 

(00673) (00900) (00902) (00915) (009251 (00930) (00931> (00932) (00933) (00935) (00940) 

11-17-76 .850 820 320 12 780 12 66 6.4 670 
03-01"65 1900 1600 510 140 1000 11 2000 
03-29-65 1500 1200 400 120 880 10 1500 
07-06-65 1400 1100 390 110 850 10 1400 
08-30-65 1300 990 380 94 810 10 1300 

11-30-65 1400 1000 370 110 800 10 1300 
02-28-66 1200 700 290 110 780 10 1100 
07-OS-66 1300 920 340 100 790 10 1200 
10-08-67 650 360 170 53 510 9 550 
07-01-68 640 330 170 51 470 8 490 

07-01-69 530 240 150 41 420 B 380 
09-02-71 380 140 110 23 340 8 65 8.6 220 
07-03-72 440 190 130 26 300 6 59 8.6 220 
09-06-73 560 270 110 35 380 7 59 10 339 
05-30-74 600 310 170 44 390 7 58 9.4 360 

06-03-75 500 220 140 36 350 7 60 7.4 290 
05-04-76 510 240 120 50 320 6 58 7.8 290 
12-06-67 4700 4400 1000 530 3900 25 7200 
07-01-68 3300 2900 690 370 3100 24 5000 
07-01-69 2100 1700 500 200 2400 24 3400' 

08-04-70 1600 1200 410 140 2100 24 74 20 2600 
12-30-71 1400 960 360 110 1900 23 7S 17 2100 
01-03-73 1100 720 270 110 1600 21 75 16 1700 
01-02-74 . 1100 660 260 100 1500 21 75 15 1700 
02-06-75 1000 720 240 110· 1600 22 76 25 1900 

01-29-76 1000 610 220 110 1500 . 21 76 11 1600 
08-28-64 2200 2000 420 290 2500 23 4100 
03-29-65 2200 2000 420 "290· 2500 23 4300 
07-06-65 2200 2000 430 290 2500 24 4300 
12-17-65 2300 2000 440 280 2500 24 4300 

03-24-67 2300 2000 430 290 2500 24 4300 
10-01-67 2300 2000 430 300 2500 23 4300 
10-24-68 2300 2000 430 290 2500 24 4300 
10-01-69 2200 1900 480 240 2400 24 4200 
11-03-70 2200 1900 470 250 2400 22 70· 9.4 4100 
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SOLIDS, SOLIDS, NITRD
FLUo- SILICA, "ANSA- RESIDUE SU" OF SOLIDS, SOLIDS, SER, 

SULFATE RIDE, DIS- BORON, IRON, HESE, AT 180 CONSTI- 015- DIS- AtulOfiJA 
DIS- DIS- SOLVED DIS- DIS- DIS- DES. C TUENTS, SOLVED SOLVED DIS
SOLVED SOlVED ("6/L SOLVED SOLVED SOLVED DIS- DIS- (lONS nDNS SOLVED 

DATE ("6/l UIS/l AS (UB/L CU6/L (US/L SOLVED SOLVED PER PER (1I6/L 
AS 504) AS F) S102) AS B) AS FE) AS "N) ("6/L) ("6/L) DAY) AC-FT) AS N114) 
(00945) (00950) (00955) (01020) (01046) (01056) (70300) (70301) (70302) (70303) (71846) 

11-17-76 1600 4.3 10 3300 (10 30 3470 3400 4.7
 
03-01-65 990 4800
 
03-29-65 9SO 4100
 
07-06-65 950 -- 3900
 
08-30-65 910 3700
 

11-30-65 910 3700
 
02-28-66 860 3400
 
07-05-66 940 3600
 
lo-OS-67 660 2100
 
07-01-68 660 2000
 

07"'01-69 600 1800
 
09-02-71 540 1400
 
07-03-72 480 1300
 
09-06-73 620 25 1700 2.4
 
05-30-74 580 ·25 1700 2.4
 

06-03-75 530 24	 1600 2.1 
. 05-04-76 570 25 1500 2.1 

12-06-67 2600 15000 
07-01-68 2500 12000 
07-01-69 2100 8900 

08-04-70 2000 7500
 
12-30-71 2000 6800
 
01"'03-73 1600 5600
 

.	 01-02-74 1400 45 5300 7.2 
02-06-75 1400 42 5500 7.S 

01"'29-76 1500 48 5100 7.0
 
08-28-64 1400 8900
 
03-29-65 1400 9000
 
07-06-65 1400 9000
 
12-17-65 1300 9000
 

03-24-67 1400 9100
 
10-01-67 1400 9100
 
10-24-68 1400 9100
 
10-01-69 1300 8800
 
11-03-70 1200 .8600
 



NITRO- NITRO- ELEV. DEPTH DEPTH SEDt- SED]
NITRO- SEN, GEN, OF LAND TO TOP TO BOT- tlENT, IlENT, 

GEN, NITRATE NITRITE NITRO- SURFACE DEPTH OF TO" OF DIS- DISCH, DRAIN
NITRATE DIS- DIS- SEN, DATU" OF SAttPLE SMPLE CHARGE, SUSP. + ABE 

TOTAL SOLVED SOLVED TOTAL (FT. MELl, INTER- INTER- SUS- BED IIA- AREA 
DATE ("S/L (JlS/l nl6/L ("6/l ABOVE TOTAL VAL VAL PENDED TERIAL (SQ. 

AS N03) AS ND3) AS N02) AS N03) M&VD) (FEET) (FT) (FT> n/DAY) (T/DAY) til.) 
(71850) (7185U (71856) (71887> (72000) (72008) (72015) (72016) (80155) (BOI56) (81024) 

11-17-76 
03-01-65 326 54.00 
03-29-65 326 S4.00 
07-06~ 32& 54.00 
08-30-65 326 54.00 

11-30-65 32& 54.00 
02-28-66 326 54.00 
07-05-66 326 54.00 
10-08-67 326 54.00 
07-01-68 326 54.00 

01-01-69 . 326 54:00 
09-02-:71 326 54.00 
07-03-72 326 54.00' 
09-06-73 326 54.00 
05-30-74 326 54.00 

06-03-75 326 54.00 
05-04-76 326 54.00 
12-06-67 315 70.00 
07-01-68 315 70.00 
07-01-69 ~15 70.00 

08-04-70 315 70.00 
12-30-71 315 70.00 
01-03-73 31S 70.00 
01-02-74 315 70.00 
02-06-75 315 70.00 

01-29-76 315 70.00 
08-28-64 304 77.00 
03-29-65 304 71.00 
07-06-65 304 77.00 
12-17-65 304 71.00 

03-24-67 304 77.00 
10-01-67 304 71.00 
10-24-68 304 77.00 
10-01-69 304 n.oo 
11-03-70 304 77.00 .
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LOCAL 
1DENT

1
FIER DATE 

SAftPLE 
NU"BER 

(00008) 

TEIIPER
ATURE 

(DEG C) 
(00010) 

ABENCY 
COL

LECTING 
SAIIPLE 

(CODE 
NUtlBER) 
(00027) 

A6EJtCY 
ANA

LYZIM6 
SMPLE 

(CODE 
USER) 
(OO028) 

SPE
CIFIC 
CON
DUCT-
ANtE 

(uS/CIt) 
(00095) 

DIYSEN, 
DIS

SOLVED 
(PER
CENT 

SATUR-
AllON) 

(00301) 

PH 
(STAND

ARD 
UNITS} 
(00400) 

CARBON 
DIDUIE 
. DIS

SOLVED 
("GIL 

AS CO2) 
(00405) 

ALKA
UNITY 
FIELD 
("GIL 
AS 

CACD3) 
(00410) 

C-07-15 20MB 
&-07-15 20MD 
C-07-15 20MD 
&-07-15 20AAD 
C-07-15 20M» 

10-07-71 
10-03-72 
03-21-13 
03-01-74 
03-05-15 

1230 
1230 
1230 
1230 
1230 

14800 
14300 
14500 
14800 
13100 

7.6 
7.6 
7.7 
7.5 
7.9 

13 
13 
15 
17 
7.4 

276 
267 
385 
280 
303 

C-07-15 20MB 
C-07-15 22CDD 
C-07-15 22CDD 
C-07-1S 22CDD 
C-07-15 22CDD 

05-04-76 
11-01-66 
07-12-67 
10-24-68 
07-01-69 

1230 
1230 
1230 
1230 
1230 

12700 
9990 
9750 
9290 
8530 

7.4 26 343 
418 
413 
363 
397 

C-07-1S 22CDD 
C-07-15 22CDD 
C-07-15 22CDD 
C-07-15 22CDD 
C-07-15 22CDD 

08-04-70 
07-01-71 
06-01-72 
07-02-13 
05-30-74 

1230 
1230 
1230 
1230 
1230 

7570 
7270 
nbO 
3130 
5500 

7.8 
8.1 
1.B 
7.6 
7.B 

14 
5.7 

13 
13 . 
12 

450 
367 
435 
267 
393 

&-07-15 22CDD 
C';'07-15 22CDD 
C-07-15 22DDA 
C-07-15 22DBA 
t-07-15 22DDA 

08-05-75 
03-08-76 
07-03-67 
07-01-68 
07-01-69 

1230 
1230 
1230 
1230 
1230 

5200 
5800 
6340 
6350 
6050 

7.6 
7.5 

11 
27 

235 
433 
376 
360 
390 

C-07-15 mDA 
C-07-15 22DDA 
C-07-15 mDA 
C-07-15 22DDA 
C-07-15 22DDA 

09-02-70 
12-30-71 
01-03-73 
01-02-74 
02-04-75 

1230 
1230 
1230 
1230 
1230 

5760 
5570 
5300 
5130 
7200 

7.8 
7.8 
7.7 
7.7 
8.0 

12 
12 
17 
12 
7.1 

. 

405 
398 
430 
312 
367 

C-07-15 22DDA 
C-07-15 25DDD 
C-07-15 25DDD 
C-07-15 2SDDD 
C-07-IS 2SDDD 

04-06-76 
07-27-67 
11-04-68 
07-31-70 
12-30-71 

1230 
1230 
1230 
1230 
1230 

4770 
16000 
19200 
18800 
19400 

'7.4 

7.8 
7.6 

32 

6.7 
10 

417 
200 
170 
217 
20B 

C-07-1S 2SDDD 
C-07-1S 25DDD 
C"'07-1S 25DDD 
C-07-15 25DDD 
C-07-15 26CCB 

01-03-73 
01-02-74 
02-06-75 
01-29-76 
08-01-68 

1230 
1230 
1230 
1230 
1230 

18400 
22800 
22000 
19700 
11200 

7.5 
7.6 
7.7 
7.3 

12 
11 
8.9 

23 

203 
224 
230 
240 
328 
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NITRO- NITRO- NITRO- PHDS- PHOS.. 
BleAR- NITRO- SEN, SEN, NITRO- SEN, PHATE, PHOS- PHDRUS, 
BONATE CAR- NITRO- SEN, ORGANIC IIITRATE SEN, 102+N03 ORTHO, PHORUS, ORTHO, 

ACIDITY FET-FlD BONATE SEN, ORaMIC DIS- DIS- NITRATE DIS- DIS- ORGANIC DIS
("S/l ("GIL FET-FLD TOTAL TOTAL SOLVED SOLVED TOTAL SOLVED SOLVED TOTAL SOLVED 

DATE AS AS ("S/l Ut6/L ("S/l Ol6/l niBil (1Ui/L ("S/l (Mil ("B/L ("S/l 
CAC03) HC03) AS CD3) AS II) AS I) AS N) AS II) AS II} AS I) AS P04) AS P) AS P) 

(00435) (00440) (00445) (00600) (00605) (00607) (OO61B) (00620) (00631) (00660) (00670) (00671) 

10-07-71 340 
10-03-72 330
 
03-27-73 470
 
03-01-74 340 .
 
03-05-75 370
 

05-04-76 420
 
11-01-66 510
 
07-12-67 500
 
10-24-68 440
 

". " 07-01-69 480
 

08~-70 550
 
07-01-71 450
 
06-01-72 530
 
07-02-73 330
 
05-30-74 480
 

08-05-75 290
 
03-OS-76 530 
07-03-67 460
 
07-01-68 440
 
07-01-69 480
 

.09-02-70 490
 
12-30-71 490
 
01-03-73 S20
 
01-02-74 380
 
02-04-75 450
 

04-06-76 510
 
07-27-67 240
 
11-04-68 210
 
07-31-70 270
 
12-30-71 250
 

01-03-73 250
 
01-02-74 270
 
02-06-75 280
 
01-29-76 290
 

.08-01-68 400
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PHOS- SDDIUIt+ 
PHORUS, HARD !ASHE SODIU" POTAS PDTAS CHLO
DR6AJ1IC 

DIS
HARD
NESS 

NESS, 
NOreCAR-

CALCIUII 
DIS

SIUII, 
D1S

SDDIUIt, 
DIS

AD
SORP

SIUII 
DIS-

Slim, 
DIS

RIDE, 
DIS

SOLVED (t!S/L BONATE SOLVED SOLVED SOLVED nON SOLVED SOLVED .SOLVED 
DATE utG/l 

AS P) 
AS 

CACQ3) 
UtS/L 
CACD3} 

(Ell 
AS CA) 

("S/L 
AS ItG) 

(ltS/L 
AS MA) 

RATIO PERCENT 
SODJU" 

("6/L 
AS NA) 

(l16/l 
AS K) 

("S/L 
AS ell 

(00673) (00900) (00902) (00915) (00925) (00930) (009311 (00932) (00933) (00935) (00940) 

10-07-71 2300 2000 460 280 2600 24 71 19 4300 
10-03-72 2300 ·2100 510 260 2400 22 69 18 4100 
03-27-73 2300 1900 480 270 2500 24 70 18 4300 
03-01-74 2400 2100 500 270 2500 23 69 16 4300 
03-05-75 2000 1700 440 220 2300 23 71 20 3700 

05-04-76 2100 1700 370 280 2000 20 68 11 3300 
11-01-66 2100 1700 510 190 1600 16 2800 
07-12-67 1900 1500 430 200 1600 16 2600 
10-24-68 1700 1400 430 160 1500 16 2500 
07-01-69 1600 1200 400 140 1400 16 2200 

OB-04-70 1400 960 360 120 1200 15 65 16 1800 
07-01-71 1300 970 340 120 1200 14 65 - 16 1800 
06-01-72 1400 940 370 110 1200 15 66 19 1800 
07-02-73 430 160 140 20 520 11 72 8.2 650 
05-30-74 920 S30 240 76 880 13 67 15 1200 

08-05-75 740 500 180 72 920 15 73 12 1200 
03-08-76 - 1200 770 310 110 900 12 62 11 1200 
07-03-67 1400 1000 350 130 980 12 16G0 
07-01-68 1300 980 310 J40 920 11 1400 
07-01-69 1300 870 310 120 890 11 1300 

09-02-70 1300 8'0 330 110 840 11 58 18 1.200 
12-30-71 1200 840 370 75 850 11 60 13 1100 
01-03-73 1200 750 300 100 780 10 59 15 1000 
01-02-74 1100 780 310 79 750 10 S9 15 1200 
02-04-75 1200 800 350 71 1200 16 69 33 1700 

04-06-76 940 520 230 87 740 11 63 11 850 
07-27-67 2300 2100 670 150· 3000 29 4700 
11-04-68 2800 2600 800 190 3700 31 5600 
07-31-70 2800 2600 890 150 3700 32 74 22 5500 
12-30-71 2800 2600 900 140 3700 32 74 22 5300 

01-03-73 2700 2500. 820 160 3500 30 73 26 5100 
01-02-74 3500 3300 1100 190 4100 31 71 33 7000 
02-06-75 3400 3200 980 230 4100 32 72 54 6700 
01-29-76 2800 2600 800 200 3700 32 74 19 5700 
08-01-68 1600 1200 420 130 2300 26 3200 
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· SOLIDS, SOLIDS, NITRO
FLUO- SILICA, "ANSA- RESIDUE SUII OF SOLIDS, SOLIDS, 6EN, 

SUlFATE RIDE, 015- BORON, IRON, ESE, AT 180 CONSTI- DIS- 015- BONIA 
DIS- DIS- SOLVED DIS- DIS- DIS- DES. C TUEllS, SOLVED SOLVED DIS
SOLVED SOlVED ("S/l SOLVED SOLVED SOLVED DIS- DIS- nONS noNS SOlVED 

DATE nlS/l (ft6/l AS (US/L (OB/L (UB/L SOLVED SOLVED PER PER (ltS/L 
AS S04) AS f) SID2) AS B) AS FE) AS "N) (lt6/Ll ("S/l) DAY) AC-FT) AS N114) 
(OO94S) (00950) (00955) (01020) (01046) (01056) (70300) (10301) (70302) (70303) (71846) 

10-07-71 1400 9200 
10-03-72 1300 8800 
03-27-73 1300 9100 
03-01-74 1400 66 9200 12.5 
03-05-75 1300 46 8300 11.2 

05-04-76 1500 69 7800 10.6 
11-01-66 1200 6500 
07-12-67 1200 6200 
10-24-68 1100 5900 
07-01-69 1100 5400 

08-04-70 1000 4800 
07-01-71 990 4700 
06-01-72 1000 29 2 4900 6.7 
07-02-73 370 26 1900 2.6 
05-30-74 760 29 3400 4.7 

08-05-75 830 26 3300 4.5 
03-08-76 930 "27 3700 5.1 
07-03-67 9.60 4200 
07-01"'68 940 4000 
07"'01-69 930 3800 

09-02-70 940 3100 
12-30"'71 1100 3700 
01-03-73 930 3400 
01-02"'74 760 37 3300 4.5 
02-04"'75 1000 25 4700 6.4 

04-06-76 910 28 3100 4.2 
07-27-67 2100 11000 
11-04-68 2500 13000 
07-31-70 2600 13000 
12-30-71 2900 13000 

01-03-73 2500 12000 
01-02-74 2600 60 15000 20.6 
02-06-75 2500 52 15000 20.1 
01-29-76 2500 60 13000 17.9 
08-01-68 1700 7900 
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NITRO- NITRO- ELEV. 
NITRO- &EN, SEN, OF LAND 

SEN, NITRATE NITRITE ftITR1J. SURFACE 
NITRATE 015- DIS- SEN, DATU" 

TOTAL SDLVED SOLVED TOTAL (FT. 
DATE (1I6/L (lI6fL ("S/L (MIL ABOVE 

AS ND3) AS N03) AS N02) AS 103) N6YD) 
(71850) (71851) 171B56) (71887) (72000) 

10-07-71 304 
10-03-72 304 
03-27-73 304 
03-01-74 304 
03-OS-75 304 

05-04-76 304 
11-01-66 306 
01-12-67 306 
10-24-68 306 
07-01-69 300 

08-04-70 306 
07-01-71 306 
06-01-72 306 
07-02-73 -- 306 
05-30-74 306 

08-05-75 306 
03-08-76 306 
07-03-67 301 
07~OI-68 301 
07-01-69 301 

09-02-70 301 
12-30-71 301 
01-03-73 301 
01-02-74 301 
02-04-75 301 

04-06-76 301 
07-27-67 311 
11-04-68 311 
07-31-70 311 
12-30-71 311 

01-03-73 311 
01-02-74 311 
02-06-75 311 
01-29-76 311 
08-01-68 . 307 

DEPTH DEPTH· SEDI SEDI
TO TOP TO BOT . IIENT, ItENT , 

DEPTH OF TOIt OF DIS DISCH, DRAIN
OF 

11m, 
SAItPLE 
INTER-

SAttPLE 
INTER

CHARSE, 
SUS

SUSP. + 
BED tIA-

AGE 
AREA 

TOTAL VAL VAL PENDED TERIAL (SQ. 
(FEET) (FT) 1FT) (T/DIY) (l/DIY) JlI.) 

