

















other, increasing drawdowns or decreasing -discharges,
or both, -and a general lowering of water levels has
occurrcd. It is reported that the static water level
declined 35 feet when operations in the Oklahoma City
oil field were at their height, and that no recovery
"was observed when slackening of activity in the field
reduced the pumpage. Probably the oil-field pumpage is
only part of the story. It is likely that as the pump-

ing of ground water in the oil fields was reduced, the

pumping for other uses was increased, so that the total
punpage and the drawdown remained about the same. At
the end of 1943 the o0il industry in the area was still
using 1.5 million gallons of water per day, and other
industries were steadily increasing their consumption
of water,

Because most of the industries using water from
the Permian are in the southeastern part of the city,
the greatest drop in water level occurred there, and
the aquifers undoubtedly have been overpumped. The
wells in the northern part of the city have static
levels of 150 to 200 feet below the surface, but here,
also, the wells interfere with each other, and there
has been a lowering of water levels, although not as
much as farther south, o

Probably several million gallons a day could be
dravm from the red beds in the northern part of the
area, but at the expense of lowering the water table
and considerably reducing the discharge of the present
wells. The public water - supplies of Hichols Hills,
liest Nichols Hills, and probably Britton would be
affected, and for this reason further large-scale
development of the ground-wvater resources in that
locality is believed to be undesirable.

QUATERNARY ALIUVIAL DEPOSITS

Pleistocene Terrace Deposits

., EGharacter, Terrace deposits consist of materials
laid d6WA By —ancient streags, which since the time of

deposition have cut their valleys to their present
lower levels. In many instances, the streams that made

the deposits were the ancestors of the streams flowing
across Oklahoma today. The deposits consist of sand,"
gravel, and clay in differing proportions. They gener-
ally yield better water than that in the bedrocks of
the same locality, and, on the whole, better water than
that in the alluvium, although the quality is not uni-
form from place to place. Replenishment of the ground
water in the terrace deposits comes mainly from rain
falling on their surface,

Such a deposit underlies most of T, 12 M,, R. 4 W.
Its surface is the Bethany terrace, which is more than
55 feet above the present flood plain of the North
Canadian River. The thickest part of the deposit, as
revealed by test drilling and by depths of existing
water wells, is south of U.S. Highway 66 in a strip
about 1 mile wide west of Bethany. There, as much as
60 feet of stream-laid material was found. Farther
from the river, the deposit thins abruptly, and along
the outer margin it is only a thin veneer overlying the
redbeds,

. Wind-blown sand has accumulated at several places
on the terrace deposit. The largest area of sand,
totaling several hundred acres, is in the S sec, 29
and I} sec, 32, T. 12 ii., R. 4L W. Sand areas are espe-
cially favorable to downward percolation of water from
rains, and, hence, to recharge of the ground-water
reservoir,

Hydrology. The ground water under the Bethany
terrace (fig. 2) occurs under water-table (unconfined)
conditions, It is replenished mainly from precipita-
tion on the area, which either percolates directly to
the water table or runs off at the surface, some of it
later percolating to the water table from the stream
channels when the streams are high, At such times the
streams are said to be influent.

The possibilities of recharge to the terrace de-
posits from the red beds are negligible because they
are higher than the terrace in only a few places, their
permeability is very low, and the area between the
divide and the terrace is small,


murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641


The ground water imay discharge in several ways,
the greatest discharge probably occurring by seepage
into the streams (which are then said to be ef fluent)
during the periods of high ground-water levels, and by

undertlow into the alluvium of the North Canadian River
Valley. Underground flow from the terrace into the red
beds is probably small because of the low permeability
of the red beds. Discharge from the terrace deposits
by evaporation and transpiration may be large, espe-
cially during periods of high water levels and high
temperatures. Discharge into Bluff Creck Canal, which
cuts across the terrace below the water table, and the
pumpage from wells account for the artificial discharge.

