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ABSTRACT 

This thesis concerns a groundwater modeling study of an 

area including six townships south of Tucson, Arizona. Central 

to the region is a recharge site where the City of Tucson may 

recharge 10,000 acre-feet per year of Central Arizona Project 

water from the Colorado River. Immediately south and west of 

the site boundary are the Santa Cruz River and the Tohono 

O'odham Indian Nation. Major well fields to the immediate 

east, west and south supply water to the City of Tucson and to 

farming and copper mining corporations. Operation of the 

corporate well fields has lead to the creation of a water 

table depression just west of the recharge site. The purpose 

of the groundwater model, then, is to aid in the understanding 

of the most probable groundwater flow regime in light of 

aquifer recharging and groundwater mining. More generally, the 

model serves to compare overall groundwater conditions within 

the study area with previous investigations that remain widely 

referenced today. Lack of data precluded the construction of 

a model capable of producing reliable predictive results. 

Hydrogeologic data gathered, however, provides a foundation 

for future modeling studies, and insufficient data serve as 

indicators of present groundwater monitoring deficiencies. 
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1.0 INTRODUCTION 

In 1975, the United States of America, on behalf of the 

Tohono O'Odham Nation (Nation), filed suit against several 

major water users in the Santa Cruz and Avra-Alter Valley 

basins of southern Arizona. The suit alleged infringement on 

Tohono O'Odham water rights by the defendants which included 

the City of Tucson and many of eastern Pima County's larger 

mining and farming interests situated within the Pima Mining 

District south of Tucson, Arizona. The Nation filed a second 

suit on its own behalf for water rights not covered in the 

first suit. The two lawsuits were subsequently consolidated, 

and the complaint was amended to name nearly 1,700 defendants 

which included all the users of surface water and groundwater 

from the Upper Santa Cruz River Basin. 

Congress awarded the Tohono O'Odham Nation annual allocations 

of water from the Central Arizona Project (CAP) and other 

sources under the Southern Arizona Water Rights Settlement Act 

(SAWRSA) of 1982. Through SAWRSA, a portion of the water 

resources awarded to the Nation will be distributed to the San 

Xavier District. Under the terms of SAWRSA, the Nation agreed 

to release and waive any and all existing or future water 

rights or injuries within the Arizona Department of Water 

Resources (ADWR) Tucson Active Management Area. The Nation 

additionally agreed to dismiss previous lawsuits and to limit 
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ground water pumping to 10,000 acre-feet per year (AF/year) 

from beneath the San Xavier District. 

Prior to the law suit filed on behalf of the Tohono 

O'Odham Nation, Farmers Investment Company (FICO) also filed 

a water rights law suit against all local copper mining 

interests within the Pima Mining District. Dismissed by 

Arizona Pima County Superior Court in 1986 due to inactivity 

since 1972, the FICO complaint concerned damages and costs 

incurred from excessive water use by the various copper mining 

interests that infringed on FICO's perceived prior water 

right. Similar in nature, the FICO and Tohono O'Odham Nation 

law suits were not primarily concerned with issues surrounding 

local groundwater quality. 

Water quality issues have, nevertheless, become a more 

recent concern for water right interest groups within the Pima 

Mining District. In the early 1980's, a task force 

investigated, in depth, the potential for water quality 

problems stemming from copper mining operations, and in 1993, 

thirty-two members from the San Xavier District of the Tohono 

O'Odham Nation filed a $306 million lawsuit against the City 

of Tucson, FICO, and American Smelting and Refining Company 

(ASARCO) (Volante, 1993b). In addition to alleging water 

rights infringement through excessive water use, the suit 

claims that ASARCO mining operations have polluted local 

groundwater. As understood by Pfordt (1993) of the Tohono 
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O'Odham Nation's Central Arizona Project (CAP) office, the 

major water issues perceived by the Nation and for the Pima 

Mining District in the near future are the following: 

• Is there a groundwater quality problem or will there be 
one due to copper mining activity on the Reservation? 

• If there is a groundwater quality problem, what is its 
nature and extent? 

• If there is not a groundwater quality problem, could 
there be, and, if so, under what conditions? 

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

As evidenced by the recent law suits involving the 

various water interests within the Pima Mining District, 

perceived water rights issues involving a particular water 

interest group are likely to effect all neighboring water 

interest groups. With the apparent out-of-court settlement of 

water rights between ASARCO and FICO, with the signing of 

SAWRSA by the Tohono O'Odham Nation, and with the arrival of 

CAP water to the region, water right use is not likely to be 

a major issue for the Pima Mining District in the near future. 

Water quality issues stemming from individual interest group 

water use, however, are likely to develop. 

Despite the political nature of water use in the Pima 

Mining District, the City of Tucson and the Central Arizona 

Water Conservation District currently plan to expand 

individual water use interests through a joint, aquifer 

recharge project utilizing CAP water (Volante, 1993a). At an 
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estimated cost of $5 million, the project immediately effects 

ASARCO water right interests since the project location is 

currently situated on ASARCO property which must be condemned 

through the courts for access. 

1.1 Purpose and Scope 

ASARCO mining, future Tucson Water recharging, and FICO 

farming interests may effect the quality of groundwater within 

in the Pima Mining District. The purpose of this thesis, then, 

is to attempt to model the most probable groundwater flow 

regime southeast of the San Xavier District in light of CAP 

water recharging and ASARCO/FICO pumping. Of particular 

interest is defining the potential for regional groundwater 

quality degradation should regional groundwater flow be 

perceived as being altered. Hydrogeologic data gathered also 

provides a foundation for future groundwater flow and quality 

modeling studies, and identified data deficiencies serve as 

indicators of present potential groundwater monitoring 

inadequacies. 

1.2 Previous Studies 

Investigations concerning the Upper Santa Cruz Basin are 

numerous due to the economic, political, and environmental 

nature of water uses within the study region. The Upper Santa 

Cruz Basin Mines Task Force (USCBMTF) compiled the broadest 
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and most historic reference list when publishing a groundwater 

quality baseline report for the region in 1979. Subsequent 

USCBMTF publications also serve as sources for discerning 

historic and more recent land and water uses within the study 

area. Regional land use maps, created for approximate 10 year 

intervals, were compiled by Pima Association of Governments 

(PAG) and for the period 1936 to 1990 (PAG, 1992). 

The geohydrology of the Tucson Basin was investigated in 

depth by Pashley (1966) and Davidson (1973), while Heindl 

(1959) , Cooper (1960), and Gass (1977) describe the site-

specific geology of the study region more detail. Various 

papers of the Arizona Geological Society describe the 

structure and ore deposits of the San Xavier and Pima Mines 

(AGS, 1959 and 1968). Geophysical investigations by Davis 

(1967) and West (1970) also serve as aids in determining 

bedrock topography and Basin boundaries. More recently, CH2M 

Hill (1991) and Errol L. Montgomery and Associates 

(Montgomery, 1991a through 1992b) have investigated the near 

surface stratigraphy around the proposed artificial recharge 

site and along the eastern border of the San Xavier 

Reservation. 

Schwalen (1957, 1961) and Matlock (1965, 1972) not only 

provide historic water level measurements for the Upper Santa 

Cruz Basin but also follow the history of water table declines 

existing along the Santa Cruz River and beginning as early as 
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1947. The USCBMTF also identified a localized groundwater 

depression in a 1983 report entitled, "Groundwater Monitoring 

in the Tucson Copper Mining District". 

Although not the first modeler of the study area, 

Postillion (1985) was the first investigator to use a 

groundwater quality model to evaluate groundwater management 

alternatives under various scenarios of water use. Earlier 

models include those by Anderson (1968) who constructed an 

electric analog model of the Upper Santa Cruz Basin from the 

Pima-Santa Cruz County to the Pima-Pinal County line and by 

Travers and Mock (1984) who attempted to digitally model the 

entire Upper Santa Cruz Basin and Avra Valley. Williams (1987) 

used geostatistical analyses and inverse modeling methods to 

estimate aquifer parameters for input into a steady-state 

groundwater model of the Upper Santa Cruz Basin. 
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2.0 DESCRIPTION OF STUDY AREA 

The following chapter discusses the location, topography, 

climate, and land and water use/demand of the study area. 

2.1 Location 

The study area, presented in Figure 2-1, is located 

approximately 15 miles south of Tucson, Arizona and is 

situated within the Upper Santa Cruz Basin in the semiarid 

Sonoran Desert region of the southwestern United States. 

Specifically, the study area includes Arizona Quadrant D, 

Township 16 South, Ranges 13 and 14 East; Arizona Quadrant D, 

Township 17 South, Ranges 13 and 14 East; and the two western 

most sections of Arizona Quadrant D, Townships 16 and 17, 

Range 15. Central to the survey region, just off Pima Mine 

Road and Interstate 19, is the terminus of Central Arizona 

Project (CAP) . Further east and north, near Pima Mine Road and 

the Tucson-Nogales Highway, is the Pima Mine Road (PMR) 

artificial recharge site. American Smelting and Refining 

Company (ASARCO) currently owns the property where the CAP 

terminates and where the proposed PMR recharge facility is to 

be located. Immediately west of the PMR site are the San 

Xavier District of the Tohono O'odham Nation and the Santa 

Cruz River. To the east are Farmers Investment Corporation 

(FICO) and the Santa Cruz well field which supplies water to 

the City of Tucson. South of the PMR recharge site are the 
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FICO well field used for irrigated agriculture and the ASARCO 

well field used for mining operations both on and off San 

Xavier District property to the west. 

2.2 Topography 

The study area is situated within the north trending 

Upper Santa Cruz Basin which is a broad, 15-20 mile wide 

alluvial valley bounded on either side by mountains. The 

Tortolita, Santa Catalina, Tanque Verde, Rincon and Santa Rita 

Mountains respectively lie to the north, east, and southeast 

and very in altitude from 6,000 to 9,000 feet above mean sea 

level. To the more immediate west of the study area lie the 

Tucson and Sierrita Mountains whose elevations range from 

3,000 to 6,000 feet above mean sea level. 

Along the southern border of the survey boundary, the 

land surface slopes toward the less elevated northern survey 

limits. Along the western and eastern survey boundaries, the 

land surface gently slopes northerly and centrally toward the 

lower elevations of the Santa Cruz River. At the Santa Cruz 

River's southern most survey point, the surface elevation is 

about 2,780 feet above mean sea level, and the surface 

elevation is about 2,550 feet above mean sea level at the 

Santa Cruz River's northern most survey point. The surface 

elevation at the southwestern corner of the study area is 

about 3,500 feet above mean sea level, and the surface 
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elevation at the northwestern survey corner is about 2,800 

feet above mean sea level. At the southeastern survey corner, 

the surface elevation is approximately 3,140 feet above mean 

sea level, and at the northeastern survey corner, the surface 

elevation is approximately 2,815 feet above mean sea level. 

Thus, in short, the study area is a south to north, downward 

sloping trough with a more elevated southwestern rim. 

Cultural features associated with local raining operations 

are also of topographic significance within the study region. 

Approximately 20 square miles in area, the ASARCO Mission Unit 

contains numerous tailing and overburden systems elevated 

approximately 100 to 250 feet above land surface. An 

individual system may cover an area ranging from 1 to 3 square 

miles. The ASARCO Mission Pit encompasses approximately 1 

square mile and, at its lowest point, may reach a depth 

greater than 500 feet below land surface (Montgomery, 1991c). 

The former Anamax Twin Buttes tailing system lies within the 

southern and central portion of the study region. 

Approximately 200 feet above land surface, the two Anamax 

tailing ponds cover an area of approximately four square 

miles. 

2.3 Climate 

The climate of Sonoran Desert region is classified as 

arid to semiarid. Climatological data for the Sahuarita 
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weather station can be found in Sellers et al. (1985). The 

maximum daily temperature averages around 67° Fahrenheit (F) 

in January and around 103° F in July. In January, the average 

daily minimum temperature averages around 32° F, and in July, 

the average daily minimum temperature averages around 70° F. 

Due to the orographic features surrounding the Tucson 

Basin, average annual rainfall increases with elevation but 

ranges from 12-20 inches per year over the study area. 

Precipitation is extremely variable from year to year but 

largely occurs annually over two periods. During the winter 

months of December and February, steady, low-intensity storms 

are common and spread over the entire Basin. During the summer 

months of July and September, short, high intensity, storms 

are frequent but limited to small, localized areas. 

2.4 Study Area Land and Water Use/Demand 

Figure 2-2 shows that agricultural use of water is 

greatest over the 1960-1991 period and consistently averages 

around 20,000 acre-feet per year (AF/year). For the study 

period, all agricultural water use is attributed to the 

production of pecans by FICO. 

Industrial, or copper mining, water use varies most 

amongst the three water use categories and most likely varies 

predominantly as a function of copper's trade or market value. 
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Industrial pumpage is seen to peak at approximately 20,000 

AF/year during the mid-1970's when, in 1974, Anamax Twin 

Buttes, Cyprus-Pima, and ASARCO Mission copper mines 

respectively ranked 16th., 35th., and 46th. in world copper 

production (Navin, 1978). Industrial pumpage over the late 

1970's and early to mid-1980's not only decreased with copper 

prices, but also decreased since the former Anamax Twin Buttes 

Mine was also largely inactive over the period. In 1987, after 

averaging around 6,000 AF/year, industrial water use began to 

increase with world copper market prices and demand (Bureau of 

Mines, 1989 through 1991). 

Other than private landowners, municipal water use is the 

smallest water use category in the area. The portion of the 

Santa Cruz well field within the study area annually supplies 

around 8,000 AF of water to the City of Tucson. Water from the 

well field comprised 30 percent of the City of Tucson's total 

pumpage in 1970 (Gass, 1977) , and water use from the well 

field appears to have slowly increased over the twenty-one 

year period. From 1987 through 1992, the Santa Cruz well field 

contributed 8 to 14 percent of City water deliveries to 

customers (City of Tucson, 1992b). In the near future, CAP 

water is anticipated to replace all pumpage from the Santa 

Cruz well field (Tucson Water, 1993). 

The PMR site is identified in Figure 2-1 and was largely 

undisturbed vacant land until the mid 1930s when the area came 
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under cultivation for crops such as cotton, grains, maize, and 

alfalfa. ASARCO acquired the site property over the period 

1967 through 1970, and, by 1970, most of the site was retired 

from active agricultural use. The PMR Design Concepts Report 

(CH2M Hill, 1991) calls for the construction of two CAP water 

recharge basins in the area and for the eventual construction 

of an alternate basin. The suggested size of a typical basin 

is approximately 720 feet wide by 1,270 feet long with the 

basin floor existing 8 to 12 feet below land surface. Almost 

1/2 mile apart, the initial basins essentially form two 

separate recharge facilities optimally situated to minimize 

the potential for groundwater mounding due to basin proximity 

and/or to fine grained subsurface conditions. 
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3.0 GEOLOGY 

The Sierrita and Santa Rita Mountains consist mainly of 

low to moderately permeable sedimentary and intrusive igneous 

rocks. The largest masses of volcanic rocks are in the Tucson, 

Black and Sierrita Mountains and consist of andesitic to 

rhyrolitic flows, tuff, agglomerate and minor amounts of 

interbedded conglomerate and sandstone. The older volcanic 

rocks generally date from the Mesozoic to the Middle Tertiary 

Ages. Younger volcanic rocks of Middle to Late Tertiary Age 

predominantly crop out at Black Mountain and at the eastern 

slopes of the Tucson Mountains. The age of the oldest 

crystalline rocks is Precambrian, while the age of the 

youngest crystalline rocks is Late Tertiary. Sedimentary rocks 

crop out in large areas of the Sierrita and Santa Rita 

Mountains. Most of the sedimentary units are Mesozoic in age 

(Cooper, 1960) and include interbedded volcanic flows, tuff, 

and agglomerate. Small, local outcrops of sedimentary 

Paleozoic rocks consist mainly of sandstone, claystone, 

siltstone, and conglomerate. Lesser amounts of Paleozoic 

limestone and quartzite are also present. 

3.1 Lithology 

The various sedimentary units of the Tucson Basin are 

typically differentiated on the basis of color, rock fragment 

content, degree of cementation, and spatial position. As 
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depths of sediment below ground surface increase, 

identification of a particular unit becomes more tenuous, and 

age assignments and correlations for strata become more 

uncertain. 

The Pantano Formation is typically a silty sandstone to 

gravel unit which crops out locally around the edges of the 

Basin. In the study area, the Pantano Formation is penetrated 

by wells drilled to depths greater than 1,500 feet below land 

surface. The Pantano Formation is unconformably overlain by 

the Tinaja Beds which consist of gravel and sand that grade 

from the outer edges of the Basin and downward into a very 

thick sequence of gypsiferous clayey silt and mudstone located 

at the center of the study area. The Fort Lowell Formation 

unconformably overlies the Tinaja Beds and grades from gravel 

near the edges of the Basin to silt in the center of study 

area. Basin tilting accompanied by minor faulting, initiated 

erosion, the beginning of the present drainage system, and the 

end of Fort Lowell deposition. 

3.1.1 Bedrock Complex 

The study area includes the deepest portion of the Basin 

where the greatest amount of down-faulting occurred. The 

drastic change in depth to bedrock is associated with the 

northwest-southeast trending Santa Cruz Fault. Through the use 

of gravity surveys, Davis (1967) determined depths to bedrock 
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within the Tucson Basin, or below the Pantano Formation. 

Within the southwest quadrant of the study area, Davis 

suggested that depth to bedrock ranged from zero feet at the 

survey border to 1,000 feet around the Santa Cruz River. Depth 

to bedrock was found to increase from 1,000 feet below land 

surface to approximately 3,000 feet below land surface east of 

the Santa Cruz Fault and within the northwest quadrant of the 

study area. The greatest depth to bedrock within the Basin was 

specified at 7,000 feet below land surface east of the Santa 

Cruz Fault and at the southeastern corner of the study area. 

From the center of the study area and east and along the 

entire study reach of the Santa Cruz River, depth to bedrock 

was determined to increase from 1,000 to 5,000 feet below land 

surface. 

3.1.2 Pantano Formation 

The Pantano Formation typically is a reddish brown silty 

sandstone to gravel unit that is weakly to strongly cemented 

by calcium carbonate (Finnell, 1970). The formation is more 

consolidated than the overlying deposits and contains a few 

interbedded volcanic flows and tuffs that correlate with 

sequences of volcanic rocks that are found in some of the 

nearby mountains. The thickness of the Pantano Formation in 

the central part of the Basin is not known, but a few hundred 

to about 1,000 feet of sediment are assigned to the unit. 



27 

3.1.3 Tinaja Beds 

Deposited as the Basin drained internally, the Tinaja 

Beds are divided into Upper and Lower units due to the gradual 

decrease in size of sedimentary fragments at depth. Clayey 

silt to mudstone units constitute the lower portion of the 

Tinaja Beds and clayey gravel to clayey silt units constitute 

the upper portion of the Beds (Davidson, 1973) . In the western 

region of the study area and over a short distance eastward 

across the Santa Cruz Fault, the Lower Tinaja Beds change from 

a pebbly sand or gravel to a clayey silt or mudstone. The 

clayey silt and mudstone facies found toward the center of the 

Basin and study area are generally reddish brown to medium 

brown and are also found to be light brown to brownish grey in 

localized areas. Throughout the clay and mudstone deposits are 

zones of gypsum and anhydrite that make up as much as 25 

percent of the unit by volume (Gass, 1977). 

Tinaja Bed thickness ranges from zero to a few hundred 

feet near the Basin margins and is more than 2,000 feet in the 

central and southeastern portion of the Basin. Although the 

maximum thickness of the Tinaja Beds is unknown, the Beds may 

be 5,000 feet thick in the central part of the study area. In 

the central and eastern portions of the study area, the fine­

grained facies of the Upper Tinaja occupies a smaller volume 

than does the fine-grained facies of the Lower Tinaja. The 

contact between the Pantano Formation and the Tinaja Beds is 
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difficult to select with certainty from most lithology logs, 

and the contact between the Upper and Lower Tinaj a Beds cannot 

always be chosen precisely. Within the study area and west of 

the Santa Cruz Fault, the Upper Tinaja Beds are thicker than 

the Lower Tinaja Beds, but, in the center of the study area 

and east of the Santa Cruz Fault, the Lower Tinaja Beds are 

much thicker. 

The Lower Tinaja Beds predominantly lie east of the Santa 

Cruz Fault and compose most of the down-faulted block of the 

Basin. The best evidence of the faulted nature of the Lower 

Tinaja Beds is at the center of the study area, where at least 

2,000 feet of clayey silt and mudstone abut hard, cemented 

gravel and conglomerate associated with the Pantano Formation 

to the west (Davidson, 1973). As inferred by contour maps by 

Gass (1977), the average and lowest elevation of the Tinaja 

mudstone unit is 2,000 feet above sea level. The elevation of 

mudstone unit increases steeply and suddenly but to only 2,100 

feet above sea level at the northeastern corner of the study 

area. In the northern portion of the southeastern quadrant, 

the mudstone gently rises to an elevation of 2,075 feet. The 

work by Gass (1977) complements that by Davidson (1973) whose 

cross-section of the study area shows a marked change in 

strata fineness within the Lower Tinaja Beds at an elevation 

of 2,000 feet above sea level. Only 10 wells in the study are 

known to be perforated within the mudstone unit. Because 
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driller and borehole geophysical logs indicate a low water 

yielding potential for the sequence (Davidson, 1973) and 

because a well perforated in the unit went dry less than four 

hours after the start of a pumping test (Gass, 1987), the 

mudstones are considered to be a semi-confining unit with 

perforated wells predominantly draining water from the aquifer 

above. Outside the triangular, down-faulted block of the Basin 

and study area, the Tinaja Beds are gravels or pebbly sands. 

Silty gravel to mudstone of the Lower Tina j a Beds are 

proximate to well-cemented gravel of the Pantano Formation 

along the eastern side of down-faulted block. 

3.1.4 Fort Lowell Formation 

The age of the Fort Lowell Formation probably is Early to 

Middle Pleistocene. Because the Fort Lowell Formation was 

deposited while the Basin drained internally, the Formation 

itself grades from a silty gravel near the margin of the Basin 

to a silty sand and clayey silt in the central part of the 

Basin. The grain size distribution of the Fort Lowell 

Formation is similar to that of the Upper Tina j a Beds, but the 

Fort Lowell Formation consistently contains more coarse 

material than the Upper Tinaja Beds. Although 300 to 400 feet 

thick throughout most of the Basin, the Fort Lowell Formation 

thins toward the mountains. The contact between the bottom of 

the Fort Lowell Formation and surface of the Upper Tinaja 
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Beds is chosen on the basis of (1) a color-hue change from 

dark-reddish-brown Fort Lowell to less dark-brown or gray 

Tinaja Beds, (2) a marked increase in cementation from the 

Fort Lowell to the Tina j a Beds as noted in drill and 

geophysical logs, and (3) in the northeastern half of the 

Basin, a change from a limited variety of sediments in the 

Fort Lowell Formation to a more varied rock-fragment content 

in the Tinaja Beds (Davidson, 1973). 