(72008) (72015) (72016) (80155) (BOI56) (81024) 

n.oo 
77.00 
n.oo 
77.00 
77.00 

77.00 
66.00 
66.00 
66.00 
66.00 

66.00 
66.00 
66.00 -
66.00 
66.00 

66.00 
66.00 
96.00 
96.00 
96.00 

96.00 
96.00 
96.00 
96.00 
96.00 

96.00 
94.00 
94.00 
94.00 
94.00 

94.00 
94.00 
94.00 
94.00 
98.00 

~1.1 



OXYGEN, 
ASENCY A6ENCY SPE- DIS- CARBON ALKA

LOCAL COl- ANA- CIFIC SOLVED DIOXIDE UNITY 
IDENY- LECTIN6 LYlIM6 CON- IPER- PH DIS- FIELD 

1- SMPLE TEltPER- SA"PLE . SMPLE DUCT- CENT ISTAND- SOLVED ("6/l 
FIER DATE NmlBER ATURE (CODE (CODE ANCE SATUR- ARD ("6/l AS 

(DES C) NUImER) NUttBER) (uS/~) ATION) UNITS) AS CO2) CAC03) 
(00008) (00010) (00027> (00028) (00095·) (oo30B (O0400) (00405) (00410) 

C-07-15 26CCB 10-01-69 1230 10BOO 317 
C-07-15 26CCB 10-01-70 1230 11100 7.9 7.7 317 

.-._~ C-07-15 26CCB 06-10-71 1230 10300 8.1 7.9 515 
C-07-15 26CCB 05-01-72 1230 9720 7.8 9.6 312 
C-07-15 26CCB 03-27-73 1230 8900 7.9 8.7 355 

C-07-15 26CCB 02-14-74 1230 9240 7.7 14 351 
C-07-15 26CCB 02-04-75 1230 B450 8.0 5.4 276 
C-07-15 26CCB 01-29-76 1230 rno 7.9 8.5 350 
C-07-15 29BAA2 04-03-72 1230 3S10 7.9 B.7 35S 
C-07-15 29BAA2 05-01-73 1230 7070 7.9 10 423 

C-07-15 29BAA2 05-08-74 1230 7130 7.8 11 372 
C-07-15 2CJBAA2 05-01-75 1230 7430 7.6 20 414 
C-07-15 30BDD 07-03-67 .1230 1076 11800 390 
C-07-15 3GBDD 01-02";'68 1230 1076 12600 
C-07-15 30BDD OB-OI-68 1230 1076 12100 383 

C-07-1S 3GBDD 01-06-69 1230 1076 12000 
C-07-1S 3GBDD 08-07-69 1230 1076 12300 376 
C-07-1S 3GBDD 01-05-70 1230 1076 12100 
C-07-15 3GBDD 08-04-70 1230 1076 11200 7.B 13 426 
C-07-15 30BDD 12-30-71 1230 1076 11400 7.7 18 463 

&-07-15 3GBDD 06*05-73 1230 1076 10600 7.7 19 482 
C-07-15·30BDD 09-06-74 1230 9860 7.7 15 378 
&-07-15 30BDD 09-05-75 1230 9530 7.5 32 516 
C-07-15 30lDD 06-04-76 1230 9450 7.7 . 18 469 
C-07-16 25BCC 07-01-68 1230 1076 6510 403 

C-07-16 25BCC 02-01-73 1230 1076 5720 7.8 12 387 
C-07-16 25BCC 02-14-74 1230 1076 5550 7.8 12 398 
C-07-16 25BCC 02-04-75 1230 5240 8.1 5.9 385 
C-07-16 25BCC 01-29-76 1230 5010 8.~ 7.5 385 
C-07-16 33CBB 12-05-63 1230 5920 308 

C-07-16 33CBB 06-03-64 1230 8100 343 
C-07-16 33CBB 08-28-64 1230 9250 340 
C-07-16 33CBB 03-01-65 1230 12000 34B 
C-07-16 33CBB 12-17-65 1230 9940 328 
C-07-16 33CBB 02-28-66 1230 10500 331 
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NITRO- NITRO- NITRO- PHOS- PHDS
BICAR- NITRO- GEN, GER, NITRO- 6EN, PHATE, PHOS- PHORUS, 
BONATE CAR- NITRO- SEN, OR6ANIC NITRATE SEN, N02+N03 ORTHD, PHDRUS, DRTHO, 

ACIDITY FET-FLD BONATE sa, OR6ANIC DIS- DIS- NITRATE DIS- DIS- DRSANIC DIS
(lt6/L (ltS/L FET-FLD TOTAL TOTAL SOLVED SOLVED TOTAL SOLVED SOLVED TOTAL SOLVED 

DATE AS AS (ltS/L ("6/l ("6/L ("S/L ("S/L (lI6fL ("S/L nl6/L ("GIL IItB/L 
CAC03l HC03) AS CD3) AS Nl AS H) AS Nl AS N) AS Hl AS N) AS PD4) AS P) AS P) 

(00435) (00440) (00445) (00600) (00605) (00607) (00618) (00620) (00631) (00660) (00670) (O0671) 

10-01-69 390
 
10-01-70 390
 
06-10-71 630
 
05-01-72 380
 
03-27-73 430
 

02-14-74 430
 
02-04-75 340
 
01-29-76 430
 
04-03-72 430
 
05-01-73 520
 

05-08-74 450
 
05-01-75 510 .-
07-03-67 480 0
 
01-02-68
 
08-01-68 470 0
 

01-06-69 
08-07-69 460 0 --.
01-05-70 
08-04-70 520 0 
12-30-71 560 0 

06-05-73 590 0
 
09-06-74 460
 
09-05-75 630
 
06-04-76 570
 
07-01-68 490 0
 

02-01-73 470 0
 
02-14-74 490 0
 
02-04-75 470
 
01-29-76 470
 
12-05-63 380
 

06-03-64 420
 
08-28-64 410 
03-01-65 420
 
12-17-65 400
 
02-28":66 400
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SDLIDS, SOLIDS, NITRD
FlUo- SILICA, ftANSA- RESIDUE SO" OF SOLIDS, SOlIDS, GEN, 

SULFATE RIDE, OIS- BORDM, IRON, RESE, AT 180 CDNSTI- DIS- OIS- AMONIA 
DIS- DIS- SOLVED DIS- DIS- 015- DEG. C TUEHTS, SOLVED . SOLVED DIS
SOLVED SOlVED ("GIL SOLVED SOLVED SOlVED 01S- DIS- lIONS (TONS SOLVED 

DATE ("S/L (tU;/L AS (US/l (OB/L <OS/l SOLVED SOlVED PER PER ("S/l 
AS 504) AS F) 5102) AS BI AS FE) AS "H) 

. 
("6/L) ("GIL> DAY) AC-FT) AS NH4) 

(00945) (00950) (00955) (01020] (010461 (01056) (7030,0) H030U (70302) (70303) (11846) 

10-01-69 1400 7000 
10-01-10 1400 7000 
06-10-71 1400 ·6700 
05-01-72 1300 6000 
03-27-73 1200 5600 

02-14-74 1200 32 5800 7.9 
02-04-75 890 34 5000 6.9 
01-29-16 1000 31 4900 - 6.7 
04-03-72 590 28 1 2200 3.0 
05-01-73 1200 31 4600 6.2 

05-08-74 1200 27 4600 6..3 
05-01-75 1200 27 4800 6.5 
07-03-67 1700 8300 11.7 
01-02-68 8500 11.5 
08-01-68 1700 8100 11.4 

01-06-69 8400 11.4 
08-07-69, 1700 8100 11.7 
01-05-70 8400 11.4 
08-04-70 1600 7600 10.8 
12-30-71 1900 7800 10.7 

06-05-73 1700 14 6900 9.4 
09-06-74 1500 31 6400 8.7 
09-05-75 1500 29 6100 8.4 
06-04-76 1600 30 6200 8.5 
07-01-68 1200 4200 5.9 

02-01-73 1100 3700 5.0 
02-14-74 1100 28 3600 4.9 
02-04-75 1200 29 3600 4.9 
01-29-76 1100 31 3300 4.5 
12-05-63 870 3700 

06-03-64 1100 ,- 5300 
08-28-64 1200 6100 
03-01-65 1400 8100 
12-17-65 1200 6600 
02-28-66 1200 6700 
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NITRO- NITRD
NITRD- SEN, GEN, 

GEN, NITRATE NITRITE NITRD
NITRATE D15- DIS- SEN, 

TOTAL SOLVED SOlVED TOTAL 
DATE (1I6/l (1I6/l (1I6/l UtG/l 

AS N03J AS N03) AS N02) AS N03) 
(71850) (71851) (71856) (718S7) 

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-o1-6S 

01-06-69 
08-07-69 
01-05-70 
OS-04-70 
12-30-71 

06-05-73 
09-06-74 
09-05-75 
06-04-76 
07-01-68 

02-01-73 
02-14-74 
02-04-75 
01-29-76 
12-05-63 

06-03-64 
08-28-64 
03-01-65 
12-17-65 
02-28-66 

ELEV. 
OF LAND 
SURFACE 

DATU" 
(FT. 

ABOVE 
NaVD) 

(72000) 

307 
307 
307 
307 
307 

307 
307 
307 
297 
297 

297 
297 
293 
293 
293 

293 
293 
293 
293 
293 

293 
293 
293 
293 
286 

286 
280 
286 
286 
275 

275 
275 
275 
275 
275 

DEPTH 
OF 

tlB.L, 
TOTAl 
(FEET) 

(1200S) 

98.00 
98.00 
98.00 
98.00 
98.00 

98.00 
98.00 
9S.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 DEPTH SEDI- SEDl-
TO TOP TO BOT- lENT, !tENT, 

OF TOIt OF DIS- DISCH, DRAIN-
SAftPLE SMPlE CHARGE, SUSP. + A6E . 
INTER- INTER- SUS- BED M- AREA 

VAL YAl PENDED TERIAl (SQ. 
CFT) (FT) <T/DAYJ lT/DAY) III.) 

(72015) (72016) (SOI55) (80156) (SI024) 
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LOCAL 
IDENT

1
FIER DATE 

SMPLE 
NU"BER 

(OOOOS) 

TEIIPER
ATURE 

(DEG C) 
(00010) 

A6ENCY 
COL-

LEtTINS 
SA"PLE 

(CODE 
NUImER) 
(00027) 

ABCY 
ANA-

LYlIIS 
SAltPlE 

(CODE 
NUltBER) 
(0002S) 

SPE
CIFIC 
CON
OOC1
ANCE 

IUS/DI> 
(OOO95) 

OXYGEN, 
DIS

SOLVED 
(PER
CENT 

SATUR-
AnON) 

(00301) 

PH 
(STAND

ARD 
UNITS) 
(00400) 

CARBON 
DIOXIDE 
.DIS
SOLVED 
("S/L 

AS CO2) 
(00405) 

ALKA
LINITY 
FIElD 
(I!6/l 
AS 

CACQ3) 
(00410) 

C-07-16 33CBB 
C-07-16 33CBB 
C-07-16 3JCBB 
C-07-16 34BBB 
C-07-16 34BBB 

03-28-74 
o:s-05-75 
05-04-76 
01-06-69 
10-01-69 

1230 
1230 
1230 
1230 
1230 

1076 
1076 

12400 
10100 
9410 
9670 
9390 

7.5 
7.5 
7.4 

24 
24 
32 

388 
388 
415 

461 

C-07-16 34BBB 
C-07-16 34BBB 
C-07-16 34BBB 
C-07-16 34BBB 
C-07-16 34BBB 

01-02-70 
10-01-70 
10-07-71 
10-03-72 
10-04-73 

1230 
1230 
1230 
1230 
1230 

1076 
1076 
1076 
1076 
1076 

8540 
7850 
7010 
6490 
6100 

8.0 
7.7 
7.8 
7.8 

S.8 
17 
13 
14 

455 
428 
415 
445 

C-07-16 34BBB 
C-07-16 34BBB 
C-07-17 34DDD 
C-07-17 3UDD 
C-07-17 34DDD 

10-01-74 
10-06-75 
08-28-64 
03-30-65 
07-07-65 

1230 
1230 
1230 
1230 
1230 

5950 
5590 

12800 
11900 
11800 

8.0 
7.7 

11 
17 

566 
440 
33S 
338 
33S 

C-07-17 34DDD 
C-07-17 34DDD 
C-07-17 34DDD 
C-07-17 34DDD 
e-07-17 34DDD 

00-20-66 
09-19-67 
10-24-68 
10-02-69 
10-05-70 

1230 
1230 
1230 
1230 
1230 

10500 
10200 
9290 
8080 
7040 8.1 5.7 

343 
360 
360 
359 
371 

C-07-17 34DDD 
C-07-17 34DDD 
C-07-17 34DDD 
C-07-17 34DDD 
C-07-17 34DDD 

10-08-71 
02-02-72 
02-05-73 
03-01-74 
05-01-75 

1230 
1230 
1230 
1230 
1230 

7710 
8470 
8500 
7140 
81SO 

7.8 
7.6 
7.7 
7.8 
7.6 

11 
17 
14 
12 
19 

3SS 
358 
367 
376 
385 

C-07-17 34DDD 
C-08-16 01BCC 
C-OS-16 01Bce 
C-08-16 OIICe 
C-OS-16 OIBce 

06-03-76 
12-05-63 
02-27-64 
08-28-64 
03-01-65 

1230 
1230 
1230 
1230 
1230 

7530 
3630 
-\160 
4210 
-\430 

7.7 16 403 
349 
367 
353 
371 

C-08-16 01BCC 
e-OS-16 OIICe 
e-08-16 OlBCC 
[-08-16 01Bce 
C-08-16 018ce 

08-30-65 
12-01-65 
02-28-66 
07-01-66 
07-03-67 

1230 
1230 
1230 
1230 
1230 

4290 
4290 
4550 
4420 
4550 

360 
358 
390 
393 
323 



BICAR-
BUllATE 

ACIDITY FET-FlD 
("6/L (ftS/L 

DATE AS AS 
CACD3) HC03) 

(00435) (00440) 

03-28-74 470
 
03-05-75 470
 
05-04-76 510
 
01-06-69
 
10-01-69 S60
 

01-02-70
 
10-01-70 S60
 
10-07-71 520
 
10-03-72 510
 
10-04-73 540
 

10-01-74 690
 
10-06-75 540
 
08-28-64 410
 
03-30-65 410
 
07-07-65 410
 

06-20-66 420
 
09-19-67 440
 
10-24-68 410
 
10-02-69 440
 
10-05-70 450
 

10-08-71 430
 
02-02-72 440
 
02-05-73 450
 
03-01-74 4&0
 
05-01-75 470
 

06-03-76 490
 
12-05-63 430
 
02-27-64 450
 
08-28-64 430
 
03-01-65 450
 

08-30-65 440
 
12-01-65 440
 
02-28-66 480
 
07-01-66 480
 
07-03-67 390
 

NITRO- NITRO- NITRO- PHOS- PHOS
NITRO- 6EN, SEN, NITRO- 6EN, PHATE, PHOS- PHORUS, 

CAR- NITRO- GEN, ORGANIC NITRATE BEN, ND2+NOJ DRTHO, PHORUS, ORTHO, 
BONATE GEN, ORGANIC 015- 015- NITRATE D1S- DIS- ORSANIC DIS

m-FLD TOTAl TOTAL SOLVED SOLVED TOTAL SOLVED SOLYED TOTAL SOLVED 
(n6/L UtG/l ("GIL ("GIL ("Gil ("6/l ("6/l ("6/L ("B/L ("S/L 

AS CD3) AS N) AS Nl AS N) AS N) AS N) AS N) 1'5 P04) A5 P) AS P) 
(00445) (00600) (00605) (00601) (00618) (00620) (00631) (00660) (006701 (00671) 

0 

0
 
0
 
0
 
0
 

14
 

• 
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PHDS SODIUII+ 
PHORUS, HARD- IlASNE- SODIlm POTAS POTAS- CHlD
DR6AIIIC 

DIS
HARD
NESS 

NESS, 
NONCO-

CAlCIUIi 
DIS-

Slim, 
DIS

SDDIUII, 
DIS-

AIr 
SDRP-

SIOlt 
DIS-

SIUtI, 
DIS

RIDE, 
DIS

SOLVED (Ell BONATE SOLVED SOlYED SOlYED lION SOLVED SOlVED SOLVED 
DATE nl6/l 

AS P) 
AS 

CAC03) 
(1tS/L 
CACD3) 

("6/l 
AS CAl 

(1I6/l 
AS liS) 

(l16/L 
AS MA) 

RATIO PERCENT 
SOBIUIt 

(1I6/l 
AS MAl 

(1I6/L 
AS K) 

nl6/l 
AS tu 

(00673) (00900) (00902) (00915) (00925) (00930) (00931) (00932) (00933) (00935) (00940) 

03-28-74 2500 2100 640 230 1900 17 62 26 3300 
03-05-75 2000 1600 520 170 1600 16 63 32 2600 
05-04-76 1800 1400 420 190 1400 15 63 17 2200 
01-06-69 
10-01-69 1300 860 300 140 1800 22 74 2100 

01-02-70 
10-01-70 1100 600 240 110 1500 21 75 18 1700 
10-07-71 920 490 240 80 1400 20 76 15 1400 
10-03-72 860 440 260 49 1200 18 75 16 1200 
10-04-73 800 350 210 66 1100 18 75 16 1100 

10-01-74 760 190 180 72 1100 18 76 23 1100 
10-06-75 780 340 180 ' 79 1000 16 74 10 970 
08-28-64 1900 1600 400 230 2400 25 3700 
03-30-65 1700 1400 350 210 2300 25 3400 
07-07-65 1600 1300 330 190 2200 25 3200 

06-20-66 1400 1100 280 170 '2000 24 2700 
09-19-67 1300 950 270 160 1900 23 2500 
10-24-68 1100 770 230 130 1800 24 2200 
10-02-69 980 620 210 110 1600 23 2000 
10-05-70 730 360 190 62 1300 22 79 15 1400 

10-08-71 820 470 200 79 1500 24 BO 14 1700 
02-02-72 960 600 260 77 1700 24 79 12 1900 
02-05-73 980 610 220 100 1700 24 7B 15 1900 
03-01-74 680 300 150 72 1400 23 81 11 1500 
05-01-75 820 440 170 95 1600 24 'so 10 1800 

