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After additional field work done prior to 1912, Siebenthal
(1915, p. 165, 166) again described some of the same wells together
with new ones, indicating that most still flowed at the surface.
His evidence does not imply that no decline in head had occurred
between his visits, only that the decline had not cut off flows by
taking water levels below the land surface.

Most of the wells that originally flowed at the surface are re-
ported to have ceased flowing “when the mines opened,” probably
in the period from 1916 into the early 1920’s, when the production
of lead and zinc ores increased rapidly. The mining operations
could not have directly affected the artesian head of the water in
the rocks of the Canadian series because the ore is found in rocks
separated from them at most places by the essentially impervious
Chattanooga shale. The hydrologic connection if any, is very
poor. The effect of increasing production of lead and zinc was
a considerable increase in water use. The milling operations
required large amounts of water, and, although most of it was
obtained from surface ponds, many deep wells were drilled to
supplement the ponds. At the same time, the cities and towns
of the mining area doubled and even trebled in population, most
of the municipal wells were drilled, and municipal pumpage in-
creased sharply. As the original artesian head was not much more
than 30 feet above the land surface and the decline already was in
progress, the increased draft caused the piezometric surface to
fall below the land surface and the wells stopped flowing. This
occurrence was unusual enough to be remembered and to be
associated with other significant events, such as the opening of the
mines.

In 1936 and 1937 the State Mineral Survey, a Works Progress
Administration project sponsored and directed by the Oklahoma
Geological Survey, made an inventory of the mineral resources of
Oklahoma. One objective was the collection of information on
the water resources of the state. The records for Ottawa County
and adjacent counties obtained in this inventory indicate that the
water levels in the deep wells were then about 100 feet below the
surface, or about 700 feet above mean sea level. This survey was
made during the depression period when pumpage was less than
previously because most of the mines had suspended operations and
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much of the population dependent on mining had drifted away.
Presumably this decrease in pumpage was accompanied by a rise
in water level; or, at least, by lessening of the rate of decline.

In 1942 C. C. Williams, of the U. S. Geological Survey,
supplemented his work in southeastern Kansas by making an
inventory of some of the municipal wells in porthern Ottawa
County. As reported to him, the water levels at that time were
200 to 300 feet below the surface, or approximately 600 to 500 feet
above mean sea level.

When the wells for The B. F. Goodrich Co. were completed
northwest of Miami in April 1944, measurements in them showed
the water levels to be about 250 feet below the surface, or about 530
feet above mean sea level.

The Eagle-Picher Mining and Smelting Co. has kept a record
of the water level in the well at its Central Mill near Cardin since
it was drilled in 1932. Measurements were made at irregular
intervals by means of an air line, both while the well was being
pumped and while the pump was idle. A hydrograph based on the
company’s records shows a clear-cut downward trend (fig. 5).

Declines in water level have been noted also in adjacent parts
of Kansas and Missouri, but the magnitude has been less than
in Ottawa County.

Table 7 summarizes the reported and measured water levels
in several deep wells in Ottawa County, and figure 5, which is
based on the same data, illustrates graphically the decline of water
level.
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Depth To Water Below Land Surface
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ALTITUDE OF WATER LEVEL IN FEET ABOVE MEAN SEA LEVEL
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Fie. 6. Graphs showing decline of water levels in deep wells in Ottawa
County.
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28 GROUND-WATER RESOURCES OF OTTAWA COUNTY

PUMPING TESTS

Three controlled pumping tests were made on wells of The
B. F. Goodrich Co., under the direct supervision of the senior
author of this report. They reveal the hydraulic properties of the
rocks of the Canadian series. In addition, two protracted pumping
tests were made by others on wells tapping the Boone formation.
Although these two do not yield coefficients of transmissibility and
storage, they clearly indicate that in some localities, at least, the
Boone can yield water in very substantial quantities. All five
tests are described in the pages that follow.

Purpose and Definitions

The amount of water a well will yield depends primarily on
the hydraulic properties of the aquifer. These include the per-
meability, the coefficient of storage, and the extent and thickness
of the aquifer. The permeability® is the ability of the water-bearing
material to transmit water, and usually is expressed as the number
of gallons of water per day that can percolate through each mile
of the water-bearing bed (measured at right angles to the direction
of flow) for each foot of thickness of the bed and for each foot per
mile of gradient. In dealing with a single aquifer, it often is more
convenient to multiply the permeability by the thickness of the
aquifer to obtain the coefficient of transmissibility, which represents
the ability of the aquifer as a whole to transmit water. Pumping tests
generally give the transmissibility directly. The coefficient of storage
is equal to the amount of water, expressed as a fraction of a cubic
foot, released from each vertical column of the aquifer having a
base 1 foot square as the piezometric or water level declines 1 foot.
Measurements of the permeability, the coefficient of transmissibility,
and the coefficient of storage can be made by means of controlled
pumping tests.

Tests in Canadian Series (Goodrich Plant)

In the first test, well 28N22E-24-3 was pumped at an average
rate of 421 gallons per minute from 11:20 a.m. on March 25, 1944,
to 2:30 p. m. on April 2, a period of 8 days, 2 hours, and 10 minutes.
Measurements of water level made in the well by the wetted-tape

1 Fjeld permeability, determined at the prevailing temperature of the
water. The laboratory coefficient is the permeability at 60 degrees F.
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method after the pump had been shut down gave the rate of re-
covery of the water level. Periodic measurements of water level
in well 28N22E-24-5 starting the day before the pump was shut
down gave part of the drawdown and the recovery of water level
at a distance of 2,000 feet from the point of withdrawal. The dis-
charge of the pumped well was measured by means of a Sparling
meter,: which was checked against an orifice meter.

Methods used in subsequent tests were similar, but periods and
rates of pumping differed. In the second test, well 28N22E-24-1
was pumped at an average rate of 450 gallons per minute from
10:05 a.m. on May 19, 1944, to 8:22 a. m. on May 21, a period of
46 hours and 17 minutes. The water levels were observed in wells
28N22E-24-3 and -5 before, during, and after the pumping, and in
well 28N22E-24-2 during the latter part of the test. These wells
were 2,575, 3,358, and 2470 feet, respectively, from the point of
withdrawal.

In the third test, well 28N22E-24-4 was pumped at an average
rate of 500 gallons per minute from 10:41 a. m. on August 3, 1944,
to 10:45 a. m. on August 5, a period of 48 hours and 4 minutes.
Observations of water levels were made in wells 28N22E-24-1 and -3
and 28N23E-18-1. These wells were 5,400, 4,090, and 2,507 feet,
respectively, from the point of withdrawal. The drawdown and
recovery of water level in well 28N22E-24-1 during the third test
are illustrated in figure 7.

ANALYSIS OF DATA

Hydrographs of water level plotted against time, similar to
figure 7, were prepared for each observation well to show the
drawdown and the recovery of water level in that well caused by
the pumping. The drawdown and recovery of water level were then
analyzed separately for each well, according to the Theis non-
equilibrium formula, to derive coefficients of transmissibility and
storage. In all, 13 determinations for transmissibility and 12
for storage were made.



100

GROUND-WATER RESOURCES OF OTTAWA COUNTY

"199F (0F'C [ox padmnd woiy dduvlsiy -opnuiw Iad suofied ()¢ 998l Surdung ‘T IS0y ‘padurnd sBM F-FZ-HTEZNSKG

oA ToIGM Ul 753) J91J8 Pue SUlND [-5Z-HIINSE [19M Ul [9AJ] JaJem JO AJI0A0D3I PUB UMODMBIP 3ulmoys Yderd °L OIF

¥sc
\7
) AN €92
n .
\ 5 N\
2
= €9¢
\ & /
n ‘0
y. m_ . c 192
\ 3 / 3 |
\ o g 092
53
C o
. BLN / m 652
»
i o N g |
3 prd
= \um/ =114
N
o AT
S’
1334 00F6 TT3M NOILYAHISEO OL 9cZ
T13IM Q3NN WOYS IDNVLSIG
wdd 005 ‘3LVYH ONIdWNd
‘SILON \ sez
e G &
g 1SNonV S 1snonv ¥ 1SNONV € 1SNonv g 1snonv

INIOd DNIYASVHN MOTHLE ‘LAHA NI “THAHT YHLVM



OCCURRENCE AND BEHAVIOR OF GROUND WATER 101

The Theis nonequilibrium formula (Theis, 1935, p. 519-524)
is an equation that describes the cone of depression created in the
piezometric surface by the withdrawal of water. As applied in
pumping tests, the observed drawdown and the rate of pumping
are substituted in the formula, which then is solved for the co-
ctficients of transmissibility and storage. Future drawdowns at
specified rates of withdrawal may be estimated by using these
coefficients of transmissibility and storage in the same formula as
a basis for extrapolating new drawdown curves. The formula
assumes that the aquifer is infinite in extent, bounded by im-
permeable beds above and below, and homogeneous and isotropic;
and further that water is released from storage instantaneously
with decline in head. These ideal conditions are not fully realized
mn nature. If they were, coefficients of transmissibility and storage
would be identical throughout the aquifer, but in actuality they
differ widely. In applying the Theis formula, therefore, con-
sideration should be given to the deviations from the assumed
conditions.

For the tests at the Goodrich plant, the Theis formula was
first solved using the graphical method (Wenzel, 1942, p. 88), which
consists of plotting drawdown against the reciprocal of time on
logarithmic paper and matching the curve so obtained to a standard
type curve. It was found that although the curves matched for the
early part of the test, they diverged with the passage of time. That
is, the drawdown in the latter part of the test was excessive, owing
perhaps to competitive pumping from other wells, or to an
obstacle in the aquifer preventing uniform, normal extension of the
cone of depression. The nearest competing wells were those of
the city of Miami, but the pumping periods in them did not
correspond with the time of excessive drawdown in the Goodrich
wells. The Miami syncline therefore was considered as a possible
barrier to the movement of underground water.

The effectiveness of this inferred barrier is suggested but by
no means proved by comparison of analyses of water from wells
on opposite sides of the synclinal axis (table 8). The dissolved
solids in waters from three wells west of the syncline averages
nearly two and a half times as much as in waters from seven wells
east of the syncline, which is the side nearer the intake area. Most
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of the increase is in chloride, which averages about six times as
concentrated in the waters from west of the syncline. The dif-
ference is greater than the normal increase in mineralization ob-
servable as aquifers are followed down the dip to the depths where
flushing and freshening by water from the outcrop ceases and the
formation contains undiluted sea water trapped in the sediments at
the time of deposition.

TABLE 8

COMPARISON OF DISSOLVED SOLIDS AND CHLORIDES IN WATERS
FROM THE ROCEKS OF THE CANADIAN SERIES ON OPPOSITE SIDES
OF THE MIAMI SYNCLINE.

Dissolved

Well name Well number! Depth Chlorides solids

(feet) (ppm) (ppm)
A. Wells west of syncline
Pelican 20N23E-18-1 1,229 260 583
Gordon 20N23E-18-2 1,176 M 3060
Bird Dog 29N22E-13-1 1,267 2% L.
Powerhouse 20N228-25-1 1,229 212 495
Average 1,225 204 459
B. Wells east of syncline
Picher 29N23E-21-1 1,066 16 158
Picher 20N23E-21-2 1,125 23 178
Central Mill 20N23E-31-1 1,175 16 158
Commerce 28N23E- 6-1 1,050 ( 144
Goodrich 28N2210-244 1,235 32 201
Miami 28N23E-31-3 1,250 78 264
Ballard 27TN23E- 7-1 1,055 54 265
(Wilson)

Average 1,136 32 195

Ratio, East:West 1:1.08 1:6.3 1:2.%

1 Well numbers indicate location. See section on Well-numbering system.

It is not clear how flushing and freshening to depths of about
1,200 feet in Ottawa County are accomplished. For one thing,
the intake area is remote and much time would be required for
slow-moving ground water to travel to Ottawa County. During
this time much mineral matter could be dissolved from the rocks
traversed. Then, too, circulation implies outlet as well as intake,
and the points of discharge are unknown. They are, indeed, diffi-
cult to conceive in view of the fact that the water-bearing rocks under
consideration continue to descend westward whereas the land
surface rises. Nevertheless when the first well was drilled into
these rocks the water in them was fresh enough to use and to
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warrant extensive development. The important consideration,
therefore, probably is the rate of circulation, or the lack thereof,
in different parts of the aquifer. Feeble or negligible circulation
across the synclinal axis could conceivably lead to a relatively
stagnant “pool” on its west side, the water being less diluted or
freshened than it might be otherwise.

As the effect of a folding movement is compressive along a
synclinal axis, the porosity and permeability of the rocks in the
Miami syncline may be less than elsewhere in the region. Further-
more, the folding was accompanied by faulting, and the faults may
have offset permeable beds against impermeable beds, or crushed
and broken rock along the faults may be an obstacle to the move-
ment of water. Thus, the syncline may constitute an impermeable
barrier preventing or impeding the movement of ground water
from the west toward the wells that were pumped in the tests.

The axis of the Miami syncline passes about 0.5 mile west of
the Goodrich plant and it is noteworthy that the Goodrich well
nearest to it proved to be the well showing the lowest yield and
the lowest coefficient of transmissibility. Confirmation is furnished
by drillers’ reports of low yields from other wells drilled near the
axis of the syncline. To translate this idea into quantitative terms
and check its validity, the extra drawdowns that would be caused
by such an obstruction were computed for the first and second
pumping tests according to the Theis image-well theory, which is
explained on a later page. Subtracting these extra drawdowns
from the observed drawdowns and replotting yielded new but
hypothetical curves that closely matched the type curve. These
new curves, therefore, approximated those that would have been
obtained if no hydraulic barrier were present—that is, if the ground
water were free to move toward the wells uniformly from all
sides.