The Fort Lowell Formation consists of loosely packed to 

weakly cemented sediments that range in color from dark to 

light reddish brown. Although the Fort Lowell Formation is 

locally exposed at land surface, the Formation is usually 

covered by overlying alluvial deposits. Granitic fragments in 

a quartz-feldspar sand and montmorillonitic clay matrix are 

the most common rock types of the Fort Lowell Formation, and 

clasts of sedimentary and volcanic rocks are abundant in the 

southwestern half of the Basin (Laney, 1972). Volcanic 

fragments attributed to the Fort Lowell Formation are also 

common along the Sierrita Mountains. The Fort Lowell Formation 

at the PMR site is primarily sand and gravel with localized 

layers of silt and clay. Beneath the recent alluvium at the 

PMR site, the Fort Lowell Formation is estimated to be 70 to 

100 feet thick with a base ranging from 120 to 150 feet below 

ground surface (CH2M Hill, 1991). 
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3.1.5 Surficial Deposits and Recent Alluvium 

Recent studies within the survey area substantiate 

earlier work by Davidson (1973) who identifies surficial 

deposits and recent alluvium as mainly gravel and gravely 

sand. The surficial deposits at the PMR site are unsaturated 

fine-grained deposits that chiefly consist of sandy silt and 

clay (Montgomery, 1991a). The surficial deposits are typically 

encountered from land surface to depths of 8 to 25 feet, and 

interbedded layers of sand, sandy silt, and clay occasionally 

occur below 11 feet where the surficial deposits are thicker 

(CH2M Hill, 1991). A review of select FICO and Tucson Water 

well logs drilled outside the PMR site indicate that surficial 

deposits range in thickness from 2 to 40 feet. In many cases, 

surficial deposits are identified and lithologically described 

as such or as surface soil. 

The recent alluvium at the PMR site is coarse-grained 

sand, silty sand, and gravelly sand with grain sizes ranging 

from very fine sand to very coarse pebbles (Montgomery, 

1991a) . A stratum of cobbles is also occasionally present near 

the base of recent alluvium in some areas (CH2M Hill, 1991) . 

With a thickness of 1 foot to 9 feet, a clayey sand unit is 

present within the coarser deposits and at depths ranging from 

17 to 30 feet. The thickness of the unit is believed to 

decrease to the east and south, and the unit is not detected 

in the southeast corner of the PMR study area. Around the PMR 
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recharge site, the recent alluvial contact with the Fort 

Lowell Formation is believed to occur at a depth of about 34 

feet. Average depths from ground surface to the interface 

between the recent alluvium and the Fort Lowell Formation most 

likely range from 35 to 50 feet, however. 
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4.0 HYDROLOGY 

Groundwater has been the primary water source for 

development of the area, and throughout the study region, 

water table elevations have decreased since the early 1930's. 

The following chapter discusses the hydrologic surface, 

subsurface, and quality characteristics of the study area. 

Several hydrologic features and assumptions contributing to 

the study area model are also presented. 

4.1 Surface Water 

The major surficial hydrologic feature of the study area 

is the Santa Cruz River, an ephemeral stream that 

predominantly flows in response to surface runoff from 

precipitation. Approximately 93% of streamflow peaks occur 

during the summer thunderstorm period (Condes de la Torre, 

1970). Only a small portion of total Basin rainfall, 0.6 to 

3.0 percent, contributes to Santa Cruz River flow, however, 

and river flow is not significantly influenced by groundwater 

discharge or snowmelt (Condes de la Torre, 1970). The Santa 

Cruz River flood plain is 1-2 miles wide, and due to the high 

permeability of the river bed, water which does flow over the 

river bottom is likely to serve as recharge water for the 

regional aquifer. 
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4.2 Groundwater 

Many wells along the western rim of the Basin are 

perforated within saturated sedimentary rocks that overlie 

older volcanic rocks. The older volcanic strata typically 

extend several hundred to more than one thousand feet below 

ground surface and generally are hard and dense with low water 

yielding capacity. Black Mountain is overlain by volcanic and 

sedimentary rocks that are moderately permeable and porous. 

The older volcanic rocks of the Sierrita Mountains generally 

have low to moderate porosity and low permeability. Most 

springs and wells in the older volcanic rocks yield only small 

amounts of water. In some places along the western study area 

border, water is in beds of low permeability material such as 

tuff, weakly cemented sedimentary rocks, or slightly open 

fragmental or vesicular lava flows. The permeability may be 

enhanced locally by fractures in these areas, however. In 

other places along the western study area border, water is 

only in fractures. The younger volcanic rocks are somewhat 

more vesicular and fractured and, thus, are more porous and 

permeable than the older, fractured, volcanic rocks. The 

intercalated beds of sediment within the younger volcanic rock 

are also not as well cemented as sediment interbedded within 

the older volcanic rocks. In most places, the younger volcanic 

rocks are above the water table but are said to be tapped by 

a few wells in and near the Tucson Mountains (Davidson, 1973) . 
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The Fort Lowell Formation is the thickest, most highly 

permeable unit of aquifer and, thus, is also the formation 

from which most local wells obtain water (Montgomery, 1991c). 

The Upper Tinaja Beds and Pantano Formation also constitute a 

significant portion of the aquifer from which all major water 

users also obtain water. Although the fine-grained facies of 

the Lower Tinaja Beds are not sufficiently permeable to yield 

water directly to wells, much of its water may be drained from 

the facies where it is overlain by or juxtaposed to a more 

permeable unit (Davidson, 1973). Because of its large volume 

and extent, the Pantano Formation is the least hydrological 

defined formation within the aquifer. The Pantano Formation 

and its correlative sequences of sedimentary rocks yield only 

small amounts of water to shallow wells at the Basin rim. In 

the center of the Basin and at depth, the unit is considered 

to be reasonably good portion of the aquifer. The Pantano 

Formation, correlative Helmet Flangomerate (Cooper, 1960) and 

San Xavier conglomerate beds (Heindl, 1959) form most of the 

aquifer west of the Santa Cruz fault and south of the Tucson 

Mountains. 

The sedimentary rocks of the Basin predominantly form a 

single, unconfined aquifer which comprises the Pantano, 

Tinaja, and Fort Lowell Formations (Davidson, 1973). Formation 

contact placement is said to have little or no effect on the 

hydraulic continuity of the aquifer since the permeability 
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variations and the partial barrier effects between the 

formations are not controlled by the placement of the 

stratigraphic contact (Davidson, 1973). Thus, various 

lithologic units are distinguished not because of differences 

in stratigraphy but rather because of differences in 

hydrogeologic properties. Davidson subjectively chose contact 

placement between the Fort Lowell Formation and the Upper 

Tinaja Beds through previously mentioned criteria and through 

correlating well logs proximate to another. When delineating 

the subsurface geology of the Santa Cruz well field, Gass 

(1977) assigned strata to one of five permeability types and 

not to a particular stratigraphic unit. The knowledge that 

ASARCO principally obtains water from the Pantano Formation 

(Montgomery, 1991c) and the observation of a groundwater 

depression beneath ASARCO production wells (PAG, 1983a) 

suggests the absence of a confining lithologic sequence 

between ASARCO well pumps and the water table surface, and, 

therefore, helps to further substantiate the assumption that 

the aquifer of the study area is largely unconfined. 

Groundwater of the Tucson Basin primarily flows 

northward. Along the eastern and western survey boundaries, 

groundwater originates from the nearby Basin margins. 

Recharged water from the western Sierrita Mountains generally 

flows west to east and recharged water from the eastern Santa 

Rita Mountains generally flows northwesterly (Osterkamp, 
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1974). Groundwater pumpage for agricultural, industrial, 

municipal, and private use has effected natural groundwater 

flow at the center of the study area, however. As observed in 

Figure 4-1, Schwalen (1957) identified water level declines 

within the study area and over the period 1947-1956 when 

groundwater use appears to be restricted primarily along the 

Santa Cruz River and where water level declines range from a 

maximum of 25 feet in the south to a minimum of 5 feet in the 

north. Although wells appear to be relatively evenly 

distributed east and west of the Santa Cruz River and while 

the lateral extent of groundwater declines is uncertain due to 

lack of survey control, the areal extent of water level 

declines is greatest east of and along the Santa Cruz River, 

indicating the occurrence of mountain front recharge from the 

west. 

In 1983, the USCBMTF additionally identified a 

localized cone of depression which coincided with large 

scale industrial water use over the 1960's and through the 

1970s (USCBMTF, 1983a). Groundwater flow in the center of 

the study area was said to be influenced by the localized 

water table depression shown in shown in Figure 4-2 and in 

relation to the PMR recharge facility. The USCBMTF described 

the direction of groundwater movement in the vicinity of the 

ASARCO Mission Unit tailings ponds as southeastward and then 

southward towards the depression. In addition to being 
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identified as causing the depression, the ASARCO and FICO 

water supply wells were believed to effectively function as 

interceptor wells that collected all or most of the 

groundwater flowing from the tailing ponds and toward the 

Santa Cruz River (Clark, 1981). Due to groundwater 

development in the area, lateral survey control for 

groundwater level measurement away from the Santa Cruz River 

improved by 1983. The potential for the Sierrita Mountains 

to effect water table elevations through recharge can also 

be better observed from the high water table gradient 

present within the southwestern quadrant of Figure 4-2. 

4.3 Water Quality 

As described by Laney in 1970, water quality of the 

Tucson Basin is related to the sedimentary facies from which 

water is obtained and to groundwater source proximity to 

subsurface structure. Groundwater of the central portions of 

the Basin typically contains less than 5 milligram per liter 

(mg/1) of nitrate (as nitrogen). Groundwater to depths of 

700 feet typically contains less than 500 mg/1 dissolved 

solids primarily consisting of calcium, sodium, and 

bicarbonate ions. At depths greater than 700 feet below 

ground surface, groundwater typically contains less than 500 

mg/1 of dissolved solids consisting predominantly of sodium 

and bicarbonate. Where dissolved solids concentrations are 
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more than 500 mg/1, sulfate concentrations are generally 

greater than 250 mg/1. 

The groundwater of poorest quality is typically 

detected at shallow depths along the Santa Cruz River and at 

depth within gypsiferous mudstones of the Tinaja Beds. 

Anomalous dissolved solids levels detected along the Santa 

Cruz River may be due to the solution of relict salts 

earlier precipitated through the evaporation of water from 

surficial deposits, and higher nitrate levels may be due to 

the application of fertilizers and to the decomposition of 

organic matter from former marsh areas. Outside but adjacent 

to the study area, the Santa Cruz Fault has been shown to 

act as a conduit for the upward migration of higher 

dissolved solids and sulfate water from the gypsiferous 

mudstone units of the Tinaja Beds. Groundwater originating 

from within Tinaja mudstones of the study area can be 

considered a "body of salt" within the groundwater flow 

system (Laney, 1970) , and due to agricultural pumpage of 

groundwater from within the Tinaja mudstone units, 

irrigation return water may also contribute to the detection 

of relatively higher dissolved solids concentrations in the 

study area (USCBMTF, 1983b). 

Previous investigations within the study area tend to 

associate potential groundwater quality problems with mining 

operations, with deep percolation of irrigation return flow, 
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and with septic tank and municipal effluent discharge. In 

1979, the USCBMTF issued a report summarizing a 1978 

groundwater quality survey within and around the study area. 

Almost 15 years old, the baseline water quality report is 

still a common reference. 

In order to determine whether the 1978 findings remain 

applicable within the study region, water quality data from 

1991/1992 analyses of 48 wells (Montgomery, 1992b, PAG, 

1992, Tucson Water, 1993) were compared to areal water 

quality maps generated from analyses of 64 wells included as 

part of the original 1978 USCBMTF survey. Apparently 20 

wells have been reanalyzed for the nitrate, sulfate and 

total dissolved solids (TDS). With limited exceptions 

arising from analysis of limited data, laboratory results 

from water quality analyses of the two survey periods 

indicate that all constituent concentrations are increasing. 

Water quality maps depicting the spatial distribution 

of the three parameters over the summer of 1978 were 

additionally scanned with a personal computer and were 

subsequently regenerated by means of "painting" new patterns 

over the scanned image. The results from 1991/1992 water 

quality analyses were then plotted and annotated at the 

appropriate legal well locations found in Figures 4-3, 4-4, 

and 4-5. The water quality analyses comparison of the two 

survey periods indicates that the areal distribution 
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patterns resulting from the 1978 analyses of nitrate, 

sulfate, and TDS remain valid. 

Nitrate (as nitrogen) appears to be located within 

identified 1978 concentration zones. The original break in 

nitrate content of 25-45 mg/L along the Santa Cruz River 

near FICO no longer appears consistent, however, and 

perhaps, the northern and southern higher nitrate content 

zones should be connected to form a single 25-45 mg/L 

concentration zone along and east of the Santa Cruz River. 

Figure 4-3 also shows that the PMR site is located in a high 

nitrate zone exceeding the current regulatory drinking water-

standard. Although the drinking water standard for nitrate 

is less than 10 mg/L (as nitrate), recharge to the area with 

CAP water may serve to dilute nitrate concentrations in the 

area. Sulfate and TDS concentrations appear to be increasing 

further east from ASARCO tailing ponds. The two constituents 

additionally exceed the 1978 identified concentration zones 

delineated to the east of the ASARCO tailing ponds. The 

division between identified 500-1000 mg/L TDS concentration 

zones along the Santa Cruz River also no longer appears 

valid. 
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5.0 COMPUTER MODEL CONCEPTUALIZATION AND STRATEGY 

The following chapter incorporates information of the 

previous chapters and serves to document the various 

modeling strategies and assumptions. Due to its established 

track record, its verified code, and its standard water 

balance calculation functions and features, MODFLOW, a three 

dimensional finite-difference groundwater flow model, was 

chosen as the computer code for modeling the study area. 

Written by McDonald and Harbaugh (1988), MODFLOW's code has 

been verified to produce numerically stable solutions and is 

commonly utilized to evaluate groundwater flow potential and 

aquifer characteristics. 

Because MODFLOW is not capable of simulating flow in 

the unsaturated zone, precise modeling of artificial 

recharge at the PMR site may be limited. Modeling 

unsaturated flow is considerably more complex than modeling 

saturated flow since the governing equation that defines 

unsaturated flow is highly nonlinear and difficult to solve 

numerically (Anderson, 1992). Through time consuming and 

expensive field surveys but more commonly through nonsite-

specific, empirical, soil type curves, the modeler must 

additionally identify the relationship between unsaturated 

hydraulic conductivity and pressure head. A characteristic 

soil moisture curve which defines the relationship between 

moisture content and water tension must also be understood. 
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Since unsaturated conductivity, pressure head, and soil 

moisture content are extremely sensitive to small changes in 

tension, instabilities may be realized through the 

unsaturated flow solution. Although observed instabilities 

can be minimized through the use of small nodal spacings and 

small time steps, such minimizations become inappropriate 

for a saturated flow model which must be further coupled to 

the unsaturated flow model. The observed time and space 

scale discrepancy between unsaturated and saturated flow 

models led Frind and Verge (1978) to conclude that modeling 

field-scale recharge with a general subsurface flow model 

may not be feasible. Reliable modeling of the PMR site was, 

nevertheless, considered possible since rational estimates 

of recharge to the water table can most certainly be made. 

5.1 Flow Equation 

The partial differential equation governing transient 

flow through a saturated, non-homogeneous, anisotropic 

porous medium of spatial domain D is, 

V« [iC(x-) 'Vh (x, t) ] - Ss(x) dh (x. t) = W{x, t) 
dt 

and is subject to the initial conditions, 

h(x, 0) = Hq(x) 

within D, and boundary conditions, 



[K-Vh'n-cb(Hb-h)-Q„-\ |r=0 

along the boundary r of the domain D, and where, 

x is (x,y,z) or the three-dimensional coordinate 
directions which are assumed parallel to the 
principal coordinate directions of hydraulic 
conductivity, [L]; 

t is the time, [T]; 

K is the hydraulic conductivity tensor, [L,T_1]; 

h is the hydraulic head, [L]; 

N is the volumetric flux per unit volume and 
represents sources and/or sinks within the model, 
[T-1]; 

Ss is the specific storage of the aquifer matrix 
and is equal to zero for steady-state flow. 

n is the normal vector to the boundary r ,  [0]; 

cb is the capture coefficient which controls the 
quantity and type of capture from the boundary r, 
[T-1]; 

1) if Cj= 0, then there is no capture from 
the boundary, the boundary has a prescribed 
flow, and the natural recharge and discharge 
through the boundary are not effected by 
pumpage. 

2) if cb= oo, then there is a prescribed head 
condition at the boundary and there is 
unlimited capture potential from the 
boundary. 

3) if q is otherwise, then cb is a capture 
coefficient for induced flow from the 
boundary which is considered head-dependent. 

Hb is a prescribed head, [L]; 
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Qb is a prescribed flow per unit surface area of 
the boundary r, [LT"1]. 

Except for simple groundwater flow systems, analytical 

solutions to the above partial differential equation and 

associated initial and boundary conditions are difficult to 

solve. Therefore, numerical techniques must be applied to 

obtain approximate solutions for the flow equation. MODFLOW 

applies a finite difference scheme to the above equations by 

replacing the continuous formulation with a finite set of 

discrete points in space and time. The use of discrete 

points leads to a set of simultaneous linear algebraic 

equations for the calculation of heads at various node 

points centered within a cell further positioned within a 

finite difference grid. 

5.2 Finite Difference Grid 

The finite difference grid, depicted in Figure 5-1, was 

aligned so that the grid x- and y-coordinate axes were 

collinear with hydraulic conductivity (Kx and Ky) of the 

study area. Kx was taken to be a hydraulic gradient trending 

east to west, and Ky was based upon the hydraulic gradient 

of the Santa Cruz River which predominantly flows from the 

south to the north. The grid orientation is supported by 

Schwalen (1957) who described groundwater flow at the 
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Sahuarita Area Bombing Range where a domestic well 

fluctuated with an irrigation well pumping water one-quarter 

mile to the south yet was almost unaffected by another 

irrigation well pumping water 200 feet to the west. 

The grid was additionally based upon the township/range 

delineation of the study area. The grid was constructed by 

using 40 columns oriented north to south and by using 36 

rows oriented east to west.. The first and thirty eight 

through fortieth columns and the first and thirty sixth rows 

encompass the entire sections of the study area's outermost 

boundaries. The nodes of Columns 2, 3, 36 and 37 encompass 

the eastern and western halves of sections, while the nodes 

of Rows 2,3,4,5, 34, and 35 encompass the northern and 

southern halves of sections. All remaining study area 

sections contain nodes of a one quarter by one quarter mile 

area. Construction of the grid in this manner permitted well 

location accuracy to within a quarter-quarter section, or to 

within 40 acres. 

5.3 Model Layering 

Model layering is centered around the aforementioned 

hydrogeologic investigations concerning the study area and 

around the recorded depth to top and bottom perforations of 

175 wells with known surface elevations located throughout 

the study area (Montgomery, 1992b) . Over 50 well logs of 
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FICO, ASARCO, and City wells were additionally evaluated to 

both confirm and estimate formation thickness or contact 

depth. In many well logs, such contacts were specifically 

identified and/or were confirmed through geophysical 

methods. The majority of the soil descriptions, however, 

were too general or inconsistently classified for use in 

determining site-specific geology throughout the study area. 

Two layers were ultimately chosen for modeling the study 

region. 

Figure 5-2 depicts a cross-section of the model 

layering which is additionally based upon Davidson's (1973) 

geologic cross-section through the center of the study area. 

The most recent USGS 7.5-minute quadrangle maps of the area 

were utilized to produce a surface elevation along model Row 

20, and documented elevation data of the labeled cross-

sectional wells were used to correlate and establish the 

point-specific elevations of formation bases. 

In order to incorporate the entire length of the 

deepest well or test hole identified within the study area, 

the basement of Layer 2 was placed 12 feet below sea level 

(Montgomery, 1992b). Establishing the basement at 12 feet 

below sea level incorporated a substantial section of 

bedrock west of the Santa Cruz Fault, however. In Figure 5-

2, the depth to bedrock west of the fault is dashed where 

inferred and is based upon bedrock elevations from a two 
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mile geologic cross-section through Sections 17-13-25 and 

17-13-26 of the study region (Montgomery, 1982). For Layer 

1, a depth to bedrock basement was calculated from the land 

surface along model Row 2 and was held constant when 

extending the basement beneath the surface along each model 

row. Bedrock elevations west of the Santa Cruz Fault were 

held constant for Layer 2. 

An absence of bedrock east of the Santa Cruz Fault and 

along the eastern model border was not weighed as a crucial 

constraint for reliable modeling since the semi-confining 

Lower Tinaja mudstones identified in Chapters 3 and 4 were 

also considered suitable for use in establishing a no flow 

boundary along the strike of the Santa Cruz Fault and below 

an elevation of 2,000 feet. The rationalization for 

placement of a hydrologic boundary for groundwater flow in 

Layer 1 is described in Section 5.5. The Pantano, Upper 

Tinaja, and Fort Lowell Formations existing 2,000 feet above 

sea level were grouped as a single, unconfined layer. As 

stipulated by MODFLOW, Layer 2 was specified as a semi-

confined aquifer. As stated earlier, recent and surface 

alluvium throughout the study area are not typically 

saturated but are considered as potential cause for mounding 

of PMR recharge water. 
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5.4 Aquifer Hydrologic Parameters 

Because the water-yielding sedimentary units of the 

Tucson Basin are hydraulically connected and form a single 

aquifer, the potentiometric surface and flow of water are 

affected by various aquifer formations that are dewatered 

and by faults that may enhance or impede groundwater 

movement. In general, cementation and compaction of the 

lithologic units increases with age and depth below ground 

surface, and aquifer parameter values such as permeability, 

porosity, and specific yield decrease with age and depth 

below ground surface (Davidson, 1973). 

Previous aquifer parameters used for model input are 

provided in Table 5-1 and are based upon pump tests at 

individual wells throughout the study area. Due to the lack 

of measured field data, Travers and Mock specific yield 

values are additionally based upon a computer program that 

utilized drillers' descriptions of borehole or well 

lithology and that assigned to each description an 

empirically determined specific yield value based upon 

laboratory tests of porosity and permeability (Travers, 

1984). Hydraulic conductivity data provided by Davidson 

(1973) were exclusively utilized for parameter input since 

the modeled aquifer was considered primarily unconfined. The 

hydraulic conductivity distribution assigned to model Layer 

1 is depicted in Figure 5-3. Because the hydraulic 



TABLE 5-1, Estimated and Measured Aquifer Parameters 

Formation/ 
Township-
Range 

Porosity 
(%) 

Hydraulic 
Conductivity 
(feet/year) 

Transmissivity 
(10A-3*AF/year/ft) 

Specific 
Yeild 

Specific 
Capacity 

Data 
Source 

Fort Lowell 26-34 7,300-34,200 — — Davidson 
Tinaja Beds 24-35 500-19,500 1-17 — (1973) 
Pantano 20-40 250-4,800 — — ii 

T.16-R.13 — — 560-33,595 0.03-0.12 Travers/Mock 
average — — 6734 — — (1984) 
T.16—R.14 — — 2,464-15,677 0.05-0.12 — ii 

average — — 6815 — — - ii 

T.17-R.13 — — 1,120-11,534 0.05-0.10 — tt 

average — — 5640 — — ii 

T.17-R.14 — — 2,240-15,901 0.05-0.10 — 
ii 

average 6721 
" 

ii 

T.16—R.13 90-47,265 3-50 Williams 
average — 13313 23 (1987) 
T.16-R.14 — — — 146-88,690 3-112 ii 

average — 12901 28 ii 

T.17—R.13 — 26-32,475 1-65 ti 

average — 13867 21 ii 

T.17-R.14 — 482-33,371 4-58 tt 

average 8589 25 ii 



58 

I > 

?• 

/ *V 

•» i. 

