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Ground-Water Resources in Cleveland

and Oklahoma Counties, Oklahoma

P. R. Woop anp L. C. BurToN

ABSTRACT

Cleveland and Oklahoma Counties, in central Oklahoma, have a com-
bined area of 1,252 square miles and a range in altitude of from 870 to
1,400 feet above sea level. The annual precipitation is about 33 inches at
Norman and about 32 inches at Oklahoma City. In 1960 the two counties
had a population of 487,000, of which 95 percent lived in the Norman and
Oklahoma City urban areas and § percent lived in small towns and rural
areas. General farming and livestock breeding are the predominant types
of agriculture. Industry is widely diversified and is expanding rapidly.

Rocks exposed at the surface are Permian and Quaternary in age. The
Permian rocks include the Wellington Formation, Garber Sandstone, Hen-
nessey Shale, Duncan Sandstone, and Chickasha Formation. The Quaternary
rocks include terrace deposits at one or more levels along the valleys of the
principal streams, alluvium, and dune sand.

The terrace deposits and alluvium supply ground water for domestic
and stock use at many places in the two counties. The alluvial deposits along
the North Canadian River at Oklahoma City are capable of yielding 200
or more gallons of water per minute to properly developed wells. The Chick-
asha Formation, Duncan Sandstone, and Hennessey Shale yield small quan-
tities of hard water to wells. In places, water from wells 100 or more feet
deep is too highly mineralized for most uses.

The principal sources of ground water used for municipal and indus-
trial purposes are the Garber Sandstone and the Wellington Formation. The
two formations were deposited under similar conditions, and both consist
of lenticular beds of sandstone alternating with shale. Beds may vary greatly
in thickness within short lateral distances.

At variable depths below the land surface the Garber and Wellington
contain water too highly mineralized for most uses. Hence, the depth to
which wells may be drilled in search of potable water supplies is largely
determined by the depth at which salt water is encountered. In southeastern
Cleveland County salt water occuts about 100 feet below land surface.
In eastern Cleveland and Oklahoma Counties salt water occurs at depths
ranging from 200 to 660 feet below land surface. In the Oklahoma City,
Lake Hefner, and Edmond areas salt water is 700 to 800 feet below land
surface; in the Midwest City area, more than 1,000 feet; at Norman, 700
feet; and at Noble, 400 feet.
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The depths of municipal, institutional, or industrial wells perforated
or screened in the Garber and Wellington range from 300 to about 1,000
feet. Yields range from 50 to 450 gallons per minute and average 240.
Pumping drawdowns range from 50 to 430 feet and average 200 feet. Co-
efficients of transmissibility, determined from pumping tests, ranged from
3,000 to 7,000 gallons per day per foot and averaged 5,000. The coefficient
of storage averaged 2.0 10°% Specific capacities range from 0.6 to 3 gal-
lons per minute per foot of drawdown, and average 1.3.

Throughout most of the area water levels in the Garber and Wellington
have changed little since the 1940’, but they have declined substantially
in the Norman and Midwest City areas. Water levels fluctuate in response
to seasonal pumping and differences in replenishment in dry and wet seasons.

Recharge is estimated to be about § percent of the precipitation, or

90 acre-feet per square mile for the outcrop area. Annual recharge averages
about 72,000 acre-feet.

-Ground-water withdrawals from the Garber and Wellington for all
purposes through 1959 are estimated to have been 280,000 acre-feet. Ground-
water withdrawals for municipal, institutional, and industrial use during
1963 are estimated to have been 25,000 acre-feet.

Water from the Garber and Wellington is suitable for drinking, but
locally is high in sulfate, chloride, or other mineral constituents. At most

places it is suitable for irrigation, but locally it has an excessive amount
of sodium.

The Garber and Wellington Formations in the two counties are esti-
mated to contain 5O million acre-feet of fresh water, of which about 34
million is available for development. Thus additional supplies are available
through development, but wells should be properly spaced to minimize
interference between wells.

INTRODUCTION

REVIEW OF INVESTIGATIONS

An investigation of the ground-water resources in Cleveland
and Oklahoma Counties was begun by the Federal and State geolog-
ical surveys in the early 1940’s to provide water data for defense
installations. In Cleveland County, work done by and at the request
of the U. S. Navy involved test drilling and aquifer testing to deter-
mine the availability of ground water in the Ten-Mile Flat area, and
geologic and hydrologic studies to determine the availability of
ground water in the Garber Sandstone at naval installations near
Norman. In Oklahoma County, work done at the request of the
U. S. Army involved geologic and hydrologic studies needed to
evaluate ground-water conditions in the Garber Sandstone and Well-
ington Formation in the Oklahoma City area, and to determine the
availability of ground water in those formations at the municipal
airport (now Will Rogers World Airport), at the Oklahoma City
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Air Depot, and at the Oklahoma City Aircraft Assembly Plant (now
Tinker Air Force Base).

A memorandum report by Jacobsen and Reed describing
ground-water conditions in the Oklahoma City area was prepared
and placed in the open file in typewritten form in 1944. In view of
the continued interest in the ground-water resources of the area, and
at the request of the Oklahoma Geological Survey, the report was
rewritten and published as Oklahoma Geological Survey Mineral
Report 20 (Jacobsen and Reed, 1949).

Owing to the rapid industrial growth and associated population
expansion in the Oklahoma City metropolitan area after World War
II, various planning and economic groups became concerned as to
the availability of water for further development. Accordingly, it
was decided to use the previously collected data on ground water in
the Garber Sandstone and Wellington Formation as the basis for a
report on the two-county area. This investigation was undertaken
as a cooperative project between the U. S. Geological Survey and
the Oklahoma Geological Survey. A systematic well inventory was
started in 1952 by personnel of the U. S. Geological Survey. During
the period 1954-1958, L. C. Burton, hydraulic engineer, U. S. Geo-
logical Survey, collected, compiled, and tabulated records of wells,
ground-water levels, water quality, and ground-water pumpage;
made several aquifer tests to determine the hydrologic properties of
deposits tapped by wells; compiled a reconnaissance geologic map of
the two counties; and prepared a manuscript report which covered
the geology and some phases of the ground-water resources of the
area. Work on the project was suspended during the 1958-1964
period.

In April 1964 the present project chief, P. R. Wood, was as-
signed to synthesize the previously collected data, to collect additional
data necessary for the evaluation of current development, and to
prepare this report.

The purpose of this investigation was to describe the occurrence
of ground water in the Garber Sandstone and Wellington Formation,
to determine its present state of development, and to estimate as near-
ly as possible the potential for additional ground-water development
in the two counties.

Although much information was obtained on ground water in
the Quaternary deposits, the deposits are described only briefly in this
report.

From its beginning, this project has been a cooperative one be-
tween the U. S. Geological Survey and the Oklahoma Geological
Survey. In its beginning, the project was under the general supervi-
sion of A. N. Sayre, formerly chief of the Branch of Ground Water,
U. S. Geological Survey, and R. H. Dott, formerly director of the
Oklahoma Geological Survey. It was completed under O. M. Hackett,
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chief of the Branch of Ground Water, and C. C. Branson, director
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WELL-NUMBERING SYSTEM

Wells and test holes are referred to in this report by numbers
and letters which indicate their locations within legal rectangular
subdivisions of the public lands, referenced to the Indian base line
and meridian. For example, in the number 11N-3W-8cbb, which
was assigned to a well in the southwestern part of Oklahoma City,
the first two segments of the number designate the township (11N)
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Figure 1. Sketch showing U. S. Geological Survey well-numbering system in
Oklahoma, '
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and the range (3W); the third segment gives the section number
(8), followed by three lower-case letters. The first letter (c) is the
quarter section (160-acre tract): a—northeast quarter, b—north-
west quarter, c—southwest quarter, d—southeast quarter, as illus-
trated in figure: 1. Thé ‘second letter (b) is the quarter-quarter sec-
tion (40-acre tract), and the third (b) the quarter-quarter-quarter
section (10-acre tract). In casés where more than one well has been
inventoried within a 10-acre tract, the wells are numbered serially by
the addition of an arabic numeral at the end. Thus, well 11N-3W-
8cbbl is the first well to be listed in NW14, NW1, SW sec. 8, T.
11 N, R. 3 W.
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GEOGRAPHY

LocaTion, PoruraTioN, AND Economy

Cleveland and Oklahoma Countles are in the central part of
the State (fig. 2). Oklahoma City, the capital of the State and the
county seat of Oklahoma County, is on a bend of the North Cana-
dian River, almost at the geographical center of Oklahoma. Norman,
the county seat of Cleveland County and the site of The University
of Oklahoma, is near the Canadian River, about 20 miles south of
downtown Oklahoma City.

Of the 77 counties in Oklahoma, Oklahoma County ranks
53rd in area (705 square miles) and is first in population, hav-
ing 439,500 inhabitants in 1960. About 97 percent (425,500) of
these live in the Oklahoma City urban area, which covers about 40
percent of the county. Less than 3 percent (14,000) live in small
towns and rural areas. Cleveland County, which covers §47 square
miles, ranks 70th in area and 7th in population, having 47,600 in-
habitants in 1960. About 70 percent (33,400} live in Norman, 7 pet-
cent (3,500) live in the Oklahoma City urban area (which extends
into the northern part of Cleveland County), and 23 percent
(10,700) live in small towns and rural areas.

The economy of Cleveland and Oklahoma Counties is influenced
to a large degree by government institutions and installations. Okla-
homa City, the State capital, is the site of many State offices having a
large number of employees. Most State offices are concentrated in the
complex of office buildings near the State Capitol, but some agencies are
scattered around the city, the largest being The University of Okla-
homa Hospital and Medical School. In addition, several Federal in-
stallations are located in Oklahoma City. Tinker Air Force Base, in
the southeastern part of Oklahoma County is the largest single em-
ployer in the State. Other large Federal installations are the Federal
Aviation Agency Aeronautical Center at Will Rogers World Airport
and the Veterans Administration Hospital at the University of Okla-
homa Hospital. '

The principal employer in Edmond is Central State College.
Many of the people in Edmond not employed by the college work in
industries, institutions, or installations in Oklahoma City. The econo-
mies of other towns and cities in Oklahoma County are inextricably
interwoven with that of Oklahoma City.

The economy of Norman is dominated by the State institutions
located there, the largest of which is The University of Oklahoma.
Central State Griffin Memorial Hospital and the Oklahoma Cerebral
Palsy Center also employ a large number of people. Many of the
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CLIMATE 13

people living in Norman, Moore, and smaller towns in Cleveland
County work in Oklahoma City.

Before World War II, the major industries were those associated
with the production, processing, and marketing of natural gas, petro-
leum and petroleum byproducts, meats and meat byproducts, and
various foods for human or animal consumption. After World War
II, industry diversified and expanded rapidly. New industries include
firms specializing in steel construction and in the production of
piston and jet aircraft, electronic components, stone and concrete
products, electric and telephone equipment, plastics, clothing, print-
ing and publishing, furniture, and many other products. Commer-
cial and financial enterprises also expanded in number and variety.

The agricultural economy of Cleveland and Oklahoma Counties
has been developed and maintained largely through the production
and sale of small grains, sorghums, dairy and poultry products, live-
stock, and vegetables. In 1959 the gross value of farm products was
estimated at 10 million dollars. In that same year, about 74 percent
of the area (258,000 acres) in Cleveland County was covered by
farms ranging in size from less than 10 to more than 900 acres, and
averaging 230 acres. In Oklahoma County, 61 percent of the area
(276,000 acres) consisted of farms ranging in size from fewer than
10 to more than 1,000 acres, and averaging 180 acres. Most of the
land was dry farmed, but about 200 acres in Cleveland County and
‘about 500 acres in Oklahoma County were irrigated. (Data from
U. S. Census of Agriculture, 1959.)

CLIMATE

The climate of Oklahoma and Cleveland Counties is controlled
by the interaction of tropical and polar air masses and is character-
ized by wide ranges in temperature and wide deviations from average
precipitation. The average annual temperature is about 60°F, but
the seasonal range is great (table 1). Precipitation from regional
cyclonic storms and from local thunderstorms occurs throughout the
year but is greatest during the spring and summer (table 1). At
Norman, altitude 1,170 feet, the average precipitation for a 67-year
period was 33.36 inches, and at Oklahoma City, altitude 1,250 feet,
the average for 73 years was 31.76 inches.

The annual precipitation for the period of record and the cumu-
lative departure from the average annual precipitation at the Okla-
homa City station are shown graphically on figure 3. The graph of
the annual precipitation illustrates how much the year-to-year pre-
cipitation deviates from the long-term average, and the cumulative
departure curve shows precipitation trends during the 73-year period
1891-1963. Upward trends on the cumulative departure curve repre-
sent periods of greater than average precipitation and downward
trends represent periods of below-average precipitation. The alter-
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TABLE 1.— AVERAGE TEMPERATURE AND PRECIPITATION IN
CeENTRAL OKLAHOMA™

AVERAGE AVERAGE
TEMPERATURE PREGIPITATION

MONTH (°F) (INCHES)
' January 38.8 1.43
February 43.0 1.58
March 49.3 2.08
April 61.1 3.44
May 69.0 5.44
June 72.8 4.46
July - 81.0 3.07
August : 82.1 2.69
September 69.5 3.35
October 63.9 2.93
Nevember 49.7 1.81
December 41.3 1.53
Annual 60.1 33.81

* Source: U. S. Weather Bureau Climatological Data. Central Oklahoma is in the U. S.
Weather Bureau’s Central Division (fig. 2)-.

nating wet and dry periods at Oklahoma City correlate generally
with similar periods at other precipitation stations in the Great
Plains region (Thomas, 1962, fig. 11, p. 25) and suggest that pre-
vailingly dry periods, ranging in length from § to 9 years, alternate
with wet periods of 2 to 15 years’ duration. Thus, the severe drought
of 1933-1939 was followed by a generally wet period, 1940-1951,
and the drought of 1952-1956 by above-average precipitation in
1957-1961.

Prysicar. FEATURES

The land surface in Cleveland and Oklahoma Counties may be
divided into three topographic units: sandstone hills, prairies, and
wide alluvium-filled valleys of major streams. Each of these units
reflects the geology of the underlying rocks and the erosional effects
of wind and water.

Sandstone hills occupy the eastern half of the area. They are
low, steep-sided hills formed by the differential erosion of lenticular
beds of red sandstone and shale in the area underlain by the Garber
Sandstone and Wellington Formation (pl. I). The sandstone hills
are strongly dissected by intermittent streams that occupy broad,
relatively flat-floored alluvial valleys. Local relief ranges from 50 to
200 feet. Hills underlain by sandstone are forested with small black-
jack and post oaks and other deciduous trees. Hills underlain by
shale are covered by grasses and commonly are barren, or nearly
barren, of trees.
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The soils of the sandstone hills are shallow to moderately deep,
and are reddish brown. Because of the hilly terrain and shallow soils,
surface drainage is rapid, runoff rates are relatively high, and the
area is highly susceptible to both sheet and gully erosion.

The prairies in the western part of the area form a gently rolling
grass-covered plain developed chiefly on the Hennessey Shale (pl. I).
Local relief ranges from 20 to 150 feet and is greatest near major
streams and in the ‘east where the prairies merge with the sandstone
hills. In most places, beds of sandstone occur near the base of the
Hennessey. Where these beds have weathered to form rounded or
flat-topped hills of low relief, the prairies merge with the sandstone
hills, and the boundary between the two units cannot be easily dis-
tinguished.

In some places, especially near Lake Overholser on the North
Canadian River and near the Canadian River in the northwest corner
of Cleveland County, sand dunes stand out in relief on the prairie
surface. The source of the sand probably was the flood plains or
alluvial terraces of the rivers. The prevailing southerly winds have
shifted the sand and shaped it into dunes. Most of the dunes are now
more or less stabilized by vegetation, but near the rivers some are
actively shifting and are barren of vegetation.
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The soils of the prairies are red to reddish brown, are moderately
deep, and have been developed chiefly from slightly calcareous clay
shale and sandy shale. Surface drainage is slow to rapid, depending
upon local relief. Runoff rates are high, and most sloping surfaces
are susceptible to sheet and gully erosion.

Wide, alluvium-filled valleys occur along the Canadian and
North Canadian Rivers, which cross the area before joining the
Arkansas River in eastern Oklahoma (fig. 2). Alluvial valleys also
occur along Little River and its major tributaries in Cleveland
County and along Deep Fork and its major tributaries in Oklahoma
County. In many places, two or more terraces of varying lengths
and widths occur along the principal streams, and terraces large
enough to be of agricultural importance are extensively farmed.

The land-surface altitudes in Cleveland County range from
960 feet above sea level at the point where Little River leaves the
county to 1,360 feet above sea level on the drainage divide between
the Canadian and North Canadian Rivers in the northwest corner
of the county. In Oklahoma County, land-surface altitudes range
from 870 feet at the point where Deep Fork leaves the county to
1,400 feet on the drainage divide between the Canadian and North
Canadian Rivers in the southwest corner of the county.

Cleveland County is drained by the Canadian and Little Rivers
and their tributaries. Oklahoma County is drained chiefly by the
North Canadian River and Deep Fork, a major tributary of the
North Canadian. A small area in the northwest corner of the county
drains northward to the Cimarron River by way of Bluff, Deer,
Chisholm, and Cottonwood Creeks. The southwest corner of the
county is drained by the Canadian River, and the south-central and
southeastern parts of the county are drained by tributaries of Little
River.

The principal streams flow in broad alluvial valleys, but through-
out most of the year they are restricted to narrow channels that carry
only small volumes of water. During dry periods they may have no
surface flow.

The Canadian River forms the southern boundary of Cleveland
County and in this reach has a gradient of about 4 feet per mile
southeastward. Its average rate of flow past the gaging station near
Purcell from October 1959 to June 1961 was about 1,300 cfs (cubic
feet per second), or 940,000 acre-feet® per year.

The North Canadian River, which flows generally eastward
across Oklahoma County, also has a gradient of about 4 feet per mile.
Its average rate of flow past the State Highway 62 (NE 23rd St.)
gaging station near Oklahoma City during the 11-year period of
record, 1952-1963, was 136 cfs, or 98,460 acre-feet per year.