The largest user of ground water from the terrace
is the City of Bethany, which pumps about 250,000 gal-
lons per day., Plants mining building sand in the area
wash the sand with ground water from the pits, supple-
mented by water from deep wells, their total being
about 50,000 gallons per day. In addition, several
housing developments in the area have private wells for
each hame. The estimated daily pumpage from about 150
such wells is 50,000 gallons. The total pumpage of
ground water in the Bethany area, therefore, is about
350,000 gallons ner day, or less than 130,000,000 gal-~
lons per year, which appears to be safely below the
annual replenishment. As reported by the U.S. Weather
Bureau, the normal annual precipitation at Oklahoma
City is 31.15 inches. If only 5 percent of this
reaches the water table, the annual recharge is about
250,000,000 gallons per square mile. Although this is
only a rough estimate of the recharge, it is apparent
that the water in the terrace deposits has been uti-
lized to only a limited extent, and that considerable
additional water may be obtained from them.

The canal connecting the North Canadian River with
Bluff Creek Reservoir is cut through the terrace depos-
it for about 3 miles of its 5-mile length, and as it
extends below the water table for most of this distance
it acts as a drainage ditch and lowers the water level
when the canhal is not being used to transport surface
water, As the water table is higher than the canal,
the gradient is toward the canal and water flows into
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CONTOURS OF WATER TABLE UNDER BETHANY TERRACE
DECEMBER 7, 1943
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and along it toward Bluff (Creek. In addition, tile
drains have been installed under the paved section of
the canal to drain off the ground water, so that the
hydrostatic pressure of the ground water will not cause
the paved section to rise or "float", It is estimated
that 0.6 million gallons a day will be drained from the
paved portion of the canal,

The Oklahoma City Water Department has maintained
observations in a series of wells along the canal in
order to record the recession of the water table due to
the drainage. These observations plainly show the ef-
fect of the canal, and a contour map drawn from obser-
vations in them shows the gradient toward the canal.
(fig. 2) Equilibrium apparently had not been reached
late in 1943, but dewatering operations along the canal
during paving complicated the picture by making gradi-~
ents steeper than normal at some points. Furthermore,
the surface of the red beds rises sharply about 2 miles
southeast of the canal and seems to act as a dam pre-
venting the drainage effect of the canal from extending
far in that direction.

When the canal carries flood flow from the North
‘Canadian River, the ground-water gradient toward the
canal will be lessened and the ground-water discharge
will decrease. However, as the canal will be used for
enly a few weeks during the year, this will have little
effect on the average ground-water conditions., In the
paved section, the ground water and surface water will
be separated and the same amount of ground water will
be drained away whether or not surface water is in the
canal.

Well points and suction pumps were installed in
the bottom of the unpaved section of the canal with the
expectation of recovering about 40 million gallons of
water per day during a period of 2 or 3 months., The
pumping would have increased the discharge of ground
water along this part of the canal materially, and the
resulting cone of depression — in this case, more
accurately, a trough of depression — would have spread
out considerably, causing a lowering of water levels in

wells in the vicinity. It was thought that the south-
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eastward rise of the red bed basement would act as a
deterrent to the extension of the cone or trough in
that direction. Some of the anticipated results viere
not obtained, however, because it proved unnecessary to
continue pumping long enough for them to appear.

RECENT LOW TERRACES AND ALLUVIUM

Character. The materials deposited by a stream
are called alluvium, and consist of wunconsolidated
gravel, sand, and clay in any proportion and any degree
of sorting, generally thickest near the middle of the
valley., Alluvium is distinguished from the terrace
deposits not by the way it wss deposited, but by the
fact that it underlies the flood plain or "bottoms"™ of
the present valley, In the HNorth Canadian Valley, two
or three "bottoms" or terraces are evident, but these
terraces were made in relatively recent time, and,
although the higher ones were formed first and hence
must be somewhat older than the lower ones, the depos-
its underlying them belong to the same generation. The
deposits under the different terrace levels g¢onnect

with one another and they therefore constitute a single

aquifer.

The depth to the bedrock under the flood plain and
low terraces is less and the alluvium under them is
thinner than under the Bethany terrace. The maximm
thickness of alluvium encountered by test wells sunk by
the Oklahoma City Water Department is about 45 feet.
Presumably this thickness was found over the deepest
part of a channel cut into the bedrock, for in general

the flood plain is only 25 to 35 feet above the bedrock
floor.