A-,""' ? 
P 

} •i i £ jf •VK 
V 

* \ ̂7i£h r \l j; ' J '•*• 

n > £ * • -\ hi S-' U >" ;% 
v" |  ̂ . '•V ,"•«'• - < u 

* *- •i, * •i \V>*T i'-A/ »>.""• v ' > >  • <-

V «. V -» 
v •• » / 

*K J V S,'̂  f, '.* V-/ , ~ * *? » 
-tf -f e jp , V * & K ̂  T» 'T _ , 
A I * & * a* W'n» -f-»« ttu 1 .% « "V «. -

* * « « A- r4*« «>* V 1 * ' 4 

7 •* A i. i-{t' fc '«* K * J* •s /v r -4 >w *• < s 

«» * V " i \r, f '» 

I-- tt- ' * t •i U k.;«v l.tt "V i* h -
s •r T . v s V J *•, 

» „ * „ j» > • n * ̂  > *" •* .)• *» * >• # 

- * V •y <*• S« # - -

'V + V* l> «> iy * i KOi#1 f »H »•» i* ̂  - • -» -

t >, '̂ r i j 

*  
* »» •T .1 i * »• - «.v •« i"3 •" *-i i 

*« - 1 * ^ , >. *"tw v .. ,*» 

1 •Y » ' i *L* jr »-> M\+~r 
> M <* •4 tf •i Of . - *(/»<• j. .«• 

> H "»• •* - t̂ r
Kl »• >jf**' f JV v H 

H *»! i * v« ft* -» ' i •* 1 »̂ jrr-- 4! 1 , *i V * * i» '/'til 

> J- X f s. •» „  ( J <  

J j.. 41. W\ f < f 
J * ,, / i » , 

3̂ g £ h 1 I A 
45 

r' < f "**k 

-7 ui •f „ ? » t. 

C il *"« 

/ * ,  H > 
* 1 * Vk 5 -& t'' >' - M 'v, >-

j p- U 1 1 & {* ? 
*> ^ 

"" lH / ? 
V* ̂  "»% 

J 

A i 

fl 
i* r-e. 
'I I JJ t 

«* t*» 

'hi 

vi» J-
•V $ 

•» I < 
r, fl , 

COLUMN 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 

1 inch = approximately 2.43 miles 

Row Hydraulic Conductivity = 1/10 x Column Hydraulic Conductivity 

Column Hydraulic Conductivity = 240 feet/year 

feggl Column Hydraulic Conductivity = 10,900 feet/year 

FIGURE 5-3, Initial Hydraulic Conductivity Distribution 



59 

conductivity distribution was based upon the relative 

percentage of a formation identified by the model cross-

section of Figure 5-2, hydraulic conductivity values were 

also initially distributed along the strike of the Santa 

Cruz Fault. Layer 2 hydraulic conductivity values were held 

constant and represent the Pantano Formation. 

5.5 Water Budget 

The observance of water table elevations and changes 

over time, of a water budget map for the Tucson Basin 

(Brown, 1976), and of recharge estimates for the study area 

served as the basic framework for establishing the system 

water budget. Natural evapotranspiration was considered 

negligible, and evapotranspiration originating as a result 

of cultural water use was accounted for by relating aquifer 

pumpage to recharge. Due to the uncertainty of estimating an 

accurate water budget for the modeled system, an error range 

of ±5,000 AF was allotted to a water budget estimate of 

20,000 AF/year. Because additional site-specific field or 

source data could not be found when searching for 

information useful in pre-calibrating the local water 

budget, all flow boundaries across the model borders were 

subjectively chosen. Although determining boundary 

conditions in such a manner is not ideal, the initial 

boundaries depicted in Figure 5-4 were, nevertheless, 
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considered appropriate due to the nature of the model's 

initial purpose of determining localized flow in a small 

survey region located around the PMR recharge site and near 

the center of the model grid. Hydrogeologic considerations 

utilized to formulate the basis of boundary conditions are 

additionally presented in.the following subsections. 

5.5.1 Water Table Elevations 

Historic water table elevations of the study area were 

obtained directly from the United States Geological Survey 

(USGS, 1992) and from the Arizona Department of Water 

Resources (ADWR, 1992). Additional water table elevation 

data from the mid-1940s to early 1960s (Schwalen 1957, 1961) 

were merged with the USGS/ADWR database along with data sets 

from PAG (PAG, 1983 and 1986), the City of Tucson (1992a), 

Babcock (1983), and Errol L. Montgomery and Associates 

(1992b). Duplicate data entries as well as identified data 

obtained from pumping wells, from recently pumped wells, or 

from wells potentially influenced by a nearby well's cone of 

depression were not used as part of the water table 

database. Depths to water for individual wells were 

discovered to be determined from inconsistent land surface 

elevations ranging from 0 to ±10 feet. Wells from database 

years prior to 1970 tended to have lower surface elevations 

than surface elevations from database years after 1970. 
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Because of the error associated with depth to water 

measurements obtained at individual wells, water table 

elevations for each well were recalculated through the use 

of a standardized surface elevation established for each 

well. The standardized surface elevations were based upon 

the most reliable data source amongst all possible surface 

elevation data sources for each well. The final water table 

database covered the period 1920 to 1992. Nodes for which 

groundwater level data were available over the study period 

are presented in Figure 5-5, and study area water table 

elevations recalculated from standardized well surface 

elevations are provided in Appendix A. 

5.5.2 Natural Inflow/Outflow 

Analyses of borehole geophysical logs and of 

temperature gradient measurements between and within wells 

delineate patterns of inflow and outflow within the eastern 

half of study area (Supkkow, 1971, Gass, 1977). A contour 

map of temperature at the water table shows open, low-

temperature contours indicative of higher groundwater 

velocity and recharge along the Santa Cruz River channel. 

Closed, high-temperature contours indicative of low 

groundwater velocity and recharge are predominantly within 

the southwestern and central portions of the northeastern 

quadrant. The low groundwater flow rates are correlative 
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FIGURE 5-5, Nodes with Available Water Level Data 
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with the surface topography of gypsiferous mudstone present 

in the upper portions of the aquifer and Tinaj a Beds and 

with aquifer flow patterns observed by Osterkamp (1974). 

For elevations lower than 2,000 feet above sea level, 

the Santa Cruz Fault was considered a physical boundary to 

groundwater flow. For elevations above 2,000 feet above sea 

level, the fault was not considered to restrict flow since 

Williams (1987) showed that log transmissivity values for 

the study area distributed similarity on both sides of and 

up to 10 miles from the Santa Cruz Fault. Higher 

transmissivity values west of the fault were attributed to 

the existence of the Santa Cruz River. The direction of 

groundwater flow within the upper portions of the aquifer 

and Layer 1 was previously discussed. 

A no flow boundary was incorporated along the model 

western boundary entailing the region between Avra Valley 

and the Upper Santa Cruz Basin. The area specifically 

encompasses the gap separating the Black/Tucson and Sierrita 

Mountains along the western border of the study area 

northwestern quadrant. While the topography and overall 

surface geology of the area do not indicate a groundwater 

divide in this region, gravity and geological surveys by 

West (1970) and Heindl (1959) do. Relevant data from the 

earlier surveys are depicted in Figure 5-6. The location and 

magnitude of the residual gravity gradients and bedrock 
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FIGURE 5-6, Geology of Model Western Border 
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outcrops in the area indicate the presence of a rather 

extensive, shallow, buried bedrock surface that exists 

between Black Mountain and the Sierrita Mountains. The 

gravity contours also indicate that a bedrock saddle serves 

as a partial physical divide between Avra Valley and the 

Upper Santa Cruz Basin. Heindl suggests such a trend as 

being caused by basalt and andesite flows which are overlain 

by older alluvium ranging in thickness from 150 feet across 

the saddle to 700 feet within the study area. An approximate 

20 foot caliche zone is found between the bedrock and older 

alluvium wherever drill holes have penetrated the slopes of 

the Sierrita Mountains. The Bureau of Reclamation also 

encountered such a zone while drilling and abandoning a dry, 

202 foot piezometer well in Section 16-13-08CCD near Black 

Mountain (Bureau of Reclamation, 1992) . Other wells within 

the area encountered bedrock within 200 feet of land surface 

and produced insufficient amounts of water for domestic or 

stock use (Heindl, 1965). 

5.5.3 Pumpage 

Pumpage data was obtained from Travers and Mock (1984) 

and from ADWR (1984-1991) . For each respective source, the 

data encompassed the periods 1960-1979 and 1984-1991. ADWR 

pumpage data were reported by legal well location and were 

easily assigned to a grid node. Travers and Mock compiled 
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pumpage into agricultural, municipal, industrial categories 

with pumpage additionally summed and reported by section. 

Travers and Mock did not report pumpage for wells located 

modeled region of Townships 16-15 and 17-15, and ADWR has 

classified all wells in such sections as "exempt", or having 

an individual well pumping capacity of less than 35 gallons 

per minute. 

The Travers and Mock agricultural category included 

farms, ranches, and irrigation districts whose pumpage 

originated from (1) estimates which were supplied directly 

by the water user or which were evaluated by the data 

collectors, and (2) estimates based on crop surveys using 

consumptive-use factors. Evaluated data were formulated 

either by direct measurement or by correlating pumpage with 

factors based upon power records or hours of pump operation. 

When pumpage data was not directly supplied by FICO or 

another appropriate water user, pumpage data were estimated 

preferably through the utilization of crop surveys conducted 

by the University of Arizona's Agricultural Experiment 

Station and secondarily through utilization of crop 

consumptive-use methods. The Travers and Mock municipal 

category included pumpage by Tucson Water, private water 

companies, and mobile home parks and schools. When pumpage 

data was not directly supplied by Tucson Water, the 

University of Arizona's Agricultural Experiment Station, or 
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a private entity, pumpage data were estimated by taking an 

average record or a calculated pumpage from the date the 

well was drilled. The Travers and Mock industrial category 

included power companies, mines, and the like, with pumpage 

values supplied directly by the industrial user or estimated 

via factor methods similar to the agricultural category. 

In order to more accurately allocate a pumpage value at 

each model node, an attempt was made to subdivide Travers 

and Mock section-specified data to the resolution of the 

finite difference grid. The portioning of categorized 

pumpage data from section and water use to pumpage data for 

an individual well required a comparison of the categorized 

section data with legal well locations. The pumpage data 

were commonly attributed to recently pumping, ADWR 

registered, FICO, Tucson Water, or ASARCO/Anamax wells. The 

assignment of pumpage to an appropriate ADWR registered well 

included an evaluation of the ADWR legal well registrant, of 

the ADWR well construction date, and of the ADWR identified 

well and water use code. If more than one well existed 

within a particular section, the pumpage was divided evenly 

amongst the appropriate, ADWR registered wells. The 

resultant pumpage values attributed to several wells within 

a section not only showed a strong correlation with pumpage 

from a single well, but also were consistently within a 

reasonable range of error based on the highly variable 
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patterns of Travers and Mock and ADWR pumpage values. The 

portioned pumpage error for an estimate was typically in the 

range of ±25% of an apparent trend or the range of pumpage 

values. 

Since agricultural pumpage values could not always be 

correlated with an ADWR registered well, data were also 

attributed to pumping from an agricultural well identified 

by Schwalen (Schwalen, 1957 and 1961). Because cataloged 

wells of the Agricultural Experiment Station were often 

numerous within a section and because a particular 

agricultural pumpage value could usually only be attributed 

to the operation of a single well, pumpage estimation by 

means of Schwalen data included the assignment of water 

withdrawal from the most central well within the section of 

interest. When Schwalen registered wells could not be 

correlated with pumpage data from a section, the data points 

were eliminated from the data base. Such a deletion of 

pumpage values never exceeded the reduction of more than one 

or two years of data points from one or two wells. Final 

pumpage values evaluated from Travers and Mock data and 

supplied by ADWR serve as parameters for a transient 

simulation. Nodes to which groundwater pumpage values were 

assigned are presented in Figure 5-7. Available and 

portioned pumpage data for the study area is provided in 

Appendix B. 
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COLUMN 2 

FIGURE 5-7, Nodes with Available Pumpage Data 
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5.5.4 Recharge 

The volume of infiltrated water that joins the water 

table and becomes part of the groundwater flow system is 

referred to as recharge. Recharge to an aquifer is an 

essential component at the positive end of the water balance 

equation for a regional or local aquifer system. Although 

numerous methods have been proposed for estimating 

groundwater recharge, a universally applicable method for 

recharge estimation has not yet been devised (Anderson, 

1992). Recharge is typically based upon the spatial 

variation of identified or defined recharge zones that are 

adjusted during calibration. As observed in Figure 5-8, 

recharge for the study area was considered for the PMR 

recharge site, for the Santa Cruz River, for the Sierrita 

Mountains, and in relation to agricultural and industrial 

water use. 

The size of the PMR facility is based on a volumetric 

recharge rate of 10,000 acre feet per year, the current 

regulatory constraint and an optimum recharge estimate based 

upon results of field testing at the Brawley Wash pilot 

recharge project (City of Tucson, 1992c). The PMR CAP water 

delivery pipeline is estimated to have a transmission 

capacity of about 16,250 AF/year. In order to deal with 

algal growth, operational periods of wetting and drying will 

most likely vary seasonally. 
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At Tucson Water's Sweetwater Recharge Facility, 

recharge activities are generally based on the availability 

of reclaimed water and generally occur during the autumn, 

winter, and spring months. Recharge activities during the 

spring and summer months usually have shorter wetting cycles 

than the fall and winter months. The PMR facility will 

utilize water from a different source and will recharge 

water in an area where sediments are known to be more fine. 

Although estimating the amount of water that will directly 

recharge the water table is an uncertain task, the PMR 

recharge assumption used for modeling adheres to variations 

around an application rate of 10,000 acre-feet of CAP water 

per year. 

To determine transmission losses due to infiltration 

and recharge along the Santa Cruz River, Matlock (1965) 

evaluated streamflow data from Continental to Cortaro gaging 

stations over the period October 1953 to September 1963. 

During approximately 60% of the flow days over the study 

period, infiltration losses represented more than 50% of the 

inflow volume to the reach. While the percentage of river 

flow contributing to groundwater recharge is considerably 

high, the annual duration of Santa Cruz River flow is quite 

low and, as based upon streamflow data from 1940 to 1965, is 

estimated by Keith (1981) to be only 40 days per year. Katz 

(1987) not only tabulated the yearly duration of Santa Cruz 
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River flows at the Tucson gaging station from 1906 to 1981, 

but also used data from Matlock, Keith, and others to 

estimate infiltration rates along the river. The various 

recharge studies provided infiltration rate estimates 

ranging from 8 to 80 acre-feet/day/mile. Table 5-2 provides 

estimated yearly recharge volumes for the reach of the Santa 

Cruz River included in the study area. Only estimates from 

1947 to 1981 have been provided. The recharge estimates are 

based upon Katz's final infiltration rate estimate of 18.19 

AF/day/mile for the river, upon a study area reach length of 

12.36 miles, and upon a nodal reach length of 0.26 miles. 

Earlier studies by Anderson (1972) and Osterkamp (1973) 

did not estimate mountain front recharge for a specific 

location but rather for an entire mountain front. Annual 

recharge from the Sierrita Mountains is estimated by 

Anderson to be 4,000 AF/year, or approximately four times 

the annual withdrawal of a typical agricultural supply well. 

Approximately 74,000 AF/year of recharge from the Santa Rita 

Mountains has the potential of influencing groundwater flow 

within the study area. When altering steady-state mountain 

front recharge parameters for inverse modeling calibration, 

Williams (1987) found that permitting large mountain front 

recharge error variances proved inconsequential and 

concluded that estimation of mountain front recharge for the 

area and for modeling purposes was not productive. Due to 



Table 5-2, Estimated Santa Cruz River Recharge Volumes 

Flow Maximum Recharge Recharge 
Year Flow (Acre-Feet (Acre-Feet 

Duration Mile/Year)** Node/Year)*** 
(Days)* 

1947 12 218.28 56.21 
1948 13 236.47 60.89 
1949 12 218.28 56.21 
1950 25 454.75 117.10 
1951 8 145.52 37.47 
1952 11 200.09 51.52 
1953 13 236.47 60.89 
1954 30 545.7 140.52 
1955 34 618.46 159.25 
1956 3 54.57 14.05 
1957 13 236.47 60.89 
1958 13 - 236.47 60.89 
1959 12 218.28 56.21 
1960 9 163.71 42.16 
1961 6 109.14 28.10 
1962 6 109.14 28.10 
1963 22 400.18 103.05 
1964 10 181.9 46.84 
1965 4 72.76 • 18.74 
1966 17 309.23 79.63 
1967 12 218.28 56.21 
1968 18 327.42 84.31 
1969 5 90.95 23.42 
1970 7 127.33 32.79 
1971 7 127.33 32.79 
1972 4 72.76 18.74 
1973 10 181.9 46.84 
1974 25 454.75 117.10 
1975 6 109.14 28.10 
1976 9 163.71 42.16 
1977 9 163.71 42.16 
1978 18 327.42 84.31 
1979 27 491.13 126.47 
1980 6 109.14 28.10 
1981 10 181.9 46.84 

* Based upon Katz (1987). 
** Based upon a recharge rate of 18.19 AF/day/mile. 
*** Based upon a nodal area of 0.0625 miles*2. 



76 

the proximity of Sierrita Mountains to the study area and to 

the observation of high water table gradients in the 

southwestern quadrant of the model, estimating recharge from 

the Sierrita Mountains was, nevertheless, considered 

essential. Recharge from the Santa Rita Mountains was not 

considered to directly influence the study area, however. 

Additional support for such an assumption includes the 

following: 

• Equally distributed wells and transmissivity values 

east and west of the Santa Cruz Fault and the Santa 

Cruz River (Williams, 1987) , yet a larger area of 

groundwater decline over the eastern half of the model 

and for "pre-development" years 1947-1956 (Schwalen, 

1957). 

• The identification of regional and preferential 

groundwater flow paths that avoid a low velocity zone 

which exists within the study area and which extends 

east from the eastern model border (Osterkamp, 1974, 

Gass, 1977). 

• The absence of an exaggerated hydraulic gradient 

observed from water table contour maps depicting the 

eastern portion of the study area and developed from 

the water table database. 

• The distance of the study area from the Santa Rita 

Mountains. 
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Water table recharge due to irrigated agriculture was 

assumed to be 33 percent of annual agricultural pumpage 

(Thuss, 1978 and Postillion, 1985). For a transient study 

period over which pumpage data are presently available, the 

entire agricultural recharge volumes were equally assigned 

to nodes within the area identified as agricultural recharge 

on Figure 5-8. Agricultural recharge estimates for assigned 

to a transient simulation are provided in Table 5-3. The 

nodal distribution to which the recharge data were 

attributed was based upon aerial photographs from which the 

extent of pecan groves were observed (McLain Harbers, Co., 

1986). Because cumulative, annual, groundwater recharge due 

to farming on ASARCO and San Xavier properties is less than 

525 acre-feet per year from 1960 to 1979 and because farming 

is not known to exist in these areas from 1984 to 1991, 

agricultural recharge outside FICO farms was considered 

insignificant. The annual volume of excess water over the 

period 1960 to 1979 was considered well within the estimated 

recharge error. 

Infiltration of water from tailing ponds is believed to 

comprise the largest amount of aquifer recharge originating 

from human activity. Thuss (1978) compiled tailing pond 

recharge estimates for the area. The recharge volumes, based 

upon testimony from several consultants for the area mines, 

ranges from estimates of 50% to 83% of water transported to 



TABLE 5-3, Estimated Agricultural Recharge Volumes 

Recharge 
Year 

Total 
Pumpage 

(AF) 

Recharge 
Factor 
(1) 

Recharge 
Per Node 
(2) 

1960 16502 0.33 50 
1961 4703 0.33 14 
1962 19376 0.33 59 
1963 17297 0.33 53 
1964 16278 0.33 50 
1965 20456 0.33 63 
1966 10062 0.33 31 
1967 20382 0.33 62 
1968 18816 0.33 57 
1969 22295 0.33 68 
1970 22337 0.33 68 
1971 18713 0.33 57 
1972 15776 0.33 48 
1973 16029 0.33 49 
1974 16968 0.33 52 
1975 27762 0.33 85 
1976 30224 0.33 92 
1977 20129 0.33 62 
1978 19138 0.33 58 
1979 21655 0.33 66 
1984 18870 0.33 58 
1985 21760 0.33 66 
1986 23633 0.33 72 
1987 20283 0.33 62 
1988 18489 0.33 56 
1989 19935 0.33 61 
1990 18559 0.33 57 
1991 20636 0.33 63 

(1) After Thuss (1978). 
(2) Assumed to reach/recharge the water 

table at 108 nodes. 
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the ponds. Volumes of water entering the tailing ponds have 

not been disputed, however, as there was a consensus that 

90% of water pumped for mining activities was eventually 

delivered to the ponds. Postillion (1985) utilized 

considerably lower tailing pond recharge estimates due to 

groundwater modeling and water balance studies that 

indicated a substantial reduction in tailing pond recharge 

with increasing tailing pond age. Tailing ponds under three 

years of age were assumed to recharge up to 50% of pumpage 

while tailing ponds older than 5 years of age were assumed 

to recharge less than 30% of pumpage. All tailing pond 

recharge for a transient simulation were equally applied to 

nodes within the area identified as tailing ponds on Figure 

5-8. Tailing pond recharge estimates were based upon 

available pumpage data and are provided in Table 5-4. 
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TABLE 5-4, Estimated Tailing Pond Recharge Volumes 

Recharge Total Recharge ASARCO ASARCO Anamax Anamax 
Year Pumpage Factor Pumpage Recharge Pumpage Recharge 

(AF) (1) (AF) Per Node (AF) Per Node 
(2) (3) (2) (5) 

1959 4800 0. 50 4800 160 — — 

1960 5306 0. 50 1344 45 3962 165 
1961 4703 0. 50 1351 45 3352 140 
1962 11115 0. 50 5229 174 5886 245 
1963 5760 0. 42 5148 144 612 21 
1964 5844 0. 42 5298 148 546 19 
1965 8338 0. 35 7728 180 610 18 
1966 5485 0. 35 4821 112 664 19 
1967 8055 0. 35 7898 184 157 5 
1968 11561 0. 35 11403 266 158 5 
1969 13530 0. 35 11422 267 2108 61 
1970 20885 0. 35 11985 280 8900 260 
1971 15537 0. 35 11646 272 3891 113 
1972 18937 0. 35 12282 287 6655 194 
1973 26116 0. 35 14316 334 11800 344 
1974 18282 0. 35 13143 307 5139 150 
1975 18103 0. 35 10703 250 7400 216 
1976 19687 0. 35 14631 341 5056 147 
1977 14779 0. 35 8879 207 5900 172 
1978 8639 0. 35 6741 157 1898 55 
1979 17005 0. 35 9005 210 8000 233 
1984 9875 0. 30 6253 89 (4) 3622 91 
1985 9359 0. 30 5623 80 (4) 3736 93 
1986 6078 0. 30 5984 85 (4) 94 2 
1987 6055 0. 30 6055 87 (4) 0 — 

1988 6034 0. 30 6034 86 (4) 0 — 

1989 8884 0. 30 8884 127 (4) 0 — 

1990 7104 0. 30 7104 101 (4) 0 — 

1991 9391 0. 30 9391 134 (4) 0 — 

(1) After Postillion (1985). 
(2) After Travers/Mock (1984) 
(3) Assumed to reach/recharge 
(4) Assumed to reach/recharge 
(5) Assumed to reach/recharge 

and USCBMTF (1979, 1983a) 
the water table at 15 nodes, 
the water table at 21 nodes, 
the water table at 12 nodes. 
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6.0 MODELING RESULTS 

Although sufficient data was acquired for generating a 

steady-state simulation of the study area, lack of essential 

data precluded the construction of a model capable of 

producing reliable predictive results for the identified 

transient period of 1960 to 1992. The following chapter 

presents the steady-state modeling results in relation to 

the initial modeling strategy and concept. Additional data 

requirements for a transient simulation are also discussed. 

