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Conversion Factors

This report contains a mixture of inch/pound and System International (Sl) units. The water
management in Oklahoma traditionally works in acre-feet units, whereas the numerical
groundwater-flow model was built in SI units. Measurements and calculations are reported in
units appropriate to the subject under discussion and not converted to one system of units.

Inch/Pound to SI

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 4,047 square meter (m?)
acre 0.004047 square kilometer (km?)
square foot (ft?) 929.0 square centimeter (cm?)
square foot (ft?) 0.09290 square meter (m?)
square inch (in?) 6.452 square centimeter (cm?)
section (640 acres or 1 square mile) 259.0 square hectometer (hm?)
square mile (mi?) 259.0 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Volume
gallon (gal) 0.003785 cubic meter (m?)
million gallons (Mgal) 3,785 cubic meter (m?)
cubic foot (ft*) 28.32 cubic decimeter (dm?)
cubic foot (ft*) 0.02832 cubic meter (m?)
acre-foot (acre-ft) 1,233 cubic meter (m?)
Flow rate
acre-foot per day (acre-ft/d) 0.01427 cubic meter per second (m*/s)
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year (m?/yr)
acre-foot per year (acre-ft/yr) 0.001233 cubic hectometer per year (hm?/yr)
foot per second (ft/s) 0.3048 meter per second (m/s)
foot per day (ft/d) 0.3048 meter per day (m/d)
foot per year (ft/yr) 0.3048 meter per year (m/yr)
cubic foot per second (ft/s) 0.02832 cubic meter per second (m?/s)
cubic foot per day (ft*/d) 0.02832 cubic meter per day (m?/d)
gallon per minute (gal/min) 0.06309 liter per second (L/s)
gallon per day (gal/d) 0.003785 cubic meter per day (m?/d)
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m*/s)
inch per year (in/yr) 25.4 millimeter per year (mm/yr)
Specific capacity

gallon per minute per foot [(gal/min)/ft)] 0.2070 liter per second per meter [(L/s)/m]

Hydraulic conductivity

feet per day (ft/d) 0.3048

meter per day (m/d)

Transmissivity*

foot squared per day (ft*/d) 0.09290

meter squared per day (m?/d)




SI to Inch/Pound
Multiply By To obtain
Length
centimeter (cm) 0.3937 inch (in.)
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft)
kilometer (km) 0.6214 mile (mi)
Area
square meter (m?) 0.0002471 acre
square hectometer (hm?) 2.471 acre
square kilometer (km?) 247.1 acre
square centimeter (cm?) 0.001076 square foot (ft?)
square meter (m?) 10.76 square foot (ft?)
square centimeter (cm?) 0.1550 square inch (ft?)
square hectometer (hm?) 0.003861 section (640 acres or 1 square mile)
square kilometer (km?) 0.3861 square mile (mi*)
Volume
liter (L) 0.2642 gallon (gal)
cubic meter (m®) 264.2 gallon (gal)
cubic meter (m?) 0.0002642 million gallons (Mgal)
cubic meter (m?) 35.31 cubic foot (ft*)
cubic meter (m?) 0.0008107 acre-foot (acre-ft)
Flow rate
cubic meter per second (m?/s) 70.07 acre-foot per day (acre-ft/d)
cubic meter per year (m3/yr) 0.000811 acre-foot per year (acre-ft/yr)
meter per second (m/s) 3.281 foot per second (ft/s)
meter per day (m/d) 3.281 foot per day (ft/d)
meter per year (m/yr) 3.281 foot per year ft/yr)
cubic meter per second (m>/s) 35.31 cubic foot per second (ft/s)
cubic meter per day (m?/d) 35.31 cubic foot per day (ft*/d)
liter per second (L/s) 15.85 gallon per minute (gal/min)
cubic meter per day (m?/d) 264.2 gallon per day (gal/d)
cubic meter per second (m?/s) 22.83 million gallons per day (Mgal/d)
millimeter per year (mm/yr) 0.03937 inch per year (in/yr)
kilometer per hour (km/h) 0.6214 mile per hour (mi/h)
Specific capacity
liter per second per meter [(L/s)/m] 4.831 gallon per minute per foot

[(gal/min)/ft]

Hydraulic conductivity

meter per day (m/d) 3.281 foot per day (ft/d)
Transmissivity*
meter squared per day (m?%d) 10.76 foot squared per day (ft*/d)

Xi



Xii

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88). The NAVD 88 replaced the National Geodetic Vertical Datum of 1929 (NGVD 29),
previously known as the Sea Level Datum of 1929.