'Most of the alluvium is probably derived from the
Tertiary formations of the northwestern part of the

State, with only relatively minor amounts from the red -

beds. The texture of the material is far from uniform,
but in general grades from coarser at the bottom to
finer at the top. Throughout most of the Horth Canadian
River bottoms near Oklahoma City, several feet of coarse
sand occurs just above the bed rock, and it is to this
bed that most of the water wells are sunk,

Municipal wells in alluvium. At the end of 1943,
the Oklahoma City Water Department was using 15 wells
ranging from 36,75 to 43 feet deep in the alluvium of
the Horth Canadian River, all of them gravel-packed,
The gravel used in them ranged in size from 0.25 inch
to 1 inch, the 0,25 inch size predominating., Well 1
has a 45-inch outer casing, an 18-inch steel inner cas-
ing, and an 18-inch perforated steel screen. Wells 3,
L, 5, and 6 have a 48-inch outer casing, an 18-inch
steel -inner casing, and a concrete screen with an 18-
inch inner diameter and a 24-inch outer diameter. The
screen openings are 0,25 inch wide and 4 inches long.
The cther wells have a 48-inch outer casing, a 12 inch
steel inner casing, and a concrete screen with an 18-
inch inner diameter and a 23-inch outer diameter., The
screen openings are 0.25-inch widé and 6 inches long.
All the wells are equipped with turbine pumps of var-
ious types and sizes., The rated capacities range from
150 gallons per minute against a 140-foot head to 300
gallons per minute against a 200-foot head. The pumps
are electrically driven by motors which range from 7.5
to 30 horsepower.

H{drologx The Horth Canadian River itself is the
main source of recharge and avenue of dlscharge for the
ground water in the alluvium, for the river is influent
during high stages and effluent at low stages, Leakage
from the dam for Lake Overholser probably extends the
influent period of the river by maintaining the flow
beyond the normal period, but this favorable factor is
probably offset by the diversion of a large fraction of
the flood flows into Lake Overholser, Rainfall direct-
ly on the alluvium, and the runoff from surrounding
areas that becomes influent upon crossing the alluvium,
are other sources of recharge. Ground-water underflow
down the valley has been estimated as about 150,000
gallons per day. As the contours on the water table
show the flow to be directed at an angle of about A45°
to the general trend of the valley, even at high stapes
of the water table, it is apparent that the water
pumped from the alluvium comes mainly from storage.

In addition to the discharge into the river, apart
of the ground water in the alluvium is discharged by
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on and transpiration. Although little of ?he
Eizggrzgiig in the imﬁediate vicinity of Okla?oma City
is cultivated, most of it bears heavy vegetation, same
drawing on ground water. Severgl abandoned channeli on
the flood plain normally contain water that is rep en-
ished from the underground supp}y, and the' evappfat;o:
from their water surfaces is high, especially "in ho
weather.

e importance of the losses by transpiration and
evapoigtionpwas made evident by a study of ground-water
Jevels in the alluvium from Yukon to Geary, above Lake
Overholser. When contour maps of the water table for
dry seasons were compared with those for wet seasons,
no significant change in slope of tpe water table wa;
found, The contour 1lines were simply shifted bac
somewhat from the channel, which meant that the ground
water was still moving in the same directiog and at
about the same rate as in wet seasons, to be d1§charg?d
somewhere, As the river channel was dry for miles, it
is plain that the discharge was not into the stream and,
hence, that it must have taken place th?ough plantlgse
(transpiration), evaporation, and pumplng framn wells.
Conditions are similar below Lake Overholser.

cept for a few small private wells for stock and
domesgic ﬁater supplies, the 15 city vells account for
all the pumping from the Recent alluvium near Oklahoma
City. On the basis of records of.pumpage during the
early part of 1940, the Oklahoma City Water Depart@ent
estimated that 4 million gallons per day could be w%th—
drawn from the alluvium initially, but that the yield
would decline to about 2 million gallons per day after
about 3 months of pumping. The wells were pumped from
September 14 to the end of December 1943, and, although
the initial yield was less than expected--only about

i i first full
3,54 million gallons per day in October, ?he .
month of pumping--it increased to 3,77 million gallons

er day in November, and was 3.67 in December, At the
gnd o?yDecember, inéividual wells were yielding from 60
to 260 gallons per minute and averaging about 175 gal-
lons per minute. The average drawdown was about ?O
feet, increasing about 0.75 foot during December., This
rate of increase is not very indicative of the decline