* An acre-foot is a volume defined by an area of 1 acre (43,560 sq ft) and 2 thickness
of 1 foot; it is equal to 325,828 gallons.
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Little River, which drains about half of Cleveland County, has
a gradient of about 12 feet per mile southeastward. Its average rate
of flow past the gaging station east of Norman during the 11-year
period of record, 1952-1963, was 63.2 cfs, or 45,700 acre-feet per
year. Since this report was completed in 1964, the U. S. Bureau of
Reclamation has constructed an earth-fill dam across Little River, just
downstream from the mouth of Hog Creek, to form Lake Thunder-
bird reservoir. The reservoir supplies water to Norman, Del City,
and Midwest City for municipal and industrial uses. It has a storage
capacity of 195,000 acre-feet at the top of the flood-control pool.
Of this amount, 75,000 acre-feet is allocated to flood control, 85,000
acre-feet to municipal and industrial water supply, and 35,000 acre-
feet for minimum pool capacity and sediment accumulation (data
from U. S. Bureau of Reclamation). The area covered by the reser-
voir is underlain by the Garber Sandstone, and leakage from the
reservoir may provide recharge for deep wells tapping the Garber
west of the reservoir near Norman.

Lake Hefner, part of the municipal water-supply system of
Oklahoma City, was formed by building an earth-fill dam across
Bluff Creek in secs. 26, 27, T. 13 N., R. 4 W., about 8 miles north-
west of midtown Oklahoma City. The lake, which is underlain by
the Hennessey Shale, covers about 2,600 acres and has a capacity of
about 75,000 acre-feet. '

Stanley Draper Lake, also a part of the municipal water-supply
system of Oklahoma City, was formed by building an earth-fill dam
across Fast Elm Creek in secs. 23, 24, T. 10 N., R. 2 W., about 7
miles east of Moore. The lake, which serves as a storage reservoir for
water pumped to Oklahoma City from Lake Atoka in the south-
eastern part of the State, covers about 7,200 acres and has a capacity
of 100,000 acre-feet. The area covered by the lake is underlain by
the Garber Sandstone, and water lost by subsurface leakage may serve
as a source of recharge to deep wells in the area near Moore.



18

GEOLOGY

The rocks exposed in Cleveland and Oklahoma Counties include
consolidated sedimentary rocks (redbeds) of Permian age, and un-
consolidated terrace deposits and alluvium of Quaternary age. Their
lithologic character and water-bearing properties are summarized in
table 2. Gravel, clay, and gravelly clay deposits older than those be-
neath the terraces cap some of the h1gher hills in the eastern part of
the area. At some places, deposits ranging from 1 to 10 feet in thick-
ness have been quarried for use in surfacing roads. These deposits
are thin, cover limited areas in widely separated places, and are not
a source of ground water. Hence, although of academic interest to
the geologist and geomorphologist, the gravel deposits were not
mapped and will not be discussed further in this report. Pennsyl-
vanian and older rocks occur beneath the Permian rocks, and some
of the older rocks contain petroleum and natural gas of considerable
economic importance. However, all those rocks contain water too
salty for domestic, municipal, and most industrial uses, and for this
reason they are not discussed in this report.

PerMian Rocks

The oldest rocks exposed in Cleveland and Oklahoma Counties
are siltstones, sandstones, and shales of Permian age. The Permian
rocks generally are called redbeds because they are predominantly
.red, although other colors, such as orange, maroon, purple, white,
gray, and greenish gray, may be seen in exposures.

In ascending order, the Permian rocks exposed in Cleveland
and Oklahoma Counties are: Wellington Formation, Garber Sand-
stone, Hennessey Shale, Duncan Sandstone, and Chickasha Forma-
tion. Miser (1954) mapped the Garber and Wellington as separate
units north of the North Canadian River, but as a combined unit
south of the river. Because of their lithologic similarity, the two for-
mations constitute a single aquifer system. The upper sandy part of
the Hennessey Shale has been called the Cedar Hills Sandstone Mem-
ber in Canadian County and northwestward (Mogg, Schoff, and
Reed, 1960; Miser, 1954; Fay, 1962; Ham, 1962; Bado and Jordan,
1962). The Cedar Hills Sandstone Member has not been recognized
south of the North Canadian River. The Chickasha Formation and
Duncan Sandstone were mapped separately in southeastern Canadian
County by Armstrong (1958). Because of their small areal extent
and unimportance as aquifers, these formations have been mapped
as a single unit in this report.

The rocks of Permian age form roughly parallel outcrop pat-
terns in the two counties (pl. I; Miser, 1954). In Oklahoma County
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the strike of the rocks is nearly northward, but in Cleveland County
it is north-northwestward. The exposed bedrock formations become
progressively younger toward the west, and their regional dip is 30
to 35 feét per mile westward and southwestward toward the trough
of a large asymmetrical syncline commonly referred to as the Ana-
darko basin.

Although the regional structure is that of a gently westward-
dipping homocline, local irregularities reflect important structures
in deeply buried rocks. With respect to ground water, the more im-
portant of these irregularities are local flexures in the Garber Sand-
stone and Wellington Formation in the Oklahoma City and Midwest
City areas. The flexures are related to and reflect the location of the
structural high beneath the Oklahoma City oil field and the struc-
tural trough in the Midwest City area (Travis, 1930).

GARBER SANDSTONE AND WELLINGTON FORMATION

The Garber Sandstone and Wellington Formation crop out
across the eastern two-thirds of Cleveland and Oklahoma Counties
in a northward-trending belt 6 to 20 miles wide. The area of outcrop
is characterized by rolling, steep-sided hills that are forested with
scrub oak and other small, slow-growing deciduous trees.

The Wellington Formation is the oldest of the Permian rocks
exposed in Cleveland and Oklahoma Counties. Its base is not exposed
in either of the counties, and the Garber Sandstone conformably
overlies or grades into it. Because of the absence of fossils and key
beds and the similarities of lithology, the Garber Sandstone and Wel-
lington Formation are not readily distinguishable in the area. The
two formations have similar water-bearing characteristics and there-
fore have been mapped as a single unit (pl. I).

The contact of the Garber Sandstone with the overlying Hen-
nessey has been described as “apparently conformable” (Anderson,
1927, p. 95 Travis 1930, p. 11). Generally, the contact is relatively
easy to recognize because it is marked by the boundary between for-
ested hills of the Garber and the nearly smooth, grass-covered prairies
developed on the Hennessey. However, close examination suggests
that the contact is gradational, at least locally. In road cuts in the
northern part of Oklahoma County, sandstone layers having a lithol-
ogy similar to the Garber can be observed to grade laterally into
shale resembling the Hennessey. Thus, in places there may be a zone
20 or 30 feet thick in which the two formations interfinger.

The Garber and Wellington consist of lenticular beds of massive-
appearing, cross-bedded sandstone irregularly interbedded with shale
which is in part sandy to silty. The sandstone layers are fine to very-
fine grained and loosely cemented. According to C. L. Jacobsen
(written communication, 1944), none of the sand in the Garber and
Wellington is coarser than 0.350 mm (millimeter), and the average



20 GARBER SANDSTONE AND WELLINGTON FORMATION

diameter of the grains is 0.155 mm. The sandstone is composed al-
most entirely of subangular to subrounded fragments of fine-grained
quartz.

Cross-bedding in the sandstone is well developed and many
layers that appear to be massive are actually formed by a large num-
ber of cross-bedded units, each only a few inches thick. The cross-
bedded units are typically wedge shaped, the foreset inclinations vary
greatly in direction, the laminations have little upward concavity,
and the foresets are relatively short. Commonly, lenticular sandstone
beds terminate laterally along cross-bedded laminations. In a single
exposure the inclinations of the laminae may be in several directions,
and commonly they are opposed.

The sandstone is poorly cemented and it crumbles easily. The
most common cement 1s a fine red mud, although thin discontinuous
beds and irregular masses of sand have been cemented with calcite,
dolomite, and barite. Sand-barite rosettes (Ham and Merritt, 1944,
p. 30), fragments of fossilized wood, and small concretions and con-
cretionary masses, composed chiefly of calcite, dolomite, barite, or
hematite, have been reported from many beds. Thin discontinuous
beds, layers, and stringers of dolomitic conglomerate or dolomitic
sandstone occur at the base of sandstone beds in many places. Thin
layers of chert conglomerate occur at the base of sandstone beds in
a few places in the eastern part of the outcrop area.

In general, the sandstone content of the Garber and Wellington
is greatest in northeastern Cleveland and southeastern Oklahoma
Counties. In that area about 75 percent of the exposed rock is sand-
stone. From that area northward and southward along the strike of
the beds and westward downdip, the sandstone content becomes pro-
gressively less and the proportion of shale progressively greater. Near
the Canadian River in southern Cleveland County, the Garber and
Wellington are about 25 percent sandstone and 75 percent shale.
As the massive beds of sandstone, which are exposed in the.eastern
part of the area, are traced downdip and along the strike, the greatest
thicknesses of sandstone occur at progressively greater depths. Indi-
vidual sandstone layers range in thickness from a few inches to 50
feet or more and vary greatly in thickness in short distances. The
sandstone beds range in color from nearly white to pink, orange,
deep red, or purple. In many places, beds that are red or reddish
brown on weathered outcrops are white or light gray in fresh
exposures.

Although some sandstone beds are relatively thick, beds § feet
or less in thickness are more common. For instance, a well drilled in
1963 for the city of Norman near SE cor. sec. 15, T. 9 N, R. 2 W,
penetrated 45 sandstone beds, having an aggregate thickness of 371
feet between depths of 100 and 700 feet. These beds ranged in thick-
ness from 1 to 30 feet, but only 4 were 20 or more feet thick, 20
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ranged from § to 20 feet, and 21 were § feet or less. Shale layers
ranged from 1 to 40 feet in thickness, but only 3 were more than
10 feet and 36 were § feet or less.

According to Jacobsen (written communication, 1944), the
thickness of the Garber is about 400 feet in central Cleveland Coun-
ty, about 350 feet in central Oklahoma County, and about 300 feet
at the north boundary line of Oklahoma County. The Wellington
is about 500 feet thick in the outcrop area but attains a thickness of
700 feet in the subsurface. Therefore, the two formations as a unit
have a total thickness of 800 to 1,000 feet.

The shale beds of the Garber and Wellington are nonlaminated,
white to deep red, and vary greatly in thickness in short distances.
In the Wellington the shale is clayey and blocky and breaks with a
conchoidal fracture. In the Garber the shale commonly is silty or
sandy. As previously noted, the proportion of shale increases some-
what downdip toward the west. Near the west edge of Cleveland
and Oklahoma Counties the Garber and Wellington are largely shale
or shale and siltstone that contains little fresh water (fig. 4).

HENNESSEY SHALE

The Hennessey Shale covers the western one-third of Cleveland
and Oklahoma Counties. Its area of outcrop is characterized by rela-
tively flat, grass-covered prairies, largely barren of trees except along
the valleys of intermittent streams.

The Hennessey consists dominantly of reddish-brown shale con-
taining layers of siltstone and fine-grained sandstone. The shales are
clayey to silty, and the siltstones contain large amounts of clay. In
places along the outcrop well-indurated beds of siltstone or sandstone
have weathered to form low shelflike ledges.

Beds of essentially homogeneous shale range from a few inches
to 10 feet or more in thickness. Much of the shale is massive; where
stratification is evident, it ranges from thinly laminated to medium
bedded. The massive shales weather to form polygonal fragments and
break with sharp-edged conchoidal fractures. The siltstone and sand-
stone beds occur in well-indurated layers ranging from a few inches
to about 10 feet in thickness. Some beds of both shale and siltstone
have an abundance of light-gray and gray-green spots. In outcrops,
white, gray, or light-green bands occur discontinuously in beds of
shale and siltstone. Lenticular beds of fine-grained sandstone, ranging
from less than 1 to about 15 feet in thickness, occur near the base
of the formation. In outcrop areas the thicker sandstone beds form
low, steep-sided, tree-covered hills similar to the hills in the outcrop
area of the Garber Sandstone.

The Hennessey Shale has a total thickness of 600 to 650 feet;

however, at most places in Cleveland and Oklahoma Counties the
upper part of the formation has been removed by erosion. Its thick-
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ness is believed to be about 200 feet at Norman, 40 to 100 feet in
the Midwest City area east of the Oklahoma City anticline, 200 to
300 feet in the Oklahoma City area, and less than 400 feet northwest
of Lake Hefner.

The Hennessey Shale as an aquifer—Because of its lithology the
Hennessey Shale is poorly permeable; however, it is an aquifer that
furnishes small quantities of water to rural domestic and stock wells.
About 90 percent of the wells are less than 80 feet deep, and most
obtain their water supplies from a zone of weathered material above
the relatively unaltered shale. Below the weathered zone, water is
obtained from cavities left by the removal of soluble materials and
from fractures.

The water from these wells is generally satisfactory in quality
for domestic use but inadequate in quantity for a windmill or for
a jet pump unless operated for brief periods in conjunction with a
pressure tank. A few wells have been drilled to depths of 100 to 300
feet, and produce water largely from fractures or solution cavities
that are recharged by downward seepage from the saturated zone in
the weathered material. The water from the deep wells generally is
highly mineralized and is used only for watering stock.

According to Dennis (1954, p. 14), the weathered zone in the
Hennessey is an aquifer of local importance, although of small capac-
ity and low permeability. Wells and holes tested by him showed
transmissibilities ranging from 125 to about 2,500 gpd per foot.
Several of the wells tested had specific capacities of the order of 1 to
2 gpm per foot of drawdown. During dry periods, however, the
yields of all wells probably would decline as saturated material in
the weathered zone became partly dewatered because of evaporation,
transpiration, and pumping.

CHICKASHA FORMATION AND DUNCAN SANDSTONE

Beds of sandstone, siltstone, and shale exposed on the north side
of the Canadian River in the northwest corner of Cleveland County
and in the southwest corner of Oklahoma County have been referred
to the Chickasha Formation and Duncan Sandstone (Armstrong,
1958). Because of their small areal extent and relative unimportance
as aquifers, the Chickasha Formation and Duncan Sandstone have
been mapped together for this report (pl. I). The Chickasha and
Duncan, which conformably overlie the Hennessey Shale, are 150
to 200 feet thick and consist of sandstone, siltstone, siltstone con-
glomerate, and shale. Armstrong described the sandstone as massive,
cross-bedded, fine to very fine grained, and soft to well cemented.
Some of the siltstone layers are highly cross-bedded and resistant to
erosion so that they make small ledges or cap low hills. All beds are
lenticular and the sandstone grades laterally into siltstone or shale.
The sandstone beds commonly are red orange or pink orange, but
locally are brown. The shale layers generally are red.
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The Chickasha and Duncan are poorly permeable and have little
value as an aquifer in Cleveland and Oklahoma Counties. They are
tapped by only a few small-capacity wells for domestic and stock use.
In general, the water is suitable for human consumption but, in some
places, contains too much dissolved gypsum or is otherwise too highly
mineralized even for stock use.

QuUATERNARY DErosiTs

The Quaternary deposits of Cleveland and Oklahoma Counties
include terrace deposits at one or more levels in, or adjacent to, the
valleys of the Canadian and North Canadian Rivers, alluvium in the
valleys of the principal streams, and dune sand. The areal distribution
of the deposits is shown on the geologic map (pl. I), and their litho-
logic character and general hydrologic properties are summarized in
table 2.

The Quaternary deposits supply ground water for rural, domes-
tic, and stock purposes at many places in the two counties, and they
are the source of most of the ground water used to satisfy the water
needs of several small towns and unincorporated communities in the
valleys of the Canadian and North Canadian Rivers. However, ex-
cept for two areas along the Canadian River near Norman and an
area along the North Canadian River between Oklahoma City and
Lake Overholser, they have not been studied in detail.

The terrace deposits and dune sand overlie the Permian rocks
and, because of their relatively high permeability, facilitate the re-
charge of the underlying rocks. Because the Quaternary deposits are
more permeable than the Permian redbeds, springs, seeps,” or “wet-
weather springs” occur where the contact between the two is exposed
in low areas. The alluvium generally fills valleys cut 20 to 100 or
more feet below the uplands. Because of this topographic relation-
ship, the alluvium receives some seepage from sandy units or frac-
tured zones in the bedrock. This seepage helps to maintain 2 high
water table in the alluvium. Water in the alluvium is discharged
principally by evaporation and transpiration, but some moves down-
stream in the alluvial deposits, and some seeps into the stream chan-
nels to maintain flow in dry seasons.

TERRACE DETPOSITS

Terrace deposits consist of materials laid down by ancient
streams, which, since the time of deposition, have cut valleys to
lower levels. In Cleveland and Oklahoma Counties, the streams that
made the deposits were ancestors of the Canadian and North Cana-
dian Rivers. The deposits consist mostly of lenticular beds of sand,
silt, clay, and gravel, which vary greatly in thickness within short
lateral distances. Where they have sufficient saturated thickness, the
terrace deposits yield larger quantities of water of lower mineraliza-
tion than that in the Permian rocks, and, on the whole, water of
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better quality than that in the alluvium. Replenishment of ground
- water in the terrace deposits comes mainly from infiltration of pre-
cipitation that falls on the terrace surface.

The terrace deposit on the upland between Lake Overholser and
Lake Hefner (pl. I), known locally as the Bethany terrace, is the
source of the ground water pumped by the city of Bethany (Jacob-
sen and Reed, 1949). The deposit also supplies water to many shallow
wells used for residential gardening in Bethany, Warr Acres, and
adjoining parts of Oklahoma City.

Logs of test holes drilled for the Bethany and Oklahoma City
Water Departments indicate that the terrace deposit has 2 maximum
thickness of about 80 feet and that it is thickest over a buried stream
channel that curves southward through the central part of sec. 6,
SW 1/, sec. 5, western part of sec. 8, and SEY sec. 7, T. 12 N., R.
4 W. (L. C. Burton, written communication, 1958). Elsewhere, the
deposits of the Bethany terrace vary greatly in thickness over short
lateral distances, according to the configuration of the buried bedrock
surface (Hennessey Shale) and the amount of terrace material re-
moved by erosion.

The depth to water generally is less than 30 feet below land
surface. The yields of wells tapping the terrace deposits are not known,
but it is likely that, where the saturated thickness is at least § feet,
properly spaced wells would yield 5 to 10 gpm. Where the saturated
thickness is more than 50 feet, properly spaced and developed wells
should be capable of sustained yields of 100 to more than 200 gpm.

Other terrace deposits that occur in Oklahoma County, as shown
on plate I, have not been studied by the U. S. Geological Survey and
are not known to have been tested as a source of ground water for
large-capacity wells; hence, their ground-water potential is not
known.

Terrace deposits also were mapped along the upland bordering
the Canadian River in Cleveland County. However, except for an
area near Norman (Stacy, 1961), the deposits have not been studied
by the U. S. Geological Survey and their ground-water potential is
little known,

According to Stacy (1961), the terrace deposits in the vicinity
of Norman contain considerable quantities of water of good quality
at depths generally less than 50 feet below land surface. The logs of
test holes indicate that the deposits range from 40 to 95 feet in thick-
ness and that their saturated thickness averages 40 feet. At favorable
sites, wells that are properly constructed and developed should be
capable of producing as much as 200 gpm.