06"'03-76 710 310 150 82 1500 24 81 11 1500 
12"'05--63 1100 780 290 100 410 5 570 
02"'27-64 1400 980 340 120 440 5 no 
OB"'28-64 1400 1000 350 1"30 470 6 790 
03-01-6S 1400 1100 390 110 49O 6 860 

08-30-65 1400 1000 340 120 480 6 no 
12-01"'65 1400 1000 350 130 490 6 ' 810 
02-28-66 1500 1100 370 130 520 6 860 
07-01-66 1400 1000 360 130 510 6 830 
07-03-67 1300 1000 330 130 530 7 820 
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SOLIDS, SOLIDS, NITRO
FLUD- SILICA, ItANSA- RESIDUE SUIt OF SOLIDS, SOLIDS, SEN, 

SULFATE RIDE, DIS- BORON, IRON, lESE, AT 180 CDNSTI- DIS- DIS- AIt"DNIA 
.DIS- DIS- SOLVED ~[S- DIS- DIS- DES. C TUEHTS, SOLVED SOlVED DIS
SOLVED SOLVED ("6/L SOLVED SOLVED SOLVED DIS'" DIS- (TONS noNS SOLVED 

DATE ("6/L CItS/L AS (US/L mS/l (U6/L SOLVED SOLVED PER PER ("B/l 
AS 504) AS F) SID2) AS II AS FE) AS "N) ()tS/Ll um/u DAY) Ae-n) AS NH4) 
(00945) (00950) (009SS) (01020) (01046) (01056) (70300) (70301) (70302) (70303] (71846) 

03-28-74 1500 26 7900 10.7
 
03-05-75 1400 2S 6500 8.9
 
05-04-76 1400 25 5900 8.0
 
01-06-69 6500 8.9
 

. 10-01-69 1700 6200 9.0 

01-02-70 5900 8.0
 
10-01-70 1600 5400 7.1
 
10-07-71 1300 4700 6.5
 
10-03-72 1200 4200 5.7
 
10-04-73 1200 2B 4000 5.5
 

10-01-74 1100 29 4000 5.4
 
10-06-75 1100 29 3600 5.0
 
08-28-64 1600 8500
 
03-30-65 1600 8000
 
07-07-65 1500 7600
 

06-20-66 1400 6800
 
09"'19-67 1500 6500
 
10-24-68 1400 6000
 
10-02-69 1300 5500
 
10-05-70 1200 4400
 

10-08-71 1300 5000
 
02-02-72 1500 5600
 
02-05-73 1400 5400
 
03-01"-74 1100 48 4400 6.1
 
05-01-75 1300 46 5200 7.0
 

06-03-76 1200 47 4700 6.4
 
12-05-63 830 2400
 
02-27-64 880 2800
 
08-28-64 910 2900
 
03-01-65 930 3000
 

08-30-65 910 2800
 
12-01-65 920 2900
 
02-28-66 950 3100
 
07-01-66 950 3000
 
07-03-67 970 - 3000
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NITRO- NITRO
NITRO- SEN, SEN, 

SEN, NITRATE NITRITE NITRO
NITRATE DIS- DIS- SEN, 

TOTAL SOLVED SOLVED TOTAL 
DATE ("6/L Ol6/l (1I6/L nlS/l 

AS N03) AS ND3) AS N02) AS MD3) 
(71850) (71851> (71B56) (71887> 

03-28-74 
.03-05-75 
05-04-76 
01-00-69 
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 
03-30-65 
07-07-65 

06-20-66 
09-19-67 
10-24-68 
10-02-69 
10-05-70 

10-0&-71 
02-02-72 
02-05-73 
03-01-14 
05-01-75 

06-03-76 
12-05-63 
02-21-64 
08-28-64 
03-01-65 

08-30-65 
12-01-65 
02-28-66 
07-01-66 
07-03-67 

ELEV.
 
OF LAND
 
SURFACE
 

DATtm

(n. 

ABOVE
 
NSVD)
 

(72000) 

275 
275 
275 
279 
279 

27' 
279 
279 
279 
279 

279 
279 
266 
266 
266 

266 
266 
266 
266 
266 

266 
266 
266 
266 
266 

.266 
283 
283 
283 
283 

·283
 
283
 
283
 
283. 
283 

DEPTH 
OF
 

IELL,
 
TOTAL 
(FEET) 

(72008) 

89.00· 
89.00 
89.00 
90.00 
90.00 

90.00 
90.00 
90.00 
90.00 
90.00 

92.00 
92.00 
96.00 
96.00 
96.00 

96.00 
96.00 
96.00 
96.00 
96.00 

96.00 
96.00 
96.00 
96.00 
96.00 

96.00 
103.00 
103.00 
103.00 
103.00 

103.00 
103.00 
103.00 
103.00 
103.00 

DEPTH DEPTH SEDI- SEDI
TO TOP TO BOT- "ENT, IIENT, 

OF TO" OF D1S- DISCH, DRAIN~ 

SAItPLE SAJlPlE CHAR6E, SUSP. + A6E 
INTER- INTER- sus- BED IIA- AREA 

VAl VAL PENDED TERIAl (SQ. 
(FT) (FT) n/DAY) (T/DAn "I.) 

(72015) (72016) (80155) (80156) (81024) 
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OXY&EN, 
ABCY ASENCY SPE- DIS- CARBON ALKA-

LOCAl COL- M~ CIFle SOLVED DIDIIDE UNITY 
lDEJiT- LEtTIN6 LYZIN6 CON- (PER- PH DIS- FIELD 

1- SMPLE mPER- SAIIPLE SA"PLE DUCT- CENT (STAND- SOLVED UI6/L 
. FIER DATE NUDER ATURE (CDDE (CODE ANCE SATUR- ARD ("6/L AS 

(DES C) NUDER) NU"BER) (Us/cln AlION) UNITS) AS CO2) CACD3) 
(00008) (00010) (00027) (00028) (00095) (003OU (00400) (00405) (00.410) 

C-08-16 OIICC 07-02-68 1230 4690 3S3 
C-08-16 OIICe 07-18-69 1230 4980 399 
C-08-16 GIBCC 08-04-70 1230 4440 8.1 6.0 390 
C-08-16 OIBCC 02-01-72 1230 4730 7.7 15 400 
C-08-16 ollce ·02-01-73 1230 4640 7.8 12 405 

C-08-16 OIBCC 01-02-74 1230 4410 7.7 15 382 
C-08-16 04BAA 03-03-69 1230 1076 5150 
C-08-16 04BAA 07-02-69 1230 1076 5060 383 
C-O&-16 04BAA 11-30.70 1230 1076 5080 410 
C-08-16 MIAA 01-29-76 1230 5130 7.4 3& 465 

C-08-16 09BDD 08-07-69 1230 5870 365 
C-08-16 09BDD 09-02-70 1230 5920 7.8 12 400 
C-08-16 09BDD 01-03-72 1230 5490 7.7 16 403 
C-08-16 09BDD 01-03-73 1230 5330 7.7 18 463 
C-08-16 09BDD 05-07-74 1230 4890 7.6 23 464 

C-08-16 09BDD 06-02-75 1230 4580 7.5 27 446 
C-o&-16 09BDD 05-04-76 1230 4810 7.5 26 426 
C-08-16 tiliB 12-05-63 1230 8530 586 
C-08-16 llBBB 02-27-64 1230 7940 616 
C-08-16 11BIB 08-28-64 1230 7350 551 

C-O&-16 llBBB 10-24-68 1230 6030 398 
C-O&-16 IIBII 07-02-69 1230 5890 . 532 
C-08-16 HBBB 09-29-70 1230 5560 8.0 10 521 
C-08-16 111BB 06-10-71 1230 5480 8.0 8.1 418 
C-08-16 UBBB 05-01-72 1230 5650 7.7 19 490 

C-08-16 UIBS 04-30-73 1230 5420 7.B 17 541 
C-oB-16 UBBB 11-05-74 1230 5520 7.7 14 358 
C-OB-16 UIBI 10-03-75 1230 5130 7.6 20 402 
C-OB-16 22BBA 01-03-68 1230 1076 5370 
C-oS-16 22BBA 01-05-68 1230 1076 5030 270 

C-08-16 22BBA 07-02-68 1230 1076 5250 2S3 
c-oa-16 22BBA 01-07-69 1230 1076 5380 
C-08-16 22BBA 07-02-69 1230 1076 5320 239 
C-08-16 22BBA 01-05-70 1230 1076 5180 
C-08-16 22BBA 09-02-70 1230 1076 4750 7.9 5.4 220 

22
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NITRO- NITRO- NITRo-. PHDS- PHOS
BICAR- NITRO- &EN, 6EN, NITRO- 6EN, PHATE,' PHOS- PHORUS, 
BONATE CAR- NITRO- SEM, ORSANIC NITRATE SEI, No2+ND3 ORTHD, PHORUS, DRTHO, 

ACIDITY FET-FLD BONATE SEN, DR6ANIC DIS- DlS- NITRATE DIS- DIS- OR6MIC DIS
nl6/L (1I6/l FET-FlD TOTAL TOTAL SOLVED SDLYED TOTAl SOLVED SOLVED TOTAL SOLVED 

DATE AS AS (IIB/L UI61L (1I6/L (1I6/l (1I6/l (KS/L (IIB/L (1I6/L ntB/l ntS/l 
.CAC03) HC03) AS C03) AS N) AS N) AS N) AS N) AS H) AS N) AS PD4) AS P) AS P) 
(00435) (00440) (00445) (00600) (00605) (00607) (00618) (00620) (00631) (00660) (00670) (00671> 

07-02-68 430
 
07-18-69 490
 
08-04-70 480
 
02-01-72 490
 
02-01-73 490
 

01-02-74 470
 
03-03-69
 
07-02-69 470 0
 
11-30-70 500 0
 
01-29-76 570
 

08-07-69 450
 
09-02-70 490
 
01-03-72 490
 
01-03-73· 560
 
05-07-74 570
 

06-02-75 540
 
05-04-76 520
 
12-05-63 710
 
02-27-64 750
 
08-28-64 670
 

10-24-68 490
 
c _07-02-69 650
 

09-29-70 640
 
06-10-71 510
 
05-01-72 600
 

04-30-73 660
 
11-05-74 440
 
10-03-75 490
 
01-03-68
 
01~OS-68 330 0
 

07-02-68 310
 
01-07-69
 
07-02-69 290 0
 
01-05-70
 
09-02-70· 270 0
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PROS SODIU"+ 
PHORUS, HARD ItA6NE SDDltDI POTAS PDTAS CHLO... 
ORSANIC 

DIS
HARD
NESS 

NESS, 
NONCAR

CALCIU" 
DIS... 

SIUII, 
DIS

SODID", 
DIS

AD
SURP

SID" 
DIS

SIOII, 
DIS

RIDE, 
DIS

SOLVED nl6fL BONATE SOLVED SOLVED SOLVED TIDN SOLVED SOLVED SOLVED 
DATE (1I6/L 

AS P) 
(00673) 

AS 
CAC03) 

(00900) 

("6/L 
CACD31 

(00902) 

nEil 
AS CA) 

(00915) 

nl6/l 
AS "6) 

(00925) 

("GIL 
AS MA) 

(00930) 

RATIO 

(00931) 

PERCENT 
SOnlU" 

(00932> 

(lt6/L 
AS HAl 

(00933) 

("S/l 
AS () 

(00935) 

("6/l 
AS tu 

(00940) 

07-02-68 1400 1000 340 130 S50 7 860 
07"'18-69 1400 1000 360 120 610 7 940 
08-04-70 1400 1000 380 110 650 8 50 13 860 
02-01-72 1300 920 370 94 660 8 52 13 840 
02-01-73 1300 900 340 110 610 8 50 16 780 

01-02-74 -' 1100 750 300 91 600 8 53 15 740 
03-03-69 -~ 

07-02-69 1300 920 320 120 680 8 53 850 
11-30-70 1300 890 370 92 710 9 65 820 
01-29-76 1500 1100 380 140 800 9 53 14 1000 

08-07-69 1500 1100 380 130 780 9 1300 
09-02-70 1600 . 1200 410 140 770 9 51 16 1300 
01-03-72 1300 940 370 100 820 10 57 12 1100 
01-03-73 1400 890 380 100 740 9 54 14 950 
05-07-74 1200 740 320 97 710 9 56 15 840 

06-02-75 1000 550 260 86 700 10 60 10 730 
05-04-76 1200 730 280 110 630 8 54 11 700 
12-05-63 1700 1100 400 170 1500 16 2000 
02-27-64 1500 920 350 160 1300 15 1700 
08-28-64 1400 900 320 160 1200 14 1600 

10-24-68 1100 690 240 120 960 13 1200 
07-02-69 1000 500 250 100 970 14 1100 
09-29-70 990 470 250 90 910 13 66 15 1000 
06-10-71 930 510 300 46 880 13 67 14 1000 
05-01-72 1000 550 250 100 900 13 65 12 960 

04-30-73 1000 510 290 77 890 12 65 15 940 
11-05-74 890 540 200 99 900 14 68 23 930 
10-03-75 900 500 200 98 860 13 67 11 930 
01-03-68 
01-05-68 450 180 110 46 990 21 83 960 

07-02-68 550 300 130 55 970 19 79 1000 
01-07-69 
01-02-69 570 330 140 55 960 18 7900 1000 
01-05-70 
09"'02-70 520 300 150 36 840 17 78 10 860 
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SOLIDS, SOLIDS, NITRO
nUD- SILICA, "ANSA- RESIDUE SUfI OF SOlIDS, SOLIDS, 6EN, 

SULFATE RIDE, DIS- BORON, IRON, NESE, AT IBO. COISll- DIS- DIS- AtDtOKIA 
015- DIS- SOLVED DIS- DIS- DIS- DES. C TUEHTS, SOLVED SOLVED DIS-
SOlVED SOLVED (RG/L SOLVED SOLVED SOLVED DIS- DIS- nONS noNS SOLVED 

DATE ("GIL (1t6/L AS CU6/L tU6/L (U6/L SOLVED SOLVED PER PER ("6/L 
AS 504) AS F) 5102) AS B) AS FE) AS "N) n,s/u ("GIL) DAY) AC-FT) AS NH4) 
(009451 (00950) (00955) (01020) (01046) (01056) (70300) (10301) (70302) (70303) (71846) 

07-02-68 990 3100 
07-18-69 1000 3300 
08-04-70 980 3200 
02-01-72 1100 3300 
02-01-n 1100 3200 

01-02-74 910 26 2900 4.0 
03-03-69 3700 5.0 
07-02-69 1200 3400 4.9 
11-30-70 1200 3500 5.1 
01-29-76 1300 26 3900 5.3 

08-07-69 1000 3800 
.09-02-70 1000 3900 
01-03-72 1100 3800 
01-03-73 1000 3500 
05-07-74 1000 30 3300 4.5 

06-02-75 920 29 3000 4.1 
05-04-76 1000 29 3100 4.2 
12-05-63 1600 5900 
02-27-64 1400 5300 
08-28-64 1200 4900 

10-24-68 1100 3800 
07-02-69 1000 3800 
09-29-70 1000 3700 
06-10-71 9SO 3500 
05-01-72 1100 3600 

04-30-73 1000 28 3600 4.9 
11-05-74 1000 27 3400 4.7 
10-03-75 950 28 3300 4.5 
01-03-68 3500 4.7 
01-05-68 960 3200 4.5 

07-02-68 950 3300 4.6 
01-07-69 3400 4.7 
07-02-69 950 noo 4.7 
01-05-70 3400 4.6 
09-02-70 900 2900 4.2 
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NITRO- NITRO
NITRO- SEN, SEN, 

SEN, NITRATE NITRITE NITRO
NITRATE 015- DIS- 6EN, 

TOTAl SOLVED SOLVED TOTAL 
DATE nl6/l (l16fL . ("6/L ("S/L 

AS NQ3) AS 1103) AS N02) AS ND3) 
(71850) (71851> (718S6) (71887) 

07-02~68 

07-18-69 
08-04-70 
02-01-72 
02-01-73 

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 
02-27-64 
08-28-64 

10-24-68 
01-02"69 
09-29-10 
06-10-71 
05-01-72 

04-30-73 
11-05-74 
10-03-75 
01-03-68 
01-05-68 

07-02-68 
01-07-69 
07-02-69 
01-05-70 
09-02-70 

ELEY. 
OF LAND
 
SURFACE
 

DATU"
 
(FT. 

ABOVE 
NSVD) 

(72000) 

283 
283 
283 
283 
283 

283 
276 
276 
276 
276 

270 
270 
270 
270 
270 

270 
270 
281 
281 
281 

281 
281 
281 
281 
281 

281 
281 
281 
294 
29-' 

294 
294 
294 
294 
294 

DEPTH
 
OF
 

MELl, 
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 
72.00 
72.00 
72.00 

DEPTH DEPTH SED!- SEDI
TO TOP TO BOT- "ENT, "00,

OF TO" OF 015- DISCH, DRAIN
SA"PLE SAitPLE CHARGE, SUSP. + ABE 
INTER- INTER- SUS- BED ItA- AREA 

VAL VAL PENDED TERIAl (SU. 
(FT) (FT) n/DAY) lT/DAY) til.) 