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8

Water year is the 12-month period October 1 through September 30, designated by the calendar
year in which the water year ends.

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L)
or micrograms per liter (ug/L).

*Transmissivity: The standard unit for transmissivity is cubic foot per day per square foot times
foot of aquifer thickness [(ft¥/d)/ft*]ft. In this report, the mathematically reduced form, foot
squared per day (ft¥d), is used for convenience.



Hydrogeology and Simulation of Groundwater Flow in the
Central Oklahoma (Garber-Wellington) Aquifer, Oklahoma,
1987 to 2009, and Simulation of Available Water in

Storage, 2010-2059

By Shana L. Mashburn, Derek W. Ryter, Christopher R. Neel, S. Jerrod Smith, and Jessica S. Correll

Abstract

The Central Oklahoma (Garber-Wellington) aquifer
underlies about 3,000 square miles of central Oklahoma.
The study area for this investigation was the extent of the
Central Oklahoma aquifer. Water from the Central Oklahoma
aquifer is used for public, industrial, commercial, agricul-
tural, and domestic supply. With the exception of Oklahoma
City, all of the major communities in central Oklahoma rely
either solely or partly on groundwater from this aquifer.

The Oklahoma City metropolitan area, incorporating parts

of Canadian, Cleveland, Grady, Lincoln, Logan, McClain,
and Oklahoma Counties, has a population of approximately
1.2 million people. As areas are developed for groundwater
supply, increased groundwater withdrawals may result in
decreases in long-term aquifer storage. The U.S. Geological
Survey, in cooperation with the Oklahoma Water Resources
Board, investigated the hydrogeology and simulated ground-
water flow in the aquifer using a numerical groundwater-flow
model.

The purpose of this report is to describe an investigation
of the Central Oklahoma aquifer that included analyses of the
hydrogeology, hydrogeologic framework of the aquifer, and
construction of a numerical groundwater-flow model. The
groundwater-flow model was used to simulate groundwater
levels and for water-budget analysis. A calibrated transient
model was used to evaluate changes in groundwater storage
associated with increased future water demands.

The Central Oklahoma aquifer consists of Quaternary-
age alluvium and terrace deposits and the Permian-age Garber
Sandstone, Wellington Formation, and Chase, Council Grove,
and Admire Groups. Groundwater flows between these geo-
logic units and many wells are completed in the Quaternary-
age and Permian-age units in the study area. The investigation
described in this report focused more on the Permian-age
units because water in the Quaternary-age alluvium and
terrace was volumetrically a small fraction compared to the
Permian-age units.

Analysis of regional groundwater flows indicate that
groundwater in the shallow, local flow systems discharge to
nearby streams and the rate of flow and flux of water are great-
est in these local flow systems. Flow in the deeper part of the
aquifer is slower and flowlines are longer than in the shallow,
local flow systems. In the deeper flow system, groundwater
flows under small streams to discharge primarily to the Deep
Fork River and Little River. Flow in the Central Oklahoma
aquifer is slowest in the confined part of the Garber Sandstone
and Wellington Formation and in the less transmissive parts of
the unconfined flow system, which includes part of the Chase,
Council Grove, and Admire Groups. Groundwater in the
confined part of aquifer comes from recharge primarily from
a small area of the unconfined part of the aquifer near 35°23'
latitude and 97°23' longitude as shown by the mound of water
on the potentiometric-surface maps.