ALLUVIUM

The modern channels, flood plains, and low terraces along the
Canadian, North Canadian, and Little Rivers and their major tribu-
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taries are covered with alluvium (pl. I). These deposits represent the
present cycle of erosion and deposition, and the deposits are still
being formed, eroded, and reworked. The flood plains generally are
§ to 10 feet lower than the surface of the adjacent low terraces, and
the stream channels are cut as much as 3 or more feet into the flood
plains.

Along the Canadian and North Canadian Rivers the alluvium
is a band averaging about 2 miles in width, but at Ten-Mile Flat on
the Canadian, about § miles northwest of Norman, and at Oklahoma
City, on the North Canadian, it is more than 3 miles wide. The
Canadian River has a sandy shifting channel 1,000 to 6,000 feet
wide. Phreatophytes, such as marsh grass, cattails, and willow and
cottonwood trees, are common along the channel and on the flood
plain in many places.

The alluvium consists mostly of lenticular beds of sand, silt,
and clay. It probably also contains some lenticular beds and stringers
of gravel and gravelly sand in the lower part. The alluvium ranges
in thickness from a few inches to about 90 feet. Thicknesses are
greater only where the present stream alluvium is underlain by older
alluvium that fills channels cut into the bedrock and commonly
referred to as buried stream channels.

The alluvium in the North Canadian River valley in Canadian
County has been studied intensively by Mogg, Schoff, and Reed
(1960). They showed that these deposits are as much as 60 feet thick
in places and contain permeable sand and gravel capable of yielding
several hundred gallons of water per minute to wells. These deposits
probably have similar properties in the western part of Oklahoma
County, where they supply water to numerous industrial wells and
to emergency-supply wells drilled by Oklahoma City (table 3).

At Ten-Mile Flat on the Canadian River the alluvium has a
maximum thickness of about 70 feet. The alluvium is thickest over
a buried stream channel that approximately parallels the eastern mar-
gin of the flat in secs. 4, 5, 9, 16, 21,28, 33, T. 9 N., R. 3 W. Infor-
mation obtained from the logs of 32 test holes drilled by the U. S.
Navy and the logs of many geophysical shotholes furnished by the
Carter Oil Company indicate that throughout much of its length
the buried channel was 1,000 to 2,000 feet wide, that it was cut 2§
or more feet below the bedrock surface in other parts of the flat,
and that its base was 110 to 140 feet below the upland surface im-
mediately to the east (Jacobsen and Reed, written communication,
1943).

The data collected by Jacobsen and Reed indicate that along the
buried stream channel the alluvium may average 60 feet in thickness,
and that in other parts of the ﬂat it may range in thickness from 20
to about 40 feet.

The depth to water in 1943 was about 10 feet below land sur-
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face in most of the area. Water levels probably vary little from year
to year because there is little pumping.

A test well (9N-3W-21dcc), drilled to a depth of 65 feet by
the U. S. Navy in 1943, yielded 130 gpm with a pumping drawdown
of 28 feet during a 24-hour pumping test. Since that time, several
irrigation wells have been drilled in the area. These wells are reported
to range from 50 to about 70 feet in depth, and well yields reported-
ly range from less than 100 to more than 300 gpm.

The geology and hydrology of the alluvium in the North
Canadian River valley between Lake Overholser and Oklahoma City
were discussed by Jacobsen and Reed (1949). The yield characteris-
tics of wells tapping the alluvium in this area are summarized in table
3. These deposits are capable of yielding large quantities of water
for at least several months.

The ground-water potential of the alluvium in other parts of
Cleveland and Oklahoma Counties is unknown, but it seems likely
that water supplies sufficient for domestic and stock use could be
found in areas where the alluvium has § or more feet of saturated
thickness. Where large quantities of ground water are required, as
for municipal, industrial, or irrigation purposes, a series of test holes
should be drilled to determine the thickest and most permeable areas
in the alluvium. _

Ground water in the alluvium is variable in quality and, before
it is used for human consumption, should be tested to determine its
chemical and bacteriological properties. Wells near the Canadian
River and wells near the North Canadian River below Oklahoma
City may yield water that has been contaminated by sewage effluent,
industrial wastes, or oil-field brines. Wells on the flood plains or
low terraces some distance from the rivers probably would not yield
water contaminated by sewage or industrial effluents being flushed
down the rivers, unless pumped continuously for extended periods.

DUNE SAND

Dune sand covers the surface of the older rocks in many places,
but, except for an area near Lake Overholser in Oklahoma County
and an area near the Canadian River in the northwest corner of
Cleveland County (pl. I), the sand is too thin or occurs in scattered
dunes too small to be shown on the geologic map. In most places the
dunes support sparse vegetation and appear to be stabilized. In some
areas, however, sand is advancing upon older dunes, terrace deposits,
and older rocks, and in these areas the size and shape of the dunes
are being changed by the prevailing southerly winds.

The dune sand is above the zone of saturation and is not a
source of ground-water supply. It is highly permeable, however, and
facilitates ground-water recharge by readily absorbing and transmit-
ting local precipitation and surface runoff downward to the ground-
water body.



29

HYDROLOGY OF THE GARBER SANDSTONE AND
WELLINGTON FORMATION

The Garber Sandstone and Wellington Formation constitute
the most important source of ground water in Cleveland and Okla-
homa Counties. The cities of Edmond, Nichols Hills, Del City,
Midwest City, Moore, and Norman, and many small towns obtain
all their water supplies from wells completed in one or both of the
formations.* Tinker Air Force Base, a major service facility in the
national-defense establishment, The University of Oklahoma, Central
State Griffin Memorial Hospital, and many commercial and industrial
firms also obtain their water supplies from wells tapping one or both
formations. Oklahoma City and several commercial and industrial
establishments in the city have wells in one or both formations. Since
the 1951-1956 drought, the Oklahoma City wells and many of the
commercial wells have been little used, but they are maintained on a
standby basis.

The Garber and Wellington constitute a single aquifer, or wa-
ter-bearing zone. The two formations were deposited under similar
conditions, and both consist of lenticular beds of sandstone, siltstone,
and shale that may vary greatly in thickness within short lateral
distances. Wells drilled into the water-bearing zone may tap individ-
ual beds of sandstone as much as 50 feet thick and may penetrate as
much as 200 to 300 feet of water-bearing sandstone. Other wells
drilled nearby may tap only a few relatively thin beds of sandstone
and may penetrate less than 100 feet of water-bearing material.

THICKNESS OF THE FRESH-WATER ZONE

Wells obtain fresh water from the Garber and Wellington at
depths of 100 feet or less in the areas of outcrop and at maximum
depths of about 1,000 feet in the structural depression in the Midwest
City area. The maximum depth at which wells obtain potable water
supplies is controlled by the depth at which salt water is encountered
in these formations (fig. 4). The contact between the fresh water
and salt water probably is not abrupt because an intermediate brack-
ish-water zone has been found in some wells. Where such brackish
water is encountered, the wells commonly are plugged back and com-
pleted in a higher water-bearing zone.

The approximate depths below land surface of the base of the
fresh-water body in different parts of the area are as follows: near

* Since completion of this report, the Lake Thunderbird reservoir has been completed, and
Norman now derives all public water supplies from this source, maintaining the old
wells on a standby basis. Del City and Midwest City fulfill their needs from both the
reservoir and wells,
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Canadian River in southeastern Cleveland County, 100 feet; Noble,
400 feet; Norman, 700 feet; Moore, 850 feet; southwest corner Okla-
homa County, 1,000 feet; Harrah, 300 feet; Choctaw, 640 feet; Mid-
west City, 1,000 feet; Oklahoma City-Lake Hefner area, 800 feet;
Edmond, 700 feet; and Luther, 200 feet.

Figure 4 is a contour map of the base of the fresh-water body.
The base was determined from electric logs of oil and gas wells,
drillers’ logs, and chemical analyses of water samples obtained from
water wells. The bottom of the lowermost fresh-water sandstone
at any location was assumed to be the base of the fresh-water section.
However, if that sandstone grades laterally into shale, the next higher
sandstone that would have been chosen as the base of the fresh-water
body in an adjacent well may be several tens of feet higher.

In general, the base of the fresh-water body in the two counties
has the shape of an elongate westward-tilted trough, trending slightly
west of north and parallel to the regional strike of the geologic for-
mations. In most places the base of the fresh-water body dips west-
ward at rates ranging from 10 to 20 feet per mile. The steep rise, or
gradient, which extends northward along the west side of the two
counties from a point near Norman, probably represents the limit
to which salt water has been flushed from individual sandstone
beds in the Garber Sandstone and Wellington Formation. Although
the contact between fresh and salt water is represented as a sharply
defined one, there is probably a transition zone in which fresh water
gradually grades into salt water.

The contours on the base of the fresh-water body reflect some
structural features in the Garber and Wellington. Thus, the greatest
depth of fresh water corresponds to the Midwest City depression and
the shallower depth of fresh water southeast of Oklahoma City cor-
responds to the Oklahoma City anticline. However, the steep rise in
the slope of the contact between the fresh water and the salt water
at the west edge of the map is unrelated to rock structure and may
reflect a change of facies from coarser to finer sediments.

Two cross sections (figs. 5, 6) illustrate the lensing and inter-
fingering of sandstone, shale, and silty beds in short lateral distances
and show the approximate base of the fresh-water body as determined
from figure 4. Section A-A’ (fig. §) is a small-scale electric-log section
drawn from east to west across the Oklahoma City area, following
roughly the direction of dip. The section shows the lenticular char-
acter of the individual beds and lithologic units that makes it difficult
or impossible to correlate such units from well to well. However, the
approximate base of the fresh-water body is indicated on the section.

Section B-B’ (fig. 6) is a detailed lithologic section based upon

Figure 4. Map showing the base of fresh ground water in Cleveland and Okla-
homa Counties. Cross section A-A’ is shown in figure 5.



n
o
=
0
&
=
)
o
£
]
n
=
0
=
o
m
F)
~
m

.

LOGAN COUNTY

200/,

i |
s
o’
“

_ i
OO

Britton

M Nicnals o
Hills

'L\
00

o
e
500

OKLAHOMA cdu

QCLEVELAND- @TY
Moaore (&x
. .
- L]
»
~\300 NORMAN
x

ICSJ }k\{é_j@

@_-—_

—

/8=

N -

COUNTY

G RADY_
.
= -
[=)
.
Ya
[
[~
\/
w
POTTAWATOMIE GO
&S00
./ ™~

g/

J

~—

1
Lexington eoo
\ o / 9OO/

“CLEVELA
L ND 1
MCCLaN N ”

/

]

&)0

Y |
i

| . o
DUN
~ T
l Co ¥ |
%_/ \-\_%
(I S 12
MILES
P00 —
Contour on bose of fresh-woater zone
{Intervol: 100 feer; dotum: mean sea levell
- 14
Positive control  point Negative control point
(Bose of fresh waler shown on eleciric log) (Base of fresh woler above inlerval shown
on electric lfogl
x @®
Deep well producing fresh water Well shown on elecinic-log section A-n

{see fig.5)

za -

2~ 2@ Z0 -

20



‘] 9¢e[d wo
uMoys se ‘[[oA-03-[[oA 30U pur ‘p JanfIy Ur UMOYS se &N 1T 'L 30 393Uuad oYy YEnoay) JUI[ IsEI-IsAM B 03 pa3oefoad st wondas Y]
*£junon) ewWOYE[{(Q Ul INTM 3J[ES PUT YSIIJ WadMI9q 30EBIUOD sjeunxoxdde oq3 Sursoys Y-y WOIDAS 55030 Fo[-d1x3dey ‘€ ERGIS

ELECTRIC-LOG CROSS SECTION

32

18437 DI 19427 O3S
sann
901 s & 5 = e
-
ooz ad - ooz
4
7/
Q0¢ ~ 00€
——
‘\lll‘\
~ -
aov | o I oov
-
- .n/
1310m punosb ysasy Jo 9SDQ AOWIX0.CDY
00§ - aos
008 \- Q09
coL — 004
Q08 - 008
006 - 006
000t ~ 0001
oo - oou
oozl [~ oozl
200G puo
Q081 - 00€)
ool — AN MN M5 Q1-32-NO1 35 35 35 62-31-N1I 3% 3N D L-mI-NII MG IS M5 1=~ NE-NTI WS MN D L-Mp-ND “—00b!

s2a03 T
ANSMOLND IV

pusitIaIN T
SY9 IWHNLYN JIBNL3Y

22 g
0D ONITIBA HAH4AZ

sowed I
02 WN310d 13 SdNTIKd

¥oms
QOOIBONNDA S 1




*A3unony pueRad[D ‘raie

UEWION UJH UT TONEWIO ] ﬁOHmﬂmﬁﬁﬂ? .mvﬂ.ﬂ U-HOum.ﬂﬂ.ww Jagqien oY} Jo HUHQHHN-*U H.Nmﬂ_.u,muﬂﬂ— ﬂn—ﬂ M&BOJ& ~mlm TOI130I8 MO—l.—ﬁOB ‘9 ﬂhﬂwm._ﬁ
oor - 1134 oov
cao 00t [}

M2Y'NBL
s B ) HOUS a/oys Apeg puos
005 | lﬂ D
*
» <
Jalom punoib usas 40 aspq  @ppwaxosddg— ——
009 ——

002

008

0064

000!~

QoI+

PaErtia

N6 -M2-NE

a

QA E-MZ-NB IqAG-Me-N@

#3005 pub
PPPG - M2 - NE

APPS-ME-NE

0P G- MZ-NG

LSAn GG6! SUNL '{BA3l JRIOMET=ET
ST oD jana) 1BI0M ==
\\\\\\\ wm@_\h‘_wmmhu_ Sooszosiae ZoZa= oooL
oon

B0pG- MZ-NE
8

{18A9] D25 UDAW BAOQD |33)) UOYDARIT



34 HYDROLOGIC PROPERTIES OF AQUIFERS

logs of water wells spaced roughly 1,000 feet apart in an area just
south of Norman (T. 8 N., R. 2 W.). The section illustrates how
the various lithologic units in the Garber Sandstone and Wellington
Formation interfinger and intertongue in short lateral distances. The
section also shows wide differences in the amount of sandstone encoun-
tered in different wells, and indicates the approximate base of the fresh-
water-bearing rocks in the Norman area.

PERMEABILITY, TRANSMISSIBILITY, AND STORAGE COEFFICIENTS

The hydrologic properties that determine the quantity of water
that an aquifer, or water-bearing zone, will yield to wells are prin-
cipally the saturated thickness, permeability, and storage coefficient
of the aquifer. The permeability and storage coefficient vary with
differences in the size, shape, and extent of the openings in the rocks
and with the degree to which the openings are interconnected.

The permeability of a water-bearing material is its capacity for
transmitting water under pressure. In ground-water hydraulics, the
permeability of an aquifer generally is expressed as a coefficient of
permeability, which is the rate of flow of water in gallons per day
through a cross-sectional area of 1 square foot under a hydraulic
gradient of 1 foot per foot. The measure of permeability used in this
report is called the field coefficient of permeability and is defined as
the number of gallons of water per day that percolates, at the pre-
vailing temperature of the water, through each mile of the aquifer
(measured at right angles to the direction of flow), for each foot of
thickness of the aquifer, and for each foot per mile of the hydraulic
gradient. The coefficient of transmissibilify may be expressed as the
number of gallons of water a day, at the prevailing temperature,
transmitted through each mile-wide strip by the entire saturated
thickness of the aquifer under a hydraulic gradient of 1 foot per
mile; hence, it is the product of the average coefficient of permeability
and the saturated thickness of the aquifer.

The coefficient of storage* of an aquifer is defined as the volume
of water it releases from or takes into storage per unit surface area of
the aquifer per unit change in the component of head normal to that
surface. Under artesian conditions the coefficient of storage is a small
value, generally 107 or 107, representing water derived by compac-
tion of fine-grained materials, and by expansion of the water itself,
as the head declines. Under water-table conditions the storage coeffi-
cient includes this small amount plus the generally much larger
amount represented by the water that drains by gravity out of the
uppermost material as the water table declines. This larger amount,
called the specific yield, is defined as the ratio of the volume of water
* The reader is referred to Ferris and others (1962, p. 74-78) for a detailed discussion of

the storage-coefficient concept and its application to artesian and water-table aquifers in
horizontal and inclined attitudes.
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that a saturated aquifer will yield by gravity to the volume of the
aquifer. It is, therefore, a measure of the quantity of water that a
saturated aquifer will y1eld when drained by gravity. Not all water
contained in the interstices of a material will be drained by gravity
because some will be retained by capillary action. The volume of
retained water, expressed as a ratio of the total volume of material,
is called the specific retention of the material. The specific yield and
specific retention are together equal to the porosity, which is the
percentage of the total volume of openings or interstices in a material.
Thus, if 100 cubic feet of a saturated material will yleld 8 cubic feet
and retain 13 cubic feet of water when drained by gravity, the speci-
fic yield is 0.08 (8%), the specific retention is 0.13 (13%), and the
porosity (the sum of the two) is 0.21 (21%).

The main hydrologic properties of an aquifer may be determined
by laboratory methods or by field methods. The laboratory method
(Wenzel, 1942) involves a mechanical and mathematical analysis of
specimens obtained from outcropping rocks, samples of drill cuttings,
and relatively undisturbed sections of cores obtained by various
means.

The field method (Ferris and others, 1962) involves a mathe-
matical analysis of hydrologic data that reflects the rate of decline,
or recovery, of the piezometric surface in the vicinity of a pumped
well. The hydrologic data are collected during an aquifer test, or so-
called pumping test, and the analysis is made by means of mathe-
matical formulas based on equilibrium or nonequilibrium conditions.

In another method, developed by Theis and others (1954) and
used by Thomasson, Olmsted and LeRoux (1960, p. 207-223), the
transmissibility of an aquifer is estimated by multiplying the average
specific capacity of wells by 2,000.

In this report, the basic nonequilibrium formula (Theis, 1935,
p- 519-524), or one of its variations (Cooper and Jacob, 1946, p.
526-534), was used to determine the aquifer constants. The field
coefficients of permeability were determined by dividing the coeffi-
cients of transmissibility by the reported thickness of sand in the
zone open to the wells tested.

During the period of fieldwork for this report, aquifer tests in-
volving the use of two or more observation wells in addition to the
pumped well were made at Norman, Midwest City, Nichols Hills,
and Edmond. All the tests were made to determine the aquifer coef-
ficients of the water-bearing zone in the Garber Sandstone and Well-
ington Formation. The results are summarized in table 4.