6.1 Steady-State Simulation Considerations 

Prior to performing the steady-state calibration, model 

parameters were subjectively evaluated or ranked in 

accordance with what was judged as the most acceptable or 

reliable parameter estimate. Due to the relatively small 

error associated with obtaining water table measurements and 

with logging wells, the water table elevations and the 

geologic structure incorporated into the model were deemed 

most accurate. Because hydraulic conductivities were based 

upon a single data source, ground water flow rates and 

initial boundary criteria were considered less accurate. 

While the local water budget was judged least accurate, 

Santa Cruz River recharge volumes were considered acceptable 

and accurate due to the site specificity of the data source 

from which estimated recharge parameters were obtained. 
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Because the true system water budget was the least known 

aquifer parameter, model sensitivity analysis included 

evaluations of altered parameter effects on system inflow. 

The steady-state simulation was calibrated to observed 

heads at the water table in 1947, the earliest database year 

with the most extensive water level measurements. Since well 

pumpage data prior to ,1960 could not be obtained and since 

large scale copper mining did not begin until the late 

1950's, cultural effects influencing the modeled ground 

water system were not simulated. 

Analysis of groundwater flow was primarily restricted 

to the upper layer. Justification for the restriction is 

based upon the results of a 1982 water sampling program of 

the study area (Postillion, 1985). The survey showed a 

relationship between groundwater nitrate content and the 

depth to top of well perforations since all wells along the 

Santa Cruz River flood plain were found to not only produce 

water with nitrate contents exceeding 40 mg/L, but also were 

found to contain top of well perforations located less than 

300 feet below land surface. Wells containing uppermost 

perforations at depths located greater than 500 feet below 

ground surface usually produced water with less than 5 mg/L 

of nitrate. From a modeling standpoint, this study is 

considered significant since adequate mixing of recharge 

water from surface sources should not significantly occur at 
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depths greater than 300 feet below the water table surface 

and since the model purpose is to analyze potential 

groundwater flow as influenced by artificial recharge from 

ground surface. 

6.2 Initial vs. Calibrated Steady-State Findings 

Without varying a parameter other than general head 

boundary conductance, mean absolute error between observed 

and simulated heads increased as general head boundary 

conductance decreased. As general head boundary conductance 

increased, mean absolute error between observed and 

simulated heads initially decreased but then increased. 

While reducing general head boundary conductance by a factor 

of 10 brought the water budget inflow closer to the system 

inflow estimate, mean absolute head errors increased 

throughout the modeled area. Multiplying the general head 

boundary conductance by a factor of 10 reduced the mean 

absolute head error but permitted system inflow to become 

greater than desired. The optimally calibrated general head 

boundary values were, nevertheless, considered cause for 

system water budget inflows in excess of 10,000 AF. When 

general head boundaries were replaced by constant head 

boundaries, the primary observable change was a decreased 

water balance of a value within the range identified as 

reasonable for the local water budget. 
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The initial hydraulic conductivity distribution 

identified in Figure 5-4 was ultimately altered to that 

depicted in Figure 6-1, where the highest hydraulic 

conductivity zone is centrally located along the Santa Cruz 

River and the Santa Cruz Fault. To the east of the highest 

hydraulic conductivity zone is a zone of lower hydraulic 

conductivity while to the west of the highest hydraulic 

conductivity zone is the . zone of lowest hydraulic 

conductivity. The calibrated hydraulic conductivity 

distribution adds support to the previously described 

transmissivity observations related to the Santa Cruz Fault 

(Williams, 1987). 

Replacing general head boundaries with constant head 

boundaries and solely varying hydraulic conductivity values 

produced marked changes in system inflow and in mean 

absolute error between observed and simulated heads. 

Dividing hydraulic conductivity values by factors of 10 and 

100 introduced insufficient system inflows and excessive 

head errors. The influence of Santa Cruz River recharge upon 

water table contours decreased as hydraulic conductivity 

became larger and closer to the estimates provided by 

Davidson (1973). Multiplying hydraulic conductivity values 

by factors of 10 and 100 decreased head error values 

butproduced system inflows in excess of that identified by 

Brown (1976) for the entire Tucson Basin. 
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With constant head boundaries replacing general head 

boundaries and by only increasing the row to column 

anisotropy ratio, water balance errors decreased, but total 

system inflow became excessive when the ratios were greater 

than or equal to 1:50. An anisotropy factor of 1:1 caused 

the model to fail to converge, and anisotropy factors of 

1:10 and 1:25 produced deficient system inflows. The 

influence of Santa Cruz River recharge upon the system 

decreased as anisotropy ratios became larger. As anisotropy 

ratios increased, water table contours flattened from the 

model center outward towards the east and west, but contour 

flattening was negligible when comparing water level contour 

maps based upon anisotropy ratios of 1:50, 1:75, and 1:100. 

Through the use of a constant vertical hydraulic 

conductance of 0.01 year-1, Layer 1 and Layer 2 hydraulic 

heads were calibrated to within 1.3 feet mean absolute error 

between adjacent active nodes. As depicted in Figure 6-2, 

mean absolute error head differences between upper and lower 

layers decreased as vertical hydraulic conductance 

increased. Such an observation is similar to that of 

Freethey (1985). With constant head boundaries replacing 

general head boundaries and without varying a 

parameterother than the vertical hydraulic conductance range 

identified in Figure 6-2, system inflows varied by less than 

150 AF. Introducing a vertical hydraulic conductance above 
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Conductance 
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0.01 year-1 induced system outflow in excess of system 

inflow. 

The relative effect of multiplying or dividing 

calibrated parameters by orders of magnitude upon modeled 

system inflow is presented in Figure 6-3. Study area inflow 

was most sensitive to alterations in hydraulic conductivity 

and row to column anisotropy values. Changing general head 

boundary conductance was less effective in altering system 

inflow, and changing vertical conductance values was least 

effective in altering system inflow. As observed in Figure 

6-4, model sensitivity to reduced anisotropy and hydraulic 

conductivity values was not similar when evaluating mean 

absolute error between observed and simulated hydraulic head 

values. Residual errors were greatest when reducing 

anisotropy values, were smaller when reducing hydraulic 

conductivity values, and were smallest when reducing general 

head boundary conductance. Increasing anisotropy, hydraulic 

conductivity, and general head boundary conductance values 

from respective original calibrated parameters did not 

significantly reduce or raise residual errors between 

observed and simulated hydraulic heads. 

For the finalized, calibrated, steady-state simulation, 

the mean absolute error between observed and simulated heads 

was less than 10 feet. The magnitude of residual errors 

between simulated and 1947 steady-state heads is depicted in 
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Figure 6-5. Such errors were greatest within the modeled 

southwestern quadrant. Hydraulic head errors within the 

southwestern quadrant were reduced through the introduction 

of mountain front recharge but only at the expense of 

increased residual head errors along the western boundary. 

The observed boundary effects resulting from the simulation 

of Sierrita mountain front recharge were similar to the 

mountain front recharge boundary effects observed with 

generic groundwater models of southwestern alluvial basins 

(Freethey, 1985). The reduction of mean absolute errors was 

limited, as doubling mountain front recharge increased the 

water budget but did not significantly diminish hydraulic 

head errors within the southwestern quadrant. Multiplying 

calibrated mountain front recharge values by a factor of 5 

served to increase residual errors within the area. 

Calibrated steady-state parameters are identified in 

Table 6-1 and are presented in relation to probable value 

ranges originating from previously discussed data sources. 

The calibrated MODFLOW output is presented in Appendix C. 

While Layer 2 hydraulic conductivity is slightly less than 

the lowest identified limit, Layer 1 hydraulic conductivity 

values are within the hydraulic conductivity range specified 

by Davidson (1973). The vertical conductance between layers 

is also within the typical range utilized for generic models 

of alluvial basins in Arizona (Freethey, 1985). Aquifer 
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Table 6-1, Calibrated Steady-State Parameters 

Parameter Calibrated Value Probable Value Range 

Calibration Year 1947 
Row: Column Anisotrojpy Ratio 1:45 (a) 
Hydraulic Conductivity 

Layer 1 2,395-21,780 ft/yr 250-34,200 ft/yr (b) 
Layer 2 240 ft/yr 250-4,800 ft/yr (b) 

Vertical Conductance 0.01 yr~-l 4E-04-3,650 yr*-l (c) 
Boundary Conductance 2E+06-4.6E+08 ft~2/yr 
Santa Cruz River Recharge 

General Head 2,586 AF 1,152-11,520 AF (d) 
Constant Head 2,136 AF 1,152-11,520 AF (d) 

Sierrita Mountain Recharge 
General Head 24 AF/mile 200-400 AF/mile (e) 
Constant Head 24 AF/mile 200-400 AF/mile (e) 

System Inflow 
General Head 31,203 AF 
Constant Head 22,618 AF 

System Outflow 
General Head 33,861 AF 
Constant Head 24,830 AF 

Cumulative Volume Discrepency 
General Head 0.21 % 
Constant Head 0.27 % 

(a) Based upon 
(b) Based upon 
(c) Based upon 
(d) Based upon 
(e) Based upon 

Schwalen (1957) 
Davidson (1973) 
Freethey (1985) 
Katz (1987) 
Osterkamp (1973) 
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recharge due to Santa Cruz River flow is calibrated to 

within 500 AF of that estimated for steady-state calibration 

year 1947. The use of constant head boundary conditions 

permitted an acceptable system inflow and water balance. 

Inadequately specified estimates and values of boundary 

conductances and boundary hydraulic head values are 

considered cause for an unacceptable water budget obtained 

through the use of general head boundaries. 

6.3 Considerations for a Transient Simulation 

While historic water level data are available 

throughout the study area, the quantity of water level data 

points over time neither provides sufficient data nor 

provides spatially representative study area data to 

construct adequate water table contour maps for a transient 

simulation. Due to an inadequate depth to water database, 

interpolated water level contour maps change relatively 

little over time until 1981 and 1982 when the USCBMTF 

conducted the high resolution water table elevation survey 

that detected the localized water table depression near the 

PMR recharge site. Although the current pumpage database is 

believed to be reliable, no pumpage data prior to 1960 have 

been identified. A pump elevation survey determining 

elevations from which study area wells are obtaining water 
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within the various geologic formations is also not known to 

have been conducted. 

Transmissivity data for the study area are extensive, 

yet aquifer thickness from which transmissivity estimates 

are obtained were not identified. Model row hydraulic 

conductivity, furthermore, may be larger than model column 

hydraulic conductivity within lower the lower aquifer 

formations. Thus, site-specific hydraulic conductivity data 

for the region are inadequate. Aquifer storativity values 

are also limited, and any storativity value changes over 

time have not been specified by earlier sources. Site-

specific anisotropy values throughout the study have not 

been acknowledged in earlier references but are likely to 

vary within Basin formations. 
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7.0 GROUNDWATER MONITORING 

The following chapter highlights previous groundwater 

quality investigations concerning the study area, provides 

insight on current groundwater conditions, and suggests 

future activities for monitoring potential cultural effects 

upon the regional water quality of the area. 

7.1 Previous Suggestions . 

In July 1983, the USCBMTF issued a report entitled, 

"Ground-Water Monitoring in the Tucson Copper Mining 

District". The report was approved by the USCBMTF of which 

area mines, State and local agencies, and other relevant 

interested parties were associated. The mining companies 

involved included ASARCO, Anamax Mining Company (Anamax), 

Cyprus-Pima Mining Company, and the Duval Corporation. 

Mining operations associated with the Duval Corporation are 

not discussed in this report since the corporation is 

located outside the limits of the study area. The USCBMTF 

study had both broad and specific scopes of work. Generally, 

the study aimed to determine the following: 

• Whether mining activity in the area had or would 
cause a depreciation in groundwater quality. 

• What the nature and extent of the groundwater problem 
or potential problem was. 

• What future action would best prevent or eliminate 
pollution problems should they exist or become 
realized. 
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Specifically, the USCBMTF had an objective of 

determining groundwater monitoring programs for the tailing 

ponds of each participating mine. For ASARCO, such a program 

entailed determining the source of increased sulfates and 

total dissolved solids (TDS) in the vicinity of the ASARCO 

ponds. For Anamax and Cyprus-Pima, such a program entailed 

monitoring changes in water levels and water quality in the 

vicinity of each respective tailing pond. The hydrologic 

impacts stemming from the presence of Anamax and Cyprus-Pima 

tailings ponds were also considered. A detailed water 

balance study for all area mines was included as an 

essential program element for the various monitoring 

programs. 

The USCBMTF concluded that the aquifer was being 

recharged through the infiltration of tailings pond water 

from all the study areas. As a result, sulfates, hardness, 

and total dissolved solids were increasing in wells down 

gradient of the tailings ponds. Pumping from the ASARCO and 

Cyprus-Pima well fields appeared to be limiting lateral 

migration of the tailings pond recharge water, and continued 

pumping of ASARCO supply wells was viewed to minimize the 

threat of degraded water quality from spreading to down 

gradient wells. Due to lack of survey control northeast of 

the tailing ponds and north of the San Xavier well field, 

the extent of tailing pond recharge containment to the 
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northeast and north was unknown. As a result, the USCBMTF 

recommended installing additional monitoring wells northeast 

of ASARCO tailings ponds and north of the ASARCO San Xavier 

well field. 

Due to the distance of Anamax water supply wells from 

Anamax tailings ponds, pumping from the Anamax well field 

was not viewed to control contaminant migration towards two 

public water supply wells. In addition to suggesting an 

investigation concerning possible current or future needs to 

construct additional interceptor wells for tailing pond 

recharge water, the USCBMTF recommended that Anamax install 

additional monitoring wells or sample existing wells farther 

east from Anamax tailings ponds. 

7.2 Follow-Up Survey 

The various mines within the study area have come under 

new ownership since the original USCBMTF investigations. 

Cyprus-Pima mining operations have been integrated with 

those of ASARCO (Montgomery, 1992b). Anamax Twin Buttes mine 

is currently being operated by Cyprus Minerals Corporation 

(Bureau of Mines, 1991), and former Anamax mining operations 

near ASARCO have been incorporated with ASARCO Mission 

Complex (Bureau of Mines, 1989). 

Since the publication of the USCBMTF reports, no ADWR 

registered monitoring wells have been installed northeast of 
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ASARCO tailing ponds or north of the San Xavier well field 

(ADWR, 1991). Total dissolved solids and sulfate 

concentrations are increasing east of the northern tailing 

pond system. Water quality sampling this region has not been 

identified as an element in the interim monitoring program 

for the State aquifer protection permit for ASARCO 

(Montgomery, 1992). Water quality sampling under the interim 

program, however, has been proposed for four ASARCO 

production wells located in Section 16-13-35 and for two 

ASARCO monitoring wells installed in 1991 and along the 

eastern border of the southern tailing system of Section 17-

13-15. Various monitoring wells registered under ADWR and to 

Anamax have been installed east and north of the former 

Anamax tailing pond system. 

The San Xavier Development project is a new development 

initiated in response to a Federal mandate for designing and 

constructing an irrigation system for agricultural purposes 

within the Sari Xavier District of the Tohono O'odham Nation 

(Bureau of Reclamation, 1989). The proposed action will 

require the use of approximately 38,100 AF/year of CAP water 

on approximately 8,400 irrigable acres identified in Figure 

2-1. While the project is identified as existing within Avra 

Valley and while, as observed in Figure 5-6, irrigation 

recharge waters may predominantly flow to the northwest, 

agricultural return flow has the potential of recharging the 
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Upper Santa Cruz Basin to the south and southeast, or within 

the northeastern quadrant of the study model. The zone of 

potential recharge is the least defined area of the model 

from both hydrogeologic and water quality standpoints. 

The relative magnitude water use in relation to 

groundwater pumpage around the proposed PMR recharge 

facility is depicted in Figure 7-1. The observed two 

depressions indicate the location the PMR recharge basins 

while the peaks indicate volumes of 1991 pumpage per finite 

difference grid node. From Figure 7-1 one, can observe that 

pumpage is limited within the immediate vicinity of the PMR 

recharge site, yet extensive towards the west near ASARCO 

production wells. Within sections 16-14-19 and 16-14-30 of 

the PMR facility pumpage has been less than 40 AF since 1984 

(ADWR, 1984-1991). Approximately 2.5 miles away from the PMR 

site, pumpage within sections 16-13-35 and 16-13-36 has 

respectively totaled 48,000 and 750 AF since 1984 (ADWR, 

1984-1991). As observed from the section hydrographs 

presented in Figure 7-2, water table declines within section 

16-14-30 are minor compared to the water table declines of 

sections 16-13-36 and 16-13-35 which are respectively 

situated to the west. The somewhat larger water table 

declines within section 16-14-19 may be due to municipal 

pumpage to the east within section 16-14-20 where 3,000 AF 

of groundwater has been pumped since 1984 (ADWR, 1984-1991). 
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FIGURE 7-1, Magnitude of Pumpage Relative to the PMR 
Facility 
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7.3 Current Suggestions 

Any suggested groundwater monitoring program must first 

have a purpose. In light of past, current, and future 

cultural activity within the study area, any proposed 

groundwater monitoring program must first consider what 

future uses groundwater will serve within the study area and 

what purposes collected data will facilitate. While the 

future uses of PMR recharge water have apparently not yet 

been identified, CAP water will be recharged in a region of 

degraded water quality. Although the PMR site appears to 

situated in a relatively stable area when considering water 

table activity in the near vicinity, one must consider what 

effects recharge water will have upon region water table 

activity and quality. As observed from the data deficiencies 

described for the modeling effort, from past and current 

litigation within the area, and from the proximity of the 

PMR recharge site to the previous litigants, such 

considerations become increasingly relevant. 

The following groundwater monitoring suggestions are 

based upon the author's assumption that future groundwater 

modeling studies will investigate causes and sources for 

degraded groundwater quality within the study region. 

• As the USCBMTF suggested in 1983, monitoring wells 

northeast and north of the ASARCO Mission Complex are 
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needed to determine the extent of tailing pond recharge 

capture via pumping of ASARCO production wells. 

• At least on monitoring well is needed southeast of 

the San Xavier Development project to determine the 

potential for recharge from agricultural activity. 

• Additional and regular water quality analyses are 

required at individual wells over time as water quality 

analyses for individual wells is inadequate. 

• Higher resolution water table elevation surveys are 

needed annually. 

• A pump elevation survey of production wells within 

the study area is needed to determine the formation 

sources from which water is obtained and subsequently 

recharged at ground surface. 

• A detailed water balance study of the area is needed 

along with a larger data base of aquifer properties 

such as hydraulic conductivity, anisotropy ratios, and 

storativity. 
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8.0 SUMMARY AND CONCLUSIONS 

The Pima Mining District has been and most likely will 

continue to be extremely sensitive to water issues relating 

to individual water interest groups. While water rights in 

the area appear to be reasonably settled, water quality 

issues are likely to grow in the future. 

Although there is an abundance of data sources 

concerning the area of study, pertinent data is lacking for 

reliable groundwater flow and transport modeling of present 

day conditions. The most reliable data concerning the area 

are believed to be the current water table data base, the 

current pumpage data base, and the regional geology. 