(12015) (72016) (80155) (80156) (81024) 
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onBEN, 
ABENCY A6ENCY SPE- DIS- CARBON ALKA

LOCAL COL- ANA- CIFIC SOLVED DIDIIDE LINITY 
lDEKT- LECTING LYZINB CDN- (PER- PH DIS- FIELD 

1- SMPlE TEltPER- SAItPLE SMPlE DUCT- CENT (STAND- SOLVED ("B/l 
FIER DATE NUIIBER ATURE (CODE (CODE ANCE SAlUR- ARB ("S/L AS 

lDE6 C) NUIIBER) NINER) (US/DU ATION) UNITS) AS CO2) CAC03) 
(00008) (00010) (00027) (00028) (00095) (00301) (00400) (00405) (00410) 

r-_ " C-08-16 22BBA 06-01-71 1230 1076 4710 7.9 5.6 230 
C-08-16 22BBA 05-01-72 1230 1076 4650 7.8 7.5 245 
C-08-16 22BBA 04-30-73 1230 1076 5010 7.7 10 269 
&-OS-16 22BIA 03-28-74 1230 4430 7.7 10 267 
C-OS-16 22BBA 03-04-75 1230 4260 7.3 26 271 

C-OS-16 22BBA 03-04-76 1230 4170 7.8 8.5 276 
C-08-17 OIBBC 10-01-69 1230 12400 458 
C-08-17 OIBBC 10-05-70 1230 12300 B.l 7.0 455 
C-08-17 01BBC 10-08-71 1230 11800 7.6 21 440 
C-09-17 OlBIC 10-04-72 1230 10600 7.6 22 453 

C-08-17 OIBBC 10-04-73 1230 10100 7.6 24 490 
C-OS-17 01B1C 01-06-75 1230 8950 7.7 18 456 
&-08-17 OIBBC 01-28-76 1230 8800 7.6 23 478 . 
&-08-17 OSBBI 08-28-64 1230 14300 317 
C-08-17 OSBBB 03-30-65 1230 14100 328 

C-08-17 OSBBB 08-02-68 1230 10100 390 
C-08-17 08BBB 10-02-69 1230 7830 390 
&-OS-17 oaBIB 08-04-70 1230 7300 8.2 4.9 398 
&-08-17 08BBB 01-03-72 1230 7390 7.9 10 410 
C-08-17 OSBIS 01-04-73 1230 7480 7.9 10 415 

C-08-17 OSBBB 01-03-74 1230 7150 8.0 8.5 439 
C-08-17 OBBBB 06-02-75 1230 5600 8.0 7.5 385 
C-08-17 13BBB 07-03-67 1230 5780 350 
C-08-17 13BBB 07-02-68 1230 5nO 365 
C-08-17 13BBB 07-03-69 1230 5610 3SB 

&-08-17 13BBB 08-04-70 1230 5650 .,.6 18 367 
C-08-17 13BBB 05-04-71 1230 5330 7.9 6.5 267 
[:-08-17 1381B 03-02-72 1230 5600 7.8 11 345 
&-08-17 13BBB 03-02--73 1230 5900 7.6 18 367 
&-08,,17 13BBB 03-28-74 1230 5200 1.5 21 347 

C-08-17 130B 03-04-75 1230 4860 7.4< 24 317 
C-OS-17 13BIB 04~6"'76 1230 4940 7.4 27 354 
C-OB-18 14AAA 02-28-64 1230 23800 312 
C-08-18 14AAA 03-01-65 1230 16600 310 
C-08-18 14AAA 07-07-65 1230 15600 315 
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NITRO- NITRO- NITRO- PHDS- PHDS
BleAR- NITRO- &EN, BEN, NITRO- 6EN, PHATE, PHOS- PHORUS, 
BONATE CAR- NITRO- SEN, ORSANIe NITRATE &EN, H02+N03 DRrHo, PHORUS, DRTHO, 

ACIDITY m-FLD BONATE SEN, OR6AKIC DIS- 015- NITRATE DIS- DIS- ORSANIC DIS
nl6/L nlS/L FET-FLD TOTAL TOTAL SOLVED SOLVED TOTAl SOLVED SOLVED TOTAL SOLVED 

DATE AS AS nl6/l UI6/L ("6/L (lI6fL ("S/L ("6/L (K6/l ("6/L (KS/L ("6/L 
CAC03) HCD3) AS C03) AS N) AS N) AS N) AS to AS fI) AS fI) AS P04) AS P) AS P) 

(00435) (00440) (00445) (00600) (00605) (00607> (00618) (00620) (00631) (00060) (00670) (00671) 

06-01-71 2BO 0
 
05-01-72 300 0
 
04-30-73 330 0
 
03-28-74 330
 
03-04-75 330
 

03-04-76 340
 
10-01-69 S60
 
10-05-70 560
 
10-08-71 540
 
10-04-72 550
 

10-04-73 600
 
01-06-75 560
 
01-28-16 580
 
OS-28-64 390
 
03-30-65 400
 

08-02-68 . 480
 
10-02-69 480
 
08-04-70 490
 
01-03-72 500
 
01-().f-73 510
 

01-03-74 540
 
06-02-75 470
 
07-03-67 430
 
07-02-68 450
 
07-03-69 440
 

08-04-70 450
 
05-04-71 330
 
03-02-72 420 ..
 

03-02-73 450
 
03-28-74 420
 

03-04-75 390
 
04-06-76 430
 
02"28-64 380
 
03-01-65 380
 
07-07-65 380
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PHDS- SDDIUIt+ 
.PRORUS, HARD- M6E- SODImt POlAS- POlAS- CHLO-
ORSANIe . HARD- NESS, WIU" SID", SODID", AD- SIU" SIIJII, RIDE, 

DIS- NESS NONCAR- DIS- DIS- DIS- SORP- DIS- DIS- DIS
SOLVED UI6/L BONATE SOLVED SOLVED SOLVED TION SOLVED SOLVED SOLVED 

DATE U16/L AS nIBIL ("S/L UIB/l ("6/L RATIO PERCEHT (fIS/l O16/L ("S/l 
AS P) CACDJ) CAC03) AS CA) AS ft6) AS NA) SODID" AS HA) AS K) AS CD 

(00673) (00900) (00902) (00915) (00925) (004130) (00931) (00932) (00933) (00935) (00940) 

06-01-71 490 260 130 41 890 18 80 9.0 840' 
05-01-72 430 180 120 32 870 19 81 7.0 no 
04-30-73 590 320 190 26 950 18 77 10 960 
03-28-74 440 170 120 32 830 18 80 7.8 no 
03-04-15 450 180 130 32 no 16 78 13 710 

03-04-76 410 130 100 38 790 18 80 6.3 650 
10-01-69 2400 1900 590 220 2100 19 3300 
10-05-70 2300 1900 590 210 2100 19 66 13 3200 
10-08-71 2000 1600 470 200 2000 20 68 21 3000 
10-04-72 1800 1400 460 160 1800 18 67 23 2500 

10-04-73 1800 1300 420 180 1700 19 68 23 2500 
01-06-75 1400 980 170 250 1500 18 69 32 2000 
01-28-76 1500 990 330 150 1600 18 70 15 2000 
08-28-64 1900 1500 380 220 2800 29 4100 
03-30-65 1800 1500 360 220 2900 30 4100 

08-02-68 930 540 190 110' 1900 28 2200 
10-02-69' 630 240 140 69 1600 28 1700 
08-04-70 6ls0 260 150 73 1500 26 83 5.9 1500 
01-03-72 - 680 270 210 41 150~ 26 83 8.6 1500 
01-04-73 730 320 180 71 1500 25 81 11 1500 

01-03-74 650 210 160 61 1400 25 83 9.4 1400 
06-02-75 360 0 73 43 1200 27 87 5.5 1000 
07-03-67 1700 1400 420 170 690 7 1200 
07-02-68 1700 . 1400 430 160 680 7 1100 
07-03-69 1700 1300 420 150 670 7 1100 

OS-04-70 1600 1300 420 150 700 8 48 ' 12 1100 
05-04-71 1600 1300 400 150 680 8 48 15 1100 
03-02-72 1600 1300 450 120 670 7 47 16 1100 
03-02-73 1700 1400 450 150 650 7 45 16 1000 
03-28-74 1600 1200 420 120 600 7 46 14 990 

03-04-75 1400 1100 380 120 580 7 46 24 910 
04-06-76 1400 1100 360 130 590 7 47 11 920 
02-28-&4 3200 2900 670 380 4600 37 7200 
03-01-65 2100 1800 440 250 3400 33 4900 

,-..., 07-07-65 1900 1600 400 220 3100 32 4400 
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SOLIDS, SOLIDS, NITRD
FLUD- SILICA, "ANSA- RESIDUE SU" OF SOLIDS, SOLIDS, 6EN, 

SULFATE RIDE, .. DIS- BORON, . IRON, NESE, AT 180 CONSTI- DIS- DIS- AIUIONIA 
DIS- DIS- SOLVED DIS- DIS- DIS- DES. C TUEHTS, SOLVED SOLVED DIS
SOLVED SOlVED (fIS/l SOLVED SOLVED SOLVED 015- DIS- (TONS <TONS SOLVED 

DATE ("S/L (H/L AS (US/L m&/l (U6/L SOLVED SOlVED PER PER nt6/l 
AS 504) AS F) 51D2) AS B) AS FE) AS tun ("S/L> UIB/L> DAY) AC-FT) AS NH4) 
(00945) (00950) (00955) (01020) (01046) (OI056) (70300) f7930U (70302) (70303) (11846) 

06-01-71 940 3000 4.2 
05-01-72 870 2800 4.0 
04-30-73 940 3200 4.5 
03-28-74 830 37 2800 3.8 
03-04-75 790 34 2600 3.6 

03-04-76 820 'S7 2600 3.5 
10-01-69 1800 8400 
10-05-70 1700 8000 
10-08-71 1700 7600 
10-04-72 1500 6700 

10-04-73 1600 31 6700 9.1 
01-06-75 1400 30 5700 7.7 
01-28-76 1500 33 - 5800 7.9 
08-28-64 1900 9600 
03-30-65 1900 9600 

08-02-68 1500 6200 
10-02-69 1200. 5000 
08-04-70 1200 4100 
01-03-72 1300 4900 
01-04-73 1300 4800 

01-03-74 1200 51 4600 6.3 
06-02-75 920 41 3500 4.7 
07-03-67 1200 3800 
07-02-68 1200 3800 
07-03-69 1200 3800 

08-04-70 1200 - 3800 
05-04-71 1200 3600 
03-02-72 1200 3700 
03-02-73 1200 3700 
03-28-74 1000 26 3400 4.7 

03-04-75 990 25 3200 4.4 
04-06-76 1100 27 3300 4.5 
02-28-64 2800 16000 
03-01-65 2300 12000 
07-07-65 2200 11000 
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'-., DATE 

NITRO-
BEl, 

NITRATE 
TOTAL 
("6/l 

AS N03) 
(71850) 

NITRO
SEN, 

NITRATE 
DIS

SOLVED 
(Jt6/l 

AS 103) 
(7185H 

NITRO-
SElf, 

NITRITE 
DIS

SOLVED 
("6/L 

AS ND2) 
(71856) 

NITRO
SEN, 

TOTAL 
(tlS/l 

AS IOJ) 
(71887) 

ELEV. 
OF LAID 
SURFACE 
DAM
(n. 

ABOVE 
NSVD) 

(72000) 

DEPTH 
OF 

m.l, 
TOTAL 
(FEET) 

(72008) 

DEPTH 
TO TOP 

OF 
SAIIPLE 
INTER

VAL 
(FT) 

(72015) 

DEPTH 
TO BOT

TO" OF 
SMPlE 
INTER

VAL 
(FT) 

(72016) 

SEDI
lENT, 
015

CHAR6E, 
SUS

PENDED 
nlDAY) 
(80155) 

SEDI
"ENT, 
DISCH, 

SUSP. + 
BEDM

TERIAL 
(T/DAY) 
(80156) 

DRAIN
A6E 
AREA 
(SQ. 
til.) 

(81024) 

,. , 

06-01-71 
05-01-72 
04-30-73 
03-28-74 
03-04-75 

294 
294 
294 
294 
294 

72.00 
72.00 
72.00 
84.00 
84.00 

03-04-76 
10-01-69 
10-05-70 
10-08-71 
10-04-72 

294 
263 
263 
263 
263 

84.00 
94.00 
94.00 
94.00 
94.00 

10-04-73 
01-06-75 
01-28-76 
08-28-64 
03-30-65 

263 
263 
263 
249 
249 

94.00 
94.00 
94.00 
83.00 
83.00 

-

08-02-68 
10-02-69 
08-04-70 
01-03-72 
01-04-73 

~-
249 
249 
249 
249 
249 

83.00 
83.00 
83.00 
83.00 
83.00 

-

01-03-74 
06-02-15 
07-03-67 
07-02-68 
07-03-69 

249 
249 
259 
259 
259 

83.00 
83.00 
97.00 
97.00 
97.00 

08-04-70 
05-04-71 
03-02-72 
03-02-73 
03-28-74 

259 
259 
259 
259 
259 

97.00 
97.00 
97.00 
97.00 
97.00 

03-04-75 
04-06-76 
02-28-64 
03-01-65 
07-07-65 

259 
259 
234 
234 
234 

97.00 
·97.00 
83.00 
83.00 
83.00 
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LOCAL 
IDEMT

I
.FIER DATE 

SAJIPLE 
NU"BER 

(00008) 

TEltPER-
ATURE 

(DEB C) 
(00010) 

A6EHCY 
COL

LECTIN6 
SAtlPLE 

(CODE 
NUJlBER) 
(00027) 

ABCY 
ANA

LUIN6 
SAtiPLE 

(CODE 
NUllBER) 
(00028) 

SPE
CIFIC 
CON
DUCT
ANCE 

(US/Cft, 
(00095) 

OXYSEN, 
DIS-: 

SOLVED 
(PER
CENT 

SATUR
AHOM) 

(0030U 

PH 
(STAND

ARB 
UNITS) 
(00400) 

CARBON 
DIOIIDE 

DIS
SOLVED 
("Gil 

AS CO2) 
(00405) 

AtKA-
UNITY 

FIELD 
("&/l 
AS 

CACDJ) 
(00410) 

C-OS-18 lWA 
C-08-18 14AAA 
C-oB-18 14AAA 
C-OS-18 14AAA 
C-OB-18 lWA 

08-31-65 
12-01-65 
03-01-66 
07-01-66 
07-05-67 

1230 
1230 
1230 
1230 
1230 

13900 
13600 
15000 
12500 
12200 

305 
315 
321 
338 
360 

C-08-18 lWA 
C-oB-18 14AAA 
C-OS-18 14AAA 
C-oB-18 lWA 
C-08-18 141M 

07-02-68 
07-03-69 
10-05-70 
11-02-71 
10-04-72 

1230 
1230 
1230 
1230 
1230 

11700 
10700 
10600 
11500 
9820 

7.9 
7.7 
7.7 

8.2 
12 
12 

353 
350 
33S 
308 
323 

C-08-18 14AAA 
C-08-18 14AAA 
C-oS-18 14AAA 
C-08-18 14AAA 
C-08-22 32CDD 

03-27-73 
03-01-74 
03-04-]5 
03-04-76 
09-05-61 

1230 
1230 
1230 
1230 

1028 1028· 

"40 
8040 
7480 
8480 
4320 

7.8 
7.6 
7.8 
7.9 
7.6 

11 
16 
10 
8.7 

11 

344 
338 
sss 
3SS 
223 

C-08-22 32CDD 
C-oB-22 32CDD 
C-08-22 32CDD 
C-08-22 nCDD 
C-OS-22 32CDD 

01-02-62 
03-30-62 
04-24-62 
11-08-62 
04-24-63 

1028 
1028 
1028 
1028 
1028 

1028 
1028 
1028 
1028 
1028 

4600 
6230 

"5220 
4670 
5320 

7.8 
7.4 
7.5 
7.7 
7.3 

6.8 
17 
14 
8.8 

22 

221 
224 
223 
228 
230 

C-OS-22 32CDD 
C-08-22 32CDD 
C-oB-22 nCDD 
C-OS-22 32CDD 

11-19-63 
02-19-64 
01-28-65 
01-24-66 

1028 
1028 
1028 
1028 

1028 
1028 
1028 
1028 

4380 
4330 
4240 
4140 

7.6 
7.4 
7.5 
7.7 

11 
18 
14 
9.3 

231 
233 
231 
239 
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NITRO- NITRO- NITRO- PHOS- PHOS
BICAR- NITRO- BEH, 6EN, NITRO- 6EN, PHATE, PHOS- PHORUS, 
BONATE CAR- NITRO- SEN, DR6AIIIC NITRATE SEN, 102+103 ORTHO, PHORUS, ORTHO, 

ACIDITY FET-FLD BONATE SEN, ORBANIC DIS- DIS- NITRATE DIS- DIS- OR6ANlt DIS
(RS/L (RS/L FET-fLD TOTAL TOTAL SOLVED SOLVED TOTAL SOLVED SOlVED TOTAL SOLVED 

DATE AS AS ("S/L OlB/l ("S/L ("S/L ("S/l (1t6/L ("GIL ("S/L ("6/L ("B/L 
CAC03) HC03) AS CD31 AS II) AS II) AS III AS N) AS N) AS N) AS P04) AS P) AS P> 

(00435) (00440) (00445) (00600) (00605) (00607) (0061S) (00620) (00631) (00660) (00670) (00671> 

08-31-65 370
 
12-01-65 380
 
03-01-66 390
 
07-01-66 410
 
07-05-67 440
 

07-02-68 430
 
07-03-69 430
 
10-05-70 410
 
11-02-71 380 -. 
10-04-72 390
 

03-27-73 420
 
03-01-74 410
 
03-04-75 410
 
03-04-76 430
 
09-05-61 270
 

01-02-62 270
 
03-30-62 270
 
04-24-62 270
 
11-08-62 280
 
04-24-63 280
 

11-19-63 280
 
02-19-64 280
 
01-28-65 280
 
01-24-66 290
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PHDS- SODIlJlI+ 
PHORUS, HARD- ItASNE- SODIUIt P01AS P01IS CHlD-
ORGANIC 

DIS
HARD
NESS 

NESS, 
NOReM-

CALCIUIt 
DIS-

SIUIt, 
DIS... 