The coefficients of transmissibility determined by the tests, al-
though locally representative, are not necessarily indicative of the
values in all parts of the aquifer; the coefficients differ considerably
with changes in lithology, effectiveness of casing perforations, and in-
terference from unidentified wells pumped intermittently during the
tests.
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The storage coefficients shown in table 4 represent minimum
values because the storage coefficient increases with time as additional
water drains from that part of the aquifer within the cone of de-
pression created by pumping. For example, Wenzel (1942, p. 135)
stated that the specific yield (coefficient of storage) as determined
from a 24-hour aquifer test on an irrigation well near Gothenburg,
Nebraska, was only 16 percent of the specific yield determined in
laboratory tests of the same material, where drainage was complete.

The range in coefficients obtained from the aquifer tests proba-
bly is due in large part to the lenticular character of the water-
bearing beds and the manner in which water was forced to enter or
leave the well bores. In all the tests the pumped well and the observa-
tion wells were perforated through only a small part of the aquifer;
hence, water moving toward the pumped well had a vertical com-
ponent of flow which deviated widely from radial flow assumed in
derivation of the mathematical formulas. The wide differences in
total thickness of water-bearing beds and wide departures from radial
flow may cause large errors in the drawdown or recovery in the ob-
servation wells. Consequently, the computed aquifer coefficients given
in table 4 should be considered correct only to a general order of
magnitude.

An average drawdown curve that would be generally useful in
planning the development of a well field cannot be prepared because
the coefficients of transmissibility and storage differ from place to
place. When large quantities of water are sought, preliminary test
drilling and test pumping will provide the necessary facts upon which
to base well specifications.

Y1ELD, DRAWDOWN, AND SPECIFIC CAPACITY OF WELLS

The yield characteristics for wells tapping the water-bearing
zone in the Garber Sandstone and Wellington Formation are sum-
marized in table 5. The depths of wells and perforated intervals were
obtained from examination of drillers’ logs and geophysical logs and
from reports by well owners and consulting engineers. The yield
and drawdown figures are based on information supplied by drillers,
tests performed by engineers, and measurements made by the U. S.
Geological Survey and the Oklahoma Geological Survey.

Both formations contain lenticular beds of poorly cemented
sandstone that are similar in grain size and permeability. However,
owing to a wide variation in thickness of individual sandstone beds
within short lateral distances, the water-bearing beds penetrated by
wells do not have similar or uniform hydrologic properties through-
out the area.

The yields of wells screened in the water-bearing zone in the
Garber and Wellington provide a general index of the permeability
of the rocks, but it should be recognized that the yields also depend
on thickness of the water-bearing material screened, the efficiency of
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TaBLE 5—VY1ELD CHARACTERISTICS FOR WELLS TAPPING THE
GARBER SANDSTONE AND WELLINGTON FORMATION

Perforated Interval
(feet) Duration Specific

Depth Yield Drawdown of Test Capacity Date
Well No. (feet) Top Bottom (gapm) (feet) (hours) (gpm/ft) of Test
9N-2W-15add 726 281 726 350 106 26 3.30 8-16-63
-15ddd 693 279 693 364 112 22 3.25 7-12-63
-20dcd 662 90 114 0.79 12- 3-45
-22add 638 246 638 357 136 25 2.62 8- 1-63
-28bdc 663 L L 285 142 24 2.00 3- -60
-30aba 640 340 605 178 122 24 1.40 9- -39
9N-3W-2baa 698 290 651 170 185 S 0.91 10-20-53
do. . - e 197 220 e 0.89 2- 8-54
-2dbl 729 300 632 170 155 e 1.09 10-21-53
do. - L N 185 155 s 1.19 Spring-54
-2dea 682 29] 648 180 130 . 1.38 Spring-54
-24cbh 620 365 618 45 58 6 o077 .
10N-3W-10abb 842 268 828 405 178 24 2,28 2- -63
-l4abb 701 340 684 375 170 36 2.00 5- -62
-15abb 798 389 793 395 130 20 3.00 2- .63
-15¢cab 740 310 724 320 160 24 2.00 6- -62
-26b 294 255 293 15 20 V4 0.73 1« <51
-35bdc 701 292 694 190 190 e 1.00 Spring-34
-35cac 692 300 685 195 107 1.82 12-17-53
1IN-2W-5acc 730 265 710 220 120 1.80 - -6l
~7dbc 743 278 740 220 115 R 1.90 - -6l
-11ecbb 800 593 761 242 271 24 0.89 11-17-43
-11bbel 793 340 706 246 276 24 0.86 10-31-43
-15bbb 780 408 693 336 430 24 0.78 8- 141
~15bbe 741 428 741 340 430 24 0.79 12- 4-4]
-22bbe 792 355 650 175 161 24 1.08 8- 43
-23daa 850 507 723 115 163 24 0.70 3 43
FIN-3W-3db 728 491 728 70 51 8 1.40 §- -37
-4cbdl 730 243 730 271 210 24 1.29 5- =35
-5aba 780 316 770 238 230 24 1.34 3- -55
-8bad 797 504 792 155 165 24 0.94 3- -35
-8cba 788 402 788 200 245 24 0.81 5= =35
-18aaal 792 254 788 253 123 24 2.06 4- -55
12N-1E-26ac 346 232 333 100 140 C 0.70 10- -35
12N-3W-2abd 745 436 718 184 183 36 1.00 - -63
-Bca 808 o o 310 245 1,424 1.26 Aug.~Oct
-8cb 801 . . 240 245 1,256 0.98 e Yt
-8dc 840 110 838 475 250 1,392 1.90
-9ddc 738 326 682 280 130 24 2.15 4. -55
-12bed 797 365 766 235 245 24 0.95 2- -55
-13bbbl 778 394 788 268 225 24 1.19 2- -55
-13bee 790 328 758 320 285 24 1.12 2- =55
-13cccel 760 S S 308 295 24 1.04 1- -85
-16cedl 753 307 749 307 240 24 1.27 3- -35
-17abc 785 376 770 318 160 24 1.98 3- -55
-24cca 168 - e 20 30 L 0.66 3- -50
-27dd 795 502 795 140 220 48 0.63 - =37
-32ded 780 316 770 238 230 24 1.00 4- -55
12N-4W-11dea 770 470 764 241 155 24 1.55 4. -55
-13ccd 729 420 716 271 205 24 1.32 3- -55
-24becl 760 480 759 233 275 24 0.84 3- -55
-24ddal 790 403 782 270 123 24 2.19 4- -55
-25ddbl 675 389 675 260 154 24 1.68 3- .55
13N-3W-28cac 796 416 790 240 130 24 1.84 7- -55
-29ddd 790 402 789 200 185 24 1.08 7- -55
-3lcce 805 498 706 242 175 24 1.38 7- -55

14N-3W-26¢c 743 490 740 275 285 8 0.96 12- -49
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the well, and the drawdown. In Cleveland and Oklahoma Counties
few, if any, of the wells are screened in all the water-bearing material
penetrated. Therefore, most of the wells yield less than the maximum
possible.

The yields and the pumping drawdowns of many deep wells
drilled for municipal and industrial purposes were based on pumping
tests of 24 to 48 hours’ duration (table 5). These tests indicate that
the yields of deep wells ranged from about 50 to about 450 gpm
(gallons per minute) and averaged 240 gpm. Pumping drawdowns*
ranged from about 50 to 430 feet and averaged 200 feet.

The yields and the pumping drawdowns of shallow wells in out-
crop areas of the formations are little known. However, most of the
shallow wells are used for domestic and stock purposes that require
only about 5 to 10 gpm. Many of the shallow wells obtain most of
their water from a zone of weathered material above the relatively
unaltered bzdrock. Wells of this type may fail, or “go dry,” during
extended dry periods, but, in most places, additional supplies of water
can be obtained by deepening the well a few tens of feet and tapping
a bed of saturated sandstone in the underlying rocks.

The specific capacity of a well is more diagnostic of an aquifer’s
capacity to yield water than is the yield without reference to the
drawdown. However, the specific capacity is affected by the effi-
ciency of the pumping equipment, the diameter of the well and its
depth of penetration into the water-bearing zone, the effectiveness
of the perforations to admit water, the extent and effectiveness of
well development, and to some extent the duration of the pumping
period used to determine the specific capacity. Consequently, the
specific capacities reported in table 5, many of which are based upon
reported static and pumping levels measured one or more ddys apart
and which generally were determined for wells perforated in only a
small part of the water-bearing section, give only a general measure
of the aquifer’s capacity to yield water.

High average specific capacities indicate an aquifer capable of
transmitting relatively large amounts of water, and the converse is
true for low average specific capacities. The specific capacities listed
in table § range from 0.6 to 3.3 gallons per minute per foot of draw-
down and average 1.3. The average specific capacities reported for
the principal cities are: Norman, 1.0; Moore, 2.0; Midwest City (in-
cludes Tinker Air Force Base), 0.9; Del City, 1.8; Oklahoma City,
1.3; Nichols Hills, 1.0; and Edmond, 0.9. Except where a relatively
large number of figures are available — as for Norman, Midwest
City, and Oklahoma City — the average specific capacities may not
be representative.

* Drawdown is the difference between the “static,” or nonpumping, water level and the
pumping water level in a well. For example, if the static level in a well is 205 feet below
the measuring point and the pumping level is 386 feet, the drawdown is 181 feet.
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WATER-LEVEL FLUCTUATIONS

Records of water-level fluctuations in wells reflect changes in the
volume of water contained in the ground-water reservoir. In general,
the ground-water surface rises when recharge (derived chiefly from
precipitation) exceeds discharge and, conversely, the ground-water
surface declines when the discharge (by natural or artificial means)
exceeds recharge. Thus the fluctuations of water levels in wells are an
index to the inflow and outflow of water from a ground-water re-
servoir, somewhat as the fluctuation of the water level in a surface
reservoir indicates changes in the amount of water it contains. How-
ever, for the recharge or discharge of a given quantity of water, the
ground-water surface fluctuates through a greater range than does
the water level in a surface reservoir.

Water-level measurements made in areas where ground water
is pumped extensively for municipal, industrial, or agricultural pur-
poses provide an index of the extent of ground-water development.
As pumpage from wells increases, the water levels in the area decline
until they become adjusted to the increased use. If pumping exceeds
recharge, the water levels continue to decline; thus ground-water
levels reflect the relationship between the available water supply and
its development.

Records of ground-water levels in wells tapping water-bearing
deposits in Cleveland and Oklahoma Counties have been published in
annual water-level reports for the years 1940-1955 (U. S. Geological
Survey, 1944-1957). Water-level records for the years 1956-1962
(Hart, 1963; Wood and Moeller, 1964) have been published by the
Oklahoma Water Resources Board.

Fluctuations of water levels in representative wells tapping the
Garber Sandstone and Wellington Formation™ are illustrated by hy-
drographs of two wells in Cleveland County and three wells in
Oklahoma County (pl. II). The graphs illustrate the type of fluc-
tuations that result from pressure changes in deep, areally extensive
artesian aquifers. The fluctuations in all the wells show seasonal trends
as the artesian pressure responds to seasonal pumping. Because the
wells are several miles from the recharge area, the fluctuations show
no direct correlation with local precipitation.

The hydrograph of well 9N-1W-30dbb (pl. II, fig. B), east of
Norman, illustrates seasonal fluctuations in an area some miles distant
from pumping wells. The water level in this well rises during the
winter and spring, reaches a peak in late spring or early summer, and
declines steadily during summer when the ground-water withdrawals
are largest. The hydrograph shows the steep water-level decline that
resulted from ground-water withdrawals, in 1943, required to meet
municipal and military demands in the Norman area during World
War II. The water-level recovery recorded for the period 1945-1947
probably resulted from a decline in the quantities of water pumped
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to meet the demands of a reduced military establishment after the
war. The hydrograph also shows that water levels declined about
9 feet in a 10-year period (1947-1956), probably as a result of
pumping to meet municipal and industrial demands during the dry
period 1950-1956. During the §-year period 1957-1961, water levels
showed no general rise or decline. The hydrograph of well 8N-2W-
9bba (pl. II, fig. B) shows only minor seasonal fluctuations. The
steep water-level decline recorded for the summer and winter of
1963 reflects the pumpage from wells drilled nearby to meet water
demands during a period of deficient rainfall.

The hydrographs of three wells in Oklahoma County (pl. 1I,
fig. A) illustrate a pattern of fluctuation that follows definite sea-
sonal withdrawals of ground water for municipal and industrial uses.
The exaggerated seasonal fluctuations, which are best shown by the
graph for well 12N-3W-26bdb during the period 1943-1949, reflect
pressure changes within the artesian aquifer in response to heavy
pumping from nearby wells. The seasonal fluctuations shown by the
hydrographs of wells 13N-3W-29bbd and 12N-3W-26bdb for the
period 1958-1963 reflect less pumping from wells in the immediate vi-
cinity of the observation wells. The graphs for these wells indicate that
there has been little net change in the over-all pressure head of the ar-
tesian aquifer in the Oklahoma City area during the 21-year period of
record (1943-1963). The graphs also show that during the 6-year
period 1958-1963 water levels rose at the rate of about 2 feet per
year.

The hydrographs for well 11N-2W-11bbe (pl. II, fig. A) shows
that water levels in the Midwest City-Tinker Air Force Base area
declined steadily from 1946 to 1956, remained about the same from
1956 to 1961, and declined slightly from 1961 to 1963. According
to the hydrograph, water levels declined at a rate of about 6 feet per
year between 1946 and 1951. During the 1952-1956 drought, water
levels declined at a rate of about 14 feet per year. During the 1957~
1961 wet period, the downward trend was checked, and water levels
remained about the same. The change in the water-level trend re-
flects an adjustment of the pressure head within the artesian aquifer
in response to recharge and possibly to a decrease in seasonal pumping.

Woater levels in the Del City-Midwest City-Tinker Air Force
Base area (T. 11 N., R. 2 W.) should be expected to recover as the
cities rely increasingly on Lake Thunderbird as a source of water sup-
ply; at present both cities continue to derive part of their water
supply from wells. Water levels should rise as the cones of depression
level out, the rate and extent of the recovery being governed largely
by the permeability of the water-bearing zone and the magnitude of
the over-all reduction in pumpage.

Relation between fluctuations in deep and shallow water-bearing
zones. — Lack of connection between sandstone lenses in the Garber
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Sandstone and Wellington Formation is illustrated by the pumping
test made in one of the Nichols Hills wells in January 1963. Nichols
Hills well 20, 745 feet deep, was pumped for 3 days — January 7 to
10. During the period of pumping the water level in the pumped
well declined from 167.92 feet to 351.70 feet (fig. 7). During the
pumping period two other deep wells, one (Nichols Hills 19) about
0.5 mile northwest, the other (Nichols Hills 21) about 0.5 mile
northeast of the pumped well, also declined as shown on figure 7. In
contrast, water levels in three shallow wells fluctuated only slightly
during the pumping-test period. In fact, water levels in two of them
rose slightly during the early part of the test, apparently in response
to changes in barometric pressure. The behavior of water levels in
these wells during the test period suggests that there is no direct
connection locally between the sands tapped by the shallow wells
and those tapped by the deeper wells. This fact demonstrates that
the lenticular nature of the sandstones in the Garber Sandstone and
Wellington Formation persists into the subsurface. It is not possible
to tell on a test of short duration whether or not some ground water
may “leak” through shale beds that separate sandstone zones. Proba-
bly in the area where the Nichols Hills tests were made there is
little connection between the deep zones and shallow zones. Water
levels in the shallow zones are affected by changes in barometric pres-
sure, by local precipitation, and by seepage of water from the shallow
sands into Deep Fork and its tributaries, but not by pumpage from
the deeper aquifers. ‘

RECHARGE

Because of the complex geology and differences in hydrostatic
head between the different sandstone layers, the rate of recharge to
the aquifer in the Garber and Wellington cannot be determined
directly from available data. However, a usable estimate of recharge
can be made by comparing this aquifer with others of similar type
where recharge computations have been made. The Permian Rush
Springs Sandstone in the Caddo County area is lithologically similar
to the sandstones of the Garber Sandstone and Wellington Formation
and might be expected to have similar recharge capabilities. Tanaka
and Davis (1963) estimated the recharge rate for the Rush Springs
to be 10 percent of the annual precipitation. Because the transmis-
sibility of the Garber is less than that of the Rush Springs and the
soils and topography are somewhat less conducive to recharge, the
recharge rate to the Garber probably is smaller—perhaps only about
5 percent of precipitation. Using an estimate of 5 percent of the
annual precipitation, recharge to the aquifer in the Garber and Wel-
lington in Cleveland and Oklahoma Counties would average about
1.7 inches annually, or approximately 90 acre-feet (30 million gal-
lons) per square mile per year. Because only about half the geologic
section composing the Garber and Wellington consists of sandstone,
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Figure 7. Hydrographs showing fluctuations of water levels in shallow and deep
wells during aquifer test, January 4-14, 1963.
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recharge over the entire outcrop area of these formations might aver-
age about half this amount, or approximately 15 million gallons per
square mile per year. The outcrop area over which recharge might be
effective averages approximately 15 miles in width from the top of the’
Garber Sandstone eastward. If the 15 million gallons per square mile
is a reasonable figure for this outcrop area, the total recharge in a
3-mile-wide strip from the Moore well field eastward would be
approximately 700 million gallons per year.

Because of the relatively low transmissibility of the aquifer and
the low gradients from the outcrop area westward toward the main
centers of pumping, it may not be possible for the aquifer to trans-
mit water from the recharge areas toward the pumping centers at
the estimated rate of recharge. If this is true, the effective recharge
would be increased by the lowering of water levels in the main areas
of pumping, thus increasing the gradient toward the pumping cen-
ters from the areas of recharge. Probably a considerable part of the
potential recharge of the Garber and Wellington is “‘rejected” in the
outcrop area because of the inability of the aquifer to transmit the
water away from the outcrop area. Water-level data in the outcrop
area are rather sketchy, but they suggest that water levels reflect the
topography and that locally ground water moves toward adjacent
streams from both sides rather than westward toward the centers
of pumping. If this conjecture is true, then only part of the outcrop
area would actually contribute recharge, under natural conditions,
that would go to replace the water withdrawn in the main centers
of pumping.

Data from water-level measurements indicate that water levels
have changed little in the area north of the North Canadian River
but have declined substantially in the vicinity of Norman and Mid-
west City. These declines are caused in part by the greater concen-
tration of pumping near Norman and Midwest City, but may also
indicate that recharge in the northern part of the project area is
greater than in the southern part. This difference probably is due to
two factors: (1) the greater width of the outcrop in the northern
part of Oklahoma County, which would provide a larger recharge
area, and (2) a somewhat thicker section of sandstone, which would
allow both a greater amount of recharge and a greater movement of
water from the recharge area.