Groundwater levels measured in this aquifer in 2009 were
compared to water levels measured in 1986—87. Groundwater
levels measured in wells in both the 1986—87 and 2009 time
periods were compared (169 wells). The difference in the median
depth-to-water measurements for the two time periods was a
decline of 3.75 feet. A water-level decline of 3.75 feet multiplied
by the area of the aquifer (3,000 square miles), multiplied by the
minimum and maximum porosity expected for this aquifer (14 to
30 percent) indicated change of water in storage from 1986-87
to 2009 ranging from 1,008,000 to 2,160,000 acre-feet, assuming
that all water from aquifer storage came from unconfined condi-
tions. This loss in storage from 1986-2009 period, averaged per
year, was about 44,000 to 94,000 acre-ft/yr.

Water levels from wells measured by the Oklahoma
Water Resources Board Mass Measurement Program and
in the U.S. Geological Survey National Water Information
System database indicate that shallow wells are affected by
barometric-pressure changes, precipitation, and pumping
from nearby shallow wells. Water levels in deeper wells in the
aquifer had minimal response to precipitation and barometric-
pressure changes, but responded to pumping from nearby deep
wells.
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Groundwater-use data were compiled from annual
water-use reports submitted by permit holders to the Okla-
homa Water Resources Board. Including estimated unreported
groundwater use, average groundwater use from 1967 to 2008
was about 37,367 acre-feet/year with public-water supply
consuming 23,367 acre-feet/year, or about 63 percent of the
average annual reported and estimated unreported ground-
water use. Domestic groundwater use was estimated by using
the 1990 census long-form data and population change com-
pared to 1980, 2000, and 2010 census data. Average estimated
domestic groundwater use from the aquifer from 1980 to 2010
was about 13,752 acre-feet/year.

Recharge rates to the Central Oklahoma aquifer were
estimated or calculated using three methods that varied in
spatial and temporal scales. Recharge rates were estimated
by using a basin-scale base-flow-discharge method, a basin-
scale recession-curve displacement (Rorabaugh) method, and
a regional-scale method using the Soil-Water Balance code.
The Soil-Water Balance method was used to estimate initial
recharge for the groundwater-flow model because this method
estimates spatial distribution of recharge for the aquifer area.
Average annual recharge from the Soil-Water Balance code
for the gridded aquifer area for the 1987-2009 period was
4.6 inches. However, during model calibration, a scaling fac-
tor of 0.4 was applied to Soil-Water Balance recharge, which
resulted in 1.84 inches per year of average annual recharge
values for the gridded aquifer area for the 19872009 period.

Aquifer hydraulic properties were estimated from litho-
logic and geophysical well logs and a multiple-well aquifer
test was analyzed to determine transmissivity and a storage
coefficient. Transmissivity determined from the aquifer test
at a production well near Norman, Oklahoma was 220 square
feet per day. The geohydrologic-unit hydraulic conductivity
was 2.4 feet per day. The storage coefficient from the analyti-
cal solution was 0.0013. This storage coefficient indicates that,
even though the Central Oklahoma aquifer extends to land sur-
face with a potentiometric surface below the top of the Central
Oklahoma aquifer, the groundwater system acts as a confined
system due to laterally extensive interbedded mudstone and
large contrasts in vertical hydraulic conductivity.

The objective of developing the hydrogeologic frame-
work of the Central Oklahoma aquifer system was to provide
a three-dimensional representation of the lithologic variability
of aquifer materials at a scale that captured the regional con-
trols on groundwater flow for input to the groundwater-flow
model. Lithologic logs and gamma-ray logs were converted
to percent sand, which was used as a proxy in the estima-
tion of initial hydraulic conductivity of the aquifer for the
groundwater-flow model.

A MODFLOW groundwater-flow model was developed
to simulate groundwater flow and build water budgets in the
Central Oklahoma aquifer. The Central Oklahoma aquifer was
simulated using a grid comprised of 3,280-feet by 3,280-feet
(1-kilometer by 1-kilometer) cells and 11 horizontal lay-
ers, each 100-feet thick (30.48 meters). The quasi-steady-
state model was run to simulate the 1987 calendar year with

equilibrium in flow and minimal changes in storage. Initial
hydraulic conductivity used for the groundwater-flow model
ranged from 0.33 to 3.3 feet per day and was estimated for
each model cell using the percent sand from the hydrogeologic
framework. The quasi-steady-state model was calibrated to