Historic water level data throughout the study area, 

however, is insufficient to provide the water table map 

accuracy or resolution required for small scale transient 

groundwater flow models. Local aquifer parameters must be 

better defined, and a larger data base of water quality at 

individual wells is needed should groundwater transport 

modeling hope to achieve reliable success. Wells from which 

relevant data can be obtained are certainly not lacking. 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

20 4 2678 2737.5 1920 17-14—19CB 
21 20 2637 2670.0 1930 16-14-31BD 
17 2 2714 2770.8 1930 17—13-25CA 
22 3 2717 2748.5 1930 17-14—30AC 
22 20 2619 2664.1 1931 16-14-31AC 
22 18 2624 2674.3 1931 16-14-31DC 
23 18 2632 2673.1 1931 16-14—31DD 
18 8 2672 2725.5 1931 17-13-13AC 
19 6 2680 2720.6 1931 17—13—13DD 
22 16 2636 2679.6 1931 17-14-06AC 
21 16 2635 2679.0 1931 17-14-06BD 
20 14 2648 2690.7 1931 17—14—06CC 
22 14 2646 2690.3 1931 17-14-06DC 
23 14 2631 2691.6 1931 17-14-06DD 
23 10 2680 2705.1 1931 17-14-07DD 
22 8 2658 2714.6 1931 17-14—18AC 
20 6 2679 2722.6 1931 17-14-18CC 
20 3 2713 2749.6 1931 17-14-30BC 
21 3 2713 2750.0 1931 17-14-30BD 
18 3 2709 2744.5 1932 17-13-25AB 
12 36 2541 2561.0 1934 16—13—02BB 
12 36 2539 2561.0 1934 16-13-02BBA2 
12 36 2539 2561.0 1934 16—13-02BBA2 
12 36 2540 2561.0 1934 16-13-02BBA2 
12 36 2541 2561.0 1934 16-13—02BBA2 
12 36 2538 2561.0 1935 16-13-02BBA2 
12 36 2540 2561.0 1935 16-13-02BBA2 
12 36 2540 2561.0 1935 16-13-02BBA2 
12 36 2541 2561.0 1935 16-13-02BBA2 
12 36 2541 2561.0 1935 16-13-02BBA2 
13 36 2539 2569.5 1935 16-13-02BD 
12 36 2538 2561.0 1936 16-13-02BBA2 
12 36 2540 2561.0 1936 16-13-02BBA2 
12 36 2540 2561.0 1936 16-13-02BBA2 
12 36 2537 2561.0 1937 16-13-02BBA2 
12 36 2537 2561.0 1937 16-13-02BBA2 
12 36 2538 2561.0 1937 16—13-02BBA2 
12 36 2539 2561.0 1937 16—13—02BBA2 
12 36 2536 2561.0 1938 16-13-02BBA2 
12 36 2536 2561.0 1938 16-13-02BBA2 
12 36 2537 2561.0 1938 16-13-02BBA2 
12 36 2536 2561.0 1939 16-13-02BBA2 
12 36 2536 2561.0 1939 16-13-02BBA2 
12 36 2536 2561.0 1939 16-13-02BBA2 
12 36 2536 2561.0 1939 16-13-02BBA2 
12 36 2536 2561.0 1939 16-13-02BBA2 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

12 36 2537 2561. 0 1939 16-13-02BBA2 
12 36 2537 2561. 0 1939 16-13-02BBA2 
12 36 2538 2561. 0 1939 16—13-02BBA2 
12 36 2538 2561. 0 1939 16-13-02BBA2 
24 27 2593 2646. 0 1939 16—14-20CBC1 
21 5 2685 2730. 7 1939 17—14-18CA 
12 36 2535 .2561. 0 1940 16-13-02BBA2 
12 36 2536 2561. 0 1940 16—13-02BBA2 
12 36 2537 2561. 0 1940 16—13-02BBA2 
13 36 2536 2569. 5 1940 16-13—02BD 
22 35 2554 2595. 6 1940 16—14-07DAB 
21 20 2616 2670. 0 1940 16—14-31BD 
22 18 2620 2674. 3 1940 16-14-31DC 
23 18 2627 2673. 1 1940 16—14-31DD 
18 8 2£67 2725. 5 1940 17—13-13AC 
19 6 2670 2720. 6 1940 17-13—13DD 
18 3 2700 2744. 5 1940 17—13-25AB 
17 2 2709 2770. 8 1940 17-13-25CA 
22 16 2630 2679. 6 1940 17-14—06AC 
21 16 2631 2679. 0 1940 17—14—06BD 
20 14 2640 2690. 7 1940 17-14-06CC 
23 14 2626 2691. 6 1940 17-14-06DD 
21 10 2649 2703. 2 1940 17-14-07CD 
23 10 2677 2705. 1 1940 17-14-07DD 
22 8 2656 2714. 6 1940 17—14-18AC 
21 5 2685 2730. 7 1940 17-14-18CA 
21 7 2662 2715. 2 1940 17-14—18CA 
22 3 2709 2748. 5 1940 17—14-30AC 
21 3 2708 2750. 0 1940 17-14-30BD 
20 2 2703 2757. 3 1940 17-14-30CC 
12 36 2535 2561. 0 1941 16-13—02BBA2 
12 36 2536 2561. 0 1941 16—13-02BBA2 
12 36 2537 2561. 0 1941 16-13-02BBA2 
12 36 2533 2561. 0 1942 16-13-02BBA2 
12 36 2536 2561. 0 1942 16—13—02BBA2 
20 26 2584 2640. 4 1942 16—14-19CCD 
21 26 2585 2640. 7 1942 16-14-19CDD 
21 22 2593 2659. 1 1942 16-14-30CDC 
16 1 2730 2789. 0 1942 17—13-36CBC2 
12 36 2533 2561. 0 1943 16-13-02BBA2 
12 36 2534 2561. 0 1943 16-13-02BBA2 
22 22 2594 2658. 5 1943 16—14-30DCC 
12 36 2532 2561. 0 1944 16—13—02BBA2 
12 36 2533 2561. 0 1944 16-13-02BBA2 
20 28 2579 2633. 9 1944 16-14-19BCD 
20 26 2584 2640. 4 1944 16-14-19CCD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

21 26 2584 2640.7 1944 16-14—19CDD 
22 22 2591 2658.5 1944 16-14-30DC 
22 22 2592 2658.5 1944 16-14-30DCC 
22 22 2596 2658.5 1944 16-14—30DCC 
18 5 2693 2752.1 1944 17-13-24ACC 
17 3 2699 2754.5 1944 17—13-25BD 
12 36 2531 .2561.0 1945 16—13—02BBA2 
12 36 2532 2561.0 1945 16-13-02BBA2 
20 28 2579 2633.9 1945 16-14—19BC 
20 26 2586 2640.4 1945 16-14-19CCD 
21 26 2584 2640.7 1945 16—14-19CD 
21 26 2583 2640.7 1945 16-14-19CDD 
21 26 2586 2640.7 1945 16-14—19CDD 
21 26 2587 2640.7 1945 16—14-19CDD 
22 23 2587 2648.0 1945 16—14—30DB 
22 22 2590 2658.5 1945 16-14—30DCC 
22 22 2595 2658.5 1945 16-14-30DCC 
18 5 2695 2752.1 1945 17—13-24AC 
18 5 2692 2752.1 1945 17—13-24ACC 
18 5 2693 2752.1 1945 17-13-24ACC 
18 5 2696 2752.1 1945 17-13—24ACC 
20 17 2625 2681.6 1945 17-14-06CC 
12 36 2530 2561.0 1946 16-13-02BBA2 
12 36 2532 2561.0 1946 16-13-02BBA2 
20 26 2586 2640.4 1946 16-14—19CC 
20 26 2587 2640.4 1946 16-14—19CCD 
21 26 2583 2640.7 1946 16-14-19CDD 
21 26 2587 2640.7 1946 16-14-19CDD 
21 26 2588 2640.7 1946 16-14-19CDD 
24 27 2591 2639.6 1946 16-14-20CB 
20 22 2597 2659.9 1946 16-14—30CC 
20 22 2598 2659.9 1946 16-14-30CCD 
17 9 2657 2733.0 1946 17-13-13BA 
18 5 2689 2752.1 1946 17—13-24ACC 
18 5 2689 2752.1 1946 17-13-24ACC 
18 5 2695 2752.1 1946 17-13—24ACC 
25 12 2614 2708.4 1946 17-14—08BD 
12 36 2530 2561.0 1947 16-13-02BBA2 
12 36 2532 2561.0 1947 16—13-02BBA2 
13 36 2532 2569.5 1947 16-13-02BD 
9 36 2529 2610.0 1947 16-13—03CA 
15 33 2558 2612.9 1947 16-13—14AA 
15 21 2610 2720.4 1947 16—13-35AA 
15 19 2621 2735.1 1947 16-13-35DA 
19 18 2619 2677.4 1947 16-13-36DD 
26 36 2568 2670.9 1947 16-14-05DC 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Water Table Surface Survey Legal Well 
Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

36 2545 2611. 8 1947 16-14-06AA 
36 2548 2588. 1 1947 16-14-06BB 
35 2554 2595. 6 1947 16-14-07DAB 
34 2557 2600. 3 1947 16-14-07DC 
32 2573 2622. 0 1947 16-14—18AC 
32 2570 2619. 3 1947 16-14-18BD 
32 2568 2619. 3 1947 16—14-18BDC 
28 2581 2633. 9 1947 16-14-19BC 
26 2585 2640. 4 1947 16-14-19CC 
26 2583 2640. 4 1947 16-14-19CCD 
26 2587 2640. 4 1947 16-14-19CCD 
26 2588 2640. 4 1947 16-14-19CCD 
26 2585 2640. 7 1947 16-14-19CDD 
26 2588 2640. 7 1947 16-14—19CDD 
23 2599 2682. 3 1947 16-14-29DB 
22 2598 2659. 9 1947 16—14-30CC 
22 2596 2659. 9 1947 16-14-30CCD 
22 2599 2659. 9 1947 16-14-30CCD 
22 2599 2659. 9 1947 16-14-30CCD 
22 2596 2659. 1 1947 16-14—30CD 
22 2594 2659. 1 1947 16-14-30CDC 
22 2597 2659. 1 1947 16-14-30CDC 
22 2598 2659. 1 1947 16-14-30CDC 
23 2589 2648. 0 1947 16-14-30DB 
22 2598 2658. 5 1947 16-14-30DC 
22 2599 2658. 5 1947 16-14-30DCC 
20 2615 2664. 1 1947 16-14-31AC 
20 2621 2670. 0 1947 16-14-31BD 
18 2619 2674. 3 1947 16-14-31DC 
18 2623 2673. 1 1947 16-14-31DD 
34 2592 2857. 7 1947 16-15-18ABD 
8 2661 2725. 5 1947 17-13-13AC 
9 2657 2733. 0 1947 17-13-13BA 
5 2724 3146. 6 1947 17-13-21BD 
5 2706 2993. 5 1947 17-13-22BA 
5 2694 3046. 5 1947 17-13-22BC 
5 2693 2752. 1 1947 17—13—24AC 
5 2685 2752. 1 1947 17-13-24ACC 
5 2689 2752. 1 1947 17-13-24ACC 
5 2693 2752. 1 1947 17-13-24ACC 
5 2694 2752. 1 1947 17-13-24ACC 
5 2679 2749. 7 1947 17-13-24BA 
3 2695 2744. 5 1947 17-13-25AB 
3 2699 2754. 5 1947 17-13-25BD 
2 2704 2770. 8 1947 17-13-25CA 
3 2705 2830. 0 1947 17-13-26BD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

10 4 2711 2932.1 1947 17—13—27DB 
15 1 2732 2795.3 1947 17—13—35DD 
22 16 2628 2679.6 1947 17—14—06AC 
21 16 2631 2679.0 1947 17—14—06BD 
20 14 2636 2690.7 1947 17-14—06CC 
20 17 2626 2681.6 1947 17—14—06CC 
22 14 2632 2690.3 1947 17—14—06DC 
23 14 2620 2691.6 1947 17-14—06DD 
21 10 2644 2703.2 1947 17—14—07CD 
23 10 2653 2705.1 1947 17—14-07DD 
23 10 2669 2705.1 1947 17-14—07DD 
26 12 2660 2711.6 1947 17—14—08AC 
25 12 2613 2708.4 1947 17—14—08BD 
32 9 2617 2780.7 1947 17-14—15BB 
22 8 2653 2714.6 1947 17—14—18AC 
21 7 2659 2715.2 1947 17-14-18CA 
20 6 2667 2722.6 1947 17-14—18CC 
20 4 2690 2737.5 1947 17—14—19CB 
22 3 2704 2748.5 1947 17-14—30AC 
20 3 2702 2749.6 1947 17—14—30BC 
20 3 2695 2749.6 1947 17—14—30BCC 
21 3 2703 2750.0 1947 17—14-30BD 
20 2 2700 2757.3 1947 17-14-30CC 
21 2 2709 2765.4 1947 17-14—30CD 
21 1 2715 2776.5 1947 17-14-31BD 
21 1 2705 2773.6 1947 17—14—31BDB 
12 36 2529 2561.0 1948 16-13-02BBA2 
12 36 2530 2561.0 1948 16-13—02BBA2 
15 21 2609 2720.4 1948 16—13—35AA 
15 19 2620 2735.1 1948 16-13-35DA 
19 18 2617 2677.4 1948 16-13-36DD 
26 36 2567 2670.9 1948 16-14—05DC 
23 36 2545 2611.8 1948 16—14—06AA 
20 36 2547 2588.1 1948 16-14-06BB 
22 32 2572 2622.0 1948 16-14—18AC 
21 32 2569 2619.3 1948 16—14—18BD 
21 32 2565 2619.3 1948 16-14—18BDC 
21 32 2567 2619.3 1948 16-14—18BDC 
20 28 2577 2633.9 1948 16—14—19BC 
20 26 2584 2640.4 1948 16-14-19CC 
20 26 2581 2640.4 1948 16-14-19CCD 
20 26 2586 2640.4 1948 16-14—19CCD 
21 26 2583 2640.7 1948 16—14—19CD 
21 26 2583 2640.7 1948 16—14—19CDD 
21 26 2586 2640.7 1948 16-14—19CDD 
38 23 2613 2805.3 1948 16-14-25CB 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Water Table Surface Survey Legal Well 
Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

24 2595 2656.0 1948 16—14-29BDC 
22 2599 2662.7 1948 16-14—29CD 
23 2598 2682.3 1948 16-14—29DB 
22 2597 2659.9 1948 16-14-30CC 
22 2593 2659.9 1948 16—14-30CCD 
22 2598 2659.9 1948 16-14-30CCD 
22 2593 .2659.1 1948 16-14—30CD 
22 2592 2659.1 1948 16-14—30CDC 
22 2595 2659.1 1948 16-14—30CDC 
23 2585 2648.0 1948 16-14—30DB 
18 2615 2674.3 1948 16-14—31DC 
18 2618 2673.1 1948 16—14—31DD 
20 2604 2672.9 1948 16-14-32BD 
18 2621 2671.6 1948 16-14—32CD 
34 2592 2857.7 1948 16-15—18ABD 
8 2659 2725.5 1948 17—13-13AC 
9 2655 2733.0 1948 17-13—13BA 
5 2722 3146.6 1948 17-13-21BD 
5 2705 2993.5 1948 17-13—22BA 
5 2712 3046.5 1948 17-13-22BC 
5 2685 2752.1 1948 17—13—24ACC 
5 2685 2752.1 1948 17—13—24ACC 
5 2678 2749.7 1948 17-13-24BA 
3 2691 2744.5 1948 17-13-25AB 
3 2695 2754.5 1948 17-13-25BD 
2 2702 2770.8 1948 17-13—25CA 
3 2703 2830.0 1948 17-13—26BD 
4 2703 2932.1 1948 17-13—27DB 
1 2730 2795.3 1948 17-13—35DD 
1 2711 2770.6 1948 17-13—36AD 
1 2726 2781.9 1948 17—13—36DC 
16 2631 2679.0 1948 17-14—06BD 
14 2634 2690.7 1948 17-14-06CC 
17 2625 2681.6 1948 17-14-06CC 
14 2620 2691.6 1948 17—14—06DD 
10 2644 2703.2 1948 17—14—07CD 
12 2623 2711.6 1948 17—14—08AC 
12 2615 2708.4 1948 17—14—08BD 
9 2617 2780.7 1948 17—14—15BB 
8 2651 2714.6 1948 17—14-18AC 
5 2671 2730.7 1948 17—14-18CA 
7 2656 2715.2 1948 17-14-18CA 
6 2666 2722.6 1948 17-14-18CC 
4 2677 2737.5 1948 17-14-19CB 
2 2693 2757.3 1948 17—14—30CC 
2 2687 2765.4 1948 17—14—30CD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

21 1 2698 2776.5 1948 17-14-31BD 
21 1 2704 2773.6 1948 17-14-31BD 
12 36 2529 2561.0 1949 16-13—02BBA2 
12 36 2531 2561.0 1949 16-13-02BBA2 
15 33 2555 2612.9 1949 16—13-14AA 
15 21 2608 2720.4 1949 16-13-35AA 
15 19 2619 2735.1 1949 16-13—35DA 
19 18 2615 2677.4 1949 16-13-36DD 
26 36 2566 2670.9 1949 16—14—05DC 
23 36 2546 2611.8 1949 16-14-06AA 
20 36 2546 2588.1 1949 16-14—06BB 
22 34 2555 2600.3 1949 16-14—07DC 
22 32 2571 2622.0 1949 16—14-18AC 
21 32 2567 2619.3 1949 16-14—18BD 
21 32 2563 2619.3 1949 16-14—18BDC 
21 32 2566 2619.3 1949 16-14—18BDC 
20 28 2576 2633.9 1949 16-14-19BC 
20 26 2583 2640.4 1949 16—14-19CC 
20 26 2580 2640.4 1949 16-14—19CCD 
20 26 2585 2640.4 1949 16-14-19CCD 
21 26 2583 2640.7 1949 16-14-19CD 
21 26 2581 2640.7 1949 16—14—19CDD 
21 26 2585 2640.7 1949 16-14—19CDD 
38 23 2613 2805.8 1949 16-14—25CB 
26 24 2593 2666.5 1949 16-14-29AC 
24 24 2588 2651.2 1949 16-14-29BC 
24 24 2584 2651.2 1949 16—14-29BCC 
24 24 2588 2651.2 1949 16—14-29BCC 
25 24 2595 2656.0 1949 16-14-29BD 
25 24 2592 2656.0 1949 16-14—29BDC 
25 24 2596 2656.0 1949 16—14—29BDC 
25 24 2597 2656.0 1949 16—14-29BDC 
25 22 2598 2662.7 1949 16—14-29CD 
26 23 2597 2682.3 1949 16-14—29DB 
20 22 2596 2659.9 1949 16-14—30CC 
20 22 2597 2659.9 1949 16-14—30CCD 
21 22 2592 2659.1 1949 16-14-30CD 
21 22 2586 2659.1 1949 16—14-30CDC 
21 22 2587 2659.1 1949 16-14-30CDC 
21 22 2591 2659.1 1949 16-14-30CDC 
21 22 2594 2659.1 1949 16-14—30CDC 
21 22 2595 2659.1 1949 16-14—30CDC 
22 23 2586 2648.0 1949 16—14-30DB 
22 18 2615 2674.3 1949 16-14-31DC 
23 18 2621 2673.1 1949 16—14-31DD 
25 20 2603 2672.9 1949 16—14-32BD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet ainsl) (feet amsl) 

25 18 2605 2671.6 1949 16-14-32CD 
39 34 2592 2857.7 1949 16—15-18ABD 
17 9 2650 2733.0 1949 17—13-13BA 
5 5 2724 3146.6 1949 17-13-21BD 
9 5 2703 2993.5 1949 17-13-22BA 
8 5 2704 3046.5 1949 17—13-22BC 
18 5 2691 2752.1 1949 17-13-24AC 
18 5 2674 2752.1 1949 17-13-24ACC 
18 5 2686 2752.1 1949 17—13-24ACC 
18 5 2690 2752.1 1949 17-13-24ACC 
18 5 2692 2752.1 1949 17—13—24ACC 
17 5 2675 2749.7 1949 17—13-24BA 
17 5 2686 2752.3 1949 17-13-24BA 
16 4 2685 2777.3 1949 17—13—24CC 
17 3 2692 2756.1 1949 17-13-25BD 
17 3 2698 2754.5 1949 17—13-25BD 
17 2 2702 2770.8 1949 17—13—25CA 
13 3 2702 2830.0 1949 17—13-26BD 
10 4 2701 2932.1 1949 17-13-27DB 
15 1 2729 2795.3 1949 17-13-35DD 
19 1 2716 2770.6 1949 17—13-36AD 
16 1 2721 2789.0 1949 17—13-36CBC2 
18 1 2725 2781.9 1949 17-13-36DC 
26 17 2605 2680.5 1949 17—14—05AB 
22 16 2623 2679.6 1949 17—14-06AC 
21 16 2625 2679.0 1949 17-14-06BD 
20 14 2633 2690.7 1949 17—14-06CC 
20 17 2623 2681.6 1949 17—14-06CC 
22 14 2628 2690.3 1949 17-14-06DC 
23 14 2619 2691.6 1949 17—14—06DD 
21 10 2640 2703.2 1949 17-14-07CD 
23 10 2664 2705.1 1949 17-14-07DD 
26 12 2648 2711.6 1949 17—14—08AC 
25 12 2614 2708.4 1949 17—14-08BD 
25 11 2648 2717.8 1949 17-14-08CA 
32 9 2615 2780.7 1949 17—14—15BB 
22 8 2649 2714.6 1949 17—14—18AC 
21 5 2676 2730.7 1949 17-14-18CA 
21 7 2655 2715.2 1949 17—14—18CA 
20 6 2663 2722.6 1949 17—14—18CC 
20 4 2689 2737.5 1949 17—14—19CB 
22 3 2700 2748.5 1949 17-14-30AC 
20 3 2699 2749.6 1949 17-14-30BC 
21 3 2704 2750.0 1949 17-14-30BD 
20 2 2702 2757.3 1949 17—14—30CC 
21 1 2704 2773.6 1949 17-14-31BD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

21 1 2712 2776. 5 1949 17-14-31BD 
15 33 2554 2612. 9 1950 16-13-14AA 
15 21 2607 2720. 4 1950 16-13—35AA 
15 19 2618 2735. 1 1950 16-13-35DA 
19 18 • 2614 2677. 4 1950 16-13-36DD 
26 36 2565 2670. 9 1950 16-14—05DC 
23 36 2545 2611. 8 1950 16—14-06AA 
20 36 2545 2588. 1 1950 16-14-06BB 
22 34 2554 2600. 3 1950 16—14—07DC 
22 32 2570 2622. 0 1950 16—14-18AC 
21 32 2567 2619. 3 1950 16-14-18BD 
20 28 2575 2633. 9 1950 16-14—19BCD 
20 26 2580 2640. 4 1950 16—14-19CC 
20 26 2581 2640. 4 1950 16-14-19CCD 
21 26 2581 2640. 7 1950 16-14—19CDD 
21 26 2582 2640. 7 1950 16-14-19CDD 
38 23 2613 2805. 8 1950 16-14-25CB 
26 24 2594 2666. 5 1950 16-14—29AC 
24 24 2587 2651. 2 1950 16-14—29BC 
24 24 2586 2651. 2 1950 16-14-29BCC 
24 24 2587 2651. 2 1950 16-14-29BCC 
25 24 2592 2656. 0 1950 16-14—29BD 
25 24 2569 2656. 0 1950 16—14—29BDC 
25 24 2588 2656. 0 1950 16-14-29BDC 
25 24 2594 2656. 0 1950 16-14—29BDC 
25 22 2597 2662. 7 1950 16-14—29CD 
26 23 2596 2682. 3 1950 16—14-29DB 
20 22 2593 2659. 9 1950 16-14-30CCD 
21 22 2592 2659. 1 1950 16-14-30CD 
21 22 2585 2659. 1 1950 16-14—30CDC 
21 22 2587 2659. 1 1950 16-14—30CDC 
21 22 2594 2659. 1 1950 16-14-30CDC 
22 23 2585 2648. 0 1950 16-14-30DB 
22 22 2594 2658. 5 1950 16-14—30DCC 
22 18 2614 2674. 3 1950 16—14—31DC 
23 18 2618 2673. 1 1950 16-14-31DD 
25 20 2602 2672. 9 1950 16-14—32BD 
25 18 2604 2671. 6 1950 16—14—32CD 
39 34 2592 2857. 7 1950 16—15-18ABD 
17 9 2648 2733. 0 1950 17-13—13BA 
19 6 2659 2720. 6 1950 17-13-13DD 
9 5 2701 2993. 5 1950 17-13—22BA 
8 5 2702 3046. 5 1950 17-13-22BC 
18 5 2689 2752. 1 1950 17-13-24AC 
18 5 2689 2752. 1 1950 17-13—24ACC 
17 5 2673 2749. 7 1950 17—13—24BA 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

17 5 2684 2752.3 1950 17-13-24BA 
17 3 2697 2756.1 1950 17-13-25BD 
17 3 2697 2754.5 1950 17—13—25BD 
13 3 2701 2830.0 1950 17-13-26BD 
8 3 2710 3034.9 1950 17—13—27BC 
10 4 2700 2932.1 1950 17—13—27DB 
15 1 2727 2795.3 1950 17—13—35DD 
19 1 2712 2770.6 1950 17-13-36AD 
16 1 2721 2786.5 1950 17-13—36CB 
16 1 2719 2789.0 1950 17—13—36CBC2 
16 1 2725 2789.0 1950 17—13-36CBC2 
18 1 2724 2781.9 1950 17-13-36DC 
26 17 2604 2680.5 1950 17-14—05AB 
21 16 2623 2679.0 1950 17-14-06BD 
20 14 2630 2690.7 1950 17—14-06CC 
20 17 2621 2681.6 1950 17-14-06CC 
22 14 2626 2690.3 1950 17-14—06DC 
23 14 2617 2691.6 1950 17—14—06DD 
21 10 2641 2703.2 1950 17-14-07CD 
23 10 2656 2705.1 1950 17-14-07DD 
26 12 2638 2711.6 1950 17—14—08AC 
25 12 2614 2708.4 1950 17-14—08BD 
25 11 2621 2717.8 1950 17-14—08CA 
32 9 2614 2780.7 1950 17—14—15BB 
22 8 2648 2714.6 1950 17—14—18AC 
21 5 2671 2730.7 1950 17—14—18CA 
21 7 2651 2715.2 1950 17—14-18CA 
20 6 2660 2722.6 1950 17-14-18CC 
20 4 2683 2737.5 1950 17-14-19CB 
22 3 2687 2748.5 1950 17-14—30AC 
20 2 2697 2757.3 1950 17-14-30CC 
21 2 2698 2765.4 1950 17-14—30CD 
21 1 2704 2773.6 1950 17—14—31BD 
21 1 2707 2776.5 1950 17-14—31BD 
15 33 2553 2612.9 1951 16-13-14AA 
15 21 2607 2720.4 1951 16-13-35AA 
19 18 2613 2677.4 1951 16—13-36DD 
25 36 2552 2654.8 1951 16—14—05CA 
26 36 2565 2670.9 1951 16—14—05DC 
23 36 2545 2611.8 1951 16-14-06AA 
20 36 2545 2588.1 1951 16-14-06BB 
21 34 2559 2607.7 1951 16—14—07CDC 
22 34 2554 2600.3 1951 16—14—07DC 
22 34 2560 2605.9 1951 16-14-07DC 
22 32 2570 2622.0 1951 16-14-18AC 
21 32 2565 2619.3 1951 16-14-18BD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