A check on the estimate for rate of recharge can be made for
the Del City-Midwest City-Tinker Air Force Base area. If the area
contributing recharge water is 6 miles wide in a north-south direc-
tion and extends eastward for 15 miles, and if half the area is under-
lain by sandstone, then recharge could take place over a 45-square
mile area. During the $-year period 1957-1961, precipitation totaled
about 192 inches, or 16 feet. If § percent of the precipitation for
the period became recharge, the replenishment to the aquifer would
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have been 23,000 acre-feet. However, although more than 30,000
acre-feet of water was pumped, water levels rose slightly, indicating
that pumpage was less than replenishment. Because the effective re-
charge area probably is less than that postulated above, it is concluded
that recharge to the Garber Sandstone and Wellington Formation
in southern Oklahoma County during 1957-1961 was greater than
5 percent of the precipitation.

GROUND-WATER WITHDRAWALS
Ground-water withdrawals from the Garber Sandstone and
Wellington Formation began before 1900. The quantity of ground
water pumped for all purposes from 1900 through 1959 is estimated
to be about 72,000 acre-feet in Cleveland County and 207,000 acre-
feet in Oklahoma County (table 6a). The quantity of ground water
pumped for municipal and .industrial purposes at selected cities in

TABLE 6a. — ESTIMATED GROUND-WATER PUMPAGE FROM THE GARBER
SANDSTONE AND WELLINGTON FORMATION IN CLEVELAND
AND OKLAHOMA COUNTIES

PUMPAGE?
AREA PERIOD (ACRE-FEET)
Cleveland County
Norman (includes municipal, industrial, and
commercial pumpage in the city and
adjoining urban areas) 1910-59 36,600
University of Oklahoma 1910-59 26,000
Central State Hospital 1940-59 6,000
Moore 1928-59 1,400
Noble 1930-59 1,3002
Other small towns, commercial or
industrial establishments, and
individuals 1930-59 7002
Total for Cleveland County
through 1959 72,000
Oklahoma County
Oklahoma City commercial and industrial
establishments (includes use by oil
industry 1938-1959) 1918-39 80,300
Oklahoma City oil-field development 1931-37 24,200
Oklahoma City municipal wells 1955-57 5,300
Midwest City 1942-59 16,700
Del City 1946-59 8,400
Tinker Air Force Base 1942-59 36,400
Nichols Hills 1936-59 13,500
Britton 1940-53 4,500
Edmond 1930-59 15,3002
Harrah 1954-59 400
Other small towns, commercial or indus-
trial establishments, independent
water companies, and individuals 1930-59 2,0002
Total for Oklahoma County '
through 1959 207,000

1 Unpublished information furnished by C. H. Guernsey & Co., Consulting Engineers,
Oklahoma City, unless otherwise indicated. Data rounded to nearest 100 acre-feet.
2 Estimated by U. S. Geological Survey.
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the area is shown in tables 6b and 6c. Figure 8 shows graphically how
pumpage has increased since 1940. According to Gould (1905, p.
158, 166), at least 10 wells ranging in depth from 20 to 365 feet
were drilled in Cleveland County between 1892 and 1903, and at
least 10 wells ranging in depth from 34 to 168 feet were drilled in
Oklahoma County between 1896 and 1903. Phillips, Alvord, and
Billingsley (1913, p. 176-188) canvassed 34 municipal, industrial,
and commercial wells, ranging from 6 to 10 inches in diameter and
120 to 256 feet in depth in the Oklahoma City area in 1912, and
reported that many privately owned wells ranging from 60 to 150
feet in depth were pumped for domestic requirements. Their pub-
lished data indicate that 27 of the 32 wells canvassed were more than
200 feet deep and that specific capacities ranged from 0.6 to 1.8 gpm
per foot of drawdown and averaged 1.1 gpm per foot.

According to C. H. Guernsey & Co. (1959), the first well that
obtained water from a depth greater than 600 feet below land sur-
face was drilled in Oklahoma City about 1920, on property owned
by the Missouri-Kansas-Texas Railroad. Since that time, several hun-
dred deep wells have been drilled to supply water for municipal,
industrial, and commercial purposes. The locations of many of the
wells are shown on plate I, and information pertaining to individual
wells is given in tables 5, 7, and 9.

During the development of the Oklahoma City oil field in the
1930’s, many wells were drilled into the Garber Sandstone and Wel-
lington Formation to supply water required for drilling oil wells.
According to McGee and Clawson (1932, p. 1002), about 4,000
barrels per day (bpd), or 168,000 gpd, of water was required for the
first 3,000 feet of each hole drilled; about 2,200 bpd (92,400 gpd)
of water was needed to drill from a depth of 3,000 to a depth of
5,000 feet; and about 1,800 bpd (75,600 gpd) was needed to drill
from a depth of 5,000 to a depth of 6,500 feet. McGee and Clawson
reported that better developed wells, which tapped the Garber Sand-
stone and Wellington Formation in the Oklahoma City oil field,
supplied as much as 8,000 bpd (336,000 gpd or about 230 gpm) of
water for oil-field use.

The quantity of water pumped from wells during the develop-
ment of the Oklahoma City oil field (1931-1937) has been estimated
to be about 24,200 acre-feet (table 6a). The quantity of water
pumped since 1937 is not known. Jacobsen and Reed (1949, p. 8)
reported that the oil industry was using 1.5 mgd (million gallons
per day) in 1943. If water use by the oil industry remained fairly
constant, then about 40,000 acre-feet of water was pumped for use
by the oil industry during the 26-year period 1938-1963.

The city of Nichols Hills drilled its first wells in 1936. Prior
to that time Nichols Hills had obtained its water supplies from the
Oklahoma City Water Department. The quantity of ground water
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TABLE 6b. — ANNUAL PUMPAGE oF GROUND WATER FOR MUNICIPAL AND
INDUSTRIAL SUPPLIES AT SEVERAL PrLACES IN CLEVELAND AND OKLAHOMA
COUNTIES, 1960-1963

(Data from records supplied by city managers and water superintendents)

ANNUAL PUMPAGE
(MILLION GALLONS)

1960 1961 1962 1963 TOTAL
Edmond 265.680 282.233 320.523 379.861 1,248.257
Nichols Hills 334.714 332,019 369.014 440.634 1,476.381
Midwest City 694,107 702.805 826.300 955.211 3,178.423
Tinker Air Force Base 1,042.367 1,151.362 1,342.610 1,428.258 4,964.597
Norman 709.959 733.203 859,063 1,018.909 3,321.134
Univ. of Oklahoma 316.925 330.325 363.175 366.825 1,377.250

Total 3,363.752 3,531.947 4,080.685 4,589.698% 15,566.082

pumped annually since 1959 is shown in table éb, and monthly
pumpage for 1963 is shown in table é6c.

The town of Britton used ground water pumped from at least
one well 160 feet deep in 1900 (Gould, 1905, p. 166). Pumping
from wells greater than 600 feet deep started about 1940,

During the early 1940%, the U. S. Army built the Oklahoma
City Air Depot and the Oklahoma City Aircraft Assembly Plant
(now Tinker Air Force Base) in an undeveloped area southeast of
Oklahoma City. Midwest City and Del City were formed during the
same period to provide living facilities for families of military and
civilian personnel employed in the area. Water used for municipal,
industrial, and military purposes was obtained from the Garber Sand-
stone and Wellington Formation by pumping from wells ranging in

TABLE 6c. — MoONTHLY PuMPAGE DURING 1963 AT SELECTED PLACES IN
CLEVELAND AND OxLAHoMA COUNTIES

(Data from records supplied by city managers and water superintendents)

PUMPAGE
(MILLION GALLONS)

NICHOLS MIDWEST TINKER AIR
MONTH EDMOND HILLS CITY FORCE BASE NORMAN
January 24.424 23.022 61.160 101.274 69.383
February 27.568 27.121 65.550 88.909 64.244
March 24.088  27.472 90.392 104.596 69.202
April 31.411 34,152 81.270 113.014 76.593
May 29.816 32.995 113.351 129.489 88.427
June 34,486 46.371 120.362 143.574 93.136
July 14.821 66.263 102.632 149.908 112.682
August 42,515 51.395 75.110 145.827 105.051
September 38.528 33.005 69.835 121.695 90.233
October 36.878 48.102 62.892 129.376 103.127
November 29.677 29.180 §3.737 99.993 76.300
December 25.649 21.556 58.920 100.603 70.531

Total 379.861 440.634 955.211 1,428.258 1,018.909




Annual pumpage (million gallons)

48 CUMULATIVE WlTHDR.A’WALS

Edmond Nichols Hills Midwest Cify | ;. FToir”c‘;e'BGse Norman
1400 2
1300 7?
%%
1200 /] (
100 g
97
1000 - /// ;
7 2%
900 //
| A
800 - Z 99055 /)
100 s 9977 oY
NN | o W)
] % A
600 4/ 9% f A 4%
| A | “ 4 27
500 9 ? % 95% ///
400 /] % 7077 ; g /]
_ -+ 20777 77
7 A Vol 0o g
300 - 77_/ 2794 ] 4/ ] & //
2007 %7 i \Doox %% 2
- a o
2 9 V]
o / 4 , / /1 /1
Figure 8. Graphs showing ground-water pumpage at selected places in Cleveland

and Oklahoma Counties (1940-1963).

depth from 300 to about 1,000 feet. The total ground-water with-
drawals to meet municipal and industrial demands in the Midwest
City-Del City-Tinker Air Force Base area through 1959 were esti-
mated to be 61,500 acre-feet (table 6a). The amount of ground
water pumped annually since 1959 is shown in table 6b and the
monthly pumpage during 1963 is shown in table éc.

Because of a severe drought in the area from 1951 through
1956, the Oklahoma City Water Department drilled at least 25 deep
wells to obtain water from the Garber Sandstone and Wellington
Formation. Water pumped from these wells during the period 1955-
1957 was estimated to be about 5,300 acre-feet (table 6a). Since the
drought-breaking rains of 1957, the wells have not been used exten-
sively, but they are maintained on a standby basis.

In Cleveland County, ground water for municipal and indus-
trial use was pumped from wells 200 or more feet deep at Moore,
Norman, Noble, and Lexington before 1900 (Gould, 1905, p. 158).
The University of Oklahoma drilled a well to a depth of 282 feet



CURRENT WITHDRAWALS 49

in 1903. Most of the municipal and industrial wells drilled after 1935
at Moore and Norman have been 600 or more feet deep. The annual
pumpage at Norman and The University of Oklahoma since 1960
is given in table 6b, and the monthly pumpage at Norman in 1963
is given in table éc.

Current withdrawals—In 1959, ground water was being
pumped from the Garber Sandstone and Wellington Formation in
the two-county area at the rate of about 16 mgd (million gallons
per day), according to C. H. Guernsey & Co. (1959). About 9 mgd
was for municipal and institutional use, and about 7 mgd was for
commercial and industrial use, principally in the Oklahoma City
area. By 1963, pumping for municipal and institutional use had
increased to 15 mgd, but commercial and industrial pumping had
increased only slightly, so that the total was about 22 mgd. Part of
this increase was caused by the drought of 1963, which resulted in
an increase of more than 1 mgd in pumping for municipal use be-
tween 1962 and 1963.

Pumping of ground water from the Garber Sandstone and Wel-
lington Formation is not uniformly distributed over the area. About
12.3 mgd, more than half the total pumped, is concentrated in the
Norman and Del City-Midwest City-Tinker Air Force Base areas.
Most of the remainder is in Oklahoma County and is rather widely
scattered.

Because municipal use of water is far from uniform during the
year, annual rates of pumping are apt to be misleading. For instance,
Midwest City’s average use during 1963 was about 2.6 mgd, but use
during June averaged more than 4 mgd (table 6c). During the peak
day in 1963 more than 6 mgd was used and in 1964, 7 mgd. To sup-
ply needs during seasons of high water use a city must have the
capacity to pump from 2.5 to 3 times the amount of water used
on an average day.



50

CHEMICAL QUALITY OF THE WATER

WaTER QuUALITY IN RELATION TO USE

Chemical analyses of ground water in the water-bearing zone
of the Garber and Wellington and in the Hennessey Shale are given
in table 7. Six of the samples analyzed were from the Hennessey
Shale and 131 from the Garber and Wellington.

The chemical character may limit the use of water for domestic,
agricultural, and industrial purposes. Requirements vary greatly from
one industry to another, and the requirements for some industries
are more rigid than those for public supplies.

Domestic use.—Chemical-quality standards for water used for
drinking and cooking on interstate carriers have been recommended
by the U. S. Public Health Service (1962). These standards are com-
monly used to judge the suitability of all public water supplies. The
standards are given as the maximum tolerable concentrations, in parts
per million*, of various chemical constituents present in the water.
Most individuals, however, can become adjusted to drinking water
that contains most of the listed constituents in considerably higher
concentrations than those specified in these standards. Some of the
limits suggested by the Public Health Service are as follows: iron
(Fe), 0.3 ppm (parts per million) ; sulfate (SO4), 250 ppm; chlor-
ide (Cl), 250 ppm; nitrate (NOs), 45 ppm; total dissolved solids,
500 ppm. The recommended limit for fluoride (F) in drinking water
depends upon the annual average of the maximum daily air temper-
atures. In Cleveland and Oklahoma Counties it is 1.6 ppm.

Of the 55 samples (all from the Garber and Wellington) of
which the content of iron was determined, only 1, from well 14N-
2W-9cc, had an iron content above 0.1 ppm. Sulfate ranged from
3 to 1,450 ppm in water from the Garber and Wellington, but only
10 samples contained more than 250 ppm. However, the sulfate con-
tents of 4 samples from the Hennessey were 729, 945, 1,602, and
3,600 ppm. The chloride content ranged from less than 1 to 458
ppm; 7 samples, all from the Garber and Wellington, contained
more than 250 ppm.

Nitrate has little effect on the use of water for most purposes;
however, large concentrations of nitrate in water used for infant
feeding may cause methemoglobinemia, the so-called *blue-baby™
disease. Four of the samples from the Garber and Wellington con-
tained more than 45 ppm (table 7), the recommended limit for
nitrate in drinking water.

Although fluoride is desirable in small amounts in drinking
water because it reduces dental caries in children, in large amounts
it causes mottled enamel. Water from 10 wells drilled in the Garber
and Wellington contained more than 1.6 ppm.

* A part per million is one unit weight of a constituent in 1 million unit weights of water.
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Calcium and magnesium make water hard and are responsible
for the scale formed in water heaters, steam radiators, pipes, valves,
and other fixtures. Hard water increases soap consumption and causes
deposits that accumulate in bathtubs, lavatories, and laundry equip-
ment. Arbitrarily, water has been classified as follows with regard
to hardness: 60 ppm or less, soft; 61-120 ppm, moderately hard;
121-180 ppm, hard; more than 180 ppm, very hard. Judged by
these standards, water from the Garber Sandstone and Wellington
Formation ranges from soft to very hard; water from the Hennessey
Shale is moderately hard to very hard.

Dissolved solids, in water from the Garber and Wellington,
ranged from 109 to 2,107 ppm; 28 samples contained more than
500 ppm and 9 had more than 1,000 ppm. Dissolved solids were
determined for only 4 samples from the Hennessey; one of these
samples contained 2,750 ppm; another, 5,900 ppm.

In general, water from the Garber and Wellington is suitable
for drinking, but locally it may be hard, or high in sulfate, chloride,
fluoride, nitrate, or dissolved solids. At some places, water from the
Hennessey is suitable for drinking, but at others it is hard and high
in sulfate and dissolved solids.

Irrigation.—The suitability of water for irrigation depends upon
(1) the total concentration of soluble salts (salinity hazard), (2) the
relative proportion of sodium to other cations (sodium or alkali
hazard), (3) the concentration of boron or other elements that may
be toxic, and (4) under some conditions, the bicarbonate concen-
tration as related to the concentration of calcium and magnesium
(U. S. Salinity Laboratory, 1954). Other criteria that affect the
suitability of water for irrigation include the type and drainage
characteristics of the soil, the amount of water applied, and the
amount and distribution of precipitation.

The total concentration of soluble salts in irrigation water is
commonly expressed in terms of specific conductance. Specific con-
ductance is a measure of the ability of water to conduct an electric
current and is expressed in micromhos per centimeter at 25°C.
Nearly all irrigation water that has been used successfully has specific
conductance of less than 2,250 micromhos. Water of higher specific
conductance has been used occasionally, but crop production, except
on very well-drained soil, has not been successful. Specific conduct-
ance exceeded 2,250 micromhos in 4 samples from the Garber and
Wellington and in 2 samples from the Hennessey Shale.

When sodium is present in an irrigation water in concentrations
higher than that of calcium and magnesium, it tends to replace the
calcium and magnesium absorbed on soil colloids. Soil colloids then
tend to disperse and restrict the movement of air and water through
the soil, resulting in a soil of poor tilth and low permeability. When
sodium in an irrigation water exceeds about 50 percent of the total
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56 GROUND-WATER -QUALITY SOUTH OF NORMAN

cation concentration, damage to soils may result. Percent sodium
was computed for 57 samples from the Garber and Wellington. It
exceeded 50 percent in water from 14 wells.

Boron in small amounts is essential for the normal growth of
practically all plants, but in amounts greater than about 2 ppm it is
exceedingly toxic to all except the most boron-resistant plants. The
boron content of 12 samples ranged from 1 to 1.5 ppm.

Most of the water from the Garber and Wellington is suitable
for irrigation use, but at some places it is not suitable because of the
high sodium hazard. In general, the softest water is most likely to
have a high percent sodium. Of 9 samples having more than 90 per-
cent sodium, 7 had 26 ppm hardness or less and the others had 42
and 64 ppm.

Water quality from NATTC wells.—In 1942, the U. S. Navy
drilled several wells into the Garber and Wellington in secs. 3, 8, 9,
T. 8 N., R. 2 W., to supply water for the Naval Air Technical Train-
ing Center (NATTC) south of Norman (locally referred to as the
“South Base” or “South Campus of The University of Oklahoma™).
These wells, however, were never used. The general opinion of local
people has been that salt water was drawn into the aquifer during
testing and that it might percolate laterally to contaminate other
wells in the area. '

Water from wells 8N-2W-5dac, -Sdba, -5ddb, and -9bba, all
drilled by the Navy, is not salty (table 7). The chloride content of
the water from these wells is comparable to that in other wells in
the area. The water does contain an excessive amount of sulfate
(from 518 to 1,190 ppm), is moderately hard to very hard, and is
high in dissolved solids. Apparently the water was not used because
of the excessive sulfate and dissolved-solids contents rather than
because of excessive sodium chloride.