a subset of the 198687 water levels. Parameters that were
adjusted to affect quasi-steady-state model calibration included
hydraulic conductivity, vertical anisotropy, and recharge.
Recharge for the groundwater-flow model was set to 0.4
multiplied by the Soil-Water Balance recharge estimate. There
was no apparent horizontal or vertical spatial bias to model
error and the residuals indicated that the simulated hydraulic
heads are slightly lower than the observed hydraulic heads, but
most residuals were near zero. These results indicate that there
is random error in the model, a large component of which is
related to the discretization that could not accommodate local
variation. Hydraulic heads in the aquifer have been well simu-
lated using the spatial distribution of percent sand.

The transient groundwater-flow model was constructed
to cover the period from 1987 through 2009. Because pump-
ing rates for public water-supply wells were only available
on annual intervals, each year was chosen as a stress period.
The transient model was calibrated to all available water-level
measurements for the aquifer during the period of the simula-
tion (1987-2009). Parameters adjusted during the transient
calibration process included the specific yield and specific
storage of the aquifer, and the average annual recharge rate.
The largest flux to the model is recharge, with water removed
from storage, seepage from reservoirs, and water lost from the
aquifer to streams being lesser amounts. Outflow is domi-
nated by base flow to streams and pumping from wells. Water
was removed from storage to meet the total outflow which
indicates the aquifer was in a deficit (losing water) during
this period. At the end of the transient simulation (2009),
the aquifer mean saturated thickness was about 392 feet and
the aquifer mean transmissivity was about 1,057 square feet
per day. The simulated available water in storage was about
98.676 million acre-feet.

The purpose of the 50-year predictive simulation was to
estimate the change in groundwater in storage if water use con-
tinues for 50 years at 2009 rates. The period of the predictive
model was 2010 through 2059. The 50-year predictive simu-
lation used the same model inputs as the calibrated transient
model except for recharge and pumping. Because this study did
not attempt to simulate effects from a predictive climate model,
recharge was held constant at the average flux for each cell that
was specified for the 1987-2009 time period. Pumping was
held constant at the 2009 average daily discharge for each well.
Estimation of the effect to water levels in the aquifer by con-
tinuously pumping at the 2009 pumping rate for 50 years was
achieved by running the model without any pumping, and then
running the model with pumping. The difference in hydraulic
heads and water in storage between those model runs was used
to estimate the effect of pumping to storage in the aquifer.
Pumping at the 2009 rate for 50 years with constant recharge
resulted in drawdown in upland areas and reduction of water



in storage. The recharge rate was substantially higher than the
total pumping rate, but water discharge to streams combined
with pumping created a deficit that was met by releasing water
from aquifer storage and decreasing base flow to streams.

The calibrated transient model also was run to determine
how much water could hypothetically be extracted from the
Central Oklahoma aquifer in a 50-year period (scenario 1),
and the effect of pumping the temporary state-apportioned
rate of 2.0 (acre-feet/acre)/year (scenario 2). The purpose of
this analysis was to provide estimates of the amount of water
in storage in the Central Oklahoma aquifer. These scenarios
were used to simulate the equal proportionate share by placing
a well in every model cell and pumping at a constant rate.
The first scenario determined the discharge rate at which
wells placed in every model cell would have to be pumped
so that just 15 feet (4.57 meters) or less of saturated thick-
ness remained in 50 percent of the aquifer area (50 percent
of the model cells) after 50 years. The second scenario was
to pump 2.0 (acre-feet/acre)/year from every model cell,
and to determine the time at which one-half of the aquifer
area was reduced to 15 feet or less of saturated thickness.

For scenario 1, the pumping rate at all cells that reduced the
saturated thickness in one-half of the cells to or below 15 feet
(4.57 meters) after 50 years was between 1.1 and 1.5 (acre-
feet/acre)/year. The results of scenario 2 indicate the aquifer
would be 50 percent depleted after between 35 and 41 years
of pumping 2.0 (acre-feet/acre)/year using 10 percent increase
and decrease in specific yield. This analysis indicates that this
pumping rate of 2.0 (acre-feet/acre)/year is not sustainable for
more than 41 years if every landowner with a potential well
in each acre in the Central Oklahoma aquifer exercised their
temporary right to pump at that rate.