The syncline would be a barrier to the movement of ground
water toward a pumped well as soon as the cone of depression
reached it, and its influence on yield and drawdown would in-
crease with continued pumping until the cone expanded eastward
to the outcrop area—if it could—allowing establishment of a con-
dition of equilibrium. For this reason, it is believed that the co-
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efficient of transmissibility derived from the first part of the curves
is more typical of the aquifer in the area as a whole than is the
cocfficient of transmissibility from the latter part of the tests.
At C. E. Jacob’s suggestion (personal communication) modified
type curves assuming that the Miami syncline is an absolute barrier
on the west were prepared, and the actual curves based on the tests
were matched to them. Values for the coefficient of transmissi-
bility based on. this procedure are thought to be reasonably re-
liable and realistic (table 9).

TABLEH 9

ADJUSTED COEFFICIENTS OF TRANSMISSIBILITY AND STORAGE
OF THE ROCKS OF THE CANADIAN SERIES AS DETERMINED FROM
PUMPING TESTS IN WELLS AT THE GOODRICH PLANT,
MIAMI, OKLAHOMA

CQoefficient of

Discharge welll Observed transmissibility Coefficient
welll {(gpd /ft) of storage Based on
Test 1.
. 28N22E-24-8 23,800 Recovery
28N22E-24-3 _ o :
-b 47,400 8.48 x 10°° Recovery
Test 2. . B ' ‘
28N22E-24-2 22,200 1.02 x 10™ Recovery
-3 32,950 6.85 x 10°- Drawdown
28N22E-24-1 -3 40,400 6.07 x 10° Recovery
-5 32,200 7.87 x 10~ Drawdown
-b 31 _500 7.69 .x 107° Recovery
Test 3. ,
28N22E-24-1 36,400 4.23 x 107 Drawdown
28N22HE-24-4 -1 59,400 6.17 x 107 Recovery
-3 41, 200 ‘ 597 .x 10° Drawdown
-3 43,900 6.10 x 10~° Recovery
28N22E-18-1- 35,600 1.27'x 10™ Drawdown
, -1 48 K00 141 x 10 Recovery
QOver-all average 88,100 8.00 x 10°°

1 Well numbers indicate location.

p. 141,

See section on Well-numbering system,

These adjusted coefficients of transmissibility range from

22,200 gallons per day per foot to 59,400, and average 38,1005 and
the coefficients of storage range from 423 x 107 to 141 x 107 "‘, and
average 8.00 x 107 5, 'The wide range in values for these coefficients
is thought to be due principally to lack of uniformity within the
aquifer—more precisely, to low porosity and permeabﬂlty along
the Miami syncline, perhaps attributable to cementation and fault-
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ing. Well 28N22E-24-2 is the nearest of the Goodrich wells to the
axis of the syncline, and the lowest figure for transmissibility was
obtained from the recovery of water level in it after pumping was
stopped in well 28N22E-24-1, the next nearest to the syncline. On
the other hand, the highest figures for transmissibility were ob-
tained when well 28N22E-24-4 was pumped. Of the pumped wells,
this was the farthest from the synclinal axis. Even within the
group of six determinations based on this test the range is from
36,400 to 59,400 gallons per day per foot, a spread of 23,000. The
average for this group of determinations is about 44,200 gallons per
day per foot.

The second lowest value for the coefficient of transmissibility
was obtained from the recovery of water level in well 28N22E-24-3
after pumping in it had stopped. This well entered the pre-
Cambrian granite at a depth of 1,050 feet and is the shallowest of
the Goodrich wells. The lower 592 feet is uncased, and all this
zone is assumed to have contributed water to the well. This is
174 feet less than the average length of open hole in the other five
Goodrich wells. The well went through 155 feet of the Roubidoux
formation, which is thought to be the principal source of ground
water. Among the Goodrich wells, this is not the thinnest section
of the Roubidoux by 5 feet, but it is 15 feet less than the average.
As the coefficient of transmissibility is equal to the permeability
multiplied by the thickness of the aquifer, it is evident that less
thickness means lower transmissibility. Even more important,
perhaps, is the fact that the lower sandstone member of the
Roubidoux formation—thought to be one of the more productive
zones—is much thinner in this well than in the other Goodrich
wells.

It appears probable that the transmissibility of the aquifer
gradually decreases from the ecast toward the Miami syncline.
As the Goodrich wells are rather close to the synclinal axis, it is
likely that the average of 38,100 gallons per day per foot is lower
than the normal transmissibility of the Canadian series in Ottawa
County. For this reason, and for convenience in further computa-
tions, 40,000 gallons per day per foot for the coefficient of trans-
missibility and 1 x 107 for the coefficient of storage have been
adopted as representative of the area.
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FUTURE DRAWDOWNS

The Theis nonequilibrium formula can be used to predict
future drawdowns in an aquifer if the coefficients of transmissibility
and storage are known, and if the effects of the boundaries can
be evaluated. Curves representing the theoretical drawdown of
water level at distances ranging from 1 to 155,000 feet from a
well being pumped at a rate of 400 gallons per minute for periods
of 100 days, 6 months, 1 year, 2 years, 5 years, 10 years, and 50
years have been prepared for an aquifer of infinite extent having
a coefficient of transmissibility of 40,000 gallons per day per foot
and a coefficient of storage of 1 x 107 (figs. 8 and 9). ‘These co-
efficients are approximately those of the rocks of the Canadian
series in Ottawa County.

Because the drawdown is proportional to the rate of pumping,
drawdowns at rates other than 400 gallons per minute can be de-
termined from the curve by multiplying the indicated drawdown
by the appropriate ratio. For example, a well pumping 200 gallons
per minute will cause half the drawdown shown on the curve and
a well pumping 500 gallons per minute will cause one-fourth more
—that is, 1.25 times as much. The total drawdown at a given point
caused by pumping from several wells is equal to the sum of the
drawdowns produced individually by the wells. For example, if
two wells were to pump 400 gallons per minute each for a period
of 100 days, the drawdown at a point 600 feet from one well and
2,000 feet from the other would be 12 feet plus 9 feet, or 21 feet at
the end of the period.

The Theis formula is not directly applicable to the problem
of determining the drawdown in a well due to its own pumping,
because several factors, among them the entrance losses into the
well and changes in transmissibility of the formation adjacent to
the well caused by the drilling or development of the well, cannot
be evaluated mathematically. An approximate solution is obtained
by determining the specific capacity (gallons per minute per foot
of drawdown) for a 24-hour period of pumping and from it esti-
mating what the drawdown at the end of the first day would be
at the pumping rate selected for the computations. The estimated
drawdown normally is greater than the drawdown computed strictly
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according to the Theis formula. The difference between the
estimated drawdown and the drawdown computed by the formula
is then used as a constant correction, being added to the drawdowns
for future days as computed by the formula.

EFFECT OF BOUNDARIES

The Theis formula, and therefore the curves of figures 8 and
9, are based on the assumption that the aquifer is of infinite lateral
extent, but the pumping tests showed the Miami syncline to be a
barrier to the flow of ground water. Presumably the Seneca
fault is a barrier also. The effect of a barrier on the drawdown in
pumped wells can be evaluated by the use of the image-well theory
of Theis (1939), which translates the hydraulic effect of the
barrier into the drawdown that would be caused by other, hypo-
thetical, pumped wells.

The simplest case is that of one pumped well and one barrier.
The well is regarded as reflected across the barrier as if the barrier
were a mirror. The reflection, or “image,” well is an assumed well
pumping at the same rate and for the same period of time as the
real well and located at the same perpendicular distance from the
barrier as the real well, but on the opposite side. Because the real
well and the image well are identical and equidistant from the
barrier, their cones of depression are identical and will reach the
barrier at the same time. Therefore, a reversal of gradient—a
“drainage divide’—will occur there. Under these assumed con-
ditions, ground water would be no more able to cross the “drainage
divide” than it is able in nature to cross the hydraulic barrier.
Hence, the computed drawdown in the pumped well caused by the
“pumping” of the image well is equal to the effect of the barrier.

If several pumped wells are to be considered, the theory
assumes for each an image well reflected across the barrier, and
the total drawdown at any point equals the sum of the drawdowns
produced by all the real pumped wells plus the drawdowns pro-
duced by the image pumped wells at that point.

In the case of a single well and two parallel barriers, the
systems of the image wells become infinite—the pumped well is
reflected to the first image across the first barrier, this image well
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is reflected to a second image across the second barrier, which in
turn is reflected back across the first barrier, and so on ad infinitum.
Similarly, a second system is set up starting with an image of the
pumped well reflected across the second barrier, then across the
first barrier, and so on. As the successive image wells of the same
system are progressively farther from the starting point, the draw-
down effect ultimately becomes negligible. Where several pumped
wells are considered, each has its own infinite system of image wells
and affects all the others. Thus the analysis may become very
complicated, but for practical purposes a distance may be selected
beyond which the effect of additional image wells would be
negligible during the period under consideration.

If the two barriers are not parallel, the system of image wells
becomes finite, and a rigid mathematical solution is possible under
some situations but not under others. If the angle of intersection
of the two barriers, measured in degrees, can be multiplied by
an even whole number to yield 360 degrees, the problem can be
solved. Thus, if the angle of intersection is 60 degrees, multi-
plying 60 times 6 (an even whole number) yields 360 and a solution
should be obtainable. On the other hand, if the angle of inter-
section is 72 degrees, an odd whole number (5) is required as
multiplier to get 360 degrees, and a solution is possible only if the
well (or wells) lies on the bisector of the angle of intersection.
For practical purposes, however, the computations for a few sets of
images generally will suffice to determine the drawdown within
the barriers, because the drawdown effect decreases markedly as
the images become more and more distant.

The rocks of the Canadian Series of Ottawa County are an
aquifer having several pumped wells and perhaps two hydraulic
barriers. The Miami syncline on the west and probably the Seneca
fault on the east are barriers for at least parts of their lengths, and
they doubtless contribute to the drawdowns in the wells between
them. To illustrate, a partial analysis was made of the drawdown
to be expected in well 28N22E-24-5 caused by its own pumping
plus pumping in six other wells at the Goodrich plant. Con-
tinuous pumping at 400 gallons per minute was assumed for all
wells except 28N22E-24-2, for which 200 gallons per minute was
assumed. Both barriers were regarded as vertical planes. The
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calculations were simplified by considering the first set of image
wells reflected across the Miami syncline to be a single well
pumping at a rate of 2,600 gallons per minute. Because the
reflection of this image well and those of the real wells across the
Seneca fault are relatively close together, the calculations were
simplified further by assuming these image wells to be a single
well pumping 5,200 gallons per minute. Figure 10 illustrates
the relative positions of the group of actual wells, the barriers,
and the several sets of image wells. Table 10 summarizes the
theoretical drawdown after 100 days, 6 months, 1 year, 2 years,
and 5 years of continuous pumping. The indicated total drawdown
after 5 years is about 450 feet.
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TABLE 10

THEORETICAL DRAWDOWN OF WATER LEVEL IN THE CANADIAN
SERIES IN FEET, AFTER CONTINUOUS PUMPING FOR PERIODS
FROM 100 DAYS TO 5 YEARS, AS ESTIMATED FOR A WELL AT THE
PLANT OF B. F. GOODRICH CO. (28N22E-24-5), MIAMI, OKLAHOMA.

Length of Pumping Period

Drawdown from 100 days 6 months 1 year 2 jrears D years
Pumping in well 28N22E-24-5
(at 400 gpm) 204 206 207 208 2090
Interference of 6 other wells
(at 2,200 gpm, total) 338 41 44 48 23
Rirst refiection, all 7 wells
on Miami syncline (2,600 gpm) 38 42 47 52 59
First set, double reflections
(2 on each barrier, 10,400 gpm) 53 12 25 41 66
Second set, double reflections
(10,400 gpm) 0 1 5 14 32
Third set, double reflections
(10,400 gpm) 0 0 1 5 18
Fourth set, double reflections
(10,400 gpm) 0 0 1 4 16
Total drawdown in well
28N22E-24-5 285 302 330 372 452

It is obvious that several sources of error are involved in
this analysis. First, the municipal wells of Miami and possibly,
also, other wells in the area would increase the drawdown. To
include them, however, would complicate the calculations and
their explanation beyond the needs of this report. Second, the
Theis formula, on which the analysis is based, assumes that the
coefficient of transmissibility is uniform throughout the aquifer,
but the pumping tests gave rather uneven results. To some extent
the error due to this factor is thought to be offset by the use of
average coefficients of transmissibility and storage in the computa-
tions. Third, the formula assumes an unchanging coefficient of
storage and instantaneous release of water from storage, whereas
under natural conditions the release will be gradual and the co-
efficient of storage probably will increase slowly with the passage of
time. The effect will be that more water will come from storage
than is assumed in the computations and the drawdown will be
lessened correspondingly, but even if the coefficient of storage should
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become several times that indicated by the rather brief pumping
tests, the drawdowns would not be significantly smaller.