Eleven samples of water were collected from well 8N-2W-5dba
during a 3-day pump test in June 1955. During the test, no signifi-
cant changes occurred in sulfate content, specific conductance, sodi-
um content, and hardness. At the end of the test the chloride content
of water from the well was 54 ppm, nearly identical to the 52 ppm
reported in 1943 (table 7). This indicates that no salt water was
being drawn into the well during pumping. Norman city well 8N-
2W-Sbaa is 567 feet deep and has been in use since 1942, and the
University completed and put into use a deep well in 1961 in SEY,
SEY sec. 9, T. 9 N., R. 2 W. Both wells produce soft water of good
quality.

Construction records for the NATTC wells are incomplete but
indicate that surface pipe was set to only about 200 feet, and that
perforated pipe was set in all sandstones below that depth. If this
information is correct, the uppermost sandstone layers, which were
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reported to contain water high in sulfate in that area, may have con-
tributed mineralized water to the wells. If the NATTC wells were
properly sealed when they were destroyed, it may be possible to
obtain good-quality water from the Garber and Wellington at the
site of the base by “casing off” the uppermost sandstones containing
water of high sulfate content.

RaprocHEMICAL QUALITY

Radioactive substances may be present in natural water as a
result of geochemical processes or the release of radioactive waste and
other nuclear debris to the environment. The U. S. Geological Survey
has developed methods for measuring certain of these radioactive
substances in water, and has described the analytical procedures in
Water-Supply Paper 1696 (Barker and Robinson, 1963; Barker and
Johnson, 1964).

In Cleveland and Oklahoma Counties, radiochemical analyses
were made of water samples collected from three wells and from
Lake Hefner. The results of the analyses, which consisted of deter-
minations of radium, uranium, and beta-gamma activity, are given
in table 8. No significant concentrations of radionuclides were found
in any of the sources.

Although these data cannot be used in geologic interpretations,
they are useful for verifying the radiological safety of potable water,
and for screening water samples for evidence of contamination re-
sulting from radioactive fallout or from the disposal of radioactive
wastes.

TABLE 8. — RADIOCHEMICAL ANALYSES OF WATER IN CLEVELAND
AND OrLaHOMA COUNTIES

(Analyses made by Trace Elements Laboratory, U. S. Geological Survey)

BETA RADIUM URANIUM
DATE OF ACTIVITY (RA) )
SOURCE AND LOCATION COLLECTION (Pc/L)? (Pc/L)? (ne/L)?
Ground water, Pgw?
IN-2W-21ccc 3- 559 27 0.1 45
9N-3W-13bba 3-11-52 < 200 0.1 9.5
do. 6- 9-54 < 7 0.3 12
11N-2W-8chc 3- 4-58 < 19 0.2 0.3
Lake Hefner?
13N-4W-235E%, 7-21-51 12+ as of < 0.1 0.340.1
10-16-61

I Pico-curies per liter (pc/l; pc= 2.22 disintegrations per minute.) Numerical expressions
of “less than” (<) vary with volume sample analyzed converted to a liter basis and
instrument deletion level. Includes all beta activity and about 2 percent gamma activity.

2 pg/l—micrograms per liter
2 Garber Sandstone and Wellington Formation. See table 9 for records of wells.
4 Alpha activity (pc/l) <10 as of 10-28-61
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POSSIBILITIES FOR ADDITIONAL DEVELOPMENT

The total volume of fresh water stored in the Garber and Wel-
lington can be estimated by multiplying the area, the saturated thick-
ness, and the porosity of the sandstone. In the two counties, the total
volume of sandstone which contains fresh water is estimated to be
167 million acre-feet. Based upon a porosity of 30 percent, the total
volume of water in the aquifer is about 50 million acre-feet. Specific
yield, however, is more useful than porosity in estimating the total
volume of water that can be withdrawn from an aquifer. Using a
specific yield of 20 percent, the total amount of water available from
the Garber and Wellington in the two counties is about 34 million
acre-feet, or more than 80 times the amount withdrawn from the
aquifer since development began.

Generally the recharge rate is a better indication of aquifer
potential than the volume of ground water in storage. The annual
recharge to the Garber and Wellington in the two counties is esti-
mated to be 90 acre-feet per square mile of outcrop. The total annual
recharge, for the 800-square-mile area, is estimated to be about
72,000 acre-feet. Much of the recharge is discharged naturally in
the outcrop area and does not percolate to areas of heavy pumping.

The stage of development can be determined by comparing the
current rate of withdrawal to the estimated rate of replenishment.
Withdrawals in 1963 for municipal, institutional, industrial, and
commercial use are estimated to have been 22 mgd or about 25,000
acre-feet. Because much of the recent pumping was concentrated in
the Norman and Del City-Midwest City-Tinker Air Force Base
areas, the effects of pumping have been most pronounced in those
areas. Now that Del City, Midwest City, and Norman obtain part
or all of their municipal supplies from the Lake Thunderbird reser-
voir pumping from the aquifer should be reduced by about 5.5 mgd.
However, pumpage can be expected to increase at Moore, Edmond,
Nichols Hills, and Tinker Air Force Base.

Yields of a few gallons per minute can be obtained for domestic
use at most places. Some wells, however, may yield water containing
excessive amounts of sulfate and therefore be unsuitable as sources
of drinking water. Supplies for small communities or for small com-
mercial or industrial plants are available at most locations, provided
that the supplies are obtained from 2 number of widely spaced wells
tapping 100 or more feet of saturated sandstone. Large supplies re-
quired for municipal use or for large industrial plants should be
drawn from a number of widely spaced wells tapping maximum
thicknesses of saturated sandstone.

Small to moderate water supplies can be developed also from
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saturated alluvial deposits in the valleys of the principal streams
draining the two counties. Where alluvial deposits have sufficient
saturated thickness, as along the Canadian and North Canadian
Rivers, yields in excess of 100 gpm may be obtained from individual
wells. Unfortunately, water from these deposits may be hard and
high in dissolved solids, and in places may be contaminated by indus-
trial wastes. Therefore, such water should be analyzed chemically
and bacteriologically before use.

In summary, the Garber Sandstone and Wellington Formation
contain a large volume of water only partly developed. Because of
the concentration of pumping near Norman and near Del City,
Midwest City, and Tinker Air Force Base, pumping effects have
been pronounced in those areas. However, total pumpage from the
aquifer is only a fraction of the estimated replenishment, and con-
siderable additional water can be developed if wells are adequately
spaced.
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WELL RECORDS

TasLE 9—RECORDS oF WELLS aND TEST HoLES IN CLEVELAND aND OKLAHOMA COUNTIES

Well number

6N-1E
*t 5ddb
*t 5ddc

6N-1W
lech

[ Rt

Log available,

Chemical analysis given in table 7.
D, domestic; 1, irrigation; In, industrial; N, none;
Ph, Hennessey Shale; Pgw, Garber Sandstone or Wellington Formation.

tocation
, in
section

NW-SE-SE
SW-SE-SE

NW-SW-5W

NW-NW-NW
SE-NW
SE-SE
SW-SW-SW
SW-SE-NE

SE-SE
SE-NE
SE-SE
NE-NE-NE
SE-SE-NW
SE-SE:SE
SE-SW
SE-NE
SE-SE-SW
SE-SE-SW
SW-SW-SW
NE-NE
NW-NW
NW-NW
SW-SW-SW
SE-SE-SE
SE-SE-SE
NE-NE-NE
SE-SW-SW
NE-NW
NW-NW-NE
NW-NE -
SW-SW
SW-SW-SW
NE-SW
SE-SE-SE
NE-NE
NE-NW
NE-NE-NW
SE-SW
NW-SW-NW
SE-NE-SE

NE-NE-SE
SE-SE-SW
NW-NE-SE
SE-SE-SW
SE-SE-SW

NE-NE-NE

z22P oo gmzgzzzzl 2 ool 2
fa=)
]

Geo-
logic
unit?

Usel

CLEVELAND

P Pgw
P Pgw

)
7

o
o)
=2

~

SIel=le)
wm-nnwy

-

Fozzunog
wn on

e

ELE]

3

3

2 22T
)
3

S
]

Water level

Depth

balow

Depth of land

well surface

(feet) (feet) Date
COUNTY

442 ... ..
435 ... ..o
484 42.52 8-15-52
35 21.22 8-14-52
403 ... ..
116 69.02 10-18-54
400 80 I-11-43
449 ... L.
72 68.19 8-14-52
59 ... Lo
76 31.16 8-14-52
56 36.32 8- 7-52
700 ...... ...
25 16.98 8-14-52
802 ...... ...,
44 21.31 8-14-52
650 ...... ...
580 ..., ...
6l 34.67 8-14-52
19 7.67 8-14-52
53 36.12 8-14-52
100 ...... ... .....
44 17.68 8-14-52
838 51.20 8-15-52
520 ...... ...,
500 ..., ...
577 ..
175 45.93 8-14-52
46 37.78 8-14-52
59 43,96 8-14-52
90 53.32 8-15-52
31 19.83 8-15-52
138 69.98 8-15-52
54 36.42 8-15-52
552 ... L.
160 30 11- 255
140 27.33 8-20-52
79 27.68 8-15-52
140 58.14 8-15-52
50 39.35 8-15-52
80 53.03 8-20-52
602 ..., ...
680 ...... ........
400 36.35 1- 9-43
799 ... ...
84 16,93 10-20-54

Altitude above
mean sea level

(feet)
Land Water
Surface level

1,080 1,000

1,175 1,106.8
L,153 ...
1,146 1,114.8
1,139  1,102.7
L1539 ...

P, public supply; S, stock.



Well number

8N-1W

8N-2W
*

*

—t ——

—

e B B B X R R R E K A

3dc
4ad
4bcc
Sad
5bb
6cbhb
6ddd
7bbb
9bcb
9cda
10abb
1laaa
1labb
12cdc
l4cd
15cce
15dee
16dcd
17bba
17dce
18ab
18bc
19bcel
19bcc2
23cce
25bb
25bbb
25¢cce
26abb
26¢ch
27bb
28bda
28ddd
29bbb
29ddc
30cdc
31b
32dd
33aaal
33aaa2
33aaa3
36aa
36bb
36d

Icbb
3ccc
4aba
4abb
4bab
5baa
5dac
5dba
5dbe
5dbd
5dca
5dcb
5ddb
5ddd
8aab
8aac
8ada
8bbe
9bba
9bbbl
9bbb2

Location
in
section

SW-SE
SE-NE
SW-SW-NW
SE-NE
NW-NwW
NW-NW-SW
SE-SE-SE
NW-NW-NW
NW-SW-NW
NE-SE-SW
NW-NW-NE
NE-NE-NE
NW-NW-NE
SW-SE-5W
SE-SW
SW-SW-SW
SW-SW-SE
SE-SW-SE
NE-NW-NwW
SW-SW-SE
NW-NE
SW-NW
SW-SW-NW
SW-SW-NW
SW-SW-Sw
NW-NwW
NW-NW-NwW
SW-SW.-Sw
NW-NW-NE
NW-Sw
NW-NwW
NE-SE-NwW
SE-SE-SE
NW-NW-NW
SW-SE-SE
SW-SE-SW
Nw

SE-SE
NE-NE-NE
NE-NE-NE
NE-NE-NE
NE-NE
NW-Nw

SE

NW-NW.-SW
SW-SW-SwW
NE-NW-NE
NW-NW-NE
NW-NE-NW
NE-NE-NW
SW-NE-SE
NE-NW-SE
SW-NW-SE
SE-NW-SE
NE-SW-SE
NW-SW-SE
NW-SE-SE
SE-SE-SE
NW-NE-NE
SW-NE-NE
NE-SE-NE
SW-NW-NwW
NE-NW-NW
NW-NW-NwW
NW-NW-NwW

WELL RECORDS

Use!

FraooelurnzPuzuz ooz
wn wn wn wn (4]

wn

muwgguzzzuzuppufpmuuzzmuu

w

UUOOZZZwawmwwwwpUUZZ

Geo-
logic
unit?

Depth of

wetl
(feet)

117

Water level
Depth
below
land
surface
(faet) Date
76.54 8-13-52
28.21 8- 5-52
63 10-19-54
37.01 8- 6-52
63.16 8- 6-52
53.97 8-13-52
37.48 8- 6-52
25.14 8-13-52
47.67 8- 6-52
42.70 8- 8-55
[2.98 8- 6-52
45 4-20-54
43.08 8- 6-52
50.83 8-13-52
56.45 8-13-52
[2.02 8- 6-52
32.88 8-13-52
29.79 8-13-52
22,71 8-13-52
20 ...
40.77 8-13-52
90 ... ..
46,41 8-13-52
65 10-18-54
39.22 8-13-52
19.41 8- 7-52
57.48 8- 7-52
32.5¢ 8- 7-52
15.52 8- 6-52
53.48 8- 7-52
24.43 8- 7-52
41.98 8- 7-52
28.93 8- 7-52
20.14 8- 6-52
14.19 8- 6-52
16.71 8- 6-52
21 6- 8-52
41.58 8- 7-52
30 8- 6-32
180  ........
19.74 9-16-53
122.16 6-27-42

61

Altitude above
mean sea level

(feet)

Land Water
Surface level
1,162 1,085.5
1,060 1,031.8
1,102 1,065.0
1,141 1,077.8
11O 1,056.0
1,120 1,082.5
1,175 1,149.9
1,131 1,083.3
1,055  1,042.0
1,120 ...
1,190 1,146.9
1,180 1,129.2
1,185 1,128.5
1,135 1,123.0
1,155 1,122.1
1,150 1,120.2
1,160 1,137.3
1,108 1,088.0
1,149 ...,
1,155  ......
1L170 1,129.2
1,200 1,153.6
1,185 1,145.8
1,223 1,203.6
1,231 1,173.5
1,191 [,158.5
1,285 [,269.5
1,202 [,148.5
1,155 1,130.6
1,165 £,123.0
I,l66 . .....
1,145 1,116.1
1,184 1,163.9
i,181 1,166.8
[,183 1,166.3
I,150 1,128.0
1,220 1,178.4
1,235 1,185.0
1,145 ... ..
1,183 ... ...
1,160 1,140.3
1,151 L
1,145  1,022.8



62 WELL RECORDS

Water level
Altitude above
Depth mean sea level
below (feet)
Lecation Geo- Depthof land
in logic well surface Land Water
Well number section Uset unit? (feet) (feet) Date Surface level
8N-2W (cont.)
* 9bbc SW-NW-NW N Pgw 512 L o ol
* 9bchb NW-SW-NW N Pgw 530 ... oo s
* 9becl SW-SW-NwW N Pgw 553 L. o
* 9bcc2 SW-SW-NW N Pgw 617 ... L o
* llcdd SE-SE-SW N Pgw 541 ... L. L1566 ...,
13ddd SE-SE-SE N Pgw 48 31.41 8- 7-52 1,128 1,096.6
* 15abb NW-NW-NE N Pgw 513 ... oL 1,177 ...,
* 22add SE-SE-NE N Pgw 536 ..., ... 1,192 ......
* 22cbb NW-NW-SW N Pgw 626 ...... ........ L1000 ......
t 23badl SE-NE-NW In Pgw 518 102.88 12-19-42 1,135 1,032.1
* 23bad2 SE-NE-NW In Pgw 850 ...... ........ 1,167 ......
* 24chb NW-NW-SW N Pgw 556 ... ..., 1,210 ......
24ddd SE-SE-SE ] Pgw 100 91.53 8- 7-52 1,193 1,10L.5
25bce SW-SW-NW N Pgw 531 ... L. 1,193 ...,
25cdc SW-SE-SW D Pgw 96 73.08 8-20-52 1,190 1,116.9
*t 27acd SE-SW-NE P Pgw 461 185 3- 40 1,190 1,005
* 27caa NE-NE-SW P Pgw 496 ... L L173 o
* 27ded SE-SW-SE N Pgw 749 ... L 1,133 ......
* 27ddd SE-SE-SE P Pgw 440 ..., ... 1,150 ......
IN-1W
2ccdl SE-SW-SW N Pgw 87 73.47 2-25-43 1,165 1,091.5
2ccd2 SE-SW-SW D, S Pgw 80 ... L. Lo ... ..
t 2ddc SW-SE-SE D, S Pgw 100 ... ool
6da NE-SE Pgw 600 ... L
19¢ccc SW-SW-SW D, S Pgw 33 21.26 8- 5-52 1,160 1,138.7
23ddd SE-SE-SE D Pgw 54 46.84 8- 5-52 1,140 1,093.2
t 26bbb NW-NW-NwW D Pgw 58 ... . 1,085 ......
26bbc SW-NW-NW D Pgw 42 29.20 8- 5-52 1,080 1,050.8
28aaa NE-NE-NE D Pgw 39 33.55 8- 5-52 1,047 1,015.4
29aa NE-NE D Pgw 70 33.01 8- 5-52 1,048 1,015.0
29¢cce SW-SW-SW D Pgw 110 35 2-24-43 1,150 1,115
29cdd SE-SE-SW D Pgw 60 26.79 2-24-43 1,125 1,098.2
* 30becl SW-SW-NW D, S Pgw 9 ... . 1,170 .. .. ..
+ 30bcc2 SW-SW-NW D,S Pgw 90 ... .. Li7o0 ...
30dbb NW-NW-SE Pgw 400 135 4-13-40 1,175 1,040
3laa NE-NE D, S Pgw 1o ...... ... 1,185 ......
31dbb NW-NW-SE D, S Pgw 52 38.97 8- 5-52 1,155 1,116.0
31dcb NW-SW.SE Pgw 63 55 8- 5-52 1,134 1,084
32dad SE-NE-SE . D, S Pgw 9 ... L 1,072 ......
33daa NE-NE-SE Pgw 29 24.10 8- 5-52 1,072 1,047.9
34ddc SW-SE-SE D, S Pgw 30 26.80 8- 5-52 1,120 1,093.2
35bab NW-NE-NW D, S Pgw 55 17.63 8- 5-52 1,019 1,001.4
36bbb NW-NW-NW D Pgw 68 15 8- 5-52 1,020 1,005
36¢cd SE-SwW D Pgw 26 24.09 8- 5-52 1,050 1,025.9
9N-2W
1 8db NW-SE D,In Pgw 580 ... il
t 9cbc SW.NW-SW D, S Pgw 408 142 12- 50 ...... ......
9daa NE-NE-SE S Pgw 90 30 9- 755 ... _.....
1lbc SW-NW D Pgw 80 65 9- 855 ...... ......
lldaa NE-NE-SE D Pgw 80 68.16 9- 855 ... ...
15add SE-SE-NE P Pgw 726 185 g-16-63 ...... ......
* 15ddd SE-SE-SE P Pgw 693 167 7-12-63 ..., ......
l6daa NE-NE-SE In Pgw 267 166.79 2- 8-41 1,195 1,028.2
1 17daa NE-NE-SE D,S  Pgw 600 ... e e .
* 19bcb NW-SW-NW P Pgw 6l6 ...... ... L.
*f 19bcc! SW-SW-Nw N Pgw 617 .
19bcc2 SW-SW-NW P Pgw 637 .
* 19¢bd NE-NW-SW P Pgw 613 L L
* 19cdbl NW-SE-SW P Pgw 615 217 3- 3-52 1,183.5 966.5
* 19¢cdb2 NW-SE-3W P Pegw 638 ...... ........ 1,186  ......
i 20adc SW-SE-NE P Pgw 616 200 8- 43 .. ... R
20ccb NW-SW-SW D, S Ph 100. 15.07 9- 755 ... ... ...
20dcd SE-SW-SE P, S Pgw 662 310 . .
t 2lcee SW-SW-SW Pgw 650 320 12- 57 ...... ......