Introduction

The Central Oklahoma aquifer underlies about
3,000 square miles of central Oklahoma (fig. 1). Water from
the Central Oklahoma aquifer is used for public, industrial,
commercial, agricultural, and domestic supply (Parkhurst and
others, 1996). With the exception of Oklahoma City (fig. 1),
all of the major communities in central Oklahoma rely either
solely or partly on groundwater from this aquifer (Oklahoma
Water Resources Board, 2011). The Oklahoma City metropoli-
tan area, incorporating parts of Canadian, Cleveland, Grady,
Lincoln, Logan, McClain, and Oklahoma Counties (fig. 1), has
a population of approximately 1.2 million people, estimated
from the 2010 census (U.S. Census Bureau, 2010) and is
expected to increase by 20 percent from 2000 to 2030 (Okla-
homa Department of Commerce, 2012). Residential develop-
ment also is moving into rural areas, resulting in increased
groundwater withdrawals from areas with previous minimal
development. As areas are developed for groundwater supply,
increased groundwater withdrawals may result in decreases in
long-term aquifer water storage.
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As of 2013, the Oklahoma Water Resources Board
(OWRB) had not determined the maximum annual yield of
groundwater from the Central Oklahoma aquifer. The maxi-
mum annual yield of a groundwater basin is defined by the
OWRSB to be the total amount of fresh groundwater that can
be withdrawn while allowing a minimum 20-year life of a
(groundwater) basin subsequent to that withdrawal (Oklahoma
Water Resources Board, 2010). A groundwater basin is defined
by the OWRB as “a distinct underground body of water by
contiguous land having substantially the same geological and
hydrological characteristics and yield capabilities.” “Life of
a groundwater basin or subbasin” is defined by the OWRB
as “....that period of time during which at least fifty percent
of the total overlying land of the basin or subbasin will retain
a saturated thickness allowing pumping of the maximum
annual yield for a minimum twenty-year life of such basin
or subbasin, provided that after July 1, 1994, the average
saturated thickness will be calculated to be maintained at
five feet for alluvium and terrace aquifers and fifteen feet for
bedrock aquifers unless otherwise determined by the Board
[OWRB];....” (Oklahoma Water Resources Board, 2010).

The average saturated thickness of an aquifer is determined
through hydrologic investigations. After the maximum annual
yield has been established, the amount of water allocated to
each permit applicant will be proportionate to the amount

of land owned or leased by that applicant. This amount of
water is referred to as the landowner’s equal proportionate
share. For example, if a permit applicant owns 100 acres,

and the equal proportionate share has been determined to be
1.5 (acre-feet/acre)/year, which is abbreviated in the remainder
of this report as (acre-ft/acre)/yr, then that permit applicant is
allocated 150 acre-feet per year. Oklahoma water law (Okla-
homa Statutes Title 82 Section 1020.5, 2011) states that certain
factors be considered in the determination of the maximum
annual yield of a major groundwater basin: total land area
overlying the basin, the amount of water in storage in the
basin, the rate of recharge, and total discharge from the basin,
transmissivity of the basin, and the possibility of pollution
from natural sources.

To determine the maximum annual yield of a major
groundwater basin, a hydrologic investigation is completed
to obtain data and information related to the hydrology and
hydrogeologic framework of the aquifer. Hydrologic data
collected includes precipitation, water-level measurements,
potentiometric-surface maps, measurements of transmissivity
and storage coefficients, streamflow data, and geochemical
data. Hydrogeologic framework data for this study consisted
of lithologic properties extrapolated from gamma-ray logs and
drillers’ lithologic logs, base-of-formation maps, and base-
of-freshwater maps. A numerical groundwater-flow model
can be developed using these data and information from the
hydrologic investigation to conceptualize the flow system and,
in turn, to evaluate effects of water withdrawals on the aquifer.
Until the hydrology has been investigated and a maximum
annual yield determined for a groundwater basin, the OWRB
grants temporary permits to users allocating 2.0 acre-feet of
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Figure 1. Central Oklahoma aquifer location, counties, cities, continuous-recorder wells, periodic water-level wells, cooperative
observer stations, and Mesonet weather stations.



water per acre of land per year (Oklahoma Water Resource
Board, 2010). The U.S. Geological Survey, in cooperation
with the Oklahoma Water Resources Board, investigated the
hydrogeology and simulated groundwater flow in the aquifer
using a numerical groundwater-flow model. The U.S. Geologi-
cal Survey provides unbiased, timely, and relevant infor-
mation, studies, and data about groundwater resources of

the Nation.