SODIUII, 
DIS

AD
SURP-

SIUft 
DIS-

SIUft, 
DIS

RIDE, 
DIS

SOLVED utS/l BONATE SOLVED SOLVED SOLVED nON SOLVED SOLVED SOLVED 
DATE UI&/l 

AS P) 
AS 

CACD3) 
("6/l 
CACD3) 

(1I6/l 
AS CAl 

(lt6/l 
AS 1t6) 

nlS/l 
AS NAl 

RATIO PERCEHT 
SDDIU" 

. niS/l 
AS HA) 

(!t6/l 
AS I() 

("6/l 
AS CLl 

(006731 (00900) (00902) (00915) (00925) (00930) (009311 (00932) (00933) (00935) (009401 

08-31-65 - 1700 1400 360 180 2800 31 3800 
12-01"'65 1700 1400 360 190 2800 31 3800 
03"'01-66 1900 1500 380 220 3100 32 4000 
07...01-66 1600 1200 330 180 2100 30 3300 
07-05-67 1400 1000 300 160 2500 30 3100 

07...02-68 1200 840 250 140 2200 29 2100 
07-03-69 1100 720 230 120 2200 30 2600 
10-05-10 1100 730 270 92 2100 29 81 6.6 2700 
11"'02-71 1100 770 240 120 2200 30 81 14 2700 
10-04-72 940 620 220 92 1900 28 82 13 2300 

03-27-73 950 610 220 100 2000 29 82 14 2400 
03...01-74 690 350 190 51 1500 27 83 11 1800 
03--04-75 730 ' 390 170 73. 1500 24 81 13 1700 
03-04-76 BOO 500 180 97 1600 25 80 7.8 1900 
09-05-61 1000 820 250 100 51 500 1000 

01...02-62 1100 880 260 110 54 600 1100 
03-30-62 1300 1000 290 130 59 860 1600 
04-24-62 1100 900 260 110 55 640 1200 
11-08-62 1000 810 250 99 59 640 1100 
04-24-63 1100 850 250 110 59 710 1300 

11-19-63 960 730 240 90 57 580 1000 
02"'19-64 9-40 710 220 96 51 580 970 
01-28-65 B60 630 200 87 61 610 960 
01-24-66 780 540 190 n 63 al0 890 
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SOLIDS, SOLIDS, NITRO
FLUO- SILICA, "ANSA- RESIDUE SUIf OF .SOLIDS, SOLIDS, 6EN, 

SULFATE RIDE, DIS- BORON, IRON, ESE, AT 180 CDNSTI- DIS- DIS- AIltDNIA 
DIS- DIS- SOLVED DIS- DIS- DIS- DES. C TUENrS, SOLVED SOLVED DIS
SOLVED SOLVED 11I6/L SOLVED SOLVED SOLVED DIS- D1S- nONS (TONS SOLVED 

DATE ("B/L (ElL AS (USfl (UB/L IUSfl SOLVED SOLVED PER PER ntB/l 
AS 504) AS F) 5102) AS I) AS· FE) ("B/L> (116ft> DAY) AC-Fn AS NH4)AS "")
(00945) (00950) (00955) (01020) 1010%) 101056) (70300) 17030U (70302) (70303) (71846) 

08-31-65 2100 9400 
12-01-65 2200 9500 
03-01-66 2500 10000 
07-01-66 2200 8900 
07-05-67 2000 8200 

07-02-68 1800 7400 
07-03-69 1700 6900 
10-05-70 1600 6900 
11-02...n 1600 7000 
10-04-72 1400 6100 

03-27-73 1400 40 6400 8.7 
03-01-74 1100 39 5000 6.8 
03-04-75 1100 40 4800 6.5 
03-04-76 1300 42 5400 7.3 
09-05-61 480 28 - 2500 

01-02-62 600 31 2800 
03-30-62 630 19 3700 
04-24-62 530 21 2900 
11-08-62 630 23 2900 
04-24-63· 580 21 3100 

11-19-63 540 23 2600 
02-19-64 580 18 - 2600 
01-28-65. 580 24 2600 
01-24-66 580 22 2500 
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NITRO NITRO ELEY. DEPTH DEPTH SEDI SEDI
NITRO SEN, 6EN, OF LAND TO TOP TO BOT lENT, 1100, 
SEN,. NITRATE NITRITE NITRO SURFACE DEPTH OF TO" OF DIS DISCH, DRAIN

NITRATE DIS DIS SEN, DATU" OF SAtlPLE SMPLE CHARGE, SUSP. + ABE 
TOTAL ' SOLVED SOLVED TOTAL (FT. IIELl, INTER INTER SUS BED IIA AREA 

DATE niBil 
AS N03) 
(71850) 

(IIB/l 
AS ND3) 
(718St) 

("6/l 
AS N02) 
(71856) 

("GIL 
AS N03) 
(71887) 

ABOVE 
NSYD) 

(72000) 

TOTAl 
(FEET) 

(72008) 

VAL 
(FT) 

(72015) 

VAL 
(FT) 

(72016) 

PEMBED 
<T/DAY) 
(80155) 

TERIAL 
tr/DAY) 
(SOlS6) 

(SQ. 
"I.) 

(81024) 

08-31-65 234 83.00 
12-01-65 234 . 83.00 
03-01-66 234 83.00 
07-01-66 234 83.00 
07-05-67 234 83.00 

07-02-68 234 83.00 
07-03-'9 234 83.00 
10-05-70 234 83.00 
11-02-71 234 83.00 
10-04-72 234 83.00 

03-27-73 234 83.00 
03-01-74 234 83.00 
03-04-75 234 83.00 
03-04-76 234 83.00 ~-

09-05-61 2.8 144 200.00 90 200 

01-02-62 144 200.00 90 200 
03-30-62 144 200.00 90 200 
04-24-62 144 200.00 90 200 
11-08-62 144 200.00 90 200 
04-24-63 144 200.00 90 200 

11-19-63 144 200.00 90 200 
02-19-64 144 200.00 90 200 
01-28-65 144 200.00 90 200 
01-24-66 144 200.00 90 200 
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CHEIIICAL ANALYSES FOR SELECTED WELLS IN AREA III
 
(The following infuraation las obtained fro. the U.S. Geological Survey, Tucson, Arizona)
 

LOCAL 
IDENT

1
FIER DATE 

SMPlE 
NUIIBER 

TEltPER-
ATURE 

(DE6 C) 

A6ENCY 
COL

LECTIN6 
SAMPLE 

(CODE 
HUImER) 

A6ENCY 
ANA-

LYlING 
SAftPLE 

(CODE 
MUtlBER) 

FLDW 
RATE 

(6PII) 

SPE
CIFIC 
CON
DUCT
ANCE 

CUS/Ctl) 

OXY&EN, 
015

SOLVED 
(PER
CENT 

SATUR
, AlIDN) 

PH 
(STAND

ARB 
UNITS) 

8-01-01 09DAB 
8-01-01 09DAB 
8-01-02 14DDB 
8-01-02 14DDB 
8-01-02 29DDB 

09-01-59 
04-30-63 
07-14-76 
08-22-80 
08-22-80 

1460 
1460 

25.0 
24.5 
22.0 

80020 
80020 

5500 
4800 
4900 

8-01-03 32BAA 
B-O1-03 328M 
B-OI-03 35ACB 
8-01-03 35ACB 
B-OI-03 35ACB 

04-14-42 
05-03-79 
07-06-37 
09-19-37 
05-03-79 

1460 

1460 

23.5 

23.0 

80020 

80020 

8150 
5450 
3380 
3580 
4700 

7.3 
7.5 
7.7 
7.1.. 

8-01-04 33ADA 
8-01-04 33ADA 
8-01-04 36ABB 
B-ol-09 17ABB 
B-02-o9 14BBB 

09-09-61 
05-02-79 
05-03-79 
09-26-79 
07-16-52 

1460 
1460. 
1250 
1250 

24.0 
24.0 

31.5 1028 

80020 
80020 
9704 
1028 3150 

5800 
7100 
4000 

728 

7.3 
7.4 
7.8 

B-02-o9 14BBB 
8-02-09 148BB 
8-02-09 14BBB 
8-02-09 14BBB 
8-02-09 14BBB 

09-26-52 
03-25-55 
12-06-66 
09-19-72 
08-08-74 

1250 
1250 
1250 
1250 
1250 

31.5 
32.0 
33.0 
32.0 
33.0 

1028 
1028 
1028 

. 1028 
1028 
1028 

3000 

2200 

709 
738 
966 

1180 
1010 

7.1 
7.4 
8.0 
7.8 

8-02-09 14BBB 
B-02-o9 26BBB 
C-OI-o3 O6CDB 
C-oI-o4 1lCiC 
C-oI-o4 18A1B 

12-11-79 
09-20-79 
05-03-79 
05-03-79 
07-18-51 

1250 
1250 
1460 
1460 

23.5 
22.0 
23.5 

9704 
9704 

80020 
80020 

3700 

5950 
6000 
5210 

7.7 
9.1 
7.3 
7.1 

C-OI-o4 18A1B 
C-oI-o5 34DBD 
C-OI-0S 34DBD 
C-OI-05 34DBD 
C-02-o5 03AAA 

05-03-79 
07-18-74 
06-29-n 
06-24-81 
07-18-74 

1460 

1340 

22.0 

23.0 
23.5 
26.0 

80020 

80020 

5700 
. 5900 

noo 
5000 
7100 

7.0 
7.7 

7.3 
7.8 

C-02-05 03AAA 
C-02-OS 16DAA 
C-02-05 16DAA 
C-94-04 32BBA 
C-04-o4·32BBA 
C-04-04 32BBA 
C-04-08 31DCC 
C-04-08 34DDD 

06-29-77 
07-30-74 
06-28-77 
06"'16-65 
11~22-73 

08-13-79 
11-08-72 
07-12-n 

1200 
1200 

25.0 
23.0 
22.0 
26.0 

26.0 
25.0 

1028 

1028 

1028 

1028 

6900 
7550 
7500 
2500 
4580 
4950 
8380 

7.4 

7.6 
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DATE 

PH 
LAB 

{STAND
ARB 

.UNITS) 

eMBOli 
DIOXIDE 

DIS
SOLVED 
(ltB/L 

AS CD2) 

ALKA
LINITY 
FIELD 
(1I6/L 
AS 

CAC03) 

ACIDITY 
lftS/L 

AS 
CAC03) 

BICAR
BONATE 

m-FLD 
(ltS/L 
AS 

HCD3) 

CAR
BONATE 

FET-fLD 
(ltS/L 

AS C03) 

NITRO
BEN, 

TOTAL 
("6/L 
AS N) 

NITRO
BEN, 

ORGANIC 
TOTAL 
(ltS/L 
AS HI 

SEN, 
ORBANIC 

DIS
SOLVED 
(lI6fL 
AS HI 

SEN, 
NITRITE 

DIS-
SOlVED 
(ltS/L 
AS N) 

SEI, 
NITRATE 

DIS
SOLVED 
(ItS/L 
AS N) 

09-01-59 
04-30-63 
07-14-76 
08-22-80 
08-22-80 

196 

170 
260 

240 
220 

0 
0 

3.60 

04-14-42 
05-03-79 
07-06-37 
09-19-37 
05-03-79 

21 
12 
8.2 

34 

210 

250 . 

160 
260 
240 
260 
300 

0 
0 
0 
0 
0 

09-09-61 
05-02-79 
05-03-79 
09-26-79 
07-16-52 

20 
14 
4.4 

176 
180 
180 
142 
125 

220 
220 . 
220 
170 
150 

0 
0 
0 
0 

32.0 

210 
2.10 

09-26-52 
03-25-55 
12-06-66 
09-19-72 
08-08-74 

19 
9.1 
2.2 
3.5 

123 
126 
118 
115 
115 

150 
150 
140 
140 
140 

0 
0 
0 
0 

-

12-11-7'1 
09-20-79 
0S-03-79 
05-03-79 
07-18-51 

3.2 
0.5 

20 
40 

84 
403 
210 
260 

100 
370 
250 
320 
270 

0 
62 
0 
0 
0 

19.0 
34.0 

05-03-79 
07-18-74 
06-29-n 
06-24-81 
07-18-74 

7.4 

S4 

22 
3.9 

280 

126 

340 

150 

0 

06-29-77 
07-30-74 
06-28-77 
06-16-65 
11-22-73 
08-13-79 
11-08-72 
07-12-77 

34 

7.3 

441 

151 
-

345 

540 

180 

420 

0 

0 

0.13 7.17 
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NITRO PHOS PHOS PHOS
NITRO

SEN, 
SEN, 

N02+ND3 
PHATE, 
ORTHO, 

.PHOS
PHOADS, 

PHORUS, 
DRTHO, 

PHDRUS, 
OR6ANIC HARD

HARD
NESS, CALC lUll 

"ASHE
sItm, SODIU", 

NITRATE DIS DIS ORSANIC DIS DIS NESS MoHCAR- DIS- DlS- DIS
TOTAL SOLVED SOLVED TOTAL SOLVED SOLVED ("6/L BONATE SOLVED SOlVED SOLVED 

DATE fftS/l 
AS N) 

("6/L 
AS II) 

nl6/l 
AS P04) 

n'6/l 
AS P) 

("6/t 
AS P) 

("S/L 
AS P) 

AS 
CIC03) 

(Nill 
CAC03) 

("6/L 
AS CAl 

("S/L 
AS ItS) 

t"6/L 
AS NA) 

09-01-59 2000 1800 490 190 420 
04-30-63 2200 540 210 290 
07-14-76 
08-22-80 2.20 0.15 0.05 1600 1400 390 150 750 
08-22-80 1.70 0.09 0.03 1200 910 270 120 860 

04-14-42 2300 500 250 970 
05-03-79 23.0 1200 1000 240 150 850 
07-06-37 700 170 70 450 
09-19-37 750 180 73 480 
05-03-79 17.0 1100 890 260 120 650 

09-09-61 1500 1400 380 140 800 
05-02-79 1200 970 280 110 950 
05-03-79 37.0 1100 890 290 85 1300 
09-26-79 700 550 130 88 760 
07-li.-52 130 7 28 15 

09-26-52 
. 03-25-55 150 23 25 21 

12-06-66 130 11 32 12 
09-19-72 6.30 0.03 0.01 150 33 38 13 170 
08-08-74 4.80 0.06 0.02 140 23 32 14 140 

12-11-79 550 470 190 20 710 
09-20-79 45 0 13 3.0 1100 
05-03-79 24.0 1200 990 250 140 950 
05-03-79 22.0 1200 900 250 130 1000 
07-18-51 

05-03-79 16.0 . 1100 820 260 110 900 
07-18-74 
06-29-n 
06-24-81 5.10 0.0 0.00 830 600 210 73 730 
07-18-74 7.10 0.18 0.06 1200 1100 320 95 1000 

06-29-77 
07-30-74 8.40 0.09 0.03 1300 860 340 110 1200 
06-28-77 -
06-16-65 
11-22-73 7.30 0.25 0.08 1200 1100 340 90 480 
08-13-79 
11-08-72 1~20 0.09 0.03 1400 1100 410 91 1400 
07-12-77 
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DATE . 

SODIWI 
AD

SORP
nON 

RATIO PERCENT 
SODIU" 

SODIUII+ 
POTAS-
SIUIt 
DIS

SOLVED 
[IIG/L 
AS MAl· 

. 
PDTAS-
SliM, 
DIS

SOLVED 
(IIS/L 
AS [) 

CHLD
RIDE, 
DIS
SOLVED 
(1I6/L 
AS CU 

SULFATE 
DIS
SOLVED 
(ElL 

AS 504) 

FlUD-
RIDE, 

DIS
SOLVED 
(IIS/L 
AS F) 

SILICA, 
015
SOLVED 
(MIL 

AS 
SID2) 

BORON, 
DIS

SOLVED 
m6/L 
AS B) 

CHRO
IIIUII , 
HEXA

YALENT, 
DIS. 

(W/L 
AS CR) 

IRDN, 
TOTAL 
RECOY
ERABLE 
mB/l 
AS FE) 

09-01·59 
04-30-63 
07-14-76 
08-22-80 
08-22-80 

"'3 

8 
11 

50 
61 

12 
10 

400 
550 

1200 
1400 

1400 
1700 

1300 
700 

0.3 
1.2 

22 
33 

2700 
2000 

04-14-42 
05-03-79 
07"'06-37 
09-19-37 
05""03-79 

9 
11 
8 
8 
9 

48 
60 
58 
59 
55 

0.0 
7.8 
0.0 
0.0 
7.3 

2100 
1100 
660 
720 

1000 

1100 
1200 
470 
500 
770 

2.1 

1.2 

24 

33 

5200 

2000 

09-09-61 
05-02-79 
05-03·79 
09-26-79 
07-16-52 

9 
13 
18 
13 
4 

64 
72 

63 

960 

100 

7.8 
11 

1000 
1300 
1400 

BOO 
73 

1500 
1100 
1600 
660 
120 

2.0 
2.1 
3.2 
1.4 

26 
25 

38 

5500 
6800 

09-26-52 
03-25-55 
1~-06-66 
09-19-72 
08-08-74. 

4 
6 
6 
5 

59· 

71 
6B 

98 
140 

4.3 
3.7 

69 
780 
120 
130 
120 . 

110 
140 
210 
150 

1.3 
1.9 
2.2 
1.6 

41 
44 
38 
37 

390 
340 26 

12-11-19 
09·20-79 
0S-03-79 
05-03-79 
07-18-51 

14 
77 
12 
13 

63 
65 

960 
1000 

7.6 
5.9 

630 
850 

1100 
1300 
1200 

1000 
810 

1500 
1100 

4.4 
180 

1.7 
3.2 

26 
44 

5800 
5700 

05-03-79 
07-18-74 
06-29-77' 
06-24-81 
07-18-74 

12 

11 
13 

64 

66 
64 

4.5 

8.7 
11 

1200 

1100 
1800 

980 

680 
720 

3.5 
3.6 
2.9 
2.5 
~.2 

40 

52 
51 

(20 

2100 
2100 

06-29-77 
07-30-74 
06-28-77 
06-16-65 
11-22-73 
08-13-79 
11-08-72 
07-12-77 . 

15 

6 

17 

66 

46 

68 

14 

15 

9.2 

1800 

1200 

2300 

940 

310 

960 

3.8 
2.8 
2..8 

0.9 
1.3 
3.4 
5.0 

31 

25 

36 

2700 

100 

6000 
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SOLIDS, SOLIDS, NITRO- NITRD- NITRO- ELEV. 
"ANSA- RESIDUE SUfI OF SOLIDS, SOLIDS, BEN, BEN, BEN, OF lAND 

IRON, EE, AT 180 COMST!- DIS- DIS- AMONIA NITRATE NITRITE NITRO- SURFACE
 
DIS- DIS- DEB. C TUOOS, SOLVED SOlVED DIS- DIS- DIS- SEM, DATU"
 

SOLVED SOLVED DIS- DIS- nONS (TONS SOLVED SOLVED SOLVED TOTAl (FT.
 
DATE	 (UB/L (US/L SOLVED SOLVED PER PER ("6/L UI/L ("GIL U'S/L ABOVE 

AS FE) AS ItlO ("B/L> (6ft) DAY) AC-FT) AS MM4) AS N03) AS M02) AS ND3) N6YD) 

09-01-59 3600 16 983 
04-30-63 3600 53 983 
07-14-76 950 
08-22-80 60 10 3900 5.3 9SO 
08-22-80 40 10 3600 4.8 

04-14-42 S200 240 924 
0S-03..79 60 20 3700 5.0 924 
07-06-37 2110 2000 68 884 
09-19-37 2320 2100 60 884 
05-03-79 60 <10 3000 4.1 884 

09-09-61 4100 140 
05-02-79 40 20 3900 5.3 
05-03-79 50 20 4800 6.6 929 
09-26-79 3570 930 1157 
07-16-52 460 0.62 9.3 1192 

09-26-52 1192 
03-25-55 460 0.63 1192 
12-06-66 1192 
09-19-72 10 780 670 . 1.1 1192 
08-08-74 20 <10 570 0.11 1192 

12-11-79 3130 84 1192 
09-20-79 3230 150 1153 
0S-03-79 40 <10 4100 5.6 818 
05-03-79 40 <10 4000 5.4 829 
01-18-51 

05-03-79 30 <10 3700 5.0 
01-18-74 714 
06-29-71 714 
06-24-81 20 10 3000 4.1 714 
07-18-14 20 <10 4100 5.5 783 

06-29-71 783 
07-30-74 20 '290 4700 6.4 762 

, 06-28-n 762 
06-16-65 670 
11-22-73 <10 70 2600 3.5 32 0.43 670 
08-13-79 670 
11-08-72 20 30 5400 7.4 503 
07-12-n	 ~ 
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DEPTH DEPTH SEDI SED1 SPE HARD
TO BDT BELOM KENT, ItENT, POTAS CIFIC AUA NESS 

DEPTH TOK OF LAND DIS DISCH, DRAIN SIUK 40 CON UNITY NDNCAR
OF SAKPLE SURFACE CHAR6E, SUSP. + ASE DIS OOC1 LAB BONATE 

DATE 
liEU., 
TOTAL 

INTER
VAL 

(MATER 
LEVEL) 

SUS-
PENnED 

BEDIIA
TERIAL 

AREA 
(SQ. 