21 32 2564 2619.3 1951 16-14-18BDC 
20 26 2572 2640.4 1951 16-14-19CCD 
21 26 2586 2640.7 1951 16-14-19CD 
21 26 2568 2640.7 1951 16-14-19CDD 
21 26 2578 2640.7 1951 16-14-19CDD 
24 27 2579 2639.6 1951 16-14-20CB 
24 26 2581 2648.1 1951 16-14-20CC 
24 26 2575 2648.1 1951 16-14-20CCC 
24 26 2578 2648.1 1951 16-14-20CCC 
38 23 2612 2805.8 1951 16-14-25CB 
26 24 2591 2666.5 1951 16-14-29AC 
24 24 2586 2651.2 1951 16-14-29BC 
24 24 2582 2651.2 1951 16-14-29BCC 
24 24 2586 2651.2 1951 16-14-29BCC 
25 24 2588 2656.0 1951 16-14-29BDC 
26 23 2593 2682.3 1951 16-14-29DB 
22 24 2575 2646.0 1951 16-14-30AC 
22 24 2581 2646.0 1951 16-14-30AC 
21 22 2582 2659.1 1951 16-14-30CDC 
21 22 2588 2659.1 1951 16-14-30CDC 
21 22 2590 2659.1 1951 16-14-30CDC 
23 18 2601 2673.1 1951 16-14-31DD 
25 20 2599 2672.9 1951 16-14-32BD 
25 18 2602 2671.6 1951 16-14-32CD 
39 34 2591 2857.7 1951 16-15-18ABD 
17 9 2647 2733.0 1951 17-13-13BA 
5 5 2724 3146.6 1951 17-13-21BD 
9 5 2700 2993.5 1951 17-13-22BA 
8 5 2700 3046.5 1951 17—13—22BC 
17 5 2672 2749.7 1951 17-13-24BA 
17 5 2678 2752.3 1951 17-13-24BA 
17 3 2692 2756.1 1951 17-13-25BD 
13 3 2698 2830.0 1951 17-13-26BD 
8 3 2709 3034.9 1951 17-13—27BC 
10 4 2699 2932.1 1951 17-13—27DB 
15 1 2724 2795.3 1951 17-13-35DD 
19 1 2701 2770.6 1951 17-13-36AD 
16 1 2716 2789.0 1951 17-13-36CBC2 
26 17 2602 2680.5 1951 17-14—05AB 
23 12 2603 2690.0 1951 17—14—07AD 
20 10 2644 2705.0 1951 17-14-07CC 
21 10 2641 2703.2 1951 17-14-07CD 
21 7 2649 2715.2 1951 17-14-18CA 
21 4 2673 2741.8 1951 17-14-19CD 
21 2 2680 2765.4 1951 17-14-30CD 
22 2 2684 2745.0 1951 17-14-30DB 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

21 1 2687 2776. 5 1951 17-14-31BD 
9 • 36 2526 2610. 0 1952 16-13-03CA 
15 21 2606 2720. 4 1952 16-13-35AA 
14 20 2616 2756. 1 1952 16—13—35AD 
15 20 2613 2754. 0 1952 16-13-35ADC 
18 18 2618 2690. 7 1952 16—13—36DC 
19 18 2610 2677. 4 1952 16-13-36DD 
25 36 2552 2654. 8 1952 16-14-05CA 
26 36 2563 2670. 9 1952 16—14—05DC 
23 36 2545 2611. 8 1952 16-14—06AA 
20 36 2544 2588. 1 1952 16-14-06BB 
22 34 2553 2600. 3 1952 16—14—07DC 
22 34 2561 2605. 9 1952 16—14-07DC 
22 32 2569 2622. 0 1952 16-14-18AC 
21 32 2565 2619. 3 1952 16-14—18BD 
21 32 2565 2619. 3 1952 16-14-18BDC 
20 29 2572 2627. 2 1952 16-14-19BBA 
20 26 2579 2640. 4 1952 16—14—19CC 
20 26 2580 2640. 4 1952 16—14—19CCD 
21 26 2578 2640. 7 1952 16-14-19CD 
21 26 2581 2640. 7 1952 16-14-19CDD 
24 27 2579 2639. 6 1952 16—14—20CB 
24 26 2579 2648. 1 1952 16-14-20CC 
38 23 2612 2805. 8 1952 16-14-25CB 
26 24 2591 2666. 5 1952 16—14—29AC 
24 24 2584 2651. 2 1952 16—14—29BC 
24 24 2585 2651. 2 1952 16—14—29BCC 
25 24 2588 2656. 0 1952 16-14-29BD 
25 24 2590 2656. 0 1952 16-14—29BDC 
25 22 2592 2662. 7 1952 16—14—29CD 
26 23 2591 2682. 3 1952 16-14—29DB 
22 24 2582 2646. 0 1952 16-14-30AC 
22 24 2583 2646. 0 1952 16-14-30AC 
20 23 2588 2650. 6 1952 16—14-30CBB 
20 22 2591 2659. 9 1952 16-14-30CC 
20 22 2592 2659. 9 1952 16-14-30CCD 
21 22 2590 2659. 1 1952 16—14-30CD 
21 22 2587 2659. 1 1952 16—14—30CDC 
21 22 2592 2659. 1 1952 16—14—30CDC 
22 23 2582 2648. 0 1952 16-14-30DB 
22 22 2591 2658. 5 1952 16—14-30DC 
22 22 2592 2658. 5 1952 16—14—30DCC 
22 20 2602 2664. 1 1952 16-14—31AC 
22 18 2610 2674. 3 1952 16-14-31DC 
25 20 2597 2672. 9 1952 16—14-32BD 
25 18 2600 2671. 6 1952 16-14—32CD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Water Table Surface Survey Legal Well 
Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

12 2633 2709.2 1952 17-13-12AD 
9 2644 2724.5 1952 17—13—13AB 
8 2648 2712.0 1952 17-13—13AD 
9 2643 2733.0 1952 17-13—13BA 
6 2656 2720.6 1952 17—13—13DD 
5 2723 3146.6 1952 17-13—21BD 
5 2698 .2993.5 1952 17-13—22BA 
5 2697 3046.5 1952 17-13-22BC 
5 2686 2752.1 1952 17-13-24ACC 
5 2671 2749.7 1952 17-13—24BA 
5 2679 2752.3 1952 17-13—24BA 
4 2683 2777.3 1952 17-13—24CC 
3 2699 2746.8 1952 17-13-25ABB 
3 2692 2754.5 1952 17—13—25BD 
3 2693 2756.1 1952 17-13—25BD 
3 2695 2756.1 1952 17-13-25BDD 
2 2704 2774.1 1952 17-13-25CA 
3 2697 2830.0 1952 17—13—26BD 
3 2706 3034.9 1952 17—13—27BC 
4 2697 2932.1 1952 17-13-27DB 
1 2713 2828.1 1952 17-13-35ACD1 
1 2719 2837.8 1952 17—13—35ACD1 
1 2723 2837.8 1952 17—13—35ACD1 
1 2720 2795.3 1952 17-13—35DD 
1 2709 2770.6 1952 17-13—36AD 
1 2715 2786.5 1952 17-13-36CB 
1 2719 2789.0 1952 17-13—36CBC2 
1 2719 2781.9 1952 17—13—36DC 
17 2600 2680.5 1952 17—14—05AB 
14 2607 2707.1 1952 17-14—05CDA 
14 2625 2690.7 1952 17-14—06CC 
17 2617 2681.6 1952 17-14—06CC 
14 2624 2690.3 1952 17—14—06DC 
14 2612 2691.6 1952 17—14—06DD 
12 2625 2690.0 1952 17-14—07AD 
10 2643 2705.0 1952 17-14—07CC 
10 2645 2705.0 1952 17-14—07CCC 
10 2639 2703.2 1952 17-14—07CD 
10 2653 2705.1 1952 17-14-07DD 
12 2622 2711.6 1952 17—14—08AC 
12 2615 2708.4 1952 17—14—08BD 
12 2615 2710.3 1952 17-14—08BDD 
11 2619 2717.8 1952 17—14—08CA 
9 2611 2780.7 1952 17-14—15BB 
8 2646 2714.6 1952 17—14—18AC 
4 2688 2741.8 1952 17-14—19CD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

22 5 2674 2729.5 1952 17-14-19DBD 
23 3 2663 2787.8 1952 17-14—30AA 
20 3 2687 2745.0 1952 17-14—30BB 
20 3 2688 2745.0 1952 17-14-30BBB 
20 3 2694 2749.6 1952 17-14-30BC 
21 3 2691 2750.0 1952 17-14-30BD 
20 2 2700 2757.3 1952 17-14—30CC 
21 2 2701 2765.4 1952 17-14—30CD 
22 2 2700 2775.3 1952 17-14—30DA 
22 2 2687 2745.0 1952 17-14-30DB 
21 1 2704 2773.6 1952 17-14-31BD 
21 1 2706 2776.5 1952 17—14—31BD 
12 36 2527 2561.0 1953 16-13-02BB 
12 36 2527 2561.0 1953 16-13-02BBA2 
13 36 2526 2569.5 1953 16-13—02BD 
9 36 2525 2610.0 1953 16-13-03CA 
15 33 2551 2612.9 1953 16-13-14AA 
15 21 2605 2720.4 1953 16-13-35AA 
14 20 2614 2756.1 1953 16-13-35AD 
15 20 2609 2754.0 1953 16—13-35ADC 
15 20 2611 2754.0 1953 16-13—35ADC 
15 19 2615 2735.1 1953 16-13—35DA 
18 18 2622 2690.7 1953 16-13-36DC 
19 18 2607 2677.4 1953 16-13-36DD 
25 36 2551 2654.8 1953 16-14-05CA 
26 36 2559 2670.9 1953 16-14-05DC 
23 36 2542 2611.8 1953 16—14-06AA 
20 36 2542 2588.1 1953 16-14—06BB 
21 34 2554 2607.7 1953 16-14—07CC 
21 34 2554 2607.7 1953 16-14—07CDC 
22 34 2560 2605.9 1953 16-14—07DC 
22 32 2568 2622.0 1953 16-14-18AC 
21 32 2564 2619.3 1953 16-14-18BD 
21 32 2563 2619.3 1953 16-14-18BDC 
20 29 2569 2627.2 1953 16—14-19BBA 
20 28 2572 2633.9 1953 16-14-19BC 
20 26 2576 2640.4 1953 16-14—19CC 
20 26 2578 2640.4 1953 16-14—19CCD 
21 26 2576 2640.7 1953 16-14-19CDD 
21 26 2578 2640.7 1953 16—14-19CDD 
24 27 2575 2639.6 1953 16-14-20CB 
24 26 2578 2648.1 1953 16—14-20CC 
38 23 2609 2805.8 1953 16—14-25CB 
26 24 2589 2666.5 1953 16-14-29AC 
24 24 2583 2651.2 1953 16—14-29BC 
24 24 2583 2651.2 1953 16-14-29BCC 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Water Table Surface Survey Legal Well 
Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

24 2587 2656. 0 1953 16-14-29BD 
24 2589 2656. 0 1953 16-14-29BDC 
22 2591 2662. 7 1953 16-14—29CD 
23 2589 2682. 3 1953 16—14-29DB 
24 2579 2646. 0 1953 16-14-30AC 
24 2581 2646. 0 1953 16-14-30AC 
23 2584 2650. 6 1953 16-14—30CBB 
23 2585 2650. 6 1953 16-14-30CBB 
22 2589 2659. 9 1953 16-14-30CC 
22 2585 2659. 9 1953 16-14—30CCD 
22 2590 2659. 1 1953 16-14—30CDC 
23 2578 2648. 0 1953 16-14-30DB 
22 2589 2658. 5 1953 16-14-30DC 
22 2590 2658. 5 1953 16-14-30DCC 
20 2602 2672. 4 1953 16-14-31BD 
18 2607 2674. 3 1953 16-14-31DC 
18 2597 2671. 6 1953 16-14-32CD 
34 2591 2857. 7 1953 16-15-18ABD 
15 2625 2733. 5 1953 17-13-01CA 
15 2626 2733. 5 1953 17-13-01CAB 
14 2633 2743. 0 1953 17—13—01CD 
14 2634 2743. 0 1953 17-13-01CDC 
12 2629 2709. 2 1953 17-13-12AD 
9 2639 2724. 5 1953 17-13-13AB 
8 2640 2727. 8 1953 17-13-13AC 
9 2639 2733. 0 1953 17-13-13BA 
6 2652 2720. 6 1953 17-13-13DD 
5 2723 3146. 6 1953 17—13-21BD 
5 2694 2993. 5 1953 17-13-22BA 
5 2694 3046. 5 1953 17-13-22BC 
5 2683 2752. 1 1953 17-13-24ACC 
5 2667 2749. 7 1953 17—13-24BA 
5 2672 2752. 3 1953 17-13-24BA 
4 2679 2777. 3 1953 17-13-24CC 
3 2686 2746. 8 1953 17-13—25ABB 
3 2689 2754. 5 1953 17-13-25BD 
3 2690 2756. 1 1953 17-13-25BD 
3 2692 2756. 1 1953 17—13-25BDD 
2 2693 2774. 1 1953 17—13-25CA 
3 2692 2830. 0 1953 17-13-26BD 
3 2702 3034. 9 1953 17-13-27BC 
4 2693 2932. 1 1953 17—13-27DB 
1 2708 2828. 1 1953 17-13-35ACD1 
1 2714 2837. 8 1953 17-13-35ACD1 
1 2718 2837. 8 1953 17—13-35ACD1 
1 2704 2770. 6 1953 17—13-36AD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

16 1 2710 2786.5 1953 17—13-36CB 
16 1 2713 2789.0 1953 17-13-36CBC2 
18 1 2711 2781.9 1953 17—13—36DC 
26 17 2597 2680.5 1953 17—14-05AB 
25 14 2604 2707.1 1953 17-14-05CD 
20 14 2622 2690.7 1953 17—14—06CC 
20 17 2614 2681.6 1953 17—14-06CC 
22 14 2623 2690.3 1953 17—14-06DC 
23 14 2610 2691.6 1953 17—14-06DD 
23 12 2620 2690.0 1953 17-14-07AD 
20 10 2640 2705.0 1953 17—14-07CC 
20 10 2642 2705.0 1953 17—14-07CCC 
21 10 2634 2703.2 1953 17—14-07CD 
26 12 2615 2711.6 1953 17—14—08AC 
25 13 2604 2705.3 1953 17-14-08BA 
25 12 2607 2708.4 1953 17—14—08BD 
25 12 2608 2710.3 1953 17—14—08BDD 
32 9 2610 2780.7 1953 17—14-15BB 
26 6 2672 2753.3 1953 17-14-17DC 
22 5 2669 2729.5 1953 17-14—19ABC 
21 4 2683 2741.8 1953 17—14-19CD 
31 2 2714 2871.8 1953 17-14-28DD 
24 2 2688 2797.3 1953 17—14—29CB 
24 2 2684 2805.0 1953 17—14—29CCA 
24 2 2684 2805.0 1953 17—14-29CCA 
23 3 2684 2787.8 1953 17-14-30AA 
20 3 2683 2745.0 1953 17-14-3QBB 
20 3 2684 2745.0 1953 17—14—30BB 
20 3 2690 2749.6 1953 17—14—30BC 
21 3 2691 2750.0 1953 17—14—30BD 
20 2 2693 2757.3 1953 17—14-30CC 
21 2 2694 2765.4 1953 17—14-30CD 
22 2 2690 2775.3 1953 17—14—30DA 
22 2 2683 2745.0 1953 17-14—30DB 
21 1 2700 2776.5 1953 17-14—31BD 
12 36 2522 2561.0 1954 16—13-02BB 
9 36 2523 2610.0 1954 16—13-03CA 
15 33 2550 2612.9 1954 16—13—14AA 
15 21 2602 2720.4 1954 16-13-3 5AA 
14 20 2611 2756.1 1954 16-13-35AD 
15 20 2609 2754.0 1954 16—13-35ADC 
15 19 2612 2735.1 1954 16—13—35DA 
18 18 2610 2690.7 1954 16—13—36DC 
19 18 2601 2677.4 1954 16—13—36DD 
25 36 2552 2654.8 1954 16-14-05CA 
26 36 2560 2670.9 1954 16-14-05DC 



rid 
>lu 

23 
21 
20 
21 
22 
24 
27 
27 
22 
21 
20 
20 
20 
20 
21 
21 
26 
27 
27 
27 
24 
24 
25 
24 
24 
24 
38 
26 
27 
27 
24 
24 
24 
24 
24 
25 
25 
25 
26 
22 
22 
20 
20 
20 
20 
21 

APPENDIX A - Water Table Elevations, 1920-1992 

Grid Water Table Surface Survey Legal Well 
Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

36 2542 2611. 8 1954 16-14-06AA 
36 2552 2604. 4 1954 "16-14-06B 
36 2541 2588. 1 1954 16-14-06BB 
34 2555 2607. 7 1954 16-14—07CC 
34 2557 2605. 9 1954 16—14-07DC 
32 2564 2642. 3 1954 16—14-17BC 
31 2575 2683. 9 1954 16-14—17DA 
31 2577 2683. 9 1954 16-14-17DA 
32 2567 2622. 0 1954 16—14-18AC 
32 2562 2619. 3 1954 16-14-18BDC 
29 2565 2627. 2 1954 16-14-19BBA 
28 2567 2633. 9 1954 16—14-19BC 
26 2572 2640. 4 1954 16-14—19CC 
26 2573 2640. 4 1954 16-14—19CCD 
26 2569 2640. 7 1954 16-14-19CD 
26 2572 2640. 7 1954 16-14-19CDD 
28 2572 2684. 0 1954 16—14-20ACB 
28 2573 2701. 1 1954 16-14-20AD 
28 2572 2701. 1 1954 16-14—20ADA 
28 2574 2701. 1 1954 16—14-20ADA 
29 2569 2635. 7 1954 16-14-20BB 
29 2570 2635. 7 1954 16-14—20BBB 
28 2571 2683. 2 1954 16-14—20BD 
27 2574 2639. 6 1954 16—14-20CB 
27 2583 2650. 0 1954 16-14-20CBC2 
26 2574 2648. 1 1954 16-14-20CC 
23 2611 2805. 8 1954 16-14-25CB 
24 2585 2666. 5 1954 16-14—29AC 
24 2588 2686. 0 1954 16-14-29AD 
24 2591 2686. 0 1954 16—14-29ADA 
24 2578 2651. 2 1954 16-14—29BC 
24 2570 2651. 2 1954 16-14—29BCC 
24 2572 2651. 2 1954 16—14-29BCC 
24 2577 2651. 2 1954 16—14-29BCC 
24 2578 2651. 2 1954 16-14-29BCC 
24 2582 2656. 0 1954 16-14-29BD 
24 2584 2656. 0 1954 16-14-29BDC 
22 2584 2662. 7 1954 16—14-29CD 
23 2584 2682. 3 1954 16-14-29DB 
24 2574 2646. 0 1954 16-14-30AC 
24 2575 2646. 0 1954 16-14-30AC 
23 2578 2650. 6 1954 16-14—30CBB 
23 2581 2650. 6 1954 16—14—30CBB 
22 2584 2659. 9 1954 16-14—30CC 
22 2585 2659. 9 1954 16—14-30CCD 
22 2583 2659. 1 1954 16—14-30CD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

21 22 2585 2659.1 1954 16-14-30CDC 
22 23 2574 2648.0 1954 16-14-30DB 
22 22 2585 2658.5 1954 16-14-30DC 
22 22 2586 2658.5 1954 16-14-30DCC 
22 20 2597 2664.1 1954 16-14-31AC 
21 20 2595 2672.4 1954 16—14-31BD 
22 18 2603 2674.3 1954 16-14-31DC 
25 20 2590 2672.9 1954 16-14-32BD 
25 19 2596 2674.0 1954 16—14-32CAC 
25 18 2593 2671.6 1954 16-14-32CD 
39 34 2591 2857.7 1954 16-15-18ABD 
17 15 2621 2733.5 1954 17-13-01CA 
17 15 2622 2733.5 1954 17—13-01CAB 
17 14 2626 2743.0 1954 17-13-01CD 
17 14 2627 2743.0 1954 17-13-01CDC 
19 12 2624 2709.2 1954 17—13-12AD 
18 9 2635 2724.5 1954 17-13-13AB 
18 8 2636 2727.8 1954 17-13-13AC 
19 8 2634 2712.0 1954 17-13-13AD 
17 9 2634 2733.0 1954 17—13-13BA 
19 6 2648 2720.6 1954 17-13-13DD 
9 5 2688 2993.5 1954 17-13-22BA 
8 5 2689 3046.5 1954 17-13-22BC 
18 5 2673 2752.1 1954 17-13-24ACC 
18 5 2673 2752.1 1954 17-13-24ACC 
17 5 2661 2749.7 1954 17—13-24BA 
17 5 2664 2752.3 1954 17-13-24BA 
16 4 2672 2777.3 1954 17-13-24CC 
18 3 2676 2746.8 1954 17-13-25AB 
17 3 2679 2756.1 1954 17—13-25BD 
17 2 2684 2774.1 1954 17—13-25CA 
13 3 2687 2830.0 1954 17-13-26BD 
8 3 2698 3034.9 1954 17-13—27BC 
10 4 2687 2932.1 1954 17—13-27DB 
14 1 2698 2828.1 1954 17-13-35ACD1 
14 1 2704 2837.8 1954 17-13-35ACD1 
14 1 2706 2837.8 1954 17-13—35ACD1 
15 1 2708 2795.3 1954 17-13—35DD 
19 1 2694 2770.6 1954 17—13-36AD 
16 1 2698 2786.5 1954 17—13-36CB 
16 1 2701 2789.0 1954 17-13-36CBC2 
18 1 2702 2781.9 1954 17-13—36DC 
25 14 2601 2707.1 1954 17-14-05CD 
25 14 2601 2707.1 1954 17—14-05CDA1 
20 14 2613 2690.7 1954 17—14-06CC 
20 17 2607 2681.6 1954 17-14-06CC 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