The assumption that the coefficient of transmissibility will be
constant is not entirely valid. Although theoretically the co-
efficient should decrease somewhat as the formation is dewatered,
such dewatering is an impossibility so long as pumps in the area
remain at their present levels, which are far above the zones yielding
the bulk of the water. Also, if actual dewatering occurred the
change from artesian to water-table conditions would be accom-
panied by a relatively large increase in coefficient of storage that
would more than offset the decrease in the coefficient of trans-
missibility.

In the computations it is assumed that both the Miami syn-
cline and the Seneca fault are impermeable barriers throughout,
whereas the pumping tests demonstrated impermeability only
along the Miami syncline adjacent to the Goodrich well field.
Many additional pumping tests at other locations would be re-
quired to test the validity of the assumptions regarding the barriers.
If the ground water leaks across them locally or moves around the
ends, the estimated future drawdowns are too large. The com-
putations have ignored the possible effect of other faults and folds
both within and outside Ottawa County. Likewise, the effect of
recharge in the outcrop area has been ignored, mainly because the
nearest large outcrop is more than 100 miles away.

From this analysis it is evident that the rocks of the Canadian
series in Ottawa County act principally as a huge underground
reservoir, which for all practical purposes is not being replenished.
Water levels, hence, will decline as long as pumping continues. If
the pumping rate remains the same, the rate of decline will diminish
as time passes, but any large increase in the rate of pumping will
increase the rate of decline. In any case, pump bowls will have
to be lowered in many wells if the discharge is to be maintained.

A very large quantity of water remains in the reservoir, which
still should furnish many millions of gallons of water, although at
increasing cost occasioned by increasing lift. The water levels
have declined more than 400 feet in some places during the past
quarter of a century, and there is no reason to expect a reversal
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in this trend at present or anticipated rates of withdrawal. If an
economical and practical method could be found to recharge the
reservoir artificially, however, the trend might be reversed.

Tests in Boone Formation

Pumping tests have not been made that offer data for the
determination of the coefficients of transmissibility and storage
for the Boone liméstone. Something of the hydraulic properties
of the Boone may be learned, however, from the records of pro-
tracted pumping at the Garrett and Park-Walton mines. The
objective of the pumping was to dewater the mines so that work
could go forward in them.

GARRETT LEASE

Abernathy (1941, p. 234-235) reported a 7-month pumping
test made by the Eagle-Picher Mining and Smelting Co. at its
Garrett lease, in sec. 36, T. 34 S., R. 23 E, Cherokee County,
Kansas, between August 9, 1938, and March 7, 1939. Two deep-
well turbine pumps having a maximum total capacity of 8 million
gallons per day were used to pump from a shaft 5 by 9 feet in
cross section and 465 feet deep. The aquifer was the Rceds Spring
limestone (Boone). During a 67-day period near the end of the
test 482 million gallons of water was withdrawn, the average daily
pumpage being 7.2 million gallons. The water in the shaft was
lowered from an initial static level of 180 feet to a level 324.8 feet
below the surface. Thus the drawdown was 144.8 feet, and the
specific capacity was about 34 gallons per minute per foot of draw-
down. From Abernathy’s table of monthly pumpage it appears
that the total for the period of the test was about 1,196 million
gallons, for an average of about 5.7 million gallons per day.
Abernathy concluded: “ . . . . Although the drawdown was very
great, water might be withdrawn at this rate (8 million gallons
per day) without serious injury to the Reeds Spring ground-water
reservoir. Similar conditions favorable for ground-water develop-
ment probably exist at most localities in the Miami fault area.”

PARK-WALTON PROPERTY

To obtain an estimate of the cost of removing water under
the Park-Walton zinc-lead property of the United Zinc Smelting
Corp. (sec. 13, T. 29 N,, R. 21 E.), the U. S. Bureau of Mines
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made a pumping test lasting from May to December 1943. Three
wells drilled by the corporation were used. From the surface to
200 feet these were drilled 15 inches in diameter and were cased
with 12%-inch casing; from 200 fect to the bottom at about 370
feet they were drilled 12Y inches in diameter and were uncased.
The wells passed through an “open” or fractured zone from 270
to 315 feet, below which the rocks proved relatively “tight.”

Identical deep-well turbine pumps having rated capacities of
1,200 gallons per minute against a 360-foot head at 1,760 revolutions
per minute were installed in the wells. These were driven by
150-horsepower electric motors. The first pump was started in
May, the second in June, and the third in July, and pumping in
each well was nearly continuous. During 6.5 months a total of
741,180,000 gallons of water was pumped at an average rate ex-
ceeding 1,000 gallons per minute per well. The water level was
lowered 208 feet in the immediate vicinity and to lesser but signifi-
cant amounts in a surrounding area of about 6 square miles.

A contour map of the water surface based on water-level
measurements made on November 15, 1943, in outlying open drill
holes shows that the cone of depression was far from cone shaped
(fig. 11). Its base was more nearly triangular than oval, with the
pumping wells near the northwest apex of the triangle. It ex-
tended east and south nearly 3 miles, but north and west only
short distances. This irregular shape is due to the irregular
permeability of the water-bearing formation—that is, to the ir-
regular size, distribution, and interconnections of the fissures and
related openings through which the ground water moves.

The irregular distribution of water-bearing openings in the
rock is further illustrated by the fact that, despite the inability of
the pumps to lower the water below the 316-foot level, the com-
pany sank two “dry” shafts to the depth of 350 feet in “tight”
limestone a short distance west of the ore deposit. At the 350-foot
level, water in large volume was first encountered, not in the shaft,
but in a cross cut 60 feet east of the bottom of the first shaft.
Nearly complete drainage of the ore deposit was attained when
cross cuts had been driven east from the bottom of the shafts to
connect with the wells.
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As mining operations moved southward, a fourth well south
of the original three was drilled and the pump from the north well
was installed in it. In May 1948 the pumpage from the three wells
was about 2,750 gallons per minute. Meanwhile, two more mines
had been opened nearby and the pumping in them brought the
tota] for the locality to nearly 5,000 gallons per minute.




UTILIZATION OF GRCUND WATER
By Ebpwin W. Reep

Ground water is the source of most domestic, stock, municipal,
institutional, and industrial water supplies in Ottawa County. The
largest use is for public supply, but the total amount of water
pumped for industrial purposes is exceeded in only two other
counties in Oklahoma, Tulsa County and Oklahoma County.

DOMESTIC AND STOCK WATER SUPPLIES

Practically all the water supplies for domestic and stock use
in rural areas are obtained from wells and springs. The wells
generally are shallow, tapping only the surface formations, and are
equipped with rope and bucket or hand-operated cylinder pumps.
Most of the wells and springs yield more than enough water for
rural use but some are reported to be depleted perceptibly or to
go dry during periods of drought.

PUBLIC WATER SUPPLIES

All the incorporated cities and towns in Ottawa County have
public water-supply systems that depend on deep wells drilled into
the rocks of the Canadian series. Deep-well turbine pumps are
generally used to lift the water to surface reservoirs, from which
centrifugal pumps transfer it to the water mains or, in some cases,
to elevated tanks. The water is given no special treatment, but
the incidental aeration received when entering surface reservoirs
serves to remove most, if not all, of the hydrogen sulfide common
in waters from deep wells of the area. A few of the smaller towns
lack surface reservoirs, depending entirely on the deep-well turbine
pumps to lift the Water into elevated tanks.

MIAMI

The city of Miami relies on five deep wells. One of these
(No. 28N23E-30-1) is at the site of the old waterworks 1 block
north of the St. Louis-San Francisco Railway Station. It is re-
ported to be 1,250 feet deep. Details as to equipment and yield
are lacking. There is also at this site an abandoned well which
presumably is the city well mentioned by Siebenthal (1908, p. 225).
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Two of the wells are at the present waterworks and municipal
power plant, Fourth and D Streets NE. The well in the northeast
corner of the property is reported to be 1,250 feet deep, 10 inches
in diameter, and cased from the surface to a depth of 450 feet
(Well 28N23E-31-2). The well in the southeast corner is similar
in construction and is 1,247 feet deep (Well 28N23E-31-3). Each
is equipped with a deep-well turbine pump driven by a 75-horse-
power electric motor and is reported to yield about 350 gallons
per minute.

TABLE 11

PUMPAGE OF GROUND WATER FOR MUNICIPAL SUPPLY,
MIAMI, OKLAHOMA, 1948-51.1

(Millions of gallons)

Month 1948 1949 1950 1951
January 20.101 22.939 23.020 23.592
February 28.845 22.596 20.785 22.621
March 29.224 28.656 24.892 23.050
April 30.053 24.954 26.769 22.644
May 25.867 26.222 28.474 26.8566
June 30.570 28.052 31.987 28.396
July 31.492 35.301 30.022 38.654
August 29.998 35.574 28.810 36.318
September 30.421 26.399 25.689 28.704
October 27.138 26.824 24.884 26.304
November 26.284 25717 22,034 24,5638
December 24.704 24.954 22.802 24.682
Total 343.697 323.188 310.168 326.359
Daily average 04 .88 .85 .89

1 Data furrnished by H. G. Freehauf. Water-main construction requiring
the flushing of new lines, together with an unusually hot summer, made
1948 the peak year, which should be regarded as abnormal. Pumpage was
abnormally high in July and August 1951 because some water lines were
broken in the Neosho River flood of that year, and much water was used in
cleaning up.

The fourth well is about 0.5 mile south of the municipal water-
works in the city park near the Neosho River. (Well 28N23E-31-1).
Drilled in 1936, it is 1,116 feet deep and is reported to yield 480

gallons per minute.
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The fifth well was drilled in 1948 about 1 mile east of the
municipal waterworks, outside the city limits (NW1ANEANW4
sec. 32, T. 28 N, R. 23 E). It is 11 34 inches in diameter, is 1,345
feet deep, and is cased from the surface to a depth of 500 feet.
It is the deepest of the municipal wells and is the only one to tap
the Gunter sandstone member of the Van Buren formation. It
was “shot” with 120 quarts of nitroglycerine in the zone from
975-1,005 feet; 100 quarts at 1,060-1,085 feet; and 20 quarts at 1,130-
1,140 feet. The well is equipped with a 24-stage submersible
turbine pump driven by a 100-horsepower electric motor. With
the top of the bowls set 700 fect below the surface, this well yields
550 gallons per minute.

The annual pumpage of ground water for the Miami municipal
system in the 4 years 1948-51, inclusive, averaged nearly 326 million
gallons (table 11).

NORTH MIAMI
North Miami purchases water from Miami, delivery being
made through a water main laid along U. S. Highway 66.

PICHER

The city of Picher has three wells at the municipal waterworks.
on the east side of U. S. Highway 69 at the north edge of the
business district. They are within 200 feet of each other. Well
29N23E-21-1 is 1,077 feet deep and the other two are 1,125 feet
(Wells 20N23E-21-2 and -3). All are 8 inches in diameter and
are cased from the surface to a depth of about 400 feet. Below that
depth they are 6 inches in diameter and uncased. They are equipped
with deep-well turbine pumps driven by 30, 35-, and 40-horsepower
electric motors, respectively, and their combined yield is reported
to be about 250 gallons per minute. This is barely enough to meet
the peak summer demand.

COMMERCE

Two wells about 100 feet apart, reported to be 1,050 and 1,110
feet deep, furnish the water supply for the city of Commerce (Wells
28N23E-6-1 and -2). They are at the waterworks 1 block south
and 2 block east of the turn in U. S. highway 66 at the west edge of
the city, are 614 inches in diameter, and are cased from the surface
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to a depth of 355 feet. Electrically driven turbine pumps are re-
ported to withdraw about 125 gallons per minute.

QUAPAW

The public water supply of Quapaw is obtained from a well at
the plant of the General Power Co., at the south edge of town
(Well 29N23E-35-3). Drilled in 1942, the well is 1,325 fect deep
and penetrates not only the Roubidoux formation but also the
Gunter sandstone member of the Van Buren formation. Several
strings of casing were set in the hole—37 feet of 15-inch casing,
280 feet of 10-inch casing, and 635 feet of 8-inch casing, this last
extending from the surface to a depth of 635 feet. The 8-inch
casing was cemented in place. The hole is 8 inches in diameter
from 635 feet to 1,100 feet, and 6.5 inches in diameter from the
1,100-foot level to the bottom. A 40-horsepower electric motor
drives a deep-well turbine pump which is reported to yield 250
gallons per minute.

AFTON

The municipal water supply for the town of Afton is obtained
from two wells about 1 block southwest of the railway station,
between U. S. Highway 66 and the tracks of the St. Louis-San
Francisco Railway (Wells 26N22E-32-1 and -2). They are about
75 feet apart, 1,066 feet deep and 8 inches in diameter, and cased
to an unrecorded point below the Chattanooga shale. The south-
east well is equippcd with an electrically driven dcep—wcll turbine
pump, which is reported to yield 150 gallons per minute. The
northwest well is cqulpped with an clectncally driven cylinder
pump having ‘a capacity of 125 gallons per minute. Normally
one well is adequate to meet the needs of the town.