/!

of the water table however, becauge as the drawdown in-—
creased the city reduced the rate of discharge, The
econtinued high yield in the face of the predicted 507
reduction can be explained as due partly to local re-
charge from rain that fell on the immediate area, with-
out affecting the flow in the river upstream, especislly
during December when precipitation was above and tempen-
ature below normal; and partly to induced recharge from
the river, which continued to flow as a result of seep-
age through the dam at Lake Overholser despite attempts
to salvage the lesses by pumping back into the Lake,

The proposal to drill more wells along Meridian
Avenue, which is 2 miles west of May Avenue and about 4
miles downstream from Lake Overholagr, appears to be
essentially feasible. Test drilling in that area has
shovn enough water-bearing material in the alluvium,
and the history of the pumping at May and Pennsylvania
Avenues suggests that considerable groun& water could

be withdrawn without creating a shortage in the present,
viell fields,

Heavy pumping from the alluvium, if continued
through a long period with 1little or no recharge,- will
tend to deplete the aquifer swrrounding the wells, but
the emergency pumping in 1943 had no permanent effect.
After the shortage of surface weter passed and the pump—
ing was stopped, the aquifer 2gain became fully satura-
ted and the normal natitral ebb and flow of racharge and
discharge prevailed. Even the immediate effects of the
heavy pumping could not be considered serious, for
there were no other wells of importance in the area to
be affected by the drawdown. The propesed wells on
Meridian Avenue vere not drilled and their effect on
the older well fields therefore, was never ascertained,

Likewise, the proposal to sink well points in thg
drainage ditch north of Lake Overholser and w¥st of the
river vas not carried out, At that place the water
table is near the surface, premitting pumping by centri-
fugal pumps, but precise information on the thickness
and character of the water-bearing ma“erials is lackding.
It is believed that the thickest alluvium is on the op—~
posite fast) side of the river, although a well 0.5 mile
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Well 8. - Thickness Depth Well 24,
ifeet)

Thickness De
ifeets Depth

(feet) Tfeet)

Fine sand ané clay 5 > Black loam topsoil 1 1

Fine sand 7 12 Fine sand 16 17

Medium-coagse sand and clay balls 5 17 Fine gray sand 3 20

Blue clay 3 20 Clean coarse sand 3 23

Coarse sand, some clay 9 29 Coarse sand and clay 2 25

Very coarse sand 10} 393 Clean coarse sand 13 38

Red beds vevee  sesee Red beds

Well 21, Vell 26,

Fine sand and clay 6 b Fine sand 18 18

Fine sand 9 15 Medium~coarse sand and clay balls 7 25

Blue clay 5 20 Coarse sand UL 301

liedium~fine sand 12 32 Red beds %

Very coarse clean sand L 3/4 36 3/4 seste evees

Red beds ecsstre XN Well 27. ‘

Vell 224 Topsoil 1 1
‘ Fine sand 19 20

Fine sand 13 13 Fine white sand 3 2

Medium-fine sand, scme clay 7 20 Fine quicksand 1 23

Clean coarse sand L A Clean coarse sand 17 hﬁ

Clay, clay balls, fine sand L 28 Red beds

Clean coarse sand, some gravel 15 L3 tere teee

Red beds ' e XXX Well 28,

Well 23. Topsoil and clay 3 8

' : Fine sand 9 17

Fine sand 18 18 Medium-coarse sand 9 2%

Medlum-fine sand 2 20 Coarse sand 12 58

Goarse sand L 24 Red beds .

Coarge sand and clay balls 3 .2 tene cee

Caarse sand, some gravel 10} 373

Red beds veree PPN

Well 25,

Fine sand 17 17

Mediun-fine sand, some clay 12 2

Coarse sand 7 3

Coarse sand and grawel 5% L1}

Red beds ' XN Al LN B
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