Footnotes are on page 60.



Well number

ON-2W (cont.)

* 2lcdd
* 22add
24cce
24dcd
27add
27bbb
28bdc
29abb
29a
29abd
29acl
29ac?
29ccc
29de
30aba
30ach
30dba
30dbd
30dacd
30dadl
30dad?2
30dbb
30dbd
30ddbl
30ddb2
* 30ddc
3lda
* 31dad]l
*f  3ldad?
* 32acc
33aab
t 33bab
34ccd
33¢cc
36aba
36adl
36ad2
36ddc

IN-3W
* 2baa

* 2bd
*+ 2dca
* 3abb
t 3add
* 11ab
1ladb
i 11dad
12ccc
f 13bba
t 13caa
i
T

* X ¥

*
R — —

e e W ¥ R E .

*

*

»

* 13dbc
* 13ded
* 17dac
* 24aab
* 24cbb
* 25dcc]
t 36ddd?2
1

i 20ddd
28bbb

10N-1W
T 29aab

Location
in
section

SE-SE-SW
SE-SE-NE
SW-SW-SwW
SE-SW-SE
SE-SE-NE
NW-NW-NW
SW-SE-NW
NW-NW-NE
S-NE
SE-NW-NE
S-NE

S-NE
SW-SwW-8wW
SW-SE
NE-NW-NE
NW-SW-NE
NE-NW-SE
SE-NW-SE
SW-NE-SE
SE-NE-SE
SE-NE-SE
NW-NW-SE
SE-NW-SE
NW-SE-SE
NW-SE-SE
SW-SE-SE
NE-SE
SE-NE-SE
SE-NE-SE
SW-SW-NE
NW-NE-NE
NW-NE-NW
SE-SW-SW
C-SW-SW
NE-NW-NE
SE-NE
SE-NE
SW.-SE-SE

NE-NE-NW
SE-NW
NE-SW-SE
NW-NW-NE
SE-SE-NE
NW-NE
NW-SE-NE
SE-NE-SE
SW-SW-SW
NE-NW-NW
NE-NE-SW
SW-NW-SE
SE-SW-SE
SW-NE-SE
NW-NE-NE
NW-NW-SW
SW-SW-SE
SE-SE-SE

SE-SE-SE
NW-NW-NwW

NW-NE-NE

Footnotes are on page 60.

WELL RECORDS

Use!

MUUZUpUmwmw;wwww;gwmwwww;wwwwwmwwucvv
2}

o
-o*o*wu*wu*u'-cp;‘m'-u*o ~
o w?

w=ors

20

Geo-
logic
unit?

Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Ph

Pgw
Pgw
Pgw
Pgw
Pgw

Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pew
Pgw
Pgw
Pgw
Pgw
Ph

Pgw
Pgw

Pgw

Depth of
well
(feet)

625
638

45

54
577
602
663

Water level

Depth

below

land
surface

(feet) Date
145 8- 1-63
26,64 9-10-53
22.85 9-10-53
195 - -34
295 - =50
130 11-11-30
288.6  7-22.55
198.9 9-13-39
228 5- 9-42
259.3 4-25-40
267.3 3-25-40
269,1 3-23-40
180 - =40
264.2  3-25.40
213.4 3-23-40
264.9 3-23-40
266.5 3-23-40
210 4- 40
217 4- <40
184.29 4 1-52
103.35 3-11-43
30 4-18-50
202.90 6- 8-53
202.38 6- 8-53
216 6- 1-53
272 9- 8-55
257.9 6- 8-53
1745 12-23-44
206 11-11-44
150 10- -4
162,09  12- 641
80 ...
82 10-19-54
41,93 10-25-54

63

Altitude above
mean sea level

(feet)

Land Water
Surface level
1,206 ... ..
1,164.9 8763
,187.5 988.6
LI72 9127
1,168.7 901.4
1,173.2 904.0
1,171 906.8
1,164.9 951.5
1,171.7 906.8
1,171.1 904.6
1,170 ... ..
j,-I-G-l..'S ' 9445
1,147.3 .
1,099 ...
1,180 1,150
1,178.4 975.5
1,169.1 966.7
1,169.7 954
1,190 ... ..
11478  890.9
1,177.0 ...
1,180 1,017.9



64

Well number

10N-2W
4cch
* l6cd
16dcc
i 21db
T 24ddc

10N-3W

lce
3bb
3bad
3bdl
3bd2
3abb
10abb
* 10baa
14abb
14c
14caa
l4cad
14cbhb
14ede
14dbb
15abb
15¢cab
22dad
26b
26cd
27dab
27dba
29cdd
29dad
3lada
32da
33dda
34dad
35bba
35bdc
35cac

10N-4W
* 22a

—+—t

—

[ T A R
—+

* H——+— i %
—t

—

11N-1E
* 15de
* 19dd1
* 19dd2
2laa
T 24aa
26aal
26aa2
3lda
32chc
35¢cd

1IN-1W
1bcl
t 1bc2
6ed
7dd
10cc
13da
16ca
17aa

Location
in
section

NW-SW-8w
SE-SW
SW-SW-SE
NW-SE
SW-SE-SE

SW-S5W
NW-NwW
SE-NE-NW
SE-NwW
SE-NW
NW-NW-NE
NW-NE-NE
NE-NW-NW
NW-NW-NE
C-SW
NE-NE-SW
SE-NE-SW
NW-NW-SW
SW-SE-SW
NW-NW-SE
NW-NW-NE
NW-NE-SW
SE-NE-SE
NW

SE-SW
NW-NE-SE
NE-NW-SE
SE-SE-SW
SE-NE-SE
NE-SE-NE
NE-SE
NE-SE-SE
SE-NE-SE
NE-NW-NW
SW-SE-NW
SW-NE-SW

NE

SW-SE
SE-SE
SE-SE
NE-NE
NE-NE
NE-NE
NE-NE
NE-SE
SW-NW-SW
SE-SW

SW-NW
SW-NW
SE-SW
SE-SE
SW-SW
NE-SE
NE-SW
NE-NE

Footnotes are on page 60.

WELL RECORDS

Water level

Geo- Depth of
legic well
Use! unitz (feet)
D, S Pgw 228
In Pgw 795
D Pgw 790
In Pgw 784
DS Pgw 500
N Pgw 152
N Pgw 256
D Ph 268
In Pgw 290
In Pgw 310
In Pgw 600
P Pgw 842
P Pagw 701
P Pgw 701
D Pgw 200
P Pgw 204
P Pgw 609
P Pgw 700
P Pgw 690
P Pgw 501
P Pgw 802
P Pgw 735
P Pgw 791
S Pgw 294
In Pgw 600
In Pgw 320
In Pgw 320
D,S Pgw 317
D Pgw 511
In Pgw 650
5 Ph 305
D, S Pgw 305
D, S Ph gillg
D, In P
P Pg 704
P Pgw 700
In Pgw 688

In Pagw 430
In Pgw 415
In Pew 210
N Pgw .
D Pgw 132
D Pgw 100
D Pgw 29
D Pgw 100
N Pgw 42
S Pgw 27
N Pgw 80
D Pgw 100
D Pgw 60
D Pgw
N ce 21
D 85
D, S 30
N 13

Depth
below
land
surface
(feet) Date
160 ...
146.05 12- 4-56
219.73 12- 4-36
77 3-13-50
20 8- 1-55
248 2- -63
300 1- -62
250 4-28-63
107 - -28
100 11-12-42
215.13 7-23-45

220 6- 8-62
165 1-17-51
188.43 7-23-45
100 ........
155.5 1-31-44
150 8-26-47
56 7-16-45
175 4-21-53
170 5-19-53
34.8 11-21-56
80  ........
43.2 11-21-56
14.9 11-21-56
25 .
344 11-21-56
21.1 11-21-56
75.7 11-20-50
0
36.0 11-26-56
11.6 11-26-56
17.7 11-26-56
15 ...
19 ...
12.3 11-21-56

Altitude above
mean sea level
(feet)

Land
Surface

Water
level



Well number

11N-1W (cont.)

t 22cc
25ab
25bc
27aa
31lbe

11N-2W
* 2bab
2bbc
3abd
3baa
3bce
3dbb
3dda
4ddd
Sace
6cbe
7abb
Tacc
7adc
7baa
* 7bch
7cad
7dbc
7ddb
* 8baa
* 8adc
8bbb
* 8bed
8edd
9ced
8cbe
8dda
* 10aab
10dbb
10dbd
10ad
10bb
10cac
10cdb
llcch
l1cbb
11bbecl
11bbc2
l1bab
14ddc
14ddb
l4dab
14dch
14dbb
15bbb
15bbe
15bec
15¢ckc
15¢cch
17add
18cac
22bbb
22bhc
23adb
23daa
23bab
23dca
23dda
23ddc
23aac

* K O X 4 ¥ ¥

*

— ———

* O x ¥ X K K b E OF K ¥ ¥ X O OE F N ¥ E E ¥ O X N ¥ *

—— kb et

Location

section

SW-SwW
NW-NE
SW-Nw
NE-NE

SW-NW

NW-NE-NW
SW-NW-NW
SE-NW-NE
NE-NE-NW
SW-SW-NW
NW-NW-SE
NE-SE-SE
SE-SE-SE
SW-SW-NE
SW-NW-Sw
NW-NW-NE
SW-SW-NE
SW-SE-NE
NE-NE-NwW
NW-SW-Nw
SE-NE-SW
SW-NW-SE
NW-SE-SE
NE-NE-NW
SW-SE-NE
NW-NW-NW
SE-SW-NW
SE-SE-SW
SE-SW-SW
SW-NW-SwW
NE-SE-SE
NW-NE-NE
NW-NW-SE
SE-NW-SE
SE-NE
NW-NW
SW-NE-SW
NW-SE-SW
NW-SW-SW
NW-NW-SW
SW-NW-NW
SW-NW-NW
NW-NE-NW
SW-SE-SE
NW-SE-SE
NW-NE-SE
NW-SW-SE
NW-NW-SE
NW-NW-NW
SW-NW-NWwW
SW-SW-NW
SW-NW-SwW
NW-SW-SwW
SE-SE-NE
SW-NE-SW
NW-NW-NwW
SW-NW-NW
NW-SE-NE
NE-NE-SE
NW-NE-NW
NE-SW-SE
NE-SE-SE
SW-SE-SE
SW-NE-NE

Footnotes are on page 60.

WELL RECORDS

Geo- Depth of
logic well
Use! unit2 {feet)
N Pgw 121
N e 47
D, S Pgw 106
D Pgw 160+
D Pow R
P Pgw 779
P Pgw 387
P Pgw 758
P Pgw 750
P Pgw 758
P Pgw 750
P Pgw 780
P Pgw 756
P Pgw 730
P Pgw 743
P Pgw
P Pgw 303
P Pgw 301
P Pgw ...
P Pgw 409
P Pgw 425
P Pgw 743
P Pgw 300
P Pgw 749
P Pgw 743
P Pgw 325
P Pgw 398
P Pgw 576
P Pgw
P Pgw
P Pgw 398
P Pgw 750
P Pgw 750
P P
P ng\:r 383
P Pgw 747
P Pgw 325
P Pgw 763
P Pegw 800
P P 800
P Pg 793
P Pow 706
P Pgw 745
P Pgw 829
P Pgw 665
P Pgw 938
P Pgw 837
P Pgw 884
P Pgw 780
P Pgw 740
P Pgw 939
P Pgw 932
P Pgw 920
p Pgw 740
p Pgw 721
P Pgw 755
P Pgw 792
P Pgw 1,030
P Pgw 850
P Pgw 1,070
P Pgw 800
P Pgw 800
P Pgw 790
P Pgw 669

Water level

65

Altitude above

Depth mean sea level
below (feet)
land

surface Land Water
(feet) Date Surface level
80 L
45.8 11-26-56  ...... ... ..
66 ...
69.7 11-26-56 .. ... .. .. ....
81.3 12- 456 . ..... ......
180.0° -l L Ll
30 LoD
2350 - el ... .l
W76
|57
163 10- 43 ... .l
163.0 10- 43 1,241 1,078
o lees
.............. 1,253
.............. 1,269
.............. 1,276
.............. 1,276
.............. 1,224
.............. 1,214
.............. 1,227
.............. 1,217
.............. 1,219
R 7 R
390 5 43 1,294 ...
.............. 1,297 ... ..
.............. 1,283
.............. 1,297
.............. 1,298
.............. 1,258



66

Well number

11N-2W (cont.)

*5 23abc
* 26aad
*1 26add
*i 26dad
28dcb
30dcb
t 3laa
31ddd
32cbb

11N-3W
* lca
1bbd
2ab
2bc
2cch
2ec
2cl
2¢2
2dad
3db
4cbdl
4cbd?2
Haaa
S5aba
6cal
6cal
6¢cbl
6cb2
6¢cb3
6cd
8ba
8bad
8cbb
8cba
10bd
t 10da
10dca
* 12bbb
* 12bbd
> 12¢ccc
14bda
16aa
* 16bbd
* 18aaal
* 18aaa?2
* 19aa
t 21dcl -
T
T

* ok~ K * ¥ * X K ¥

—

¥ K ¥ K O X ¥ ¥ K X

21dc2
23bad
24abl
24ab2
26acc
*1 26cbb
*% 26¢cb
26cch
30bca
31db1
31db2
33ac
33cdcl
t 33cdc2
T 35bd
36aaa

11IN-AW
* 27da

Location
in
section

SW-NW-NE
SE-NE-NE
SE-SE-NE
SE-NE-SE
NW-SW-SE
NW-SW-SE
NE-NE
SE-SE-SE
NW-NW-5W

NE-SW
SE-NW-NwW
NW-NE
SW-NW
NW-SW-5W
SW-5W

SE-NW-SW
SE-NW-SW
NE-NE-NE
NE-NW-NE
NE-SW
NE-SW
NW-SW
NW-SW
NW-SW
SE-SW
NE-NW
SE-NE-NW
NW-NW-SW
NE-NW-SW
SE-NW
NE-SE
NE-SW-SE
NW-NW-NW
SE-NW-NW
SW-SW-SW
NE-SE-NW
NE-NE
SE-NW-NW
NE-NE-NE
NE-NE-NE
NE-NE
SW-SE
SW-SE
SE-NE-NW
NW-NE
NW-NE
SW-SW-NE
NW-NW-SW
NW-SW
NW-SW-SW
NE-SW-NW
NW-SE
NW-SE
SW-NE
SW-SE-SW
SW-SE-SW
SE-NW
NE-NE-NE

NE-SE

WELL RECORDS

Use!

In

In

Geo-
logic
unit?

Depth of
well
(feet)

773
680

802
792

800
633
210
803
792
805
200
276
930
785
790
564
751
800
800
750
8l5
827
122
305
273
600
751

980

Water level

Altitude above

Depth
below
land
surface
(feet)

mean sea level

(feet)

Land Water
Date Surface level
........ 1,276
........ 1,280
........ 1,257 e
........ 1,257 AU
12- 456 ...... ......
11-17-42  ...... ......
- =34 L L.
6 37 L L
336 L
12-14-32 ... ...,
Ll Laer

3- -55 1,200 935
........ 1,IS0  ......
1295
ol 17400 L.
4. 55 1,206 1,006
1n-1742 .
i1-17-42 ... ...
12-'4-56 ... ...
8- 455 ... ......



WELL RECORDS 67

Water level
Altitude above

Depth mean sea level
below (feet)
Location Geo- Depthof land
in logic well surface Land Water
Well number section Use!l unit? (feet) (feet) Date Surface level

12N-1E

3bc SW-NwW D Pgw 102 79.4 11-18-56 ...... ......

12aa NE-NE R Pgw e 14.3 11-18.56  ...... ......

14cc SW-SwW In Pgw 600 ... ... oo il

16ab NW-NE In Pgw 45 180 ... ool Ll

* 22ach NW-SW-NE In Pgw 352 Lo o

22dac SW-NE-SE In Pgw 372 L o e

24ad SE-NE D Pgw 38 35.7 11-19-56  ...... ......

* 26ac SW-NE P Pgw 346 ... L oo L.

T 26cce SW-SW-5W D Pgw R 21.0 10-22-5¢ ...... ......
12N-1W

t 20cd SE-SW In Pgw 72 62 .

22dc SW-SE D Pgw 48 b T O,

22bbl NW-NW D,S Pgw 8l 31.5 11-20-56 ...... ... ..

22bb2 NW-NW D Pgw 64 340 ..o oL L

* 23dab NW-NE-SE D Pgw 600 ..., ... o Ll

29abl NW-NE D Pgw 150 ..o oo o

29ab2 NW-NE D Pgw 95 53.0 ..o L. L

29hc SW-NW D Pgw 5

33bb NW-Nw S Pgw 55 34.8 11-26-56  ...... ... ..
12N-2W

4ab NW-NE In Pgw 95 . s e

4ba NE-NW D Pgw 102 65.0 ... ... ... Ll

11ddd SE-SE-SE P Pgw 350 90 .

13bb NwW-Nw P Pgw 150 60 ... L0 L

t 22cd SE-SW P Pgw 220 ... o L

* 33dcc . SW-SW-SE P Pgw 7

* 34bbc SW-NW-NW P Pgw T2 L. o e

* 34bd SE-NW P Pgw T4 o e e

34cbb NW-NW-SW P Pgw e i e e

* 34cce SW-SW-SW P Pgw 738 ... L. 1,230 ......

34caa NE-NE-SW P Pgw e e e il

34ddd SE-SE-SE P Pew ... L
12N-3W

* ladl SE-NE In Pgw 750 L. o .

* lad2 SE-NE In Pgw 748 . i e

2aab NW-NE-NE P Pgw 760 1245 1. 763 ...... ......

2abb NW-NW-NE N Pgw 92 73.3 9.28-62 ...... ......

t 2abd SE-NW-NE P Pgw 745 167.9 1- 763  ...... ... ...