FAIRLAND

The public water supply of Fairland is obtained from one
well at the elevated tank in the central part of town (Well
26N23E-9). The depth of this well was reported to be 1,100 feet
deep (Laine, Schoff, and Dover, 1951, p. 95), but H. T. Lawrence
(oral communication, 1953) stated that its depth was measured as
1,244 feet. He also stated that the casing is 8 5/8 inches in
diameter, and that according to an old record it extends to a depth
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of 400 feet. In the absence of a log of the strata penetrated by
the well, it is not clear whether the water of the Boone formation
and Chattanooga shale are cased out, but this probably is the case.
The analysis of a sample of water from the well shows it to be
similar to water from the rocks of the Canadian series, and to
have none of the characteristics of the water from the younger
rock formations. In 1946 a new turbine pump having a rated
capacity of 70 gallons per minute was installed, replacing a turbine
rated at 50 gallons per minute. According to Mr. Lawrence, the
latter was dropped to the bottom of the well, and was left there.
In 1953 both these turbine pumps were removed, the well was
cleaned out, its depth was measured, and a new pump was in-
stalled, but the yield was only 60 gallons per minute and ways of
increasing the water supply were being sought.

CARDIN

A privately owned well furnishes the water supply of Cardin
(Well 29N23E-19-1). All records for it were lost about the time
the town ceased to be incorporated (1938), but according to reports
the well is more than 1,100 feet deep. Presumably the water in
formations above the Canadian series is cased out, for the analysis
of the water is fairly typical of water from the Canadian (table 12).
An electrically driven turbine pump said to discharge 152 gallons
per minute is installed in the well.

NARCISSA

The community of Narcissa receives water from a well on the
Gaines brothers’ farm about 650 feet west of the school. The
well (No. 27N22E-27-1) is reported to be 1,000 feet deep and to be
cased only to a depth of 20 feet. It is equipped with a cylinder
pump driven by a 3-horsepower electric motor and serves 13 homes
and the owners’ farm, silo and grain elevator.

OTHER COMMUNITIES

Most of the other communities in the county are supplied with
water from privately owned wells, although a few get water from
nearby mine wells. Residents of some of the smaller settlements
depend on water hauled from sources several miles away.
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INDUSTRIAL: WATER SUPPLIES

Ottawa County is one of the more highly industrialized counties
of Oklahoma. Initially its industry was based principally on its
rich resources of lead and zinc, but in recent years several new
industries not dependent on local natural resources have been
established. Water for industrial use, therefore, is an important
factor in the economic well-being of the county.

WATER FOR MINING

Relatively little water is needed for mining the lead and zinc
ores, and getting rid of water generally is more of a problem than
obtaining it. Water is used, however, for sprinkling the haulage-
ways and ore piles to control dust. Most of this water is obtained
from the mines themselves, although deep wells drilled into the
rocks of the Canadian series supply a small part of it. Water from
deep wells is used for drinking and sanitary purposes by the miners,
and in a few cases is supplied to nearby houses for domestic use.

WATER FOR MILLING

Until the early 1930’s a mill was operated on nearly every
lease, more than 100 of them being in operation during one period
of peak production. As the water requirement for milling is
about 40 gallons per minute per ton milled (Weidman, 1932, p.
126), it is evident that a large amount of water was necessary, al-
though reuse of the water reduced somewhat the amount taken
from ultimate sources. Most of it was pumped from creeks or from
the mines themselves into storage ponds, and thence to the mills,
and part was pumped from deep wells. With the advent of central
mills, all but a few of the smaller mills were shut down and the
wells for them were abandoned. Records of the total amount of
water pumped from deep wells for milling purposes during the
height of mining operations are not available. An estimate based
on the tonnage milled and the reported average water require-
ment indicates that the total may have exceeded 2 million gallons

per day.

The Eagle-Picher central mill is by far the largest in the Tri-
State district. It handles most of the ore from the district. It
has two wells that supply water for drinking and sanitary needs
and part of the water for milling. The well at the elevated tank
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south of the mill is 1,175 feet deep, and is pumped continuously
at about 150 gallons per minute (Well 20N23E-31-1). 'The second
well (No. 29N23E-31-2) is about 650 feet west of the first, is
1,505 feet deep, and is used intermittently to supplement the first
well. Both wells are equipped with electrically driven turbine
pumps.

The Beck mill, east of Picher, obtains water from a well 6
inches in diameter and 675 feet deep, which is equipped with an
air-lift pump. Other mills depend mainly on surface sources for
milling water.

WATER FOR ELECTRIC POWER

The Eagle-Picher powerhouse, 1 mile west of Cardin, gen-
erates electricity for the central mill and other mining activities.
Its water supply comes from one well (No. 29N22E-25-1), which
is 1,229 feet deep, is equipped with a deep-well turbine pump
driven by 25-horsepower electric motor, and yields about 70 gallons
per minute. The largest use of the water is for cooling, but some
water is used for drinking and sanitary purposes.

WATER FOR SHELL PIPE LINE CORP.

The Shell Pipe Line Corp. operates a pumping station on its
gasoline pipeline about a mile west of Fairland. Water for cooling,
drinking and sanitary purposes is pumped by air-lift from one
well on the property, which is reported to be 1,100 feet deep.

WATER FOR B. F. GOODRICH CO.

The B. F. Goodrich Co. has six wells to supply cooling water
for a large tire plant. These wells are 10 inches in diameter, are
cased through the Chattanooga shale, and are 1,055 to 1,465 feet
deep. Equipped with electrically driven turbine pumps, they
yield 200 to 500 gallons per minute. The pumping tests described
elsewhere in this report were made in them. The Goodrich plant
is the largest industrial user of water in the county. Although a
possible peak water demand of 5 million gallons per day was
contemplated in planning for the plant, the actual pumpage has not
exceeded about 2 million gallons per day, and this has been cut to
about 400,000 gallons per day by reuse of the water after passing it
through a cooling tower.
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WATER FOR OTHER INDUSTRIES

The Milnot Co., on the Missouri State line at Seneca, Missouri,
obtains water from a deep well tapping the Canadian series. Several
dairies having relatively low water requirements have their own
water wells. Other industries in Ottawa County get water from

public-supply systems.
INSTITUTIONAL WATER SUPPLIES
COUNTY WELFARE HOME

The Ottawa County Welfare Home, 2 miles southwest of
Miami, obtains water for all institutional needs, including drinking,
sanitary purposes, and sprinkling of lawns, from a well 1,055 feet
deep (No. 27N22E-12). This well is equipped with an electrically
driven cylinder pump and a pressure tank.

SENECA INDIAN SCHOOL

The Seneca Indian School at Wyandotte has a well 8 inches
in diameter, 1,040 fect deep, and cased from the surface to a depth
of 250 feet (Well 27N24E-21). A cylinder pump driven Ly a 10-
horsepower electric motor is reported to discharge 80 gallons per
minute. The water is used for drinking, sanitary purposcs,
sprinkling the school grounds, and watering livestock.

NORTHEASTERN OKLAHOMA A. AND M. COLLEGE

The Northeastern Oklahoma Agricultural and Mechanical
College gets water from the Miami public-supply system.

METHODS OF CONSTRUCTING WELLS

DUG WELLS

Wells dug by hand are common in Ottawa County, especially
in the eastern part in the outcrop area of the Boone formation.
Such wells generally are several feet in diameter or several feet
square. Although some are reported to be 40 feet or more deep,
most are less than 20 feet. They are generally lined with field
stone, although brick has been used in a few such wells. The
water is withdrawn by hand-operated cylinder pumps or by rope
and bucket. Yields are small but generally are sufficient for
domestic and farm needs. Some dug wells are reported to de-
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cline in yield or to fail entirely during drought, probably because
the water table declines below the bottom of the well. The wells
generally are dug only a few feet into the zone of saturation,
and a few feet of decline in water level, therefore, is enough to
make them go dry. More by accident than intent, dug wells
completed in time of drought may go below the lowest level of
the water table and so may not fail completely. Those completed
in wet years, on the other hand, may not extend below the lowest

water level and so may go dry. They might be deepened success-
fully.

DRILLED WELLS

Most of the wells in the county are of the drilled type. The
percussion method is used almost exclusively in their construction,
being preferred for penetrating the hard, dense rocks of the area.
By this method, the mining companies have drilled thousands of
holes in prospecting for lead and zinc ore. Even with modern
methods and equipment, the drilling of wells for public or in-
dustrial water supplies is expensive and time consuming, for in
general the wells must be 1,000 to 1,200 feet deep. Those drilled
recently have been larger, deeper, and better constructed than the
carlier wells, and larger yields have been obtained from them.

The construction of a deep well is generally begun with the
drilling of a hole to accommodate the surface casing, which ex-
tends to bedrock and serves to keep unconsolidated materials from
falling into the well. The pipe used for this purpose ordinarily
is 16 to 20 inches in diameter and 20 to 40 feet long. When it is
in place, a somewhat smaller hole, generally 10 to 12 inches in
diameter, is drilled to a point below the Chattanooga shale, at
which level the permanent casing is to be set. The hole is then
continued with a smaller bit into or through the principal aquifer.
This generally is the Roubidoux formation, although a few wells
have been continued into the Gunter sandstone member of the
Van Buren formation. Next a packer is cemented in the hole
just below the casing point and the main string of casing is set
and cemented from the surface to the packer. The cased section is
tested for leaks and if results are satisfactory the packer is drilled
out, the hole is cleaned, and a pump is installed for testing. If the
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y1eld proves unsatisfactory, the aqu1fer then may be “shot” or
“acidized.” The surface casing sometimes is pulled from the well,
but more commonly it is left because it cannot be removed after
cementing the main string.

In a few of the deeper wells it has been necessary to reduce
the diameter of the hole several times as drllhng progresses. If a
hole larger than 10 inches in diameter is desired, it may be obtained
by drilling a small hole and enlarging it by reaming.

The casing shuts out the water that may be in the Chattanooga
shale, and also the harder and perhaps acidic waters of the
Mississippian rocks, principally the Boone formation. In most deep
wells, all the hole below the casing is open and all the formations
in this zone may contribute water.

SHOOTING AND ACIDIZING

Many deep wells in Ottawa County have been “shot” with
nitroglycerine to break up the hard sandstone and limestone
aquifers so that the ground water may move more readily through
them and yields may be increased. The practice of shooting wells
is common in the oil fields, and those specializing in such work
may contract to do it in water wells. In the deep water wells of
Ottawa County, solidified-nitroglycerin torpedoes are placed op-
posite the sandstone members of the Roubidoux formation. They
are connected one to another by liquified nitroglycerin “anchors”
so that the shooting at all desired depths may be accomplished in
one operation. The resulting broken rock is removed from the
well by bailing, and pieces several inches in diameter are commonly
recovered. From the size of the pieces and the volume of the
material bailed from wells after shooting, it is apparent that large
cavities are created in the sandstone, thereby increasing the effective
diameter and the specific capacity of the well. Presumably the
sandstone beyond the cavity is more or less shattered.

Shooting has more than doubled the yield of several wells and
has been moderately effective in others. The yield of one of the
wells at the Goodrich plant was increased from 235 gallons per
minute before shooting to 500 gallons per minute afterward, and
the yield of another was raised from 110 to 210 gallons per minute—
an increase of 90 percent. The yield of the Quapaw municipal
well was increased from 150 to 250 gallons per minute, or 66
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percent. The last two wells drilled for the city of Miami were
“shot” as a matter of routine drilling procedure without previous

tests of the yield.

Another method of increasing the yield of a well is to add
hydrochloric acid under pressure to the water-bearing section of
rocks. Like shooting, this procedure is a practice developed in
the oil fields. It is effective on rocks that are soluble in acid,
especially limestones and dolomites, and also on sandstones 1n
which the principal cementing material is calcium carbonate. The
acid removes the soluble parts of the rock, enlarging the existing
openings and making connections from one to another. The
porosity of the rock reached by the acid is increased and so, also, is
the effective diameter of the well.

In Ottawa County only the Quapaw municipal well (No.
29N23E-35-3) has been acidized. This well was drilled to the
Gunter sandstone member and initially yielded only a few gallons
per minute. Acidizing the Gunter increased the yield to 30 gallons
per minute. Subsequent acidizing of the Roubidoux formation
increased the yield to 150 gallons per minute, and, still later,
shooting the Roubidoux with nitroglycerin brought the yield to
250 gallons per minute.

A well at the Jayhawk Ordnance Works in Cherokee County,
Kansas, about 8 miles north of the Oklahoma-Kansas State line, at
first yielded 154 gallons per minute with a drawdown of 323
fect. After acidizing it yielded 678 gallons per minute with a
drawdown of 287 feet (Abernathy, 1943, p. 97 and 99). Thus the
yield was increased 3.4 times. Even more significant is the mncrease
in specific capacity of the well, from 048 gallon to 2.36 gallons
per minute per foot of drawdown.

Shooting will be more effective than acidizing in the sand-
stones but acidizing is likely to be more effective in limestones and
dolomites. Acidizing, however, tends to increase the mineralization
of the water, principally the hardness, because it admits more
water from the calcareous or magnesian rocks. Analyses of water
taken from the Jayhawk well before and after acidizing indicate
an increase of 151 parts per million in total solids, and an increase
of 109 parts per million in hardness. Acidizing may have had a
similar effect in the Quapaw well, but proof is lacking, there being
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no analysis of the water for the period before the job was done.
It 1s noteworthy that the Quapaw water is the hardest from the
Canadian series in Ottawa County (420 parts per million). The
well 1s the deepest for which an analysis is available, having pene-
trated the Gunter sandstone member. It should be observed that
high hardness may be due in part to tapping a different and deeper
aquifer, and hence not entirely due to the acid treatment.
CHEMICAL CHARACTER OF THE GROUND WATER

All natural waters contain mineral matter dissolved from the
rocks and soils with which they have come in contact. The
quantity of dissolved mineral matter in the water depends primarily
on the type of rock or soil through which the water has passed,
the length of time of contact, and pressure and temperature con-
ditions. In addition to these natural factors are others connected
with human activities, such as use of streams and wells for disposal
of sewage and industrial waste, diversion and use of water for
many purposes, and drainage from oil fields.