SOLVED 
(PCIIL 

ANCE 
LAB 

("GIL 
AS 

("Gil 
AS 

(FEET) (FT) (FEET) (T/DAY) IT/DAY) "I.} AS K40) CUSICK) CACD3) CAtD3) 

09-01-59 218.00 218 2000 
04-30-63 218.00 218 2180 
07-14-76 354.00 
08-22-80 354.00 1590 
08-22-80 1170 

04-14-42 206.00 206 2290 
05-03-79 206.00 1220 
07-06-37 132.00 132 700 
09-1'-37 132.00 132 745 
OS-Q3-79 132.00 . 1140 

09-09-61 268.00 69.00 1540 
05-02-79 268.00 1150 
05-03-79 1152.00 1070 
09-26-79 1216.00 697 
07-16-52 1530.00 200.00 132 

09-26-52 1530.00 
03-25-55 1530.00 200.00 149 
12-06-66 1530.00 129 
09-19-72 1530.00 148 
08-08-74 1530.00 138 

12-11-79 1530.00 554 
09-20-79 1820.00 45 
05-03-79 184.00 1200 
05-03-79 146.00 1160 
07-18-51 186.00 

05-03-79 186.00 1100 
07-18-74 532.00 
06-29-77 532.00 
06-24-81 532.00 6.5 4950 230 825 
07-18-74 501.00 1190 

06-29-77 501.00 
07-30-74 590.00 1300 
06-28-77 590.00 
06-16-65 260.00 
11-22-73 260.00 1220 
08-13-79 260.00 
11-08-72 487.00 1400 
07-12-n 438.00 
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OXYSEN, 
AGENCY ASEMCY SPE 015

'LOCAL COl- MA CIFIC SOLVED 
IDEMT LECTINS LYltN6 CON (PER PH 

1 sMPLE TEIIPER- SAtlPLE SMPlE FLOW DUCT CENT (STAND
FIER DATE NUllBER ATURE (CODE (CODE RATE ANCE SATOR , ARB 

(DE6 C) NUIIBER) NU"BER) (SP") (US/C") ATION) UNITS) 

&-04-68 34DDD 07-12-77 1210 27.0 3440 
C-04-10 33BDD 09-10-52 25.5 1028 1028 711 2900 
&-04-10 mDD 08-21-54 25.5 1028 1028 500 4170 
C-04-10 mDD 06-15-55 1028 1028 600 5800 6.8 
C...04...10 33BDD 08-23-56 25.5 1028 1028 570 6170 8.0 
C-04-10 33BDD OS-08-57 25.5 1028 1028 1070 6300 8.0 

NITRO NITRO NITRO
CARBON ALKA- BleAR- NITRO 6EN, BEN, 6EN, 

PH DIOXIDE LINITY BONATE CAR... NITRO &EN, ORGANIC NITRITE NITRATE 
LAB DIS FIELD ACIDITY FET-FUJ BONATE 6EN, ORGANIC DIS DIS... DIS

(STAND- SOlVED nl6/l (Ell ("6/L . FET-FLD TOTAL TOTAl SOLVED SOLVED SOLVED 
DATE ARB 

UNITS) 
("6/L 

AS CO2) 
AS 

CACD3) 
AS 

CAC03) 
AS 

HC03) 
(1ta/L 

AS &03) 
("6/L 
AS I) 

(ElL 
AS H) 

("6/L 
AS I' 

(tlS/l 
AS H) 

("6/L 
AS H) 

07-12-77 
. 09-10-52 94 110 0 9.50 

08-27-54 93 110 0 13.0 
06-15-55 30 97 120 0 19.0 
08-23--56 2.0 104 130 0 
08-08-57 0.9 45 55 0 

. NITRO PROS PHOS PHOS... 
NITRO SEN, PHATE, PHOS PHORUS, PHORUS, HARD M6NE

SEN, N02+N03 ORTHO, PHORUS, ORTHo, oRSANIC HARD NESS, CAL&IUtt SIU", SODIU", 
NITRATE DIS DIS ORSANIC DIS DIS NESS NONCAR DIS DIS DIS

TOTAL SOLVED SOLVED TOTAL SOLVED SOLVED ("6/l BONATE SOLVED SOLVED SOLVED 
DATE tKS/L 

AS N) 
UlB/l 
AS N) 

("6/l 
AS P04) 

("6/l 
AS P) 

("6/L 
AS PI 

("6/l 
AS P} 

AS 
CA&D3J 

nl6/l 
CACQ3) 

("6/l 
AS CAl 

(1E/l 
AS ftS) 

("S/l 
AS NAJ 

07-12-77 
09-10-52 530 440 190 14 
08-27-54 820 730 300 16 
06-15-55 1300 1200 440 50 
08-23-56 1400 1300 
08-OS-57 1100 1100 
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SODIUIt+ CHlO-
SODIUIt POTAS- POTAS- CHLO- FLUO- SILICA, IIIUft, IRON, 

AD- SIU" SIUlt, RIDE, SULFATE RIDE, DIs- BORON, HEll- TOTAL 
SORP- DIS- 015- DIS- DlS- DIS- SOLVED DIS- VALENT, RECOY
110N SOLVED SOLVED SOLVED SOLVED SOLVED (Jt&/L SOLVED DIS. ERABlE 

DATE RATIO PERCENT niS/l (JI6/L ("S/L (IIG/L (IIG/L AS (OB/L (l16fL WS/L 
SODIUII AS NA) AS K) AS CLl AS SD4) AS F) 5102) AS B) AS CR) AS FE) 

07-12-77 
09-10-52 63 410 650 360 5.6 39 
08-27-54 560 980 460 5.9 '37 
06-15-55 10 57 800 1500 790 4.8 40 
08~23-56 1500 50 
08-08-57 1600 2100 

SOLIDS, SOLIDS, NITRO- NITRO- NITRO- £LEV. 
1W16A- RESIDUE SUIIOF SOLIDS, SOLIDS, SEM, SEN, SEN, OF LAND 

IRON, NESE, AT 180 CDNSTI- DIS- DIS- AIIIIDNIA NITRATE NITRITE NITRO- SURFACE 
DIS- 015- DES. C TUENTS, SOLVED SOLVED DIS- DIS- DIS- SEN, DATUII
 

SOLVED SOLVED DIS- DIS- (TONS (TONS SOLVED SOLVED SOLVED TOTAL (FT.
 
DATE CUS/L (UB/L SOLVED SOLVED PER PER (1I6/L (tlS/l ntB/l ("S/L ABOVE
 

AS FE) AS 110 (1I&/l) ("Bill DAY) AC-FT) AS NH4) AS 103) AS N02) AS 103) N6W)
 

07-12-n 534 
09-10-52 1800 2.4 42 539 
08-27-54 2500 58 539 
06-15-55 3700 5.1 84 539 
08-23-56 0 539 
08-08-57 . 539 

DEPTH DEPTH SEDI- SEDI- SPE- HARD
TO BOT- BELIII IIENT, IlENT, POTAS- CIFIC ALKA- NESS 

DEPTH TOil OF lAND DIS- DISCH, DRAIN- SIIIIt 40 CON- LINITY MONCAR
OF SAtlPLE SURFACE CHARGE, SUSP. + AGE 015- DUCT- LAB BONATE 

liEU, INTER- (MATER SUS- BED IIA- AREA SOLVED ANCE (1I6/L ("S/l 
DATE	 TOTAL VAl LEVEL) PENDED TERIAl (SQ. (PCI/L LAB AS AS 

(FEET) (FT) (FEET) (T/DAY) (T/DAY> "I.) AS K4O) (US/CII) CACD3) CAC03) 

07-12-n 438.00 
09-10-52 640.00 532 
08-27-54 640.00 88.65 820 
06-15-55 640.00 88.60 1310 
08-23-56 640.00 
08-08-57 640.00 
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DXYSEI, 
AGENCY A6ENCY SPE DIS CARBON 

LOCAL COl- ANA CIFIC SOLVED DIOXIDE 
IDENT LECTING LYZIN6 CON (PER PH DIS

1 SAIIPLE TEIIPER- SAItPLE SAItPLE FLOM OOCT CENT (STAND- SOlVED 
FIER DATE NUttIER ATURE (CODE (CODE RATE ANCE SATUR ARB (ElL 

(DE6 C) NUDER) NUllBER) (6P") (US/C"' ATIDN) UNITS) AS CO2) 

C-05-o4 OSBDDI 05-28-53 23.5 1028 1028 19500 . 
C-05-o4 08BDD2 06-02-54 1200 22.0 1028 ,1028 18900 
C-05-04 08BDD2 06-02-54 1200 22.0 1028 1028 1.0 17800 
C-05-05 13CBA2 06-03-54 1200 23.5 1028 1028 1.0 14200 
C-05-05 18DCD2 08:'15-79 1200 9999 9704 

C-05-05 18DCD2 08-15-79 25.5 8500 
C-05-05 18DCD2 08-15-79 1200 9704 7.8 6.1 
C-05-o5 ISDDC3 04-01-74 1200 24.0 6730 7.5 15 
C-05-05 tSDDC 04-27-76 6000 
C-05-05 ISDDC 06-23-77' 1200 24.5 3800 

C-05-06 10000 01-08..74 1200 7960 7.6 7.B 
C-05-06 16DDD 04-27-76 9700 
C-05-06 16DDD 03-24-80 1200 9999 9704 
C-05-06 16DDD 03-24-80 1200 26.5 9704 7.2 15 
C-05-06 34CCD 06-16-55 .1200 25.5 1028 1028 3000 7160 7.8 4.5 

C-05-06 34CCD 04-27-76 4900 
C-05-06 34CCD 06-21-77 1200 26.5 5500 
C-05-06 34CCD OS-16-79 2o.~ 6500 
C-05-06 34eeD 03-24-80 1200 9999 9704 
C-05-o6 34CCD 03-24-80 1200 26.5 9704 

C-05-09 12ACDI 11-08-72 24.0 31800 
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NITRO- NITRO- NITRO- NITRO- PHOS
AlKA- BICAR- NITRO- 6EM, 6EN, 6EN, NITRO- GEN, PIlATE, 

llNITY BONATE CAR- NITRO- SEN, ORGANIC NITRITE NITRATE SEN, N02+N03 ORTHD, 
FIElD ACIDITY m-FLD BONATE GEN, ORGANIC DIS- DIS- DIS- NITRATE DIS- DIS
(1I6/L ("6/L (1I6/L FEY-FLO TOTAL . TOTAL SOLVED SOLVED SOLVED TOTAL SOLVED SOlVED 

DATE AS AS AS (1I6/L ("6/L (1t6/L (fl6/l (1I6/l (fl6/L (flB/L (fl6/L ("B/L 
CAC03) CAC03) HC03) AS CD3) AS N) AS N) AS I) AS I) AS N) AS In AS I) AS P04) 

(00410) (00435) (00440) (00445) (00600) (006.05) (00607) (00613) (00618) (00620) (00631) (00660) 

05-28-53 456 560 0 
06-02-54 316 390 0 
06-02-54 408 500 0 
06-03-54 323 390 0 
08-15-79 198 0 

08-15-79 
08-15-79 198 240 6.80 
04-01-74 238 290 0 (0.01 6.50 6.50 0.21 
04-27-76 
06-23-77 

01-08-74 161 200 0 <0.01 11.0 11.0 0.0 
04-27-76 
03-24-80 120 0 
03-24-80 120 150 0.90 
06-16-55 147 180 0 12.0 

04-27-76 
06-21-77 
08-16-79 
03-24-80 124 0 
03-24-80 102 120 11.0 

11-08-72 544 660 0 0.02 0.15 
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PHDS PHOS- SDDIUIt+ 
PHOS PHORUS, PHORUS, HARD ",&NE SDDIIDI POTAS-. PoTAS-

PHOROS, DRTHO, ORGANIC HARD NESS, CALClUll 5IU", SOD lUll , AD SIUII SIUII, 
OR6ANIC DIS DIS NESS NONCAR DIS DIS DIS SORP DIS DIS

DATE 
TOTAL 
UIB/l 
AS P) 

SOLVED 
(1I6/l 
AS P) 

SOLVED 
(l16/l 
AS P) 

'"6/L
AS 

CACD3) 

BONATE 
nl6/l 
CACD3J 

SOLVED 
umll 
AS CA) 

SOLVED 
Ol6/l 
AS 116) 

SOLVED 
(1I6/l 
AS MAl 

TIDN 
RATIO PERCENT 

SODIUII 

SOLVED 
niBIL 
AS NA) 

SOLVED 
("6/l 
AS K) 

(00670) (00671) (00673) (00900) (00902) (00915) (00925) (00930) (00931). (00932) (OO933l (00935) 

05-28-53 4400 3900 1000 450 61 3200 
06-02-54 4100 3700 940 420 22 63 3200 
06-02-54 3700 3300 870 380 22 64 3000 
06-03-54 4000 3600 1000 350 13 51 1900 
08-15-79 1600 1400 '540 70 1300 15 

08-15-79 
08-15-79 1600 1400 540 70 1300 15 
04-01-74 0.07 970 730 240 90 1100 16 il 13 
04-27-76 
06-23-n 

01-08-74 <0.01 2000 1900 550 160 1500 15 61 18 
04-27-76 
03-24-80 2100 2000 550 170 1600 16 
03-24-80 2100 2000 550 170 1600 16 
06-16-55 1000 860 290 69 17 73 1300 

, 04-27-76 
06-21-77 
08-16-79 
03-24-80 - 830 710 280 35 1100 17 
03-24-80 830 730 280 3S 1100 17 

11.0&-72 0.05 5500 4900 1500 420 5800 35 70 37 



CHRD-
CHLo-. FLUD- SILICA, CAD"IIIf "IUfI, COPPER, IRON, 
RIDE, SULFATE RIDE, DIS- BORON, TOTAL TOTAL TOTAL TOTAL IRON, 
DIS- DIS- DIS- SOlVED ARSENIC DIS- RECOV- RECDY- RECOV- REeDV- DIS
SOLVED SOLVED SOLVED nEil TOTAL SOLVED ERABlE ERABlE ERABLE ERABlE SOLVED 

DATE	 (flB/L (MIL (flB/l AS CUB/l IOOfL CUB/l <lJ6/l CUB/l (UB/L mB/l 
AS CL) AS 504) AS F) 5102) AS AS) AS B) AS CD) AS CR) AS CU) AS FE) AS FE) 

(00940) (00945) (00950) (00955) (01002) (01020) (01027) (01034) (01042) (01045) (01046) 

05-28-53 6000 2300 1.1 33 
06-02-54 6000 2100 19 
06-02-54 5500 2100 37 
06-03-54 4500 1300 0.5 30 
08-15-79 2300 900 1.0 0 (0 <0 0 3 

08-15-79 1.0 
08-15-79 2300 900 
04-01-74 1800 610 2.1 41 1600 
04-27-76 2.4 
06-23-77 2.0 

01-08-74 2000 2400 2.1 32 460 <10 
04-27-76 3.0 .03-24-80 2400 2400 2.1 0 (0 <0 0 6 
03-24-80 2400 2400 
06-16-55 1800 980 4.0 44 

04-27-76 5.3 
06-21-77 3.1 
08-16-79 3.1 .. 
03-24-80 1500 850 3.0 0 {O {O 0 0 
03-24-80 1500 850 

11-08-72 11000 3200 4.4 27 26000	 <10 
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MM6A SOLIDS, SOLIDS, NITRD
LEAD, lESE, MN6A SILVER, ZINC, RESIDUE SO" OF SOLIDS, SOLIDS, SENt 
TOTAL TOTAL HESE, TOTAL TOTAl SELE AT 180 CONSTI 015 DIS AIUIONIA 
REeDY- REeDY- DIS RECOV RECOY "lUll, DES. C TUENTS, SDLVED SOLVED DIS
ERABLE. ERABLE SOlYED £HABLE ERABLE -TOTAL DIS 015 nONS (TONS SDlVED 

DATE lUS/L 
AS PD) 

(OI05U 

(US/L 
AS "N) 

(01055) 

(U6/L 
AS "N} 

(01056) 

(US/l 
AS AS) 

(OIOn) 

(US/l 
AS IN) 

(01092) 

(U6/l 
AS SE) 

(01147) 

SOLVED SOLVED 
("GIL> ("S/L> 

(70300) (70301) . 

PER 
DAY) 

(70302) 

PER 
AC-FT) 

(70303) 

("6/L 
AS NH4} 
(71846) 

05-28-53 13000 18.0 
06-02-54 13000 17.7 
06-02-54 12000 16.6 
06-03-54 9300 12.7 
08-15-79 (0 1 <0 0 0 5280 

OS-15-79 
OS-15-79 5280 
04-01-74 <10 4100 5.5 
04-27-76 
06-23-77 

01-08-74 40 6800 9.3 
04-27-76 
03-24-80 0 (0 2 1 7020 
03~24-80 7110 
06-16-55 4600 6.3 

04-27-76 -
06-21-n 
08-16-79 
03-24-80 0 <0 (0 0 0 3830 
03-24-80 3830 

11-08-72 6900 22000 30.3 
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NITRO- NITRO- ELEV. DEPTH SED1- SEDl-
NITRO- GEN, GEX, tlERCURY OF LAND BELOW lENT, IlENT, 

&EN, NITRATE NITRITE NITRO- TOTAL SURFACE DEPTH LAND DIS- DISCH, DRAIN
NITRATE DIS- DIS- SEN, RECOY- DATUit OF SURFACE CHAR6E, SUSP. + ABE 

TOTAL SOLVED SOLVED TOTAL ERABLE (FT. IIELL, (lATER SUS- BED tlA- AREA 
DATE ("S/L (Ell ("6/L Ut6/L (U6/L ABOVE TOTAL LEVEL) PENDED TERIAL (SQ. 