- 4aa NE-NE In Pgw 798 140.0 7-30-52  ...... ......

t 5abl NW-NE P Pgw BIL ... . el

1 5ab2 NW-NE P Pgw 3 -

* 5ddd SE-SE-SE P Pgw 7% ... L 1,149 ......

t 5dd SE-SE P Pgw 815 ... L0 o

T 6ad SE-NE P Pgw 825 ... oo Ll Lol

* 8ca NE-SW In Pgw 808  ...... ... Lol e

* 8cb NW-SE In Pgw 801 ... ol

* 8dc SW-SE In Pgw 840 ... i e e

* 9bb NW-NW P Pgw 803  205.0 - 36 ... L

* 9ddd SE-SE-SE N Pgw BlE ... o i e

* 9ddc SW-SE-SE P Pgw 738  195.0 4. 55 1,143 ......

* 12bcd SE-SW-NW P Pgw 797 130.0 2. 255 1,135  ......

* 12bd SE-NW N Ppw 795 ... o e oo

* 13bbbl NW-NW-NW P Pgw 778  138.0 2- 855 1,156  ......

* 13bbb2 NW-NW-NW N Pgw 803 ...... ... o0 L.

* 13bce SW-SW-NW P Pgw 790 100.0 6-17-55 1,132 ......

* 13cbb NW-NW-SW N Pgw 805 ... Lo Lol L.

* 13cccl SW-SW-SW N Pgw 721 L s e

* 13ccc2 SW-SW-SwW P Pgw 760 180.0 6-17-55 1,135 ......

* 15ac SW-NE In Pgw 480 ... o e

15ad1 SE-NE In Pgw 800 ... e e .

15ad?2 SE-NE In Pgw 800 ...... ... LoLis oo

T 15ca NE-SW In Pgw 800 ...... ... ol

15da NE-SE N Pgw BI7 .. e

* 15db NW-SE In Pgw 5

Footnotes are on page 60.



68 WELL RECORDS

Water level
Altitude above

Depth mean sea level
below (feet)
Location Geo- Depth of land
in logic well surface Land Water
Well number section Usel unit? (feet) (feet) Date Surface level

12N-3W {cont.)

t 15ddb NW-SE-SE In Pgw 800 ... oL oo Lol

15dd SE-SE N Pgw 817 2750 5-18-36  ...... ......

* 16cedl SE-SW-5W N Pgw 0

* 16ccd?2 SE-SW-8W P Pgw 754  160.0 3- 56 L1655 ......

* 17abc SW-NW.-NE p Pgw 785  175.0 3- 55 L1171 ...

* 17ab NW-NE N Pogw 773 o 1,160 .. ...,

18dca NE-SW-SE P, In Pgw 925 ...

22adcl SW-SE-NE In Pgw 540 ... L.l L1e7 ...

22adc2 SW-SE-NE In Pgw 630 ..., ........ 1,204 ... ..

* 22adb NW-SE-NE In Pgw 790 L L. Lo oo

* 22da NE-SE In Pgw 795 1925 L b

* 22dc SW-SE In Pgw 812 ... oo

23ac SW-NE In Pgw 8l7 ...

* 23ch NW-SW In Pgw 830 ... L

23bd SE-NW In Pgw 49 L. o .

23cc SW-Sw In Pgw 817 ... .

* 23db NW-SE N Pgw 791 177.5 2-18-43 1,10 .. ...

24cca NFE SW-SW D e 168  120.0 3 50 ... oLl

* 24dbl NW-SE In Pgw 827 2750 4-22-36 ..., ...

* 24db2 NW-SE In Pgw 825" 290.0 5- 736 ...... ... ..

23cca SE-SW-SW D Pgw 100 ... ... Lo

25cc SW-SW D Pgw 200 60.0 ........ ... ...,

26abb NW-NW-NE In Pgw 660 176.1 6-23-43 .. .... ... ..

* 26ba NE-NW In Pgw 760 . o

26bdb NW-SE-NW N Pgw 827 1935 6-2143 ...... ... ..

26bcd SE-SW-Nw In Pew e e e 1,244 ...

T 26bc SW-NwW In Pgw 638 ... .o o0 Ll

* 27ab] NW-NE In Pgw 827 . L o

* 27ab?2 NW-NE In Pgw 825 ... o

* 27bad SE-NE-NwW P Pgw 720 Lol ool s

27bb] NW-NW In Pgw 804 ... . .

27bb2 NW-NwW P Pgw 810 425 ... .. ... ...

* 27dacl SW-NE-SE P Pgw = BI6 ...... ........ ... ...,

27da2 NE-SE P Pgw 800 ... L.l ool

* 27da3 NE-SE P Pgw 816 ... L. oo

* 27dd SE-SE P Pgw 795  280.0 7- 37 ... .

1 32acd SE-SW-NE In Pgw 822 ... Lo

t 32ad SE-NE In Pgw 870  400.0 ........ ... ...

* 32dcd SE-SW-SE In Pgw 780  210.0 4- -35 IL,191 ... ...

1 32dd SE-SE In Pgw BI7 ... o

* 33addl SE-SE-NE In Pgw 754 413.0 6- 42 . ... ...

33add2 SE-SE-NE - Pgw 400 ... s

33cb NW-Sw In Pgw 810 ... ..o Lo .

* 33dcd SE-SW-SE D, In Pgw 682 ... LLoL0 L .

* 33daal NE-NE-SE In Pgw 675 192.0 - 43 ... ...

* 33daa?2 NE-NE-SE In Pgw 701 350.0 11-24-3¢ ... ... ..

* 33daa3 NE-NE-SE In Pgw 640 ... Lo L .

t 33dac SW-NE-SE D, In Pgw 841 250.0 ... ... ..., _.....

33dadl SE-NE-SE D, In Pgw 800 480.0 ... ... ...... _.....

33dad? SE-NE-SE e Pgw 500 ... ..., e e

* 33da NE-SW Ca Pgw 565  200.0 s J

33dda NE-SE-SE D, In Pgw 817 4000 ... ... ... ...

34bbb NW-NW-NW In Pgw 400 ..o Lo

* 34cac SW-NE-SW In Pgw 781  430.0 5- 43 ... ...

36ccl SW-SW c Pgw 812 231 6-28-43 .. ... ......

T+ 36cc2 SW-SW In Pgw 212 o o

12N-4W

1bdd SE-SE-NW D Ph 53 14.9 b-9530 ... L.

2ad SE-NE N Ph o 25.5 6- 9-50 1,235 . .....

2cdc SW-SE-SW S Ph 125 35.0 6- 9-50 1,270 ......

2ddd SE-SE-SE N Ph 300 198.5 6- 9-50 1.268 ......

3dad SE-NE-SE D Ph 65 20.3 6-9-50 ...... ......

3dddl SE-SE-SE D Ph 36 1200 ... o0 L

3ddd2 SE-SE-SE S Ph 90 15 oo s

4cac SW-NE-SW D Ph 63 18.4 6- 3-50 ...... e

Footnotes are on page 60.



Well number

12N-4W {(cont.)

4da
4dbd
9ddcl
* 9ddc?2
10cbd
10cba
* 11de
* 1ldca
13cb
* 13ced
13da
14b
l4cab
l4cadl
l4cad?2
l4cda
15b
24bb
24bccl
24bce?2
24ddal
24dda2
25ddbl1
25ddb?2

13N-1E

4

M
—f

* R % % # * X %

1bb
433
7cc
10cd
26ac
i 27cch
28dd
30bc

13N-1W
8aa
8ad
12cb
22dc¢
T 33bd
34aab
T 34abb

13N-2W
6ab
6bb
8ad
14dd
19¢b1
19¢b2

) 20ba
23aa
26dd

13N-3W
laa
5dd
15aa
17dc
T 20ccc
20dc
22aa
28bbc
28cac
28bda
29bbd

Leccation
in
section

NE-SE
SE-NW-SE
SW-SE-SE
SW-SE-SE
SE-NW-Sw
NE-NwW-Sw
SW-SE
NE-SW-SE
Nw-Sw
SE-SW-Sw
NE-SE

Nw
NW-NE-SW
SE-NE-Sw
SE-NE-SW
NE-SE-SW
Nw
NW-NW
SW-SW-NwW
SW-SW-NW
NE-SE-SE
NE-SE-SE
NW-SE-SE
NW-SE-SE

NW-NW
NE-NE
SW-Sw
SE-SW
SW-NE -
NW-SW.Sw
SE-SE
SW-NW

NE-NE
SE-NE
NwW-SwW
SW-SE
SE-NW
NW-NE-NE
NW-NW-NE

NW-NE
NW-NW
SE-NE
SE-SE
NW-SwW
NW-Sw
NE-NW
NE-NE
SE-SE

NE-NE
SE-SE
NE-NE
SW-SE
SW-SW-SW
SW-SE
NE-NE
SW-NW-NW
SW-NE-SW
NE-SE-NW
SE-NW-NW

Footnotes are on page 60

WELL RECORDS

Usel

wiw]

P, In
P, In
P

P, In

ZmZuZ29Z5vE vE s S vz

w

ZZUZ‘:ZZP

wwopdpp
n nn

o

2095 ogo®
won

Z"U"U"UUJZ':T"EZUU

Geo-
logic
unit2

Ph

Ph

Pgw
Pgw
Pgw
Pgw
Pew
Pgw
Pgw
Pgw

Pgw
Pgw
Pgw
Pgw

Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw

Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pew

Ppw

Pgw
Pgw
Pgw
Pgw
Pgw

Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw

Pgw

Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw
Pgw

Depth of

well
(feet)

108

80
80
46

140

77
40

72
40
76
257
240

25
115
72
107
42
106
100
72
33

105
105
162
650
650
128
789
796
801
750

Water level

Depth’
helow
land
surface
(feet)

20.6

20.3
300
287.0

Date

11-15-56
11-15-56

11-16-56

4- 248

69

Altitude above
mean sea level
(feet)

Land Water

Surface level
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Well number

13N-3W (cont.)

t 29dca
29ddd1
t 29ddd2
30c
30ccc
3la
31bba
3lcecl
3lcec2
31dbd
3ldcbl
31dcb2
32aad
32a
* 32b
t 34ba
35dbb
35dcc
35dch
35dcd
35dbe
3b6cec

13N-4W
lad
1db
2de
4ch
4c
Bbc
6dd
10bbb
l1dd
¥ 11ddd
*1 12dd
12¢
13aa
13dd
16dc
17bb
18aa
20ad
* 22cc
24bcb
24¢c
28add
28dbc
33aa
33da
34cch
34cdc

14N-1E
9ba
liba
23aa
27bdc
27ca
T 28ad

14N-1W
3bac
6da
16bbl
16bb2
20ch
25bb
25¢cc

* ¥ X *

*

Location
in
section

NE-SW-SE
SE-SE-SE
SE-SE-SE

NE-NW-NW
SW-SW-SW
SW-SW-SW
SE-NW-SE
NW-SW-SE
NW-SW-SE
SE-NE-NE
NE

NwW
NE-NW
NW-NW-SE
SW-SW-SE
NW-SW-SE
SE-SW-SE
SW-NW-SE
SW-SW-Sw

SE-NE
NW-SE
SW-SE
NW-SW
SW
SW-NwW
SE-SE
NW-NW-Nw
SE-SE
SE-SE-SE
SE-SE

Sw

NE-NE
SE-SE
SW-SE
NW-NW
NE-NE
SE-NE
SW-SW
NW-SW-NwW
SW-SW
SE-SE-NE
SW-NW-SE
NE-NE
NE-SE
SW-SW.-NW
SW-SE-SW

NE-NW
NE-NW
NE-NE
SW-SE-NW
NE-SW
SE-NE

SW-NE-NW
NE-SE
NW-NW
NW-NW
NW-5W
NW-NW
SW-8W

WELL RECCRDS

Usel

HuSuZS e

In
In
In

YUY Zunngy ziggwugucw

SggzPP8 5%
wnwmen

In

-Uruv-ung JwdZ0Z<un
=]

whdw

Geo-
logic
unit?

Pgw

Depth of
well
(feet)

751
790
803
702
133
800
568
796
800
570
530
530
163
852
787
102
750

58

68
102
122

125
175
141
38
750
73
90
68
765
595
540
224
500
200
200
53
65
50
465
180
129
42
630
200

44
40

77
85
31
178
168
172

290
300
40
83
43
73

Water level

Depth
below
[and
surface
(feet) Date
223.0 9. -43
230.0 9. 455
200.0  7-25-38
12.0 6- 5-50
284.0 11- -49
120.0 6- -44
275.0 5- =50
1750 ...
175 - 30
3000 ........
75.2 9-28-62
178.8 11-12-62
35.8 9-28-62
67.9 10- 8-62
75.2 9-28-62
58.5 9-26-62
24.0 10-26-56
85.0 10-26-56
69.3 10-26-56
29.6 10-26-56
474 10-26-56
26.1 10-26-56
165 ...
147.1 10-30-50
45.3 10-26-56
209 ...,
180 ...
230 ...

3-50
450 ........
81.5  11-14-56
23.9  11-14-56
9Q ...
1o
300  ........
48.6  11-14-56
245  ........
25.0  11-13-56
31.3  11-13-56
300  ........
484  11-14-56

Altitude above
mean sea level

(feet)
Land Water
Surface level



WELL RECORDS 71

Water level
Altitude above

Depth mean sea level
below (feet)
Location Geo- Depth of land
in logic well surface Land Water
Well number section Use! unit? (feet) (feet) Date Surface level

14N-2W

3bc SW-NW D Pgw 105 300 oo

6ce SW-SwW D, S Pgw 80 80.0 .. ... ... ... ...

9ab NW-NE D, S Pgw 40 370 oL Lo

9bb NW-NW S Pgw 48 34.0 4-22-5¢ .. ...,

t 9cc SW-SW D Pgw 90 ..o oo

13ce SW-SwW D, S Pgw G e e e

t 17¢b NW-SwW In Pgw 60 oo

*t 17¢d SE-8W In Pgw 635 850 ..., ... L.

20dd SE-SE N Pgw 46 41.3 l-256 ...... ...,

22¢cc SW-3wW D, S Pgw 142 200 ... oo L.

24cc SW-SW N Pgw Ce 20.8 11-13-56  ...... ......

30abl NW-NE D, S Pgw Ca 30.0 11- 156 ...... ......

30ab2 NW-NE D Pgw 150 ..o o
14N-3W

ldd SE-SE N Pgw 80 44.5 11- 1-56 ... ...,

7dc SW-SE D Pgw 120 850 ... oL L

14bb NW-NwW D Pgw 47 35.2 I1-1-56 ...... ......

i5aa NE-NE D Pgw 39 30.5 11- 1-56 ...... ......

* 25dba NE-NW-SE P Pgw 724 oL oo

* 26c SW P Pgw M3 ol

*f  26dac SW-NE-SE P Pgw 457 175 -39

* 26ddc SW-SE-SE P Pgw 400 175 - =39 ... L.

28bb NW-NwW N el 77 9.4 6-11-58 ...... ... ...

2%aa NE-NE D, S Pgw 100 ... ..o .

30ccl SW-8wW D, In Pgw 600 1500 ........ ... ... ...,

30cc2 SW-Sw D, S8 Pgw 600 1500 ........ ... ... ...,

* 30dd SE-SE In Pgw 700 L. L

3lac SW-NE D, In Pgw 800 s

t 31bb NW-NwW D, In Pgw 600 150.0 11-29-56  ...... ... ..

*1 35aab NW-NE-NE P Pgw 751 Lo o

* 35aac SW-NE-NE P Pgw 738 288.0 2-23-50 ... ...

35aad SE-NE-NE P Pgw 453 100 - -52 ..., ...,

t 35aba NE-NW-NE P Pgw 750 175 - =39 L. L

* 35abc SW-NW-NE P Pgw 465 12000 ... oo L

* 35acd SE-SW-NE P Pgw 461 120 8 54 .. ...

35dcd SE-SW-SE P Pgw L 3
14N-4W

6cdce SW-SE-SW S Ph 62 ... ... 1,140 ...

9dd SE-SE D, S Pgw 200 ..o oo oo

10cb NW-Sw S Ph . 20.8 11-29-56 . _.... ... ..

12dd SE-SE N Ph L 558  11-29-50 ...... ......

14dd SE-SE S Ph 54 239 11.28-59 ...... ... ..

25dd SE-SE D, S Pgw 600 147.0 . ....... ... ...

26ba NE-NW 5 Ph 63 23.2 11-29-56 .. ..., ......

34ced SE-SW-SW D Pgw 300 112.1 7-25-45 ..., ... ..

Footnotes are on page 60.
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APPENDIX

EMERGENCY SUPPLIES FOrR CIviL DEFENSE

Basic considerations in a well-integrated civil defense program are to
make adequate provisions for safeguarding water supplies against contami-
nation and destruction and to plan for emergency water supplies in the
event that normal service is interrupted.

If a nuclear explosion were to occur in the area, a wide variety of
problems involving water would arise. Among the more serious of these
problems are direct radioactive contamination of water sources, destruction
of water plants and distribution systems, and interruption of water service
through breakage of water and sewer mains. If one or more of these prob-
lems occurred, it would be necessary to provide water for an undetermined
period of time from emergency sources that had not been seriously con-
taminated by radioactive fallout.

Surface-water sources are exposed to the atmosphere at all times and
are subject to immediate contamination from radioactive fallout. Surface
sources in which the water is held in quiet storage, such as in reservoirs or
ponds, might be rendered useless for some time. Ground water, however,
would be least likely to be contaminated immediately because it is not in
direct contact with the atmosphere and the materials overlying the water-
bearing zone would remove much of the fallout material by filtration and
adsorption. Deep wells tapping the water-bearing zone in the Garber Sand-
stone and Wellington Formation would be least subject to contamination.
Records of many of these wells are given in table 9, and their locations are
shown on plate I. Most wells given in table 9 are equipped with deep-well
turbine pumps driven by electric motors which would be inoperative in the
event of a power failure. For this reason wells selected for emergency-water
supplies should be equipped with auxiliary gasoline engines or other standby
power facilities. An alternate possibility is to obtain belt-drive or right-
angle gear-drive pump heads which would permit operation of the deep-
well turbine by means of a tractor power take-off, or direct-drive engines.

In addition to the deep wells already in existence, small to moderate
supplies of ground water might be developed quickly by means of shallow
wells dug or drilled in the alluvium-filled valleys of streams draining the
area. Water could be obtained from shallow wells by means of hand-operated
or power-operated lift pumps. Water from shallow wells near stream chan-
nels used as sluiceways for industrial or sanitary wastes should be tested to
determine whether or not it is chemically and bacteriologically acceptable
for domestic use.

Large quantities of water required for fire fighting and the washing
down of streets, buildings, and other contaminated areas could be obtained
quickly by dredging large pits a few feet below the water table in the
alluvium underlying the flood plains of the Canadian and North Canadian
Rivers.