The mineral constituents and physical properties of ground
waters reported in the analyses of table 12 are those having a
practical bearing on the value of the waters for most purposes:
silica, iron, calcium, magnesium, sodium, potassium (or sodium and
potassium reported together as sodium), carbonate, bicarbonate,
sulfate, chloride, fluoride, nitrate, dissolved solids, hardness, pH,
specific conductance, and temperature.

The source and significance of these different constituents
and properties of ground water are discussed in the following
paragraphs, which are adapted from publications of the Quality of
Water Branch of the U. S. Geological Survey. Figure 12 illustrates
by means of bar diagrams the mineral content of the water from
9 wells and 1 spring.

DISSOLVED SOLIDS

The figures given under “dissolved solids” show approximately
the total quantity of dissolved mineral matter as determined by
evaporating a given quantity of water and weighing the residue
after it has been dried. In some of the analyses, where the figure
for dissolved solids is large and no determination of weight has
been made, only the sum of the determined constituents has been
shown in table 12.



UTILIZATION OF GROUND WATER 129

- SODIUM & 7] CHLORIDE
30 ! | o -
! 4 Dpomsw ;5:::;15 .
9]
Z N |
on I S
=0 bz % % 5 !
<N _ MAGNESIUM R SULFATE < |
1.0 L (2 ' b Sy
‘5’& e z T !
2. Z ' CARBONATE & o 8 |
i ILLI - , -..:' (212 '_.J 2
100 g CALCNN % BICARBONATE ¥ &
& i ’:; i
2 %0 v [ TR T
g 73 3 :
g 80 : ] —/ p— B — —
z T 24 2%
3 29 ZEl 3y
70 g ) —— — —% 2 g} —
2 g8 7
Z e x4
Y 60 8 | b 1B B
g i <R 29 2 %
5 < g L X
o r® ‘ o+ -
2 so0 5y, —| R I & S B B
we &4 iR | E
Qe 0z % =
w_ O6® S w
40—X%m Ea T = R L S -
=z ] 2 Zo
: o8 ¥4 7 N
30 7 7 ~—1 —Z *——7’ : g 7 T RS
20 7 ? B % //
: R — s Vs §
? L é N 7
, o | : 77 :
T . mr
% ) il % %M B
\. " _J )
CANADIAN SERIES BOONE FORMATION

Fie. 12. Bar diagrams illustrating mineral contenf of waters from o wolls
and 1 spring in Ottawa County,-Oklahoma.

HARDNESS

The hardness of a water is the calcium carbonate (CaCOQj)
equivalent of the calcium and magnesium and all other cations
individually determined that cause hardness in water. It is the
characteristic of water that receives the most attention with
reference to industrial and domestic use, and it is usually recog-
nized by the increased quantity of soap required to produce lather.
Hard water is objectionable because of the formation of scale in
boilers, water heaters, radiators, and pipes, with the resultant
decrease in the rate of heat transfer, possibility of boiler failure, and
loss of flow. Hardness is caused almost entirely by compounds of
calcium and magnesium. Other constituents, such as iron, man-
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TABLE 12.

ANALYSES OF GROUND WATERS FROM OTTAWA COUNTY, OKLAHOMA, M
IN LABORATORIES OF THE U, S. GEOLOGICAL SURVEY AND THE
KANSAS STATE BOARD OF HEALTH.

[Analytical results in parts per million except as indicated]

Tem-
Well Depth Date of pera- Silica Total Cal- Mag- Sodium
No.l (feet) Aquifer collec- ture (8102) iron clum neslum (Na)
tion {°F) (Fe) (Ca) (Mg)
25N24E- 4 200 Boone 4-29-48  ..ccoes e evanens ————— evetiee aeessesemea -
26N22E-29 1,100 Canadian 7-25-46 ... mnees meeenear 39 19 179
-32-1 1,200 BTN : [+ T 7-29-44 ... eeeete easeanes 43 20 218
-g32-1 1,200 . do...... §- 6-51 ... 9.1 0.02 39 18 220
26N23E- 8 1,100 ... do...... 7-25-46 ... eoeee e 45 18 86
-9 1,253 ... do...... 7-29-44 68 . 34 16 66
-9 1,258 ... do...... 9- 6-51 ... 9.4 .02 32 15 71
26N24E- 3 - 437 Boone 7-24-46 60 s e 55 9.3 18
2TN23E- 4 1,033 Canadian? 5- 1-48 ... eneeee eeeneen 30 16 61
-7 1,065 ... do...... 7-25-46 67 o 38 4 36
-28-2 245 Boone T7-24-48 B et e 16 12 172
2TN24E-21 1,040 Canadian 7-24-46 66 evmmee eeeaeens 32 14 9
2TN25E-19 Spring:  Boone 7-24-46. 59 50 1.7 8
28N22E-11-2 1,150 Boone and
Canadian 7-25-46 62 e 28 13 20
-24.4 1,235 Canadlan 8- 5-44 67 11 .08 32 16 18
) -35-1 1,130 ... do...... -7-268-48 {1 2N 30 14 17
B28N23E 6-F 1,050 ... do...-... 9- 342 ... 0 32 15 18
- 6-1 1050 .. do... 9- 6-51 ... 9.8 01 28 13 9.6
{3) -31-2 1,247 S [ T - 342 .. ... 02 k14 18 42
C-31-2 1,247 ... do..... 5-20-52 89 10 0 32 15 63
28N24E-12 185  Boone 4.27-48 57 e mveenees 52 53 1
20N21E-13-2 367 R [ YO T-28-44  .rrs cenver et 20 Il 178
-23-.1 182 McAledter 4-28-48 61 e aeeneeas 12 4.6 230
-23-2 12 Alluvium 4-28-48 56 reriaene aemerees 54 19 37
29N22E-13 1,267 Canadian 10-14-3T . veee emmeens emmmen e seesemseinen
-25-1 1,229 . do...... 4-15-47 69 40 20 124
29N23K-15-4 875 .. do.....2 BoR9-48 cririe eeeecee eemense msmecee semaena eessssssssseess
29N23E-18-1 1,080 ... do...... 4-29-4B i ceesenn e " 45 24 146
-18-2 L1768 ... do...... 10-14-8T7 cceoeee. et meeees . 33 16 61
(3) -19-1 1,100 oL 9-12-42 ... e .06 8¢ 16 4.8
® 211 1,077 . do...... 9- 3-42 6T 03 34 16 3.7
-21-1 1,077 ... do...... 9- 6-61 ... 9.8 02 29 14 12
-21-2 1,125 ... do...... 4-28-48- 67 v eaasans 30 16 14
® -31-1 1,175 ... do...... 9-12-42 89 0 29 14 12
) -35-3 1,828 ... do...... 11- 8-42 a7 4.6 106 88 2.3
-35-3 1,325 B . [ VO 9- 6-6) ..._.. 8.7 01 29 14 44

+YWor significamce of well numbers, see seéction on well numbering gystem.

3 (tased to Roubldoux formation of Canadlan sgerles.
s Analysis by Kansas State Board of -Health,
iWell drilled to Cotter formation of Canadian serles.
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Hardness

Dissolved solids as CaCOs Specific

m Q o Per- conduct-
car-  Car- wne, ~2  Fluo- we  Residue cent ance pH
nate bonate O2F 25 ride ©F on evap- Calcium, Noncar- sod-  (micro-
C0s) (COs) ~3 @ (F) L =  oration Sum  mag- Donate ium  mhos at

e at 180°C nesium 25°C)

76 . 5.0 61 . e mewens 89 L 460
82 16 18 206 ... 0.2 578 615 175 ] 6.9 1,060
68 0 16 359 — 28 ... 742 190 52 71
67 0 18 348 1.8 9 758 739 172 34 73 1,420 .
82 10 16 130 ... 2 374 393 178 13 31 663 F——
64 ... 17 101 ... 2 315 151 16 49 8.4
66 0 15 104 T 2 320 333 142 6 51 613 8.1
03 13 13 10 .. . 225 218 175 0 19 358 L.
48 ... 15 94 .2 4.5 287 294 141 19 49 541 ...
56 7 21 1 S 2 265 241 140 0 38 476
19 32 32 24 . 2 494 494 89 0 81 319 ...
38 8 17 0 . 2 162 159 137 11 13 276 ...
26 9 9.5 g . 11 188 160 132 14 12 2686 ...
50 7 17 11 . 2 183 170 123 0 27 208 ...
51 15 32 2 .2 201 200 146 22 19 . 8.4
37 10 16 17 .. 2 189 172 132 4 22 303 ...
46 ... 12 7 ] 2.2 144 ... 142 22 3 L
46 0 16 8 5 2 149 158 128 4 14 277 7.9
52 ... 12 78 5 2.6 264 ... 158 34 3T e
48 0 18 103 7 320 318 142 20 48 592 7.9
50 18 9.5 05 5 197 161 152 29 3 336 ...
08 0 42 132 .. 2 5385 95 0 g0 . 8.1
10 15 28 53 1 L 588 595 49 0 91 982 ...
94 12 68 14 1 30 335 329 213 34 28 534 ...
68 ... 12 259 ... cmt v e wmere memeee emmeen eemeemae eeseens
6L ... 19 212 5 e 495 182 50 60 818 ...
80 ... 65 14 L L . 128 0 ... 459 ...
64 ... 2] 260 6 4.0 583 582 211, 7 60 1,070
58 ... 18 94 L e 300 148 19 4T e e
4 28 8.5 3 1.8 166 ... 151 33 T e
48 ... 12 18 4 1.7 158 ... 151 30 5 0 L e
45 0 18 16 3 2 157 170 130 11 16 300 8.1
47 ... 18 23 .1 J— 178 173 141 20 18 303 ...
4 ... 13 18 4 1.6 158 .. 130 12 17 L
20 ... 124 20 3 22 467 ... 420 240 1 e e
45 0 18 4 R 142 152 130 11 7 262 8.0
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ganese, aluminum, barium, strontium, and free acid also cause
hardness, but they are not usually found in appreciable quantities
in most natural waters, Water that has a hardness of less than
50 parts per million is usually rated as soft, and its treatment for
removal of hardness is seldom justified. Hardness between 50 and
150 parts per million does not seriously interfere with the use of
water for most household uses, but its removal by softening processes
may be profitable for laundries and other industries. When the
hardness exceeds 150 parts per million, treatment for its removal
1s usually desirable for most uses.

IRON

Iron is present in most ground waters, but generally only in
small amounts. Water containing more than a few tenths of a
part per million is objectionable because of its reddish appearance
after exposure and because the iron stains fabrics and porcelain,
enameled ware, and plumbing fixtures. Such water may, there-
fore, require treatment. Excessive iron may interfere with the
efficient operation of exchange-silicate water softeners.

CALCIUM AND MAGNESIUM

Calctum and magnesium in water contribute to hardness and
boiler scale, as discussed above.

SODIUM AND POTASSIUM

Moderate quantities of sodium and potassium have little effect
on the suitability of water for most industrial or domestic uses.
More than 50 parts per million of the two may cause foaming in
the operation of steam boilers. Generally, if the equivalents per
million of sodium exceed the sum of the equivalents per million of
calcium and magnesium in water used for irrigation, there is some
danger of damage to the soil.

CARBONATE AND BICARBCNATE

Carbonate and bicarbonate affect the usability of water mainly
in combination with other dissolved matter. Bicarbonate is the
principal radical in most natural waters, especially those from
limestone aquifers, such as the rocks of the Canadian series and the
Boone formation of Ottawa County. A high concentration of
sodium bicarbonate will cause foaming in boilers.
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SULFATE

Sulfate may be dissolved in water passing through gypsum.
It also may be formed by the oxidation of the sulfides of lead, zinc,
and iron, and so it is present in large quantities in the mine waters.
When combined with calcium and magnesium, sulfate contributes
to noncarbonate hardness, and hence, to hard scale found in boilers
and heating equipment. Sulfate in excess of 500 parts per million
has a laxative effect, particularly when in combination with
magnesium. |

CHLORIDE

Chloride combined with sodium is common salt, and both
generally are present in ground water. Chloride in small amounts
has little effect on the usefulness of water, but concentrations of
300 parts per million and higher give water a salty taste per-
ceptible to most people, making the water unpalatable and, there-
fore, undesirable for domestic use. Still higher concentrations of
chloride may make water corrosive, requiring frequent replace-
ment of water pipe or measures to prevent corrosion, such as the
lining of pipe with a noncorrosive material.

FLUORIDE

The principal effect of fluoride in water is on dental health,
and it is beneficial or detrimental depending on the concentration.
In concentrations of 0.5 to 1.0 part per million, fluoride is believed
by many health authorities to lessen dental caries (decay), but
higher concentrations contribute to a dental defect known as mottled
enamel, which appears in teeth in the formative stage, that is, in
the teeth of children up to about 12 years. Although concentra-
tions of 1 to 2 parts per million in drinking water cause few and
relatively light cases of mottled enamel, concentrations above 4
parts per million will cause the defect in 90 percent of the children
using the water, and 35 percent of the cases will be classifiable as
“moderate” or worse (Dean, 1936, p. 1269-1272; Dean, Arnold,
and Elvolve, 1942, p. 1155-1179).