Purpose and Scope

The purpose of this report is to describe an investigation
of the Central Oklahoma aquifer that included analyses of the
hydrogeology, hydrogeologic framework of the aquifer, and
construction of a numerical groundwater-flow model. The
groundwater-flow model was used to simulate groundwater
levels and to analyze water-budget for 1987 to 2009 and for
various pumping scenarios during a 50-year predictive simula-
tion (2010-2059). This report provides information to the
OWRB that can be used to determine the maximum annual
yield of groundwater from the Central Oklahoma aquifer
based on proposed management plans. The scope of the hydro-
logic investigation is the Central Oklahoma aquifer, which
encompasses the freshwater zone in the Garber Sandstone and
Wellington Formation, including the underlying Chase, Coun-
cil Grove, and Admire Groups, and the overlying alluvium and
terrace deposits. The study area for this investigation was the
extent of the Central Oklahoma aquifer (fig. 1).

Physiography

The Central Oklahoma aquifer underlies all or parts
of Cleveland, Logan, Lincoln, Oklahoma, Payne, and Pot-
tawatomie Counties (fig. 1). The eastern part of the study area
is characterized by low hills, with topographic relief ranging
from 30 to 200 feet. The western part of the study area consists
of gently rolling grass-covered plains, with topographic relief
of less than 100 feet. The highest altitude of the Central Okla-
homa aquifer area is approximately 1,300 feet above the North
American Vertical Datum of 1988 (NAVD 88) in the western
part of the study area and the lowest altitude is approximately
800 feet above NAVD 88 in the northeastern part of the
study area along the Cimarron and Deep Fork Rivers (fig. 1)
(Parkhurst and others, 1996).

Climate

The Central Oklahoma aquifer is in an area having a con-
tinental subhumid climate. The average monthly temperature
in Oklahoma County, which includes much of the study area,
is approximately 60 degrees Fahrenheit, with a slight increase
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from the northern part of the county towards the south. The
average maximum temperature typically is recorded in July
at 93 degrees Fahrenheit and the average minimum tempera-
ture typically is recorded in January at 26 degrees Fahrenheit
(Oklahoma Climatological Survey, 2011a).

Precipitation data were obtained from the Oklahoma Cli-
matological Survey’s Web site for seven cooperative observer
(COOP) stations distributed across the extent of the Central
Oklahoma aquifer (fig. 1); (Oklahoma Climatological Survey,
2011b). Cooperative observer stations compose a climate-
observation network for the National Weather Service at which
volunteers record observations in a variety of land-use settings
(National Weather Service, 2011). Daily maximum and mini-
mum temperatures, snowfall, and 24-hour precipitation data
are collected at these stations. The seven stations used for the
investigation described in this report were Chandler, Guthrie
58S, Konawa, Norman 3SSE, Oklahoma City Will Rogers
Airport, Perkins, and Shawnee (fig. 1). Precipitation data were
downloaded for the entire period of record, which varied for
each station. Years with less than 10 months of data in the
period of record for a station were omitted from the analysis
and trace amounts of precipitation were not included. Climate
data from the seven COOP stations spanned from 1893 at the
Guthrie 58S station to 2009 at 7 stations. Precipitation data
were not collected at some stations throughout the entire
period of record (table 1).

Average annual precipitation in the study area from
1893 to 2009 was 34.27 inches (fig. 2). The 30-year aver-
age annual precipitation from 1980 to 2009 in the study area
was 37.95 inches. Rainfall trends for the period of record
indicate (1) below-average precipitation from approximately
1900 to 1940, (2) variable precipitation from 1950 to the mid
1980s, and (3) an above-average precipitation from the 1980s
until 2009.