AS N03) AS 103) AS N02) AS N03) AS HS) N&VD) (FEET) (FEET) (T/DAY) (T/DAY) til.) 
.(71850) (71851) (71856) (718B7) (71900) (72000) (7200B) (72019) (BOI55) (SOI56) (BI024) 

05-28-53 11.91 10.31 
06-02-54 14 1140 17.30 11.54
 
06-02-54 38 640 17.30 11.54
 
06-03-54 55 635 20.BO 17.18
 
OS-15-79 30 (0 640 960.00
 

~.- ~ 

OS-15-79 640 960.00
 
08"'15-79 30 640 960.00
 
04-01-74 29 0.0 645 708.00
 
04-27-76 645 708.00
 
06-23-n 645 70B.00
 

01-08-74 49 0.0 660 1672.00
 
04-27-76 660 1672.00
 
03-24-80 4.0 <0 660 1672.00
 
03-24-80 4.0 660 1672.00
 
06-16-55 53 730 1000.00
 

04-27-76 736 1000.00
 
06-21-77 736 1000.00
 
08-16-79 736 1000.00
 
03·24-80 47 <0 730 1000.00
 
03-24-80' 49 736 1000.00
 

11"'08-72 518 1346.00 
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CHEIIICAL ANALYSES FOR SELECTED ELLS IN AREA IV
 
(The following inforlation MiS obtained frol the U. S. 6eological Survey, Tucson, Arizona)
 

LOCAL 
IOENT

1
FIER DATE 

0-01-01 36MA . 12-29-33 
0-01-01 36AAA 10-27-34 
D-o1-01 36AAA 05-31-35 .: 
D-OI-Gl 36AAA 10-19-35 
D-O1-01 30AAA 05-09-36 

D-OI-o1 36AAA 10-28-36 
D-OI-01 36AAA 04-12-37 
0-01-01 36AAA 04-07-38 
0-01-01 36AAA 09-20-38 
0-01-01 36AAA 09-23-42 

0-01-01 36MA 10-30-43 
0-01-01 36AAA 10-04-44 
0-01-01 36AAA 02-12-46 
HI-Ol 36AAA 10-01-46 
D-OI-o1 36AAA 09-30-47 

D-OI-o1 36AAA 09-22-48 
D-OI-o1 36AAA 09-15-50 
0-01-01 36AAA 04-22-54 
0-01-05 31AAA 12-22-33 
D-OI-05 31AAA 01-22-35 

D-Ol-05 31AAA 10-10-37 
D-OI-o5 31AAA 04-11-38 
D-OI-o5 31AAA 09-19-38 
D-OI-o5 31AAA 04-06-39 
0-01-05 31AAA 09-27-39 

D-oI-o5 31AAA 11-07-39 
D-OI-o5 31AAA 04-23-40 
0-01-05 31AAA 10-08-40 
D-ol-05 31AAA 04-29-48 

. HI-OS 31AAA 04-16-53 

0-01-05 3lAAA 04-09-57 
D-02-o3 OIBDA 09-16-75 
D-02-o3 OIBDA 08-04-82 
D-02-o4 OlMA 08-05-80 
D-02-04 11CAB 08-01-80 

SAtiPLE 
NUllBER 

TEJlPER-
ATURE 

(DES C) 

A6ENCY 
COl-

LECTINS 
SAMPLE 

(CODE 
HUllER) 

ABey 
ANA-

LYlINS 
SAtIPLE 

(CODE 
NU"BER) 

22.0 

22.0 
22.0 

1460 
1460 

27.0 
23.5 
23.0 
28.0 

80020 80020 
80020 
80020 

SPE-
CIFle 
CON
DUCT-
ANeE 

(US/Cft) 

4070 
4030 
4050 
4040 

4180 
4170 
4480 
4390 
4860 

4560 
4590 
4700 
4640 
4620 

4550 
4660 
5140 

7070 

6900 
6040 
5780 
7160 
7080 

7080 
5970 
7230 
4500 
5850 

5600 
5700 
6400 
3780 

.4990 

DIY6EN, 
DIS

SOLVED PH 
(PER- PH LAB 
CENT (STAND- (STAID

SATUR- ARD ARB 
AllON) UNITS} UNITS) 

7.4 
7.4 
7.4 
7.4 

7.4 
7.4 
7.5 
7.6 

7.1 
7.4 

8.1 

7.6 
7.5 
7.4 

-
7.3 

7.3 

6.9 7.4 
6.9 
7.0 
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SOLIDS, NITRO- NITRO
CARBON ALKA- BICAR- RESIDUE NITRO- GEN, &EI, NITRO

DIOXIDE UNITY BONATE CAR... AT 105 ·NITRO'" SEN, ORGANIC NITRATE SEN, 
DIS'" FIELD ACIDITY FET...FLD BONATE DES. C, GEN, DR6ANIC DIS... DIS... NITRATE 

SOlYED (1I6/L nlS/l (!tS/L FET-FLD SUS... TOTAL TOTAL SOLVED SOLVED TOTAL 
DATE niS/l AS AS AS (IIS/l PENDED (1I6/L niBil .(IIS/l (IIS/L ("S/L 

AS CO2)· CAC03} CACD3) HCD3) AS C03) utS/L> AS 10 AS N) AS N) AS .) AS N) 

12-29-33 590 o· 
100-27-34 31 500 0 
05--31"'35 32 500 0 
10"'19-35 31 490 0 
05-09...36 31 490 0 

100-28...36 30 470 0 
04-12-37 30 470 0 
04-07-38 24 480 0 
09-20-38 19 460 0 
09-23-42 480 0 

10-30-43 480 0 
10-04...44 490 0 
02"'12-46 500 0 
10...01...46 470 0 
09-30-47 460 0 

09-22"'48 460 0 
09-15-50 58 460 0 
04-22-54 31 500 0 
12-22"'33 410 0 
01-:22-35 5.8 460 0 

10-10-37 20 510 0 
04-11-38 21 410 0 
09-19-38 24 390 0 
04-06-39 570 0 
09-27-39 520 0 

11-07-39 510 0 
04-23-40 390 0 
10-08-40 480 0 
04-29-48 490 0 
04-16-53 34 420 0 

04-09-57 34 430 0 
09-16-75 
08-04-82 37 
08-OS-BO 20 81 
08-01-80 21 110 
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NITRD- . PHDS- PMOS- PHDS
6EN, PHATE, PHOS- PHORUS, PHORUS, CARBON, HARD- M&NE

N02+ND3 ORTHO, ·PHDRUS, ORTHO, OR6ARIe DR6ANIC HARD- NESS, CAlCIUft SIUII, SODIUII , 
DIS- DIS- ORSANIC DIS- DIS- DIS- NESS NONCAR- DIS- DlS- DIS- . 

.. SOLVED	 SOLVED .TOTAL SOLVED SOLVED SOLVED nl6/l BONATE SOLVED SOLVED SOLVED 
DATE	 ("6/l fft&/L nlSIL nl6/l ("6/l (Ell AS (ftS/l Ol6/l (ftS/L ("6/L 

AS N) AS P04) AS P) AS P) AS Pl AS C} CAC03. CAC03) AS CAl AS ItS) AS HA} 

12-29-33 1100 290 B3 600 
10-27-34 860 200 84 570 
05-31-35 860 210 84 570 
10-19-35 890 210 88 580 
05-09-36 860 210 B3 580 

10-28-36 870 210 84 590 
04-12-37 860 210 84 580 
04-07-38 940 220 94 620 
09-20-38 900 210 89 620 
09-23-42 1000 240 110 680 

10-30-43 940 220 95 640 
10-04-44 950 220 97 650 
02-12-46 970 230 97 670 
10-01-46 950 230 94 650 
09-30-47 950 220 95 640 

09-22-48 970 230 95 620 
09-15-50 1000 - 250 100 670 
04-22-54 1200 270 120 710 
12-22-33 530 150 38 150 
01-22-35 1300 320 120 1100 

10-10-37 1100 260 100 1100 
04-11-38 1200 330 100 840 
09-19-38 1200 340 98 790 
04-06-39 990 230 100 1200 . 
09-27-39 1000 250 100 12f'0 

11-07-39 1000 250 100 1200 
04-23-40 1200 330 100 820 
10-08-40 1100 270 110 1200' 
04-29-48 700 180 60 700 
04-16-53 1300 340 100 810 

04-09-57 1300 340 98 750 
09-16-75 
08-04-82 13.0 0.03 0.01 1400 1200 340 130 870 
08-OS-80 10.0 0.0 0.00 1.4 1100 1000 300 . 83 880 
08-01-80' 7.40 0.0 0.00 1.7 2100 2000 590 160 600 
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SODIUft+ 
SDDIUIt POlAS- POlAS- CHLO FUJD SILICA, ARSENIC 

AD SIIII SIIII, RIDE, SULFATE RIDE, DIS ARSENIC SUS
SDRP DIS DIS DIS DIS DIS SOLVED DIS PENDED ARSERIC 
nON SOlVED SOLVED SOLVED SOLVED SOLVED (1I6/L SOLVED TOTAL TOTAL 

DATE RATIO PERCENT 
SOUIU" 

(ElL 
AS MA) 

(ElL 
AS K) 

("6/L 
AS ell 

(I16fL 
AS SD4) 

("S/L 
AS F) 

AS 
S102) 

(OB/L 
AS AS) 

(U6/L 
AS AS) 

lUi/l 
AS AS) 

12-29-33 8 5S 0.0 970 soo 
10-27-34 9 59 0.0 870 400 
05-31-35 9 59 11 880 400 
10-19-35 9 59 0.0 910 410 
05-09-36 9 60 0.0 890 410 -
10-28-36 9 60 0.0 910 430 
04-12-37 9 59 1.0 900 430 
04-07-38 9 59 4.0 990 470 
09-20-38 9 60 0.0 960 470 
09-23-42 'I 59 0.0 110 530 

10-30-43 9 60 0.0 1000 480 
10-04-44 9 60 0.0 1000 500 
02-12-46 10 60 0.0 1000 S20 
10-01-46 9 60 0.0 1000 520 
09-30-47 9 60 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 65 0.0 1800 760 

10-10-37 16 70 0.0 1700 730 
04-11-38 11 60 4.0 1500 600 
09-19"'38 10 58 0.0 1500 560 
04-06-39 18 73 0.0 1700 790 
09-27-39 17 n 0.0 1700 780 

11-07-39 16 71 5.0 1700 760 
04-23-40 10 59 0.0 1500 590 
10-08-40 16 70 1.0 1800 800 
04-29-48 12 68 1.0 950 450 
04-16-53 10 1400 620 

04-09-57 9 1300 . S80 
09-16-75 0.8 
08-04-82 11 58 8.4 1600 900 0.1 2S 
08-05-80 12 63 13 1500 630 0.5 21 3 
08-01-BO 6 38 13 2000 640 0.4 34 5 



BERYL- CADlUUII CHRD- CHRO
BERYl- LIUII, SUS- CADIIIUIt IlIWI, IIlUll, 

BARIUII, LIUII, TOTAL BDRON, CADtlIUIi PENDED TOTAL HEX A- TOTAL COBALT, COPPER, 
DIS- DIS- RECOV- DIS- DIS- RECDY- REeDY- VALENT, RECDY- DIS- DIS

SOLVED SDlVEP ERABLE SOLVED SOLVED EMBlE ERABLE DIS. ERABLE SOlVED SOLVED 
DATE (OB/l (O6/l (O6/l (US/L (OB/l (OB/L CUB/l (lJ6/L IUB/l (OB/L (U6/L 

AS BA) AS BE) AS BE) AS B} AS CD) AS CD> AS CD) AS eR) AS CR) AS CD) AS en 

12-29-33 
10-27-34 
05-31-35 
10-19-35 
05-09-36 

10-28-36 
04-12-37 
04-07-38 530 
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 1800 
04-11-38 1100 
09-1'-38 
04-06-39 2700 
09-27-39 

11-07-39 
04-23-40 
I0-0S-40 
04-29-48 
04-16-53 

04-09-57 
09-16-75 
08-04-82 2400 
08-05-80 50 <1 1700 <l 3 <3 <10 
08-01-80 170 <1 940 <1 10 (3 <10 

.55 



COPPER, 
sus- COPPER, LEAD, "ANSA- ItOLYB- NICKEl, STRON- VAIA
PENDED TOTAL IRON, LEAD, .TOTAL lESE, DEllI", NICKEl, TOTAL nUll, DIlIII, 
RECDV- RECOV- DIS- DIS- RECOV- DIS- DIS- DIS- RECOY- DIS- DIS
ERABLE ERABLE SOLVED SOLVED ERAiLE SOLVED SOLVED SOlVED ERABLE SOLVED SOLVED 

DATE CUS/L WS/L (O6/l' W6/L lU6/l (U&/L IU6/L (W/L IUS/l (US/L m6/l 
AS em AS en AS FE) AS PB) AS PBI AS 11O AS itO) AS sn AS Nl) AS SRI AS VI 

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 
04-06-39 
09-27-39 

11-07-39 
04-23-40 
10-08-40 
04-29-48 
04-16-53 

04-09-57 
09-16-75 
08-04-82 120 10 
08-05-80 <10 {10 <1 <10 5800 {o 
08-01-SO 36 <10 <1 <10 7600 {3 

.' 56
 



ZINC, SELE- SOLIDS, SOLIDS, 
SUS- lINC, ALUIl- SELE- NlutI, RESIDUE SU" OF SOLIDS, 

ZINC, PENDED TOTAL lHUII, LlTHIUfI MIU", SUS- SELE- AT 180 CONSTI- DIS
DIS- "REeDY- REeOY- DIS- DIS- DIS- PENDED NlU", DE6. C Tums, SOLYED 

SOLVED ERABLE ERABLE SOLVED SOLYED SOLVED TOTAL TOTAL DlS- DIS- nONS 
DATE	 (U6/L (UB/l (U6/L m6/l (U6/L (UB/l (U6/l (US/L SOLVED SOLVED PER 

AS IN) AS IN) AS ZN) AS AU AS LU AS.SE) AS SE) AS SE) ("Bill nl6/l) DAY) 

12-29-33 2700
 
10-27-34 2640 2400
 
05-31-35 2620 2500
 

r~ 10-19-35 2640 2500
 
05-09-36 2600 2500
 

10-28-36 - 2630 2500
 
04-12-37 2650 2500
 
04-07-38 2300
 
09-20-38 2600
 
09-23-42 1900
 

10-30-43 2700
 
10-04-44 2700
 
02-12-46 2800
 
10-01-46 2800
 
09-30-47 2700
 

09-22-48 2700
 
09-15-50 2900
 
04-22-54 3200·
 
12-22-33 3400
 
01-22-35 4780 4400
 

10-10-37 4330 4200
 
04-11-38 3600
 
09-19-38 3500
 
"04-06-39 4400
 
09-27-39 4300
 

11-07-39 4300
 
04-23-40 3500
 
10-08-40 4400
 
04-29-48 2600
 
04-16-53 3500
 

04-09-57 3300
 
09-16-75
 
08-04-82 4000
 
08-05-80 10 20 580 6 3500
 
08-01-80 8 20 500 " 5 4100
 



NITRD- NITRD- NITRO- IlERCURY ELEV. 
SOLIDS, 6EN, NITRO- SEN, " SEN, sus- IERCURY OF LAND 

DIS- AJIIIDNIA SEN, NITRATE NITRITE NITRO- IlERCURY IIPENDED TOTAl SURFACE 
SOLVED 015- NITRAT£ DIS- DIS- GEN, DIS- RECOY- RECDV- DATU" 
nONS SOlVED TOTAL SOLVED SOlVED TOTAL SOLVED ERABLE ERABlE (FT. 

DATE PER ("S/L ("6/L ("GIL nIBIL <"B/L CUSfL mS/L (06/L ABOVE 
AC-FT) AS NH4) AS 103) AS ND3) AS N02) AS 103) AS H&) AS H6) AS 116) NSYD) 

12-29-33 0.0
 
10-27-34 35
 
05-31-35 47
 
10-19-35	 43 
05-09-36	 34 
10-28-36 31
 
04-12-37 33
 
04-07-38 29
 
09-20-38 29
 
09-23-42 37
 

10-30-43 27
 
10-04-44 24
 
02-12-46 22
 
10-01-46 37
 
09-30-47 36 
09-22-48	 31 .	 09-15-50 - 37 
04-22-54 34 
12-22-33 1193 
01-22-35 36 1193 

10-10-37 26 1193 
04-11-38 22 1193 
09-19-38 31 1193 
04-06-39 29 1193 
09-27-39 40 1193 

11-07-39 33 1193 
04-23-40 27 1193 
10-08-40 - 40 1193 
04-29-48 28 1193 
04-16-53 .34 1193 

04-09-51 34	 1193 
" 09-16-75 1154 

08-04-82 ·5.4 1154 
08-05-80 4.7 0 
08-01-80 "S.6 0 

.5a 



DEPTH	 SEDI- SEDI- H-2/ 0-181 SPE- HARD
10 BOT- tIENT, lENT, H-1I 0-16 CIFIe ALKA- NESS 

DEPTH TO" OF DIS- DISCH, DRAIN- STABLE STABLE CON- LIIiITY NOIICAR
OF SAffLE CHAR&£, SUSP. + AGE ISOTOPE ISOTOPE DUCT- LAB BONATE
 

IELL, INTER- SUS- BED "A- AREA RATIO RATID ANCE (1tS/l ("6/l
 
DATE	 TOTAL VAL PENDED TERIAL (SQ. PER PER LAB AS AS 

(FEET) (FT) (T/DAY) (l/DAY) "I.J "Ill "IL (US/C"' CACD3) CAC03) 

12-29-33 700.00 1070 
10-27-34 700.00 8S5 
05-31-35 700.00 860 
10-19-35 700.00 887 
05-09-36 700.00 850 

10-28-36 700.00 865 
04-12-37 700.00 860 
04-07-38 700.00 941 
09~2o-38 700.00 901 
09-23-42 700.00 1040 

10-30-43 700.00 936 
10-04-44 700.00 954 
02-12-46 700.00 96' 
10-01-46 700.00 951 
09-30-47 700.00 951 

09-22-48 700.00	 966 
..009-15-50 700.00 1030 

04-22-54 700.00 1150 
12-22-33 245.00 245 531 
01-22-35 245.00 245 1300 

10:-10-37 245.00 245 1080 
04-11-38 245.00 245 1240 
09-19-38 245.00 245 1250 
04-06-39 245.00 245 986 
09-27-39 245.00 245 1030 

U-07-39 245.00 245 1050 
04-23-40 245.00 245 1250 
10-08-40 245.00 245 1120 
04-29-48 245.00 245 704 
04-16-53 245.00 245 1260 

04-09"'57 245.00 245 1250 
09...16-75 BOO. 00 
08-04-82 SOO.OO 6280 152 1380 
08-05-80 1100

" 08-01:"80	 -6.9 -0.9 2140 

\ S9
 



OIYBEI, 
A6EHCY A6ENCY SPE- D.1S

LOCAL COL- ANA- CIFIe SOlVED PH 
IDERT- LECTINS lYZINS CDR- (PER- PH LAB 

1- SMPLE TEJtPER- SAffLE SMPLE DUCT- CENT (STAND- (STAID
FIER DATE mtBER ATORE (CODE (CODE AICE SATUR- ARB ARB 

(DES C) NlJItBER) toilER) (Us/cln ATION) UNITS) UNITS) 

0-02-04 13ADA 08-04-80 1460 29.5 80020 4600 6.9 
D-02-G4 13ADA 08.05-82 28.5 80020 80020 6650 7.0 7.5 
H2-04 14MB 07~31-80 1460 24.5, 80020 6880 7.0 
1H2-oS 17CAA 07-03-75 25.0 4850 
D-02-o5 17CAA 07-25-79 5990 

»-02-05 17CAA 07-26-80 1460 24.5 80020 4350 6.5
 
D-02-05 laMA 07-02-75 24.0 5900
 
D-02-oS 18MA 07-15-SO 1460 23.5 80020 4520 6.7
 
1-02-05 20BCC 07-25-80 1460 24.5 80020 4950 6.8
 

.D-05-07 23DAA 08-30-82 24.0 80020 80020 5960 7.2 B.l 

D-05-o8 20ADDI 09-04-41 24.5 80020 80020 4660 

SOLIDS, NITRO- NlTRO-
CARBON ALKA- BICAR- RESIDUE InTRO- SEN, &EN, NITRIr-

DIOXIDE LINITY BONATE CAR- AT lOS NITRO- &EN1 OR6ANIC NITRATE SEll, 
DIS- FIELD ACIDITY m...FLD BONATE DES. C, SEN, OR6AKIC DlS- DIS- NITRATE 