22 14 2617 2690.3 1954 17-14-06DC 
23 14 2607 2691.6 1954 17-14—06DD 
23 12 2611 2690.0 1954 17—14—07AD 
20 10 2627 2705.0 1954 17-14-07CC 
20 10 2632 2705.0 1954 17-14—07CCC 
21 10 2632 2703.2 1954 17-14—07CD 
23 10 2633 2705.1 1954 17—14—07DD 
26 12 2611 2711.6 1954 17-14-08AC 
25 13 2600 2705.3 1954 17-14—08BA 
25 12 2603 2710.3 1954 17—14—08BDD 
25 11 2610 2717.8 1954 17-14—08CA 
25 11 2608 2717.8 1954 17—14—08CAD 
32 9 2608 2780.7 1954 17—14—15BB 
26 6 2659 2753.3 1954 17—14—17DC 
22 8 2640 2714.6 1954 17-14-18AC 
22 5 2661 2729.5 1954 17-14—19ABC 
20 4 2657 2737.5 1954 17—14—19CB 
21 4 2672 2741.8 1954 17-14-19CD 
31 2 2706 2871.8 1954 17-14—28DD 
24 2 2675 2797.3 1954 17-14-29CB 
24 2 2683 2805.0 1954 17—14—29CCA 
23 3 2673 2787.8 1954 17-14-30AA 
20 3 2672 2745.0 1954 17-14-30BB 
20 3 2674 2745.0 1954 17—14—30BB 
20 3 2677 2749.6 1954 17—14—30BC 
21 3 2677 2750.0 1954 17-14-30BD 
20 2 2694 2757.3 1954 17-14-30CC 
21 2 2681 2765.4 1954 17-14-30CD 
22 2 2679 2775.3 1954 17—14—30DA 
22 2 2672 2745.0 1954 17—14—30DB 
21 1 2690 2776.5 1954 17-14-31BD 
12 36 2523 2561.0 1955 16-13—02BBA2 
13 36 2527 2569.5 1955 16-13-02BD 
9 36 2524 2610.0 1955 16—13—03CA 
15 33 2551 2612.9 1955 16—13—14AA 
15 21 2602 2720.4 1955 16-13—35AA 
14 20 2610 2756.1 1955 16-13-35AD 
15 20 2608 2754.0 1955 16-13-35ADC 
15 19 2611 2735.1 1955 16—13—35DA 
19 21 2593 2670.0 1955 16-13—36AA 
18 21 2593 2666.1 1955 16-13-36AB 
18 20 2606 2675.0 1955 16-13-36ACA 
19 20 2593 2670.0 1955 16-13-36ADA 
18 18 2610 2690.7 1955 16-13—36DC 
19 18 2605 2677.4 1955 16-13-36DD 
25 36 2551 2654.8 1955 16-14-05CA 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

26 36 2560 2670.9 1955 16—14-05DC 
23 36 2542 2611.8 1955 16-14—06AA 
21 36 2553 2604.4 1955 16—14-06B 
20 36 2542 2588.1 1955 16—14-06BB 
21 35 2553 2596.1 1955 16-14-07BA 
21 35 2549 2592.0 1955 16-14-07BAD2 
21 34 2557 2607.7 1955 16—14-07CC 
22 34 2558 2605.9 1955 16—14-07DC 
24 32 2567 2642.3 1955 16-14—17BC 
24 32 2568 2642.3 1955 16—14-17BCC 
27 31 2575 2683.9 1955 16—14-17DA 
27 31 2577 2683.9 1955 16—14-17DA 
22 32 2566 2622.0 1955 16-14-18AC 
21 32 2563 2619.3 1955 16—14-18BD 
21 32 2563 2619.3 1955 16—14-18BDC 
21 29 2565 2625.5 1955 16—14-19BA 
20 29 2568 2627.2 1955 16-14-19BBA 
20 29 2569 2627.2 1955 16-14-19BBA 
20 28 2570 2633.9 1955 16—14-19BC 
20 27 2573 2638.7 1955 16-14-19CB 
20 27 2575 2638.7 1955 16-14—19CBC 
20 26 2574 2640.4 1955 16—14-19CC 
20 26 2576 2640.4 1955 16—14-19CCD 
21 26 2573 2640.7 1955 16-14-19CD 
21 26 2576 2640.7 1955 16-14-19CDD 
26 28 2573 2684.0 1955 16-14—20ACB 
27 28 2574 2701.1 1955 16—14—20AD 
27 28 2575 2701.1 1955 16-14-20ADA 
24 29 2570 2635.7 1955 16-14-20BB 
24 29 2569 2635.7 1955 16—14—20BBB 
24 29 2571 2635.7 1955 16—14-20BBB 
25 28 2572 2683.2 1955 16—14-20BD 
24 27 2568 2639.6 1955 16-14-20CB 
24 26 2577 2648.1 1955 16—14—20CC 
38 23 2611 2805.8 1955 16—14-25CB 
26 24 2585 2666.5 1955 16—14—29AC 
27 24 2588 2686.0 1955 16-14-29AD 
27 24 2591 2686.0 1955 16-14-29ADA 
24 24 2582 2651.2 1955 16—14-29BC 
24 24 2573 2651.2 1955 16—14-29BCC 
24 24 2577 2651.2 1955 16—14-29BCC 
24 24 2579 2651.2 1955 16-14-29BCC 
24 24 2579 2651.2 1955 16-14-29BCC 
24 24 2580 2651.2 1955 16-14-29BCC 
24 24 2581 2651.2 1955 16-14-29BCC 
24 24 2582 2651.2 1955 16-14-29BCC 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation . Elevation Year Location 

(feet amsl) (feet amsl) 

24 24 2582 2651.2 1955 16-14-29BCC 
25 24 2581 2656.0 1955 16-14—29BD 
25 24 2583 2656.0 1955 16-14-29BDC 
25 22 2586 2662.7 1955 16-14-29CD 
26 23 2583 2682.3 1955 16-14—29DB 
22 24 2579 2646.0 1955 16-14—30AC 
22 24 2580 2646.0 1955 16-14-30AC 
20 23 2583 2650.6 1955 16-14-30CBB 
20 23 2584 2650.6 1955 16—14-30CBB 
20 22 2586 2659.9 1955 16-14-30CC 
20 22 2587 2659.9 1955 16—14-30CCD 
22 23 2579 2648.0 1955 16-14-30DB 
22 22 2585 2658.5 1955 16-14—30DC 
22 22 2586 2658.5 1955 16-14—30DCC 
22 20 2599 2664.1 1955 16-14—31AC 
21 20 2599 2672.4 1955 16-14-31BD 
22 18 2604 2674.3 1955 16-14-31DC 
25 20 2589 2672.9 1955 16-14-32BD 
25 18 2591 2671.6 1955 16-14-32CD 
39 34 2591 2857.7 1955 16-15-18ABD 
17 15 2621 2733.5 1955 17-13-01CA 
17 15 2622 2733.5 1955 17-13-01CAB 
17 14 2626 2743.0 1955 17-13-01CD 
17 14 2627 2743.0 1955 17-13-01CDC 
19 12 2628 2709.2 1955 17-13-12AD 
18 9 2639 2724.5 1955 17-13-13AB 
18 8 2641 2727.8 1955 17-13-13AC 
19 8 2643 2712.0 1955 17-13-13AD 
17 9 2638 2733.0 1955 17-13-13BA 
19 6 2650 2720.6 1955 17-13-13DD 
5 5 2725 3146.6 1955 17-13-21BD 
8 5 2711 3046.5 1955 17-13-22BC 
18 5 2678 2752.1 1955 17-13-24ACC 
18 5 2680 2752.1 1955 17-13-24ACC 
17 5 2661 2749.7 1955 17-13-24BA 
16 4 2675 2777.3 1955 17-13-24CC 
18 3 2681 2746.8 1955 17-13-25AB 
17 3 2686 2756.1 1955 17-13—25BD 
17 3 2686 2756.1 1955 17-13—25BDD 
17 2 2688 2774.1 1955 17-13—25CA 
13 3 2687 2830.0 1955 17-13—26BD 
8 3 2694 3034.9 1955 17-13-27BC 
10 4 2685 2932.1 1955 17-13-27DB 
14 1 2701 2828.1 1955 17-13-35ABD 
14 1 2698 2837.8 1955 17-13-35ACD1 
14 1 2700 2837.6 1955 17-13-35ACD1 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

14 1 2707 2837.8 1955 17-13-35ACD1 
15 1 2708 2795.3 1955 17—13—35DD 
19 1 2698 2770.6 1955 17-13-36AD 
16 1 2704 2786.5 1955 17-13-36CB 
16 1 2708 2789.0 1955 17-13—36CBC2 
18 1 2708 2781.9 1955 17-13-36DC 
26 17 2591 2680.5 1955 17-14-05AB 
25 14 2605 2707.1 1955 17-14-05CD 
25 14 2601 2707.1 1955 17—14—05CDA1 
20 14 2618 2690.7 1955 17—14—06CC 
20 17 2612 2681.6 1955 17-14-06CC 
22 14 2620 2690.3 1955 17-14-06DC 
23 14 2606 2691.6 1955 17—14-06DD 
23 12 2618 2690.0 1955 17-14-07AD 
20 10 2638 2705.0 1955 17-14-07CC 
20 10 2639 2705.0 1955 17—14-07CCC 
21 10 2635 2703.2 1955 17-14-07CD 
23 10 2641 2705.1 1955 17-14-07DD 
26 12 2613 2711.6 1955 17-14-08AC 
25 13 2598 2705.3 1955 17—14-08BA 
25 12 2606 2710.3 1955 17—14-08BDD 
25 12 2614 2710.3 1955 17-14-08BDD 
25 11 2610 2717.8 1955 17-14-08CA 
25 11 2604 2717.8 1955 17—14-08CAD 
32 9 2603 2780.7 1955 17-14-15BB 
24 7 2654 2732.4 1955 17-14—17CB 
26 6 2666 2753.3 1955 17—14—17DC 
22 8 2641 2714.6 1955 17—14-18AC 
22 5 2666 2729.5 1955 17—14-19ABC 
20 4 2673 2737.5 1955 17-14-19CB 
21 4 2679 2741.8 1955 17-14-19CD 
31 2 2709 2871.8 1955 17-14-28DD 
24 2 2684 2797.3 1955 17—14-29CB 
24 2 2692 2805.0 1955 17-14-29CCA 
23 3 2681 2787.8 1955 17-14-30AA 
20 3 2679 2745.0 1955 17—14-30BB 
20 3 2680 2745.0 1955 17—14—30BB 
20 3 2683 2749.6 1955 17—14-30BC 
21 3 2685 2750.0 1955 17-14-30BD 
20 2 2693 2757.3 1955 17—14-30CC 
21 2 2688 2765.4 1955 17—14—30CD 
22 2 2683 2775.3 1955 17—14-30DA 
20 1 2698 2776.1 1955 17-14-31BBB 
21 1 2694 2776.5 1955 17—14-31BD 
12 36 2525 2561.0 1956 16—13—02BB 
12 36 2524 2561.0 1956 16—13-02BBA2 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

13 36 2528 2569.5 1956 16—13—02BD 
15 33 2552 2612.9 1956 16-13—14AA 
15 21 2601 2720.4 1956 16—13-35AA 
15 19 2609 2735.1 1956 16—13—35DA 
19 21 2594 2670.0 1956 16—13-36AA 
19 21 2601 2670.0 1956 16-13-36AAB 
19 21 2606 .2670.0 1956 16—13-36AAB 
18 21 2595 2666.1 1956 16—13-36AB 
18 20 2604 2675.0 1956 16-13-36ACA 
18 20 2608 2675.0 1956 16-13-36ACA 
19 20 2593 2670.0 1956 16—13—36ADA 
18 18 2610 2690.7 1956 16-13-36DC 
19 18 2605 2677.4 1956 16-13-36DD 
25 36 2550 2654.8 1956 16—14—05CA 
26 36 2558 2670.9 1956 16-14-05DC 
21 36 2551 2604.4 1956 16-14-06B 
20 36 2542 2588.1 1956 16-14-06BB 
21 34 2558 2607.7 1956 16-14-07CC 
22 34 2559 2605.9 1956 16-14-07DC 
24 32 2566 2642.3 1956 16-14-17BC 
24 32 2567 2642.3 1956 16—14—17BCC 
27 31 2575 2683.9 1956 16-14—17DA 
27 31 2576 2683.9 1956 16-14-17DA 
22 32 2566 2622.0 1956 16-14-18AC 
21 32 2564 2619.3 1956 16—14—18BD 
21 32 2564 2619.3 1956 16—14—18BDC 
20 29 2569 2627.2 1956 16-14—19BBA 
20 29 2570 2627.2 1956 16-14-19BBA 
20 28 2576 2633.9 1956 16—14-19BCB 
20 27 2574 2638.7 1956 16—14—19CB 
20 27 2576 2638.7 1956 16-14-19CBC 
20 26 2576 2640.4 1956 16-14-19CC 
20 26 2577 2640.4 1956 16—14-19CCD 
21 26 2576 2640.7 1956 16—14-19CD 
21 26 2578 2640.7 1956 16—14—19CDD 
26 28 2573 2684.0 1956 16-14—20ACB 
27 28 2574 2701.1 1956 16-14-20AD 
27 28 2572 2701.1 1956 16-14-20ADA 
27 28 2575 2701.1 1956 16—14-20ADA 
24 29 2569 2635.7 1956 16-14—20BB 
24 29 2570 2635.7 1956 16-14-20BBB 
25 28 2571 2683.2 1956 16—14-20BD 
24 26 2577 2648.1 1956 16—14-20CC 
38 23 2611 2805.8 1956 16—14—25CB 
26 24 2585 2666.5 1956 16-14—29ACC 
27 24 2589 2686.0 1956 16-14-29AD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Water Table Surface Survey Legal Well 
Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

24 2591 2686.0 1956 16-14-29ADA 
24 2581 2651.2 1956 16-14-29BC 
24 2578 2651.2 1956 16—14-29BCC 
24 2579 2651.2 1956 16-14-29BCC 
24 2582 2651.2 1956 16-14-29BCC 
24 2582 2651.2 1956 16-14-29BCC 
24 2581 .2656.0 1956 16-14-29BD 
24 2583 2656.0 1956 16-14-29BDC 
23 2583 2682.3 1956 16-14-29DB 
24 2580 2646.0 1956 16-14-30AC 
24 2586 2646.0 1956 16-14-30AC 
23 2585 2650.6 1956 16-14-30CBB 
23 2585 2650.6 1956 16-14-30CBB 
22 2588 2659.9 1956 16-14-30CC 
22 2589 2659.9 1956 16-14-30CCD 
22 2587 2659.1 1956 16-14-30CD 
22 2589 2659.1 1956 16-14-30CDC 
23 2579 2648.0 1956 16-14-30DB 
22 2585 2658.5 1956 16—14-30DC 
22 2576 2658.5 1956 16-14-30DCC 
22 2586 2658.5 1956 16-14-30DCC 
20 2598 2672.4 1956 16-14-31BD 
18 2597 2674.3 1956 16-14-31DC 
18 2590 2671.6 1956 16-14—32CD 
34 2590 2857.7 1956 16—15-18ABD 
15 2620 2733.5 1956 17-13-01CA 
15 2621 2733.5 1956 17-13-01CAB 
14 2625 2743.0 1956 17—13-01CD 
14 2626 2743.0 1956 17—13—01CDC 
12 2626 2709.2 1956 17-13-12AD 
9 2638 2724.5 1956 17-13-13AB 
8 2639 2727.8 1956 17-13-13AC 
8 2640 2712.0 1956 17—13-13AD 
6 2647 2720.6 1956 17-13-13DD 
5 2722 3146.6 1956 17-13-21BD 
5 2684 3046.5 1956 17-13-22BC 
5 2663 2752.1 1956 17—13—24ACC 
5 2678 2752.1 1956 17—13-24ACC 
5 2658 2749.7 1956 17-13-24BA 
5 2669 2752.3 1956 17-13-24BA 
4 2674 2777.3 1956 17-13-24CC 
3 2680 2746.8 1956 17—13—25AB 
3 2670 2746.8 1956 17-13-25ABB 
3 2685 2756.1 1956 17-13-25BD 
3 2682 2756.1 1956 17-13-25BDD 
2 2686 2774.1 1956 17-13-25CA 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

13 3 2686 2830.0 1956 17-13-26BD 
8 3 2692 3034.9 1956 17-13-27BC 
14 1 2694 2837.8 1956 17—13-35ACD1 
14 1 2694 2837.6 1956 17-13-35DC 
15 1 2706 2795.3 1956 17-13—35DD 
19 1 2697 2770.6 1956 17-13-36AD 
16 1 2701 2786.5 1956 17-13-36CB 
18 1 2706 2781.9 1956 17—13-36DC 
26 17 2590 2680.5 1956 17—14-05AB 
25 14 2602 2707.1 1956 17-14-05CD 
25 14 2600 2707.1 1956 17-14-05CDA1 
20 14 2616 2690.7 1956 17-14-06CC 
20 17 2612 2681.6 1956 17-14-06CC 
22 14 2616 2690.3 1956 17-14-06DC 
23 14 2606 2691.6 1956 17-14-06DD 
23 12 2599 2690.0 1956 17-14—07AD 
20 10 2634 2705.0 1956 17-14-07CC 
21 10 2634 2703.2 1956 17-14-07CD 
26 12 2593 2711.6 1956 17-14—08AC 
25 13 2597 2705.3 1956 17-14-08BA 
25 12 2609 2710.3 1956 17—14-08BDD 
25 11 2604 2717.8 1956 17-14-08CA 
25 11 2607 2717.8 1956 17—14-08CAD 
32 9 2602 2780.7 1956 17-14-15BB 
24 7 2639 2732.4 1956 17-14—17CB 
26 6 2660 2753.3 1956 17—14-17DC 
22 5 2663 2729.5 1956 17-14-19ABC 
21 4 2671 2741.8 1956 17—14—19CD 
31 2 2706 2871.8 1956 17-14—28DD 
24 2 2680 2797.3 1956 17—14—29CB 
24 2 2688 2805.0 1956 17-14-29CCA 
23 3 2675 2787.8 1956 17-14-30AA 
20 3 2673 2745.0 1956 17—14-30BB 
20 3 2679 2745.0 1956 17-14-30BB 
20 3 2683 2749.6 1956 17-14—30BC 
21 3 2678 2750.0 1956 17—14—30BD 
20 2 2693 2757.3 1956 17—14-30CC 
21 2 2682 2765.4 1956 17-14-30CD 
22 2 2682 2775.3 1956 17-14—30DA 
20 1 2694 2776.1 1956 17—14-31BB 
15 33 2546 2612.9 1957 16-13-14AA 
15 20 2603 2754.0 1957 16-13-35ADC 
15 19 2607 2735.1 1957 16—13—35DA 
19 21 2593 2670.0 1957 16-13-36AAB 
18 20 2600 2675.0 1957 16-13—36ACA 
19 18 2595 2677.4 1957 16—13—36DD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

20 36 2540 2588.1 1957 16—14-06BB 
21 35 2546 2592.0 1957 16-14-07BAD2 
21 34 2559 2607.7 1957 16-14-07CC 
21 34 2558 2607.7 1957 16-14-07CDC 
24 32 2561 2642.3 1957 16-14-17BC 
24 32 2563 2642.3 1957 16—14—17BCC 
27 31 2572 2683.9 1957 16-14-17DA 
22 32 2561 2621.3 1957 16-14-18AC 
21 32 2557 2619.3 1957 16—14-18BDC 
21 32 2559 2619.3 1957 16-14-18BDC 
22 28 2569 2632.5 1957 16—14-19ACD 
20 29 2563 2627.2 1957 16-14-19BBA 
20 29 2564 2627.2 1957 16-14-19BBA 
20 28 2568 2633.9 1957 16—14-19BCB 
20 28 2571 2633.9 1957 16—14—19BCB 
20 27 2570 2638.7 1957 16—14-19CBC 
20 26 2569 2640.4 1957 16—14-19CC 
20 26 2569 2640.4 1957 16-14—19CCD 
20 26 2571 2640.4 1957 16-14-19CCD 
20 26 2573 2640.4 1957 16—14-19CCD 
26 28 2567 2684.0 1957 16-14-20ACB 
27 28 2567 2701.1 1957 16-14-20ADA 
27 28 2568 2701.1 1957 16-14-20ADA 
24 29 2565 2635.7 1957 16-14-20BBB 
24 26 2571 2648.1 1957 16-14—20CCC 
38 23 2610 2805.8 1957 16-14-25CB 
27 24 2585 2686.0 1957 16-14-29ADA 
24 24 2575 2651.2 1957 16-14-29BCC 
24 24 2576 2651.2 1957 16-14—29BCC 
24 24 2577 2651.2 1957 16-14-29BCC 
24 24 2579 2651.2 1957 16—14—29BCC 
25 24 2575 2656.0 1957 16-14-29BDC 
26 23 2577 2682.3 1957 16-14-29DB 
22 24 2570 2646.0 1957 16-14—30AC 
22 24 2575 2646.0 1957 16-14-30AC 
20 23 2575 2650.6 1957 16-14-30CBB 
20 23 2580 2650.6 1957 16—14-30CBB 
20 23 2585 2650.6 1957 16-14-30CBB 
21 22 2581 2659.1 1957 16-14-30CDC 
22 22 2576 2658.5 1957 16-14-30DC 
22 22 2577 2658.5 1957 16-14—30DCC 
21 20 2587 2672.4 1957 16—14-31BD 
25 19 2587 2674.0 1957 16—14—32CAC 
25 18 2586 2671.6 1957 16-14—32CD 
39 34 2590 2857.7 1957 16-15-18ABD 
17 15 2618 2733.5 1957 17-13-01CAB 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Water Table Surface Survey Legal Well 
Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

14 2621 2743. 0 1957 17—13-01CD 
14 2622 2743. 0 1957 17-13—01CDC 
11 2638 2938. 1 1957 17-13-10DB 
10 2636 2805. 6 1957 17-13-11DC 
12 2622 2709. 2 1957 17—13-12AD 
5 2720 3146. 6 1957 17-13—21BC 
5 2677 3046. 5 1957 17—13-22BC 
5 2656 2752. 1 1957 17-13—24ACC 
5 2664 2752. 1 1957 17-13-24ACC 
5 2655 2749. 7 1957 17—13-24BA 
3 2665 2746. 8 1957 17—13—25ABB 
3 2673 2746. 8 1957 17-13—25ABB 
3 2673 2756. 1 1957 17-13-25BDD 
3 2679 2756. 1 1957 17—13—25BDD 
3 2678 2830. 0 1957 17-13—26BD 
3 2687 3034. 9 1957 17-13-27BC 
1 2705 2837. 8 1957 17—13—35ACD1 
1 2712 2837. 8 1957 17-13—35ACD1 
1 2693 2781. 9 1957 17-13-36DC 
17 2586 2680. 5 1957 17-14-05AB 
14 2580 2707. 1 1957 17—14—05CDA1 
14 2591 2707. 1 1957 17-14-05CDA1 
14 2606 2690. 3 1957 17-14-06DC 
10 2629 2705. 0 1957 17-14-07CC 
10 2633 2705. 0 1957 17—14-07CCC 
12 2599 2710. 3 1957 17-14—08BDD 
12 2604 2710. 3 1957 17-14-08BDD 
11 2602 2717. 8 1957 17—14-08CAD 
11 2607 2717. 8 1957 17-14—08CAD 
9 2600 2780. 7 1957 17-14—15BB 
6 2641 2753. 3 1957 17-14-17DC 
5 2636 2729. 5 1957 17-14-19ABC 
5 2659 2729. 5 1957 17-14—19ABC 
3 2681 2848. 6 1957 17-14—28BD 
2 2646 2797. 3 1957 17-14-29CB 
2 2654 2805. 0 1957 17-14-29CCA 
3 2637 2787. 8 1957 17—14-30AA 
3 2671 2745. 0 1957 17-14—30BB 
2 2681 2760. 0 1957 17—14-30CDD 
1 2665 2770. 2 1957 17—14-31BA 
36 2524 2569. 5 1958 16-13-02BD 
36 2522 2610. 0 1958 16-13—03CA 
33 2544 2612. 9 1958 16-13-14AA 
20 2601 2754. 0 1958 16-13-35ADC 
19 2603 2735. 1 1958 16—13-35DA 
21 2595 2670. 0 1958 16-13-36AAB 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