Maximum monthly precipitation from 1980 to 2009
was 5.18 inches in May, minimum monthly precipitation was
1.33 inches in January, and the monthly average precipitation
was 3.18 inches (fig. 3). The period from 1950 to 1979 had
below-average precipitation spanning two substantial drought
periods, with the average monthly precipitation of 2.78 inches,
maximum average precipitation in May of 5.60 inches, and
a minimum average precipitation in January of 1.08 inches
(fig. 3). The difference in precipitation between the 1980-2009
period and the previous 30-year period (1950—1979) is primar-
ily related to increased precipitation during the months of
March, June, October, November, and December during the
1980-2009 period. Precipitation data (fig. 2) indicate that the
1980 to 2009 period was markedly wetter compared to the
previous period (1893—-1979), and the investigation described
in this report was based on hydrologic data collected during
this wetter period.
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Table 1. Data collection time periods of precipitation at the cooperative observer (COOP) stations used in the Central Oklahoma
aquifer study area.

Station

number Station name (fig. 1) Period of record’ Number of years 1950-1979 average  1980-2009 average

1684 Chandler 1902-2009 99 32.60 35.82
3821 Guthrie 5S 1893-2009 110 31.09 37.70
4915 Konawa 1943-2009 67 36.27 40.20
6386 Norman 3SSE 1895-2009 101 33.27 38.13
6661 Oklahoma City Will Rogers Airport 1898-2009 106 31.05 36.10
7003 Perkins 1928-2009 78 33.19 36.82
8110 Shawnee 1902-2009 102 35.45 40.89

Average 33.28 37.95

'Not continuous.

60

117-year average

34.27 in.
40
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d

Precipitation, in inches

20 - EXPLANATION
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Figure 2. Annual precipitation 1893-2009, 5-year moving average, and the number of cooperative observer stations recording during
each year in the Central Oklahoma aquifer study area.

Number of stations
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Figure 3. Average monthly
precipitation during the time
periods 1950-1979 and 1980-2009
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Geology of the Central Oklahoma
Aquifer

The Central Oklahoma aquifer consists of Quaternary-age
alluvium and terrace deposits and Permian-age geologic units
(figs. 4 and 5 and table 2) (Christenson and others, 1990).
Groundwater flows between these geologic units and both the
Quaternary-age and Permian-age units are used as a source of
groundwater. The investigation described in this report focuses
primarily on the Permian-age units because water stored in the
Quaternary-age alluvium and terrace is a small fraction of the
water stored in the Permian-age units. The Central Okla-
homa aquifer is referred to locally as the Garber-Wellington
aquifer because the Central Oklahoma aquifer is dominantly
composed of the Permian-age Garber Sandstone and Wel-
lington Formation. However, this report does not use the name
Garber-Wellington aquifer because the flow system includes
Quaternary-age alluvium and terrace deposits and parts of
the underlying Chase, Council Grove, and Admire Groups
(table 2).

Geologic History and Depositional Environments

Understanding the geologic history is useful for deter-
mining the best approach for characterizing the hydrogeologic
framework and hydraulic conductivity of the Central Okla-
homa aquifer. Central Oklahoma was located near the equator
during the early Permian age and shifted between wet and dry
climates (Ziegler, 1990). The Permian-age geologic units that
make up the Central Oklahoma aquifer were deposited on a
shallow depositional slope by a system of fluvial, deltaic and
marginal marine environments (Breit, 1998). However, Ken-
ney (2005) states that the directional variability in paleocurrent
indicators provide evidence that the Garber Sandstone was
dominantly a fluvial system. Sea levels of the inland sea that
covered much of the midcontinent were fluctuating during the
Permian time (Siemers and others, 2000), which resulted in
a range of depositional environments that are indicated in the
various rock types of the area. The rock types and textures of
the Chase, Council Grove, and Admire Groups, for example,
indicate frequent fluctuations between shallow marine and
fluvial systems and transition to a carbonate shelf to the north
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