NITRATE

Nitrate in water is considered a final oxidation product of
nitrogenous material and, in some instances, may indicate previous
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contamination by sewage or other organic matter. Water contain-
ing an excessive amount of nitrate has been suspected of causing
a form of cyanosis (“blue babies”) when used in the preparation
of formulas for feeding infants. The Oklahoma State Health
Department now considers water containing less than 10 parts
per million nitrate nitrogen (approximately 45 parts per million
when reported as nitrate) as safe for use. There still are many
uncertainties regarding the danger of using water containing large
amounts of nitrates, as there are numerous instances of high-
nitrate water being used without apparent ill effects.

HYDROGEN SULFIDE

Hydrogen sulfide in water causes a disagreeable taste and
odor (“rotten eggs”), and in large amounts it is corrosive, but
fortunately it is rather easily removed by aeration of the water.
The amount of hydrogen sulfide in water is difficult to ascertain
with accuracy because it readily passes off into the atmosphere.
The usual practice has been to test for it as the water is pumped
from the well. The analyses made for this investigation do not
include determinations of hydrogen sulfide.

CHARACTER OF WATER FROM THE CANADIAN SERIES

Water from the rocks of the Canadian series is generally of
the calcium bicarbonate type, moderately hard, and rather low in
dissolved solids. Most of the water pumped from deep wells
appears to come from the sandstone in the Roubidoux formation.
This conclusion is suggested by the analysis of the water from the
Fred De Mier well (No. 27N23E-4-1), which is similar to that
from other deep wells in the county, although the De Mier well,
unlike the others, is cased down to the Roubidoux and therefore
receives only water from the Roubidoux.

The water from the Canadian series of rocks in Ottawa
County is generally suitable for most industrial and domestic pur-
poses. ‘The hardness is mostly carbonate (“temporary”) hardness,
and the water can be softened rather easily, if necessary. Hydrogen
sulfide is common in the water but can be removed by aeration.
Nearly all wells discharge into storage reservoirs on the ground,
which, although covered, are vented to allow escape of hydrogen
sulfide gas. The chloride content of the water from most wells
is relatively low.
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Initially, the water from the Quapaw well (29N23E-25-3) was
considerably more mineralized than the water from other deep wells
of the same part of the county, but it has changed with the years
until it does not differ greatly from them. The analysis of a
sample of water collected in November 1942, about 3 months after
completion of the well, showed rather high hardness and relatively
large amounts of iron, calcium, magnesium, sulfate, and chloride.
In September 1951, after the well had been in service about 9 years,
the Oklahoma Department of Health collected another sample of
water from the well, and the analysis of it showed an appreciable
decrease in the concentration of several of the constituents, so that
the water rather closely resembled the water from the city of Com-
merce well (No. 28N23E-6-1). The latter is regarded as fairly
typical of waters from the Roubidoux formation (Canadian series)
in northern Ottawa County.

The explanation for this change in the character of the water
from the Quapaw well can only be surmised. In the first place,
the Quapaw well is the deepest producing water well in the county,
and it taps both the Roubidoux formation and the Gunter sand-
stone member of the Van Buren formation. The greater depth and
additional aquifer may partly account for the greater initial min-
eralization of the water, and the shooting and acidizing of the
well may be partly responsible also. The acidizing would open
the dolomites and limestones, admitting more water from them,
and such water probably would be harder than that from sandy
strata. If with the passage of time the water supply in the Gunter
has been partly exhausted or the openings made by acidizing have
become clogged, the water from these sources in 1951 may have
been a relatively smaller fraction of the whole. Correspondingly, the
contribution of water from the Roubidoux would be relatively
larger, and the water withdrawn from the well would be more like
waters from the wells tapping only the Roubidoux.

Geologic structures and related changes in the hydraulic
properties of the rocks affect the mineral content of the water.
As demonstrated elsewhere ‘in this report, the permeability of the
water-bearing strata of the Canadian series: seems to be greatly
reduced along the Miami syncline, the axis of which may be regarded
as a barrier to the westward movement of ground water. Water
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coming from the outcrop doubtless is diverted southward along the
barrier; ground water west of the barrier may be more or less
stagnant, and being less readily replenished and freshened, is more
mineralized (table 8).

POSSIBELE CONTAMINATION BY MINE WATERS

When mines are shut down, pumping of water from them
is stopped, and they fill with water. If all mining ceases 1in
Ottawa County a situation may arise that will endanger the
potable ground water from which the municipal water supplies
are drawn, and the time may oot be far in the future when this may
happen. The productxon of ore from the mines of Ottawa County
has. been. declining since 1925, and it is anticipated - that in a few
more years all the ore that can be mined profitably under present
economic conditions will have been extracted (Blessing, Ernest,
1953, Oral communication).

Metallic sulfides of no value will be left in the mines, and
will have been oxidized through exposure to the air while the
mines were pumped free of water. The water that comes in
contact with these oxidized sulfides will become acidic.” In this
connection it is worth noting that some of the mine water being
pumped in 1953 was hlghly acidic. Where the Chattanooga shale
is missing and possibly no impervious layer exists under the mines,
the acidic waters may work their way down into the water-bearing
strata of the Canadian series.

The acidic waters will have easy access to those strata wherever
the mines have intersected dccp wells penetrating them, unless the
artesian pressure in them is high enough to prevent downward
movement of water from the Boone. It is reported that about 100
wells have been intersected in this way (Blessing, Ernest, 1953, Oral
communication). These wells could probably be plugged provided
that the work could be done in the mines before mining is stopped,
but after the mines fill with water the cost would doubtless be
prohibitive even if the work could be accomplished. The effective-
ness of a program of plugging such wells would depcnd in part
on what percentage of the wells could be found and in part on
how easily the acidic watets may be able to descend in the areas -
between wells. Periodic tests of the water used for public supplies
should show whether or not the acidity is increasing.
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CHARACTER OF WATER FROM THE BOONE FORMATION

Water from the Boone formation normally is of the calcium
bicarbonate type, moderately hard but low in dissolved solids. In
a general way, the hardness and the total mineral content increase
with the depth but, owing to the erratic occurrence of the ground
water in limestone, no simple relationship between depth and
mineral content is observable.

The waters from the Park-Walton and Newton wells
(29N21E-13-2 and 27N23E-28-2, respectively) differ from other
waters from the Boone in being unusually soft for water from lime-
stone—less than 100 parts per million—and in having rather high
dissolved solids of about 500 parts per million. The major con-
stituent is sodium bicarbonate, which, together with the softness
and the high dissolved solids, suggests that base exchange occurs as
the water moves through the rock. In this process the calcium
dissolved from limestone is exchanged for sodium or potassium,
the source of which may be glauconitic sands in the Boone. The
analyses indicate that the water has picked up sodium bicarbonate,
also. The Newton well is near the contact of the Boone limestone
with the overlymg rocks of the Chester series (sec. 28, T. 27 N,,
R. 23 E.) and is 245 feet deep. The Park-Walton well, which is
375 feet deep, is 14 miles to the northwest and about 7 miles farther
down dip. The glauconitic sands have been found in many places
in the mining district, and although the occurrences do not ap-
pear to represent a continuous layer it is likely that these sands
have had a “zeolitic” effect in parts of the area not represented

by analyses.
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TEMPERATURE OF GROUND WATER
By Stuart L. ScHOFF

The temperature of the ground water as discharged at 17 wells
and 1 spring in Ottawa County was measured with a pocket ther-
mometer (table 12). For 11 deep wells tapping the rocks of the
Canadian series it ranged from 63° F to 69°F and averaged 67°F.
For four wells in the Boone formation it ranged from 57°F to
61°F and averaged 59°F. The water of one spring issuing from the
Boone formation had a temperature of 59°F. In one well thought
to draw water from both the Boone and the Canadian series, the
water temperature was 62°F. In one well probably tapping the
McAlester formation, the water temperature was 61°F, and in a
well in alluvium it was 56°F, the lowest recorded.

Where static water levels are near the surface or where the
water issues as a spring, the water temperature may fluctuate some-
what with the seasonal variations of air temperature. ‘Thus, of
the wells tapping the Boone formation, the one having the lowest
water temperature is the shallowest and had a static water level
only 20 feet below the land surface when the temperature was
measured in April.

At moderate depth the temperature of the rocks (and of the
ground water) is likely to be a degree or two higher than the
mean annual air temperature (Van Orstrand, 1935, p. 88). Mec-
Cutchin (1930, p. 20) found that in Kansas and Oklahoma the
excess of soil temperature over air temperature ranges from 1°F
to 4°F, and that the lowest temperature in a well generally is
about 100 feet below the surface. At that depth the temperature
does not change materially from season to season. Below the
100-foot level the temperature of the ground water increases with
depth because the temperature of the rocks of the earth increases
downward. This increase is shown in a general way by the fact
that the average temperature of the water from 11 wells in the
Canadian series is about 8°F higher than for 4 wells in the Boone.
The wells in the Canadian series average 1,180 feet deep; those in
the Boone about 300 feet.



CONCLUSIONS

The principal aquifers of Ottawa County are the dolomites
and sandstones of Cambrian and Ordovician age, and the Boone
formation, of Mississippian age. The alluvium along the main
streams may contain substantial quantities of ground water 1in
places but it is an unproved reservoir, having been tapped only
in a few places and for only small amounts of water. Other forma-
tions yield meager supplies of water, generally adequate only for
rural domestic and stock use.

Pumping to dewater mines indicates high yields of ground
water from the Boone in some localities, but high yields are not
necessarily characteristic of the Boone throughout the area of its
occurrence. -Outside the mining district the water level in the
Boone remains high, indicating that considerably more water
could be pumped without overdraft. A serious drawback to the
utilization of the ground water of the Boone is that surface pollution
may enter it readily through fractures enlarged by solution and
through sinkholes; and, further, that the Boone, like limestones
generally, effects little or no filtration of the water that passes

through 1it.

The Roubidoux formation of the Canadian series is the principal
aquifer tapped for municipal, industrial, and institutional water
supplies. Wells that once flowed at the surface no longer do so,
and water levels have been lowered 250 feet or more below the sur-
face. Analysis of the geologic and hydrologic factors governing
the occurrence and movement of the ground water in this and
related formations of the Canadian series indicate that a large
volume of water still is available in the formation but that it can
be obtained only at progressively increasing cost occasioned by
progressively increasing pumping lifts.

Coefficients of transmissibility and storage for the rocks of the
Canadian series, derived from three pumping tests at The B. F.
Goodrich Co. plant, differ appreciably. The differences may be
traceable to the proximity of the Miami syncline. After an adjust-
ment in which the Miami syncline was regarded as an absolutely
impermeable barrier, coefficients of transmissibility were calculated
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that range from 22,200 gallons per day per foot to 59,400 and
average 38,100. For convenience in computation and because the
wells at the Goodrich plant may be too close to the Miami syncline
to be fully representative of the aquifer, a coefficient of 40,000
gallons per day per foot is taken as normal for transmissibility.
Correspondingly, the normal coefficient of storage is 1 x 10™. By
use of the image-well theory, it is estimated that drawdown in a
well at The B. F. Goodrich Co. plant, after 5 years of pumping 400
gallons per minute while six other nearby wells pump at a com-
bined rate of 2,200 gallons per minute, would be about 450 feet.

Chemical analyses show that the waters from both the Boone
formation and the Canadian series are of the calcium bicarbonate
type, moderately hard but low in dissolved solids. Waters from
wells in the Canadian series west of the axis of the Miami syncline
are ‘more highly miperalized than those from wells east of the
axis. - This fact is interpreted as indicating that the syncline is a
barrier to the westward movement of ground water, substantiating
the conclusion to this effect based on results of test pumping the
wells of The B. F. Goodrich Co.



WELL-NUMBERING SYSTEM

The well-numbering system is based on the township system
of the General Land Office. The first part of the well number is
the township number, the second is the range number, and the
third is the section. Thus 25N23E-15 designates a well in sec. 15,
T.25 N, R. 23 E. Where several wells are recorded in the same
section, serial numbers are added to distinguish one from another.
For example, well 25N23E-15-2 is the second well recorded in sec. 15.

In table 13, the wells are grouped by townships set off by a
center heading. The well numbers are given in the first, or left-
hand, column. The part of the well number derived from the
township and range is given once, at the left in bold-face type,
with only the section and serial elements of the number showing
on the line describing the well, thus:

25N23E

~15-1
-15-2

Locations within the sections are given in the second column
of the well tables, following the usual pattern of land descriptions:
NWYNWI4ANW4, In this example, the smallest fractional unit
is given first, and the location is the northwesternmost 10 acres of
the section. This part of the location is not repeated in other
tables, and in most cases it is not mentioned in the text.
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APPENDIX A.

WELL LOGS BASED ON MICROSCOPIC EXAMINATION
OF DRILL CUTTINGS

The following logs of water wells in Ottawa County are based
on the microscopic examination of drili cuttings according to pro-
cedures worked out by the Missouri Division of Geological Survey
and Water Resources. Samples of the euttings are collected at short
intervals, normally representing about 5 feet of drilling. A weighed
fraction of each sample is boiled in hydrochoric acid to remove all
carbonate material. This procedure indicates the percentages of
both the soluble and insoluble portions of the rock. The character
of the insoluble residue is then studied under the microscope, and
the different formations are identified by differences in the propor-
tion and character of their insoluble content. Strip logs, on which
the different constituents of the samples are represented by colors,
usually are prepared to facilitate interpretation and ecorrelation
with other wells, but as these are not readily reproduced, only the
thicknesses and depths of the named geologic units are given in the
pages that follow. Except as noted, the logs were prepared by the
Missouri Division of Geological Survey and Water Resources and
are reproduced here through the courtesy of that organizatiom.