18 20 2596 2675.0 1958 16-13-36ACA 
19 18 2592 2677.4 1958 16—13-36DD 
20 36 2537 2588.1 1958 16-14-06BB 
21 35 2543 2592.0 1958 16-14-07BAD2 
21 34 2552 2607.7 1958 16—14-07CC 
24 32 2558 2642.3 1958 16-14-17BC 
24 32 2560 2642.3 1958 16-14-17BCC 
27 31 2571 2683.9 1958 16—14-17DA 
22 32 2558 2621.3 1958 16-14-18AC 
21 32 2557 2619.3 1958 16-14-18BDC 
22 28 2567 2632.5 1958 16—14—19ACD 
20 29 2562 2627.2 1958 16-14-19BBA 
20 28 2568 2633.9 1958 16-14-19BCB 
20 27 2569 2638.7 1958 16—14—19CBC 
20 26 2568 2640.4 1958 16—14—19CC 
20 26 2569 2640.4 1958 16—14-19CCD 
21 26 2567 2640.7 1958 16-14-19CDD 
26 28 2565 2684.0 1958 16—14-20ACB 
27 28 2563 2701.1 1958 16—14—20ADA 
27 28 2567 2701.1 1958 16-14-20ADA 
24 29 2563 2635.7 1958 16—14-20BBB 
24 26 2570 2648.1 1958 16—14—20CCC 
38 23 2610 2805.8 1958 16-14-25CB 
27 24 2583 2686.0 1958 16-14-29ADA 
24 24 2576 2651.2 1958 16—14—29BCC 
24 24 2576 2651.2 1958 16-14-29BCC 
24 24 2577 2651.2 1958 16-14-29BCC 
24 24 2578 2651.2 1958 16—14-29BCC 
25 24 2577 2656.0 1958 16—14—29BDC 
26 23 2577 2682.3 1958 16-14-29DB 
22 24 2573 2646.0 1958 16-14—30AC 
20 23 2577 2650.6 1958 16—14-30CBB 
20 22 2579 2659.9 1958 16—14—30CCD 
21 22 2580 2659.1 1958 16-14-30CDC 
22 22 2578 2658.5 1958 16-14-30DC 
21 20 2588 2672.4 1958 16—14—31BD 
25 18 2584 2671.6 1958 16-14—32CD 
39 34 2589 2857.7 1958 16—15-18ABD 
17 15 2616 2733.5 1958 17—13-01CAB 
10 11 2633 2938.1 1958 17-13—10DB 
14 10 2637 2805.6 1958 17-13—11DC 
17 9 2629 2733.0 1958 17—13—13BA 
8 5 2676 3046.5 1958 17-13-22BC 
12 5 2673 2897.6 1958 17—13—23BC 
17 5 2653 2749.7 1958 17-13—24BA 
17 3 2671 2756.1 1958 17—13-25BD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

13 3 2677 2830.0 1958 17-13-26BD 
8 3 2684 3034.9 1958 17-13—27BC 
15 1 2697 2795.3 1958 17—13-35DD 
18 1 2696 2781.9 1958 17-13-36DC 
26 17 2584 2680.5 1958 17—14—05AB 
22 14 2612 2690.3 1958 17-14-06DC 
20 10 2627 2705.0 1958 17-14—07CC 
25 11 2604 2717.8 1958 17-14-08CA 
32 9 2598 2780.7 1958 17-14-15BB 
26 6 2654 2753.3 1958 17-14—17DC 
23 8 2628 2712.0 1958 17—14—18AD 
20 4 2659 2737.5 1958 17-14-19CB 
29 3 2674 2848.6 1958 17-14—28BD 
24 2 2673 2797.3 1958 17—14-29CB 
24 2 2681 2805.0 1958 17-14-29CCA 
23 3 2667 2787.8 1958 17—14—30AA 
20 2 2681 2757.3 1958 17-14-30CC 
21 2 2670 2760.0 1958 17-14-30CDD 
21 1 2680 2770.2 1958 17-14—31BA 
12 36 2520 2561.0 1959 16—13-02BB 
13 36 2523 2569.5 1959 16-13-02BD 
9 36 2522 2610.0 1959 16-13—03CA 
15 33 2543 2612.9 1959 16-13-14AA 
10 21 2595 2819.8 1959 16-13-34AB 
15 20 2599 2754.0 1959 16-13-35ADC 
15 19 2603 2735.1 1959 16-13-35DA 
19 21 2590 2670.0 1959 16-13-36AAB 
18 20 2594 2675.0 1959 16-13—36ACA 
19 18 2588 2677.4 1959 16—13-36DD 
20 36 2536 2588.1 1959 16-14-06BB 
21 35 2542 2592.0 1959 16—14—07BAD2 
21 34 2549 2607.7 1959 16-14-07CC 
24 32 2557 2642.3 1959 16-14—17BC 
24 32 2558 2642.3 1959 16-14—17BCC 
27 31 2568 2683.9 1959 16-14-17DA 
22 32 2557 2621.3 1959 16-14-18AC 
21 32 2554 2619.3 1959 16-14-18BDC 
22 28 2563 2632.5 1959 16-14—19ACD 
20 29 2559 2627.2 1959 16-14—19BBA 
20 29 2560 2627.2 1959 16—14—19BBA 
20 28 2565 2633.9 1959 16-14—19BCB 
20 27 2566 2638.7 1959 16-14—19CBC 
20 26 2564 2640.4 1959 16-14-19CC 
20 26 2566 2640.4 1959 16-14—19CCD 
21 26 2566 2640.7 1959 16-14-19CDD 
26 28 2562 2684.0 1959 16-14-20ACB 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

27 28 2560 2701.1 1959 16-14-20ADA 
27 28 2564 2701.1 1959 16-14-20ADA 
24 29 2560 2635.7 1959 16—14-20BBB 
24 26 2569 2648.1 1959 16-14—20CCC 
38 23 2609 2805.8 1959 16-14—25CB 
24 24 2575 2651.2 1959 16—14-29BCC 
24 24 2576 2651.2 1959 16-14-29BCC 
24 24 2577 2651.2 1959 16-14—29BCC 
25 24 2573 2656.0 1959 16—14-29BDC 
26 23 2574 2682.3 1959 16-14-29DB 
22 24 2569 2646.0 1959 16-14—30AC 
20 23 2572 2650.6 1959 16—14-30CBB 
20 23 2572 2650.6 1959 16—14-30CBB 
20 22 2573 2659.9 1959 16-14—30CCD 
21 22 2575 2659.1 1959 16-14—30CDC 
22 22 2572 2658.5 1959 16—14-30DC 
22 22 2573 2658.5 1959 16-14-30DCC 
21 20 2583 2672.4 1959 16-14—31BD 
39 34 2589 2857.7 1959 16—15—18ABD 
17 15 2613 2733.5 1959 17-13-01CAB 
17 14 2614 2743.0 1959 17-13-01CD 
17 14 2615 2743.0 1959 17—13—01CDC 
10 11 2629 2938.1 1959 17—13—10DB 
14 10 2633 2805.6 1959 17-13-11DC 
19 12 2608 2709.2 1959 17—13-12AD 
17 9 2626 2733.0 1959 17-13-13BA 
4 5 2719 3146.6 1959 17-13-21BC 
8 5 2673 3046.5 1959 17—13—22BC 
12 5 2669 2897.6 1959 17—13-23BC 
18 5 2659 2752.1 1959 17-13-24ACC 
17 5 2650 2749.7 1959 17-13-24BA 
17 3 2665 2756.1 1959 17—13—25BD 
13 3 2673 2830.0 1959 17—13—26BD 
8 3 2680 3034.9 1959 17—13-27BC 
14 1 2694 2837.8 1959 17-13-35ACD1 
15 1 2691 2795.3 1959 17—13-35DD 
18 1 2691 2781.9 1959 17—13—36DC 
22 14 2601 2690.3 1959 17-14-06DC 
20 10 2617 2705.0 1959 17—14-07CC 
20 10 2624 2705.0 1959 17—14-07CCC 
25 11 2596 2717.8 1959 17-14-08CA 
32 9 2594 2780.7 1959 17-14-15BB 
26 6 2641 2753.3 1959 17-14-17DC 
23 8 2618 2712.0 1959 17-14-18AD 
20 4 2649 2737.5 1959 17-14-19CB 
29 3 2671 2848.6 1959 17-14-28BD 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

27 28 2545 2701.1 1965 16-14-20ADA 
24 29 2529 2635.7 1965 16-14-20BBB 
24 29 2530 2635.7 1965 16—14—20BBB 
24 29 2531 2635.7 1965 16-14-20BBB 
24 29 2531 2635.7 1965 16-14-20BBB 
24 29 2536 2635.7 1965 16—14-20BBB 
24 29 2540 .2635.7 1965 16—14-20BBB 
24 26 2535 2648.1 1965 16-14—20CCC 
24 26 2541 2648.1 1965 16—14-20CCC 
30 27 2554 2697.0 1965 16-14—21DBB 
38 25 2605 2803.0 1965 16—14-25BBB 
38 25 2609 2803.0 1965 16-14-25BBB 
38 25 2609 2803.0 1965 16-14-25BBB 
27 24 2555 2686.0 1965 16—14—29ADA 
27 24 2557 2686.0 1965 16-14-29ADA 
24 24 2568 2651.2 1965 16-14—29BCC 
24 24 2572 2651.2 1965 16—14-29BCC 
20 23 2558 2650.6 1965 16-14-30CBB 
20 22 2564 2659.0 1965 16—14—30CCC 
20 22 2561 2659.9 1965 16-14-30CCD 
22 22 2565 2658.5 1965 16-14-30DCC 
22 22 2567 2658.5 1965 16—14—30DCC 
25 19 2574 2674.0 1965 16—14-32CAC 
17 15 2577 2733.5 1965 17-13-01CAB 
17 15 2582 2733.5 1965 17—13—01CAB 
17 3 2643 2756.1 1965 17—13-25BDD 
16 2 2649 2774.2 1965 17—13-25CCD 
14 1 2670 2837.8 1965 17-13-35ACD1 
16 1 2660 2786.5 1965 17—13—36BCC 
25 14 2579 2707.1 1965 17—14-05CDA1 
20 10 2607 2705.0 1965 17-14-07CCC 
22 5 2624 2729.5 1965 17-14—19ABC 
20 3 2663 2745.0 1965 17—14—30BB 
21 2 2637 2760.0 1965 17—14-30CDD 
21 2 2647 2760.0 1965 17-14-30CDD 
12 36 2498 2561.0 1966 16—13—02BBA2 
12 36 2502 2561.0 1966 16-13-02BBA2 
12 36 2506 2561.0 1966 16-13-02BBA2 
11 21 2544 2818.2 1966 16—13—34AAB2 
11 21 2552 2818.2 1966 16—13-34AAB2 
15 21 2522 2725.4 1966 16-13-35AAA3 
15 21 2531 2725.4 1966 16-13-35AAA3 
15 20 2557 2754.0 1966 16—13-35ADC 
13 21 2545 2774.6 1966 16—13—35BAB 
13 21 2552 2774.6 1966 16-13-35BAB 
12 21 2545 2799.6 1966 16-13-35BBB 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

12 21 2554 2799.6 1966 16-13-35BBB 
19 21 2581 2670.0 1966 16-13-36AAB 
19 20 2557 2675.0 1966 16—13-36ADD 
29 36 2520 2673.0 1966 16-14-04CDD 
29 36 2531 2673.0 1966 16—14-04CDD 
29 36 2532 2673.0 1966 16-14-04CDD 
29 36 2533 .2673.0 1966 16—14—04CDD 
29 36 2537 2673.0 1966 16—14-04CDD 
29 36 2538 2673.0 1966 16—14-04CDD 
29 36 2538 2673.0 1966 16—14—04CDD 
29 36 2539 2673.0 1966 16—14-04CDD 
29 36 2539 2673.0 1966 16—14-04CDD 
29 36 2539 2673.0 1966 16-14-04CDD 
29 36 2542 2673.0 1966 16—14-04CDD 
29 36 2542 2673.0 1966 16-14-04CDD 
20 36 2482 2590.0 1966 16—14-06CBA 
20 36 2485 2590.0 1966 16—14-06CBA 
20 36 2485 2590.0 1966 16-14-06CBA 
20 36 2487 2590.0 1966 16-14—06CBA 
20 36 2490 2590.0 1966 16-14-06CBA 
20 36 2491 2590.0 1966 16—14-06CBA 
20 36 2496 2590.0 1966 16-14-06CBA 
20 36 2512 2580.0 1966 16—14—06CCD 
21 35 2508 2592.0 1966 16—14-07BAD2 
21 35 2509 2592.0 1966 16—14-07BAD2 
21 35 2509 2592.0 1966 16—14-07BAD2 
21 35 2511 2592.0 1966 16-14-07BAD2 
21 35 2513 2592.0 1966 16—14-07BAD2 
21 35 2514 2592.0 1966 16—14-07BAD2 
21 35 2514 2592.0 1966 16-14-07BAD2 
21 35 2516 2592.0 1966 16-14-07BAD2 
21 35 2520 2592.0 1966 16—14—07BAD2 
21 34 2533 2607.7 1966 16-14-07CDC 
24 32 2530 2642.3 1966 16-14—17BCC 
24 32 2534 2642.3 1966 16—14-17BCC 
27 31 2529 2683.9 1966 16-14-17DA 
27 31 2532 2683.9 1966 16-14-17DA 
27 31 2532 2683.9 1966 16—14-17DA 
27 31 2534 2683.9 1966 16—14—17DA 
27 31 2534 2683.9 1966 16-14-17DA 
27 31 2536 2683.9 1966 16-14—17DA 
27 31 2539 2683.9 1966 16—14—17DA 
27 31 2543 2683.9 1966 16-14-17DA 
21 32 2536 2619.3 1966 16-14-18BDC 
21 32 2539 2619.3 1966 16—14—18BDC 
21 32 2544 2619.3 1966 16—14-18BDC 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

23 28 2543 2635.0 1966 16—14—19ADD 
20 29 2544 2627.2 1966 16-14—19BBA 
20 28 2554 2633.9 1966 16-14—19BCB 
20 28 2558 2633.9 1966 16—14—19BCB 
20 28 2551 2633.9 1966 16-14—19BCD 
20 27 2553 2638.7 1966 16-14—19CBC 
20 27 2558 .2638.7 1966 16-14-19CBC 
20 26 2558 2640.4 1966 16—14-19CCD 
20 26 2559 2640.4 1966 16—14—19CCD 
20 26 2561 2640.4 1966 16—14—19CCD 
21 26 2543 2640.7 1966 16-14-19CDD 
21 26 2558 2640.7 1966 16—14—19CDD 
26 28 2536 2684.0 1966 16—14-20ACB 
26 28 2542 2684.0 1966 16-14-20ACB 
27 28 2537 2701.1 1966 16-14-20ADA 
27 28 2538 2701.1 1966 16—14—20ADA 
27 28 2540 2701.1 1966 16-14—20ADA 
27 28 2544 2701.1 1966 16-14-20ADA 
27 28 2545 2701.1 1966 16—14-20ADA 
24 29 2528 2635.7 1966 16-14—20BBB 
24 29 2530 2635.7 1966 16-14-20BBB 
24 29 2530 2635.7 1966 16—14—20BBB 
24 29 2532 2635.7 1966 16-14—20BBB 
24 29 2534 2635.7 1966 16-14—20BBB 
24 29 2535 2635.7 1966 16—14-20BBB 
24 29 2536 2635.7 1966 16—14-20BBB 
24 26 2532 2648.1 1966 16-14—20CCC 
24 26 2552 2648.1 1966 16-14—20CCC 
38 25 2608 2803.0 1966 16-14-25BBB 
26 24 2552 2666.5 1966 16—14-29ACC 
27 24 2558 2686.0 1966 16—14—29ADA 
27 24 2560 2686.0 1966 16-14-29ADA 
27 24 2561 2686.0 1966 16-14-29ADA 
24 24 2566 2651.2 1966 16—14-29BCC 
24 24 2569 2651.2 1966 16—14—29BCC 
24 24 2569 2651.2 1966 16-14—29BCC 
22 24 2563 2646.0 1966 16-14—30AC 
20 23 2558 2650.6 1966 16-14-30CBB 
20 23 2561 2650.6 1966 16—14—30CBB 
20 22 2564 2659.0 1966 16-14—30CCC 
20 22 2566 2659.9 1966 16—14-30CCD 
20 22 2567 2659.9 1966 16—14-30CCD 
20 22 2571 2659.9 1966 16-14—30CCD 
22 22 2568 2658.5 1966 16-14—30DCC 
22 22 2573 2658.5 1966 16—14-30DCC 
22 22 2575 2658.5 1966 16—14-30DCC 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

25 19 2574 2674.0 1966 16—14-32CAC 
17 15 2572 2733.5 1966 17-13-01CAB 
17 15 2580 2733.5 1966 17—13-01CAB 
15 17 2565 2753.0 1966 17-13-02AAA 
15 16 2555 2745.0 1966 17—13-02ADD 
18 5 2640 2752.1 1966 17-13-24ACC 
18 3 2633 .2746.8 1966 17—13-25ABB 
17 3 2642 2756.1 1966 17-13-25BDD 
16 2 2652 2774.2 1966 17-13-25CCD 
14 1 2662 2837.8 1966 17—13—35ACD1 
16 1 2656 2786.5 1966 17—13-36BCC 
16 1 2658 2786.5 1966 17-13-36BCC 
25 14 2591 2707.1 1966 17-14-05CDA1 
20 10 2608 2705.0 1966 17—14—07CCC 
25 12 2590 2710.3 1966 17-14—08BDD 
25 11 2599 2717.8 1966 17—14-08CAD 
22 5 2629 2729.5 1966 17—14—19ABC 
24 2 2642 2805.0 1966 17—14-29CCA 
20 3 2665 2745.0 1966 17-14-30BB 
21 2 2657 2760.0 1966 17—14-30CDD 
12 36 2494 2561.0 1967 16—13—02BBA2 
12 36 2524 2561.0 1967 16-13-02BBA2 
11 21 2549 2818.2 1967 16-13-34AAB2 
15 21 2519 2725.4 1967 16—13—35AAA3 
15 20 2536 2754.0 1967 16—13-35ADC 
13 21 2542 2774.6 1967 16—13-35BAB 
12 21 2545 2799.6 1967 16—13—35BBB 
18 20 2530 2675.0 1967 16-13-36ACA 
19 20 2529 2675.0 1967 16—13—36ADD 
29 36 2509 2673.0 1967 16-14—04CDD 
29 36 2509 2673.0 1967 16—14-04CDD 
29 36 2511 2673.0 1967 16—14-04CDD 
29 36 2511 2673.0 1967 16-14—04CDD 
29 36 2513 2673.0 1967 16-14-04CDD 
29 36 2515 2673.0 1967 16—14-04CDD 
29 36 2516 2673.0 1967 16—14—04CDD 
29 36 2519 2673.0 1967 16-14—04CDD 
29 36 2520 2673.0 1967 16-14-04CDD 
25 36 2507 2654.8 1967 16—14-05CAC 
20 36 2485 2590.0 1967 16—14-06CBA 
20 36 2486 2590.0 1967 16—14—06CBA 
20 36 2493 2578.0 1967 16—14—06CCD 
21 35 2504 2592.0 1967 16-14—07BAD2 
21 35 2505 2592.0 1967 16—14-07BAD2 
21 35 2506 2592.0 1967 16-14-07BAD2 
21 35 2508 2592.0 1967 16-14—07BAD2 
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APPENDIX A - Water Table Elevations, 1920-1992 

Grid Grid Water Table Surface Survey Legal Well 
Column Row Elevation Elevation Year Location 

(feet amsl) (feet amsl) 

21 35 2509 2592.0 1967 16-14-07BAD2 
21 35 2509 2592.0 1967 16-14-07BAD2 
21 35 2513 2592.0 1967 16—14-07BAD2 
21 35 2513 2592.0 1967 16-14-07BAD2 
21 34 2523 2607.7 1967 16-14-07CDC 
22 34 2503 2596.0 1967 16-14-07DCB2 
24 32 2524 .2642.3 1967 16-14—17BCC 
27 31 2522 2683.9 1967 16—14-17DA 
27 31 2523 2683.9 1967 16-14-17DA 
27 31 2523 2683.9 1967 16-14-17DA 
27 31 2524 2683.9 1967 16-14-17DA 
27 31 2524 2683.9 1967 16-14—17DA 
27 31 2526 2683.9 1967 16—14-17DA 
27 31 2527 2683.9 1967 16-14-17DA 
27 31 2528 2683.9 1967 16-14—17DA 
27 31 2532 2683.9 1967 16-14-17DA 
27 31 2533 2683.9 1967 16—14-17DA 
27 31 2536 2683.9 1967 16-14-17DA 
22 32 2522 2622.0 1967 16-14-18ACD 
21 33 2533 2608.0 1967 16-14-18BAC 
21 32 2538 2619.3 1967 16-14-18BDC 
20 29 2534 2627.2 1967 16-14-19BBA 
20 28 2546 2633.9 1967 16—14-19BCB 
20 27 2546 2638.7 1967 16—14-19CBC 
20 26 2541 2640.4 1967 16-14-19CCD 
20 26 2547 2640.4 1967 16-14-19CCD 
21 26 2549 2640.7 1967 16—14-19CDD 
26 28 2529 2684.0 1967 16—14-20ACB 
27 28 2528 2701.1 1967 16—14-20ADA 
27 28 2529 2701.1 1967 16—14-20ADA 
24 29 2524 2635.7 1967 16-14-20BBB 
24 29 2524 2635.7 1967 16-14-20BBB 
24 29 2524 2635.7 1967 16—14—20BBB 
24 29 2524 2635.7 1967 16—14—20BBB 
24 29 2526 2635.7 1967 16-14-20BBB 
24 29 2526 2635.7 1967 16-14-20BBB 
24 29 2527 2635.7 1967 16-14-20BBB 
24 29 2529 2635.7 1967 16—14-20BBB 
24 29 2529 2635.7 1967 16—14—20BBB 
24 29 2533 2635.7 1967 16—14—20BBB 
24 29 2536 2635.7 1967 16—14-20BBB 
24 26 2525 2648.1 1967 16-14-20CCC 
28 26 2537 2701.0 1967 16-14-21CCB 
30 27 2548 2697.0 1967 16-14-21DBB 
30 26 2546 2724.0 1967 16-14—21DC 
30 26 2561 2724.0 1967 16—14—21DC 