SOLVED ("B/L ("S/l ("S/L FET-FLD sus- TOTAL TOTAl SOLVED SOLVED TOTAL 
DATE (IS/L AS AS AS ("S/L PENUED ("B/l HEll ("S/L .(E/l ("6/l 

AS CO2) CAC03) CACo3) HC03) AS C03) ("S/L> AS N) AS Itl AS II) AS N) AS II) 

08-04-80 24 99
 
08-05-82 17
 
07-31-80 27 140
 
07-03-75
 
07-25"'79
 

07-26-80 40 66
 
07"'02-75
 
07-15-80 73 190
 
07"'25-80 49 160
 
08-30-82 16
 

09-04-41 198 240 0 

60
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NITRO PHOS PHOS PHDS-
SEll, PHATE, ·PHOS PHORUS, PHORUS, CARBOI, HARD IIASNE

N02+ND3 ORTHO, PHORUS, GRTHO, ORSANIC ORGANIC HARD NESS, CALCIUlt SItHI, SODIUn, 
DIS DIS ORSANIC DIS DIS DIS NESS NONCAR DIS DIS DIS-

SOlVED SOLVED TOTAL SOLVED SOLVED SOLVED (IIS/L BONATE SOLYED SOlVED SOLVED 
DATE (1I6/l 

AS NI 
(lI6fL 

AS P(I.4) 
("6/L 
AS P) 

nl6/l 
AS P) 

UtS/L 
AS P) 

(1I6/L 
AS C) 

AS 
CAC03} 

(ft6/l 
CACQ3) 

(I'6/l 
AS CAl 

(1I6/L 
AS 116) 

tll6/L 
AS MAl 

08-04-80 13.0 0.0 0.00 4.6 2000 1900 520 160 570 
08-05-82 14.0 (0.01 2000 1900 520 160 530 
07-31-80 20.0 0.0 0.00 3500 3400 1000 250 710 
07-03-75 
07-25-79 

07-26-80 17.0 0.0 0.00 2200 2100 590 170 390 
07-02-75 
07-15-80 20.0 0.0 0.00 11 2100 1900 600 150 420 
07-25-80 18.0 0.0 0.00 1.1 1500 1400 410 120 680 
08-30-82 17.0 0.03 0.01 1200 1000 370 58 790 

09-04-41 1600 1400 490 100 

SODIUIt+ 
SODIUIt POTA5 PDTAS CHLO FLUO SILICA, ARSENIC 

AD SIUII Slim, RIDE, SULFATE RIDE, DIS ARSENIC sus-
SORP DIS DIS DIS DIS DIS SOLVED DIS PENDED ARSENIC 

nON SOLVED SOLVED SOLVED SOLVED SOLVED (IIB/L SOLYED TOTAL TOTAL 
DATE RATIO PERCENT 

SODlUll 
(1I6/L 
AS NA) 

um/L 
AS KJ 

("S/L 
AS cu 

um/L 
AS 504) 

("S/l 
AS Fl 

AS 
S102) 

1U6/l 
AS AS) 

mB/L 
AS AS') 

(US/L 
AS AS) 

08-04-80 6 39 12 1700 600 0.2 28 3 -
08-05-82 5 37 10 1700 640 0.2 29 

. 07-31-80 5 30 14 2800 630 0.2 45 
07-03-75 0.7 
07-25-79 0.8 

07-26-80 .. 28 8.9 1700 540 0.2 4.7 
07-02·75 0.8 
07-15-80 4 30 10 1500 640 0.2 54 1 
07-25-80 8 49 12 1700 650 0.4 49 2 
08-30-82 11 59 7.7 1100 1200 1.0 37 

09-04-41 460 910 980 1.4 
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BERYL CAD"IU" CHRO CHRO
BERYL- LImI, SUS- CADitIlift "lUll, "Hili, 

BARIUIt, LIutI, TOTAL BORON, CADffIUIt PENDED TOTAL HElA- TOTAL COBALT, COPPER, 
DIS DIS- REeDY- DIS DIS- REeDY- RECOY- VAlENT, RECOY DIS DIS

SOLVED SOLVED ERABLE SOLVED SOLVED ERABlE ERABLE DIS. ERAILE SOLVED SOLVED 
DATE (U6/L 

AS BA) 
CUB/L 
AS BE) 

(US/l 
AS BE) 

W6/L 
AS B) 

(U6/L 
AS CD) 

W6/l 
AS CD) 

(OB/L 
AS CD) 

W6/l 
AS CAl 

tUB/l 
AS CRl 

(l16/l 
AS CO> 

(OB/L 
AS em 

08-04-80 220 <1 560 <1 6 <3 (10 
08-05-82 630 
07-31-80 910 
07-03-75 
07-25-79 

07-26-80 970 
07-02-75 
07-15-80 600 0 
07-25-80 80 <1 1400 (1 0 <3 10 
08-30-82 1600 

09-04-41 -
COPPER, 
sus- COPPER, LEAD, "AN6A IfOlYB- NICKEL, STRDN YANA
PENDED 
RECOY

TOTAL 
RECOV

IRON, . 
DIS

WD, 
DIS

TOTAL 
REeDY-

NESE, 
. DIS-

DEllI",
DIS

NICKEL, 
DIs-

TOTAL 
RECDV

TIUII, 
DIs-

DIUff, 
015

EMBLE ERABLE SOLVED SOLVED ERABLE SOLVED SOLVED SOlVED ERABlE SOLVED SOLVED 
DATE (06fl (US/L (U6/l (UB/L (OB/L CUB/L . (U6/L (U6/l 106/L (OB/L m6/l 

AS COl AS CO) AS FE) AS PB) AS PI} AS IOU AS "D) AS HI) AS NI) AS SR) AS V) 

08-04-80 57 (10 2 <10 7800 6 
08-05-82 60 20 
07-31-80 350 30 
07-03-75 
07-25-79 -
07-26-80 70 10 
07-02...75 
07"'15-80 80 3 20 \ 

07-25-80 <10 {10 <1 <10 5000 3 
, 08-30-82 90 20 

09-04-41 
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ZIIC, SELE- SOLIDS, SOLIDS, 
SUS- ZINC, AL. S8.E- NIlJIt, RESIDUE SUftDF SOlIDS, 

ZINC, PENDED TOTAL INUI, lITHIUlt MIUtt, SUS- SELE- AT 180 CONSTI- 015
DIS- REeDY- RECOY- DIS... DIS- DIS- PENDED NIUtt, DES. C TUENTS, SOLVED
 

SOLVED EMBL£ ERULE SOLVED SOLVED SOLVED TOTAL TOTAL D.IS- DIS- CTOMS
 
DATE	 CUBIL (OB/L mS/l CUB/L (UB/L (US/L (UB/L (06/L SOlYED SOlVED PER 

AS IN' AS IN' AS IN' AS AU AS LU AS SE) AS SE) AS SE) Ilt6/L) (MIL> DAY) 

08-04-80 9 10 360 '3 3700 
08...05...82 3600 
07-31-80 5500 
07-03-75 
07-25-79 

07-26-80 3400 
07-02-75 
07-15-80 10 0 3500 
07-25-80 5 10 250 4 3700 
08-30-82 3600 

09-04-41 .	 3200 

NITRO- NITRO- NITRO- ttERCURY ELEV. 
SOLIDS, BEN, NITRO- BEN, SEN, sus- ItERCURY OF LAND 

DIS- AIUtDNIA SEN, NITRATE NITRITE NITRO- tlERCURY ttPENnED TOTAL SURFACE 
SOlVED DIS- NITRATE DIS- DIS- SEN, DIS- REeDY'" REeDY- DATUtI 
(TONS SOLVED TOTAL SOLVED SOlVED TOTAL SOlVED ERABLE £RABLE (FT. 

DATE PER Ilt6/l niSIL (ItB/L IItS/L (IIB/l (UB/L mB/L (US/t ABOVE 
AC-FT) AS 184) AS 1103) AS N03) AS N02) AS 103) AS HS) AS H6) AS HS) NSVD) 

08-04-80 5.0 0 
OS-05-82 5.0 
07-31-80 7.5 
07...03...75 1198 
07-25-79 1198 

07-26-80 4.7 1198 
07-02-75 
07-15-80 4.7 0 
07-25"'80 5.1 0 
08-30-82 5.0 1388 

09-04-41	 39 1412 



DEPTH SEDI- SEDI- H-2/ 0-181 SPE- HARD
TO BOT- RENT, lOT, H-1I 0-16 CIFIC ALKA- NESS 

DEPTH TOil OF DIS- DISCH, DRAIN- STABLE STABLE COl- LINITY NDICAR
OF SAJtPLE CHARSE, SUSP. + AGE ISOTOPE ISOTOPE DUCT- LAB BONATE 

tIELL, INTER- SUS- BED ItA- AREA RATIO RATIO ANCE ()tB/l UIB/l 
DATE	 TOTAL VAL PENDED TERIIL (SQ. PER PER LAB AS AS 

(FEET) eFT) (T/DAY) (T/DAY) "I.) IIIU IIIl (US/CIt) CACD3) CACD3) 

OS-04-BO . - 1970 
08-05-82 6150 BS 1960 
07-31-80 3530 
07-03-75 . 500.00 
07-25-79 500.00 

07-26-80 500.00 - 2110 
07-02-75 350.00 
07-15-80 350.00 2120 
07-25-80 -	 1530 
08-30-82 212.00	 5420 132 1160 

G.9-04-41 160.00	 1630 
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CHEJllCAL ANALYSES FOR SELECTED IElLS IN AREA V 

NITRO
DEPTH 6EN PROS

OF lEU. HCD3 cm CL S04 NA + K CA 1m AS MOO POROUS TDS 
r-·---<of 

ICATION DATE (FEET) ("B/L) Ilmll) nIBIL> niBIl) ("6/Ll Cft&/L) nlS/U (l16/l) UI6/U O16fL) 

-23 17DC 04-06-43 18 In 1570 522 1053 190 34 .1 3460 
~317CD 08-06-43 613 1990 1049 . 1412 381 93 2 5230 

~3 17CD 04-17-44 211 1690 576 1140 210 37 .5 3760 
-24 06CD 09-12-41 411 3690 1147 2486 381 91 8010 
~4 06eD 09-09-43 131 1980 802 1470 167 33 2 4520 

'4 02CD 08-16-43 934 1355 989 1547 145 45 1 44S0 
,3 01DD 03-25-43 18 S78 17'0 702 .1002 415 112 1 4270 

~~e: Hel, 1950 

2 29 06-00-55 102 366 1528 560 717 450 90 3711 
-23 11 08-00-55 50 476 2800 750 1672 365 149 6212 
43 17 04-00-58 120 434 1903 944 1369 223 121 4994 

~4 07 07-00-61 48 503 954 525 761 160 61 2964 
-26 05 11-00-58 200 49 8275 1740 5879 185 64 16191 
~6 06 12-00-59 547 1184 633 878 24.4 63 3549 

~6 06 04-00-59 65 215 1400 720 489 521 135 3501 
I~e: Slith, Draper and Fuller, 1967 
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CHEIIICAL ANAlYSES FOR SELECTED IELLS IN AREA VI 

(The fDllaling inforlation MiS obtained frol the U.S. Beological Survey, Tucsan, Arizona) 

LOCAL 
lDENT

r-
FIER DATE 

SMPlE 
NUltBER 

TEIIPER... 
ATORE 

(DE6 C) 

ASENCY 
ANA... 

LYZINS 
SAftPLE 

(CODE 
WIlBER) 

SPE-
CIFle 
CON
DUCT
ANCE 

(US/C'I) 

DIS
SOLVED 
(PER... 
CENT 

SATUR
ATION) 

PH 
(STAND

ARD 
URnS) 

CARBON 
DIOXIDE 

DIS
SOLVED 
("S/l 

AS CO2) 

ALKA-
UNITY 
FIaD 
("6/L 
AS 

CAC031 

ACIDITY 
nl6/l 

AS 
CACD3) 

A-14-27 15BDC 
A-16-23 15BAD 
1-16-30 19DBCl 
A-18-17 05CAA 
A-18-24 OBBeB 

07-02-75 
12"'22"'71 
09-12-47 
08-22-57 
12-22-71 

1280 

15.0 
19.5 

15.0 
18.0 

1028 
1028 
9902 
1028 
1028 

8800 
6390 

8330 
90400 

6.9 
7.5 

8.5 
7.0 

87 
17 

1.2 
84 

356 
271 
356 
218 
435 

1-19-16 20BCD 
1-19-16 28CCC 
A-19-16 36DBB 
A-19-17 OSDDD 
A-19-23 19DCB 

02-27-79 
02-20-79 
06-16-J2 
05-02~66 

06-18-75 

1120 
1120 
1280 
1280 

14.0 
13.0 
17.0 
18.0 
15.0 

1028 
1028 
I02B 
1028 
1028 

6650 
6100 
5870 

12100 
5500. 

7.7 
7.6 
7.5 

11.1 

6.0 
8.0 

13 

160 
160 
220 

402 

DATE 

BleAR-
BONATE 

FET-FLD 
(16/l 
AS 

He03) 

' CAR
BONATE 

m-FLD 
(JElL 

AS C03) 

NITRO
SEN, 

TOTAL 
(IlS/l 
AS N) 

NITRO
GEN, 

ORSANIC 
TOTAL 
OIB/l 
AS II 

NITRO
6E1, 

ORGANIC 
DIS

SOLVED 
(1I6/l 
AS '0 

NITRO
&EN, 

NITRITE 
DIS

SOLVED 
(1I6/L 
AS N) 

NITRO
SEN, 

NITRATE 
DIS

SOLVED 
(IS/L 
AS N' 

NITRO
SEN, 

NITRATE 
TOTAL 
nts/L 
AS N) 

NITRO
GEN, 

N02+ND3 
DIS

SOLVED 
niBil 
AS N) 

PHOS
PHATE, 
TOTAL 
(IIS/L 

AS PD4) 

PHOS
PHATE, 
DRTHD, 
DIS

SOLVED 
("S/L 

AS PD4) 

PHOS
PHO~US, 

ORBANIC 
TOTAL 
(MIL 
AS P) 

07-02-75 
12-22-71 
09-12-47 
08-22-57 
12-22-71 

430 
.330 
430 
250 
530 

o. 
0 
0 

10 
0 

0.06 0.43 

0.25 

0.49 

0.03 

0.03 
0.0 
0.06 

0.4& 

02-27-79 
02-20-79 
06-16-72 
05-02-66 
06-18-75 

190 
200 
270 

490 

0 
0 
0 

0.01 0.41 

0.06 
0.08 
0.• 01 

0.42 

0.0 
0.09 
0.03 

0.09 
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PHOS-	 PHDS- SODIUII+ 
PHORUS, PHORUS, HARD- "AGE- SDDIlm PDTAS- POTAS

ORTHO, DR&ANIC HARD- NESS, CAlCIlJIt SIlm, SODIU", AD- SItRl Slim, 
DlS- DIS- NESS HONtAH- DIS- DIS- DIS- SURP- DIS- DIS

SOLVED SOLVED ("S/L BONATE SOLVED SOLVED SOLVED TIDN SDLYED SOLVED 
DATE (1I6/L ("S/L AS ("6/L (lI6/L (MIL nl6/l RATIO PERCENT (lISfL niBIL 

AS P) AS P} CAC03} CACD3) AS CA) AS tfS) AS MA) SODIt. AS MA) AS K) 

07-02-75 <0.01 .2400 2100 600 230 1200 11 51 15 
12-22-71 0.02 330 63 96 23 1200 30 88 12 

. 09-12-47 MO 280 230 19 1300 23 
08-22-57 460 240 53 34 89 1700'I' 
12-22-71 0.15 3000 2500 880 190 24000 200 95 37 

r' -, 

02-27-79 <0.01 440 280 79 60 1200 25 85 12 
02-20-79 0.03 440 280 93 51 1200 26 85 11 
06-16-72 0.01 640 420 150 64 1000 18 n 7.5 
05-02-66 500 200 0.8 1300. 
06-18-75 0.03 220 0 81 5.4 1200 37 92 4.5 

SOLIDS, SOLIDS, 
CHlO- FlUO- SILICA, IROI, tlANSA- RESIDUE SUft OF SOLIDS, 
RIDE, SULFATE RIDE, DIS- BORON, TOTAl IRON, NESE, AT 180 CONSTI- DIS
DIS- DIS- DIS- SOLVED DIS- REeDV- DIS- DIS- DES. C TUEHlS, SOLVED 
SOLVED SOLVED SOLVED (ElL SOLVED ERABlE SOlVED SOLVED DIS- DIS- {TONS 

DATE	 ("S/l ("S/L ("6/L AS (OS/L CUB/L (OB/L (US/l SOLVED SOLVED PER 
AS eL) AS S04) AS F) SI02) AS B) AS FE) AS FE) AS IUO nt6/L> (ftS/u DAY) 

07-02-75 2200 1700 1.1 13 640 <10 6330 6200 . 
12-22-71 1800 270 1.7 10 40 130 3600 
09-12-47 1700 300 1.2 3800 
08-22-57 2500 380 0.8 4800 
12-22-71 37000 1700 3.2 8.3 20 310 64000 

02-27-79 1800 300 0.2 5.8 230 80 {10 3600 
02-20-79 1800 320 0.3 9.8 250 <10 <10 3600 
06-16-72 1500 52 0.2 10 10 18 2900 
05-02-66 3800 490 0.5 6600 
06-18-75 890 1100 1.9 10 1200 <10 3560 3500 

., ..~ .... 
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NITRO- NITRO- NITRO- ELEV. SEDI- SEDl-
SOLIDS, HY- SER, &EN, SEN, OF LAND IIENT , IIElT, 

DIS- DROXIDE AMONtA NITRATE NITRITE NITRO- SURFACE DEPTH DIS- DISCH, DRAIN
SOLVED ION DIS- DIS- DIS- SEN, DAM OF CHAR6E, SUSP. + A6E 
CTONS FET-FlD SOLVED SOLVED SOLVED TOTAL (FT. JElL, SUS- BED M- AREA 

DATE PER (1I6/L ItIS/L (ElL ("S/L O'&/L ABDVE TOTAl PENDED TERIAL (SQ, 
AC-FTJ AS DR) AS NH4} AS 1103) AS N02J AS 1103) N6VD) (FEET) (T/DAY) n/DAY) III.) 

07-02-75 8.6 1.9 0.2 5565 105.00 
12-22-11 4.9 5395 500.00 
09~12-47 5798 1360.00 
08-22-57 6.6 1.1 4885 409.00 
12-22-71 87.1 5299 600.00 

02-27-79 4.8 4845 198.00 
02-20-79 4.9 4860 198.00 
06-16-72 4.0 4890 610.00 
05-02-66 50 5165 680.00 
06-18-75 4.8 1.8 0.03 5375 33.00 
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