27N22E-12, Ottawa County Welfare Home

Log through Chattanooga from Weidman, (1932, p. 67); irom
Chattanooga to boitom based on Weidman’s determinations of percent-
age and character of insoluble residues.

Formation Thickness Depth
(feet) (feet)
Cherokeel 60 60
Chester 60 120
Boone 377 497
Chattanooga 15 512
Cotter 163? 6757
Jefferson City 270 945
Roubidoux 110 1,055

1 Krebs group of this report.

27N23E-7, Dave Wilson Well (Owner, Ed Ballard)

Formation Thickness Depth
(feet) (feet)

Not reported 445 445
Chattanooga 15 460
Cotter 135 595
Swan Creek zone 30 625
Upper Jefferson City 55 680
Lower Jefferson City 235 915

Roubidoux 140 1,055
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28N22E-24-1, The B. F. Goodrich Co. Well 1

Formation Thickness
(feet)
Surface 15
Chester 40
Warsaw 135
Short Creek oolite member of Boone limestone 10
Keokuk-Burlington 1457
Reeds Spring-Fern Glen 1057
Chattanooga 8
Cotter 142
Swan Creek zone 30
Jefferson City 300
Roubidoux 150
Upper Gasconade 60
Lower Gasconade 60

28N22E-24-2, The B. F. Goodrich Co. Well 2

Formation Thickness
(feet)
Surface 25
Chester 30
Warsaw 140
Short Creek oolite member of Boone limestone 10
Keokuk-Burlington 135
Reeds Spring-Fern Glen 110
Chattanooga 7
Cotter 163
Swan Creek zone 20
Jefferson City 280
Roubidoux 180
Upper Gasconade 70
Lower Gasconade 30

28N22E-24-3, The B. F. Goodrich Co. Well 3

Formation Thickness
{feet)
Not reported 5
Surface and Chester 40
Warsaw 123
Short Creek oolite member of Boone limestone 7
Keokuk-Burlington 105
Reeds Springs-Fern Glen 155
Chattanooga 7
Cotter 118
Swan Creek zone 25
Jefierson City 305
Roubidoux 155

Pre-Cambrian (granite) 10

Depils
(feet)
15
55
160
200
3457
4507
458

1,080

Depih

(feet)

168
175
280

442
560
585
890
1,045
1,055
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28N22E-24-4, The B. F. Goodrich Co. Well 5

Formation Thickness Depth
(feet) ({eet)

Surface and Chester 65 65
‘Warsaw 120 185
Short Creek ocolite member of Boone limestone 10 195
Keokuk-Burlington 145 340
Reeds Spring-Fernm Glen 115 455
Compton 7 462
Chattanooga ' 8 470
Cotter 150 620
Swan Creek zone 30 650
Jefferson City 260 940
Roubidoux 180 1,120
Upper Gasconade 70 1,190
Lower Gasconade 45 1,235

28N22E-24-5, The B. F. Goodrich Co. Well 4

Formation Thickness Depib
(feet) (feet)

Surface ‘40 40
Chester 30 70
Warsaw 118 188
Short Creek oolite member of Boone limestone 7 195
Keokuk-Burlington 105 306
Reeds Spring-Fern Glen 150 450
Compton 8 458
Chattanooga 7 465
Cotter 145 610
Swan Creek zone 20 630
Jefferson City 290 920
Roubidoux 160 1,080
Upper Gasconade 60 1,140
Lower Gasconade-Van Buren 180 1,326
Gunter sandstone member of Van Baren 40 1,360
Eminence 105 1,455

28N22E-24-6, McCoy Greenhouse Well

Formation Thickness Depth
(feet) (feet)

Chester 55 55
Warsaw 130 185
Keokuk, Burlington, Reeds Spring 245 130
Northview and Compton 25 455
Chattanooga 5 460
Cotter 150 610
Jefferson City 295 905
Roubidoux 140 1,045

First sand, 960-980 feet
Second sand, 1,035-1,045(?) feet
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28N23E-18, The B. F. Goodrich Co. Well 6

Formation Thickness Depth
(feet) (feet)

. Surface 15 15
Chester 20 35
Warsaw 110 145
Short Creek oolite member of-Boone™ limestone 10 155
Keokuk-Burlington 145 300
Reeds Spring-Fern Glen 130 430
Chattanooga 6 436
Cotter 134 570
Swan Creek zone 30 600
Jefferson City 290. 890
Roubidoux 180 1,070
Upper Gasconade 50 1,120
Lower Gasconade 25 1,145

29N22E-25-1, Eagle-Picher Mining & Smelting Co.,

Powerhouse Wellt

Log through Chattanooga from Weidman (1932, p. 67); from there
to bottom based on Weidman's determinations of percentages and char-
acter of insoluble residues.

Formation Thickness Depth
(feet) (feet)

Cherokee? 110 110
Chester 25 135
Boone 365 500
Chattanooga 5 505
Cotter 115 620
Swan Creek zone 40 660
Jefferson City 300 960
Roubidoux 170 1,130
Upper Gasconade 60 1,190
Lower Gasconade 39 1,229

1 For driller’s log of this well, see Appendix B.
2Krebs group of this report.
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29N23E-19-2, Eagle-Picher Mining & Smelting Co.
(John Beaver) Well

Formation Thickness Depth
(feet) (feet)
Not reported 295 295
Grand Falls chert member of Boone limestone
and Reeds Spring 145 440
Northview "5 445
Cotter 165 610
Swan Creek zone 15 625
Upper Jefferson City 70 695
Lower Jefferson City 220 915
Roubidoux 160 1,075
Upper Gasconade 50 1,125
Lower Gasconade-Van Buren 250 1,375
Gunter sandstone member of Van Buren 30 1,405
Eminence 140 1,545
Bonneterre 185 1,730
Lamotte 40 1,770
Pre-Cambrian 2 1,772

29N23E-31-1, Eagle-Picher Mining & Smelting Co.
(Central Mill), Well 1

Formation Thickness Depth
(feet) (feet)

Surface and Cherokee 61 61
Chester 29 90
Warsaw 120 210
Keokuk 40 250
Burlington 85 335
Grand Falls chert member of Boone limestone 45 380
Reeds Spring 80 460
Fern Glen 25 485
Cotter and Jefferson City 535 1,020
Roubidoux 105 1,125

Gasconade 50 1,175
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29N23E-31-2, Eagle-Picher Mining & Smelting Co.

(Central Mill), Well 2

Formation Thickness
(feet)
Chester 130
Warsaw 120
Keokuk-Burlington 90
Grand Falls chert member of Boone limestone 25
Reeds Spring-Fern Glen 120
Northview-Compton 10
Cotter 175
Jefferson City 300
Roubidoux 150

First sand, 1,040-1,060 feet
Second sand, 1,080-1,120 feet

Gasconade-Van Buren 260
Gunter sandstone member of Van Buren 30
Bonneterre 95

29N23E-35-3, Town of Quapaw

Formation Thickness
(feet)
Soil and shale 15
Chester 100
Warsaw 65
Keokuk 60
Grand Falls chert member of Boone limestone 20
Reeds Spring-Fern Glen 110
Northview 5
Compton 5
Cotter 140
Swan Creek zone 20
Upper Jefferson City 85
Lower Jefferson City 255
Roubidoux 170
Upper Gasconade 50
Lower Gasconade-Van Buren 210

Gunter sandstone member of Van Buren 15

Depth

(feet)
130
250
340
365
485
495
670
570

1,120

1,380
1,410
1,505

Depth
(feet)

115
180

260
370
375
380
520

625
880
1,050
1,100
1,310
1,325
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APPENDIX B.
DRILLERS’ LOGS OF DEEP WATER WELLS
IN OTTAWA COUNTY

On the following pages are given logs of deep wells in Ottawa
County, essentially as written by the well drillers. They were ob-
tained from several sources, but most came from the files of the
Eagle-Picher Mining and Smeltmg Co., through the courtesy of
R. K. Stroup, Cardin, Oklahoma.

Having been written by several different men who were not
geologists, these logs differ considerably in the amount of detail given
and they diverge markedly from standard geologic terminology. The
drillers worked for the mining companies, and their drilling, sampling,
and logging procedures were those of the mining area, where the
standard practice in prospeecting is to drill through the rocks of the
Krebs group before taking samples. Through the ore: béarmg Mis-
sissippian rocks samples are collected at 5-foot intervals, and in this
zone, therefore, the logs are rather detailed and contain many refer-
ences to showings of lead and zine ores.

To make the logs similar in style and to emphasize the lithologic
character of the materials, the rock type named by tlie driller is given
first followed by other dlstmgulshlng characteristies such as color
and hardness, and then by such other materials as were described
with it. . Thus if the driller wrote ‘‘soft white limestone, flint, and
Jjack shines,”’ the edited log reads ‘‘limestone, white, soft, and flint
and jack shines.”” Also, if several 5-foot intervals were given the
same description, they have been consolidated as one wunit embracing
the larger interval. Terminology peculiar to the area is retained be-
cause it is felt that editorial interpretation would be of doubtful
value. The following glossary indicates the usual meanings.

Cotton rock—=soft fine-grained rock, generally limestone
Flint—chert ,

Hogchaw or hogchow—-chalky, porous chert
Jack—sphalerite or calamine.

Lead—galena

Lime—limestone or dolomite

Mundic—pyrite

Sandspar—silicified sandy limestone

Selvage—a layer of clay or decomposed rock, also called ‘‘gouge’’
Shines—a showing of ore

Silicate—calamine or smithsonite

Soap or soapstone—shale

Spar-—dolomite

Tar—bitumen

Tiff—calcite!

1 According to Foy, “A glossary of the mining and mineral industry,” U. S. Bur.
of Mines Bull. 95, “iiff is a common name for calcite in the zinc fields of Wis-
consin and Missouri, but means barite in southeast Missouri.”
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25N24E-3, T. Tomlinson Well

Thickness Depth

(feet) (feet)

Soil and clay 25 25
Flint, light gray and gray 5 30
Flint, light gray 35 65
Flint, light gray and gray 35 100
Flint, light gray, and gray lime 20 120
Cotton rock, white, and flint 55 175
Flint, light gray, and gray lime 25 200
Lime, light gray, and gray flint 45 245
Lime, dark gray, and gray flint 20 265
Flint, dark gray, and gray lime 25 290
Flint, dark gray and blue 30 320
Flint, dark gray and some gray lime 5 325
Flint, light gray 5 330
Shale, mundic, lead trace 35 365
~Flint, light gray, and gray lime 20 385
Lime, gray 25 410
Lime, dark gray, and gray lime 45 -455
Lime, light gray and some dark gray 30 485
Lime, gray and brown 25 510
Lime, gray, sand, jack traces 10 520
Lime, gray 20 540
Lime, gray and brown 50 590
Lime, brown, and some gray lime 25 615
Lime, light gray and brown 55 670
Lime, flaky dark brown, and gray flint 5 675
Lime, gray 10 685
Lime, gray and brown 5 690
Lime, gray, and gray flint 20 710
Lime, gray, and blue flint 5 715
Lime, gray, and gray flint 20 735
Lime, gray and brown, and gray flint 15 750
Lime, gray, and gray and blue flint 15 765
Lime, gray, gray flint, selvage 15 780
Flint, gray, gray lime, mundic 46 820
Sand, white, and selvage 40 860
Sand, white, and some sandy lime 70 930
Sand, white 30 960
Sand, white, gray lime and some blue flint 15 975
Sand, white, and some green selvage 10 935
Sand, white, sandy gray lime, selvage 25 1,010

26N23E-36, E. H. Offield Well

Thickness Depth

{feet) (feet)

Surface 30 30
Flint, brown and gray 100 130
Flint, white gray 30 160
Flint, gray, and gray lime 60 220
Flint, blue, and blue gray lime 80 300
Flint, gray, and shale 5 305
Flint, gray 40 345
Flint, gray, and zinc shines 9 354
Flint, gray, blue selvage, zine shines 6 360
Flint, gray, and zinc shines 14 374
Flint, gray, and poor zinc shines 8 382

Flint, gray, and gray lime 28 410
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28N22E-35-2, Walter Tydings Well

Thickness Depth
{feet) (feet)
Surface 8 4
River gravel 10 18
Soapstone and lime boulders 4 22
Lime, brown 48 70
Flint, brown and blue 10 86
Lime, brown 5 85
Lime, brown, and some blue flint 50 135
Lime, white 5 140
Flint, blue, brown lime 35 175
Flint, blue, and black flint 5 180
Lime, brown 5 185
Lime, brown, and light blue flint 10 195
Lime, brown 5 200
Flint, white, and hme 10 210
Lime, brown 30 240
Lime, brown, and white flint 5 245
Flint, white, and white lime 20 265
Lime, brown 5 270
Lime, white 25 295
Lime, white and brown 15 310
Lime, white, and some flint 45 35
Lime, brown and white 10 365
Flint, white, and lime 10 375
Flint, light blue brown 20 395
Lime, brown, and tight ground 5 400
Flint, light blue, brown lime, tight greund 7 407
Flint, blue, and brown lime 18 425
Lime and selvage k5] 460
Soapstone, and oil sand 10 470
Lime, brown 50 520
Lime, brown, and white flint 75 595
Flint, blue, and lime 15 610
28N23E-31-3, City of Miami Well 2
Thickness Depth
(feet) ({eet)
Surface material 14 14
Sand rock 11 25
Lime (rotten) 25 50
Lime and {flint, medium 10 60
Lime, soft 20 86
Flint and lime, medium 10 90
Lime, soft 15 105
Lime and flint, medium 5 110
Lime and flint, hard 10 120
Flint and lime, hard 35 155
Lime and flint, hard 10 165
Lime and flint, medium 10 175
Lime, soft 80 255
Lime and flint, medium 5 260
Lime and flint, medium brown 10 270
Lime, soft, brown 20 290
Flint, blue, and soft lime 10 306

Flint, blue, and mediim lime 45 345
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Thickness Depth

(feet) (feet)

Flint, hard, blue 55 400
Flint and lime, hard 10 41¢
Lime and flint, medium 5 415
Lime, soft , 10 425
Lime and selvage 7 432
Shale, brown, soft 14 446
Lime, medium 3 451
Sand, hard, white 10 461
Lime, medium 6 467
Lime, medium, white 111 578
Lime, white ' 24 602
Lime, medium, gray 18 620
Sand and lime, medium 12 632
Lime, medium, brown 36 668
Lime, medium, gray 37 705
Lime and flint, medium 15 720
Lime, hard, gray 18 738
Lime, sandy, medium 70 808
Lime and {lint, medium 18 826
Lime and flint 6 832
Lime and flint, shines, soft 6 838
Lime, black 6 844
Lime and flint, shines, medium 6 850
Lime and flint, medium 12 862
Lime and flint 12 874
Lime and flint, shines, medium 16 890
Lime and flint, shines -6, 8946
Lime, medium, brown 6 902
Lime, brown, and. hard flint .6 908
Lime, hard, gray 36 944,
Lime, hard, blue and gray 6 950
Lime, brown 6 956
Lime, hard, gray 36 992
Lime, gray, and sand 6 998
Sand, hard, white 12 1,010
Lime, hard, brown 5 1,015
Sand and lime 10 1,025
Lime, hard, gray . 85 1,110
Lime and sand, medium 6 1,116
Water sand, ‘medium 15 1,131
Sand and lime 4 1,135
Lime, medium gray 20 1,155
Lime, hard, gray 40 1,195
Sand and lime 5 1,200
Sand, white 10 1,210
Sand and lime 5 1.215
Lime, hard 10 1,225
Lime, medium 22 1,247

28N24E-31, Scout Camp Well

Thickness Depth

(feet) (feet)

Clay and boulders 28 28
Lime, gray, and gray flint 22 50
Flint, dead gray 10 60

Lime, gray, and gray and white flint 15 75
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Thickness Depth
(feet) (feet)
Lime, brown, sandy, and gray and white flint 5 80
Lime, brown, and some gray flint 10 9%
Lime, brown, and gray and white flint 30 120
Lime, brown and gray 40 160
Lime, brown 15 175
Lime, brown, and cotton flint 5 180
Cotton flint i 15 195
Lime, brown, and cotton flint 25 220
Lime, brown, and gray flint : 15 235
Flint, gray and blue, and some lime 5 240
Flint, gray, blue and brown _ ! 20 260
Lime, gray and brown, and dark blue and '
brown flint 10 270
Lime, brown, and- gray and blue flint 100 370
Lime, gray and green, and some gray flint 5 375
Lime, brown _ ) 380
Lime, brown and green, and green selvage 5 385
Lime, brown and white 5 390
Lime, brown, and Chattancoga shale 10 400
Lime, gray, brown, and green 5 405
Lime, gray and brown, sandy, and gray flint 5 416
Lime, gray, and cotton flint o 5 415
Lime, gray, with selvage seams 5 420
Lime, gray, sandy, and dark blue flint 11 431

29N22E-23, Adams Mine Well

Thickness Depth
{feet) (feet)
Surface clay and shale . 110 110
Lime, crystalline, brown, and medium gray flint 12 122
Flint, medium, gray, and crystalline brown lime 8 130
Flint, brown light gray 4 134
Flint, compact, light blue 8 142
Lime, compact, gray, and dark blue flint 17 159
Cavity lost cuttings 4 163
Flint, pale gray brown, and compact tan lime 8 171
Lime, soft, white, and white flint 4 175
Flint, white, and soft tan lime 25 200
Flint, light gray blue 4 204
Flint, blue brown mottled 5 209
Flint, dark brown gray 12 221
Crevices, lost cuttings 29 250
Flint, brown, white 10 260
Jasperoid, gray, white blue flint, tiff 5 265
Flint, pale gray white, and jack shines 10 275
Flint, medium gray, water-bearing 5 280
Flint, light gray white 10 290
Flint, partly leached, pale gray 15 305
Flint, pale gray, and compact medium gray lime 10 315
Flint, tan 5 320
Flint, dark gray brown, and little compact gray lime 5 325
Flint, dark light gray, and compact gray lime 5 330
Flint, medium gray, and compact brown lime 15 345
Flint, dark blue, and shelly compact medium
gray lime 15 360

Flint, light gray, and shelly compact medium
gray lime 10 370
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Thickness Depth

(feet) {feet)

Flint, medium dark gray, mottled 5 375
Flint, medium blue gray, and compact gray lime § 380
Flint, medium blue gray 5 385
Flint, medium gray, compact gray lime 5 390
Lime, medium gray, and little blue flint 10 400

Flint, light gray brown, mottled, and compact

medium gray lime 6 406

Lime, medium gray, and medium gray flint 42 448

Lime, compact, light gray, and light blue flint 8 456
6

Lime, pale green 462
Lime, finely crystalline, white, and green shale 14 476
Lime, medium gray, sandy 8 484
Lime, tan, and light gray flint 24 508
Dolomite, light gray, and clear white oolitic flint 17 525
Dolomite, light gray, snow white flint, green shale 33 558
Dolomite, finely crystalline, light gray 18 576
Dolomite, finely crystalline, light gray, and little

clear white oolitic flint 26 602
Lime, finely crystalline, brown, and little clear

white oolitic flint 12 614
Dolomite, finely crystalline, light gray, and

light gray flint 24 638
Dolomite, finely crystalline, light gray, and :

dark gray flint 8 646
Lime, finely crystalline, tan, and gray sandstone 20 666
Liwme, finely crystalline, tan, and white clear

gray flint 12 678
Flint, white, clear gray, and sandy tan lime 20 698
Flint, white, clear gray, and compact gray dolomite 8 706
Lime, compact, brown, and-sandy gray lime 16 722
Lime, compact, white, and clear gray flint 8 730
Lime, finely crystalline, brown, and brown

gray flint 12 742

Lime, compact, white, and clear white flint 12 754
Lime, sandy, and green shale streaks 12 766
Lime, sandy, tan, and little gray white flint 32 798
Lime, finely crystalline, white, and white clear

gray flint 20 818
Lime, crystalline, medium gray 12 830
Lime, crystalline, medium gray, and white clear

gray flint 80 910
Lime, crystalline, medium gray 12 922
Lime, compact, brown, and white clear gray flint 12 934
Lime, crystalline, brown, and white clear gray

brown oolitic flint 24 0958
Lime, crystalline, brown, gray sandstone, white to

gray flint 16 974
Lime, sandy, gray 13 987
Lime, crystalline, brown, and gray sandstone 8 995
Dolomite, crystalline, gray, and white clear :

gray flint 16 1,011

Dolomite, crystalline, sray, white clear gray flint,
white sandstone 12 1,023
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Thickness
{feet)

Dolomite, crystalline, gray, and little white

sandstone ’ 41
Dolomite, crystalline, gray, and white; gray to

brown flint
Lime, crystalline, brown, gray sandstone, snow

white flint 11

Depth
(feet)

1,064
1,072
1,083

29N22E-25-1, Eagle-Picher Mining and Smelting Co,

Powerhouse Well?

Thickness
(feet)

Shale 105
Lime, gray, and shale 5
Lime, gray, and little white flint

Lime, gray, light gray, and little gray flint
Lime, gray, light brown

Lime, gray, and gray white flint

Lime, gray

Lime, brown, and little white flint

Flint, light blue, and gray lime

Flint, coarse, gray

Flint, coarse, gray, and some gray lime
Lime, gray, and light gray flint

Flint, gray, white, and gray lime

Flint, gray, blue

Flint, gray, blue, and some gray lime
Flint, coarse, light gray

Flint, light gray

Flint, gray

Flint, gray, dark gray, and brown

Flint, white nodule, and gray brown flint 1
Lime, gray, and white flint

Lime, gray, and some white flint

Lime, gray, and little white flint

Lime, gray, and white gray flint

Lime, gray, and light gray flint

Flint, gray and light gray

Lime, gray, and light gray flint

Lime, gray

Lime, gray and light gray

Nodule flint, white, gray flint, gray lime

Lime, gray, and some gray flint

Nodule flint, white, gray flint, gray lime

Lime, white, and cotton rock

Flint, white, and little cotton rock

Flint, white and gray, and little cotton rock
Flint, clear white

Flint, white and gray

Flint, dark gray, and little light gray flint

Flint, dark gray, and some dark gray lime

Lime, dark gray, and little dark gray flint

Flint, light and dark gray, and little gray flint
Flint, dark gray, and dark gray lime

Flint, gray and dark gray, and dark gray lime
Flint, gray, brown and white, gray lime, trace zinc

cheaLrangihnntnonon

[l

Hmmmmmmmmmmmmommmmmm

—
guenongntnaniang

Depth
(feet)

105
110
115
120
125
130
135
140
145
15¢
155
160
165
170
175
180
1%
200
205
215
220
225
230
235
240
245
250
255
260
265
270
275
285
290
295
300
305
310
315
320
325
335
350
355

155
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Thickness Depth
(feet) (feet)
Lime, gray, and gray and blue flint 5 360
Flint, dark gray and blue, and some gray lime 5 365
Lime, gray and dark gray, some dark gray and dark
blue flint ' 10 375
Flint, gray and dark gray, and gray lime _ 5 380
Lime, gray and dark gray, and little dark gray flint 5 385
Lime, gray, dark gray 5 390
Lime, gray and dark gray, and little blue flint 5 395
Flint, gray and blue, and gray lime 5 400
Flint, gray blue, gray lime, brown flint, zinc
shines above C ' 5 405
Lime, gray and dark gray, and dark gray flint 10 415
Lime, gray and dark gray, and dark blue flint 5 420
Lime, gray, dark, and little blue flint 5 425
Lime, gray and dark gray, and dark gray blue
flint 5 420
Flint, gray blue, and gray lime 5 435
Flint, blue, and gray and dark .gray lime 10 445
Lime, gray, and blue flint 5 450
Lime, gray and dark gray, and little blue flint 5 455
Lime, gray and light gray 5 460
Lime, blue gray 5. 465
Lime, gray blue 5 470
Lime, dark gray 5 475
Lime, gray, and little sandstone 5 480
Sandstone, fine, gray, and lime 10 490
Lime, light brown, and gray sandstone 5 495
Lime, light brown, and little sandstone 5 500
Lime, gray and light brown, and light gray sandstone, 5 505
Lime, gray and light gray 15 520
Lime, gray _ 10 530
Lime, gray and dark gray 10 540
Lime, gray and some dark gray 10. 550
Lime, light gray 10 360
Lime, light gray and light brown 10 570
Flint, gray, and little gray lime 10 580
Lime, gray and dark gray, and gray flint 10 590
Lime, gray 10 600
Lime, gray, and gray and dark gray flint 10 610
Lime, gray, and some gray flint 10 620
Lime, brown and little gray 10 630
Sandstone, gray 10 640
Lime, light blue, and some gray sandstone 10 650
Flint, white and light blue, and light brown lime 10 660
Lime, gray, and gray flint 10 670
Lime, gray and light brown 10 680
Lime, gray 10 690
Lime, dark gray 20 710
Lime, gray and light brown, and gray sandstone 10 720
Lime, fine, gray, and little sandstone 20 740
Lime, gray 10 750
Lime, brown, and gray flint 20 770
Lime, gray 10 780
Lime, brown, and little white flint 10. 790
Lime, gray, and some white nodule flint 10 800
Lime, gray, and some white flint 10 810
Lime, brown, and brown flint 10 820
Lime, gray 10 830

Lime, gray, and gray white flint 30 360
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Thickness Depth
(feet) (feet)
Lime, gray, and some white flint 10 870
Lime, gray, and little white flint 10 880
Lime, gray, sandy 10 890
Lime, gray, sandy, and little white flint 10 0200
Lime, brown 10 910
Lime, brown and dark gray 10 920
Lime, gray and light brown, and little white flint 10 930
Lime, gray, and little white flint 10 940
Sandstone, gray, limy 50 990
Sandstone, clear, fine, white 10 1,000
Sandstone, fine, slightly limy 10 1,010
Sandstone, fine, gray, limy 20 1,030
Lime, white, and sandstone 20 1,050
Lime, fine, light gray, sandy 10 1,060
Sandstone, white, slightly limy 10 1,070
Sandstone, white, and gray lime 40 1,110
Lime, white, and sandstone 10 1,120
Sandstone, white, light gray lime, and some white
flint 10 1,130
Lime, light gray, and white flint 10 1,140
Lime, licht gray, and some sandstone 10 1,150
Lime, white, sandstone 10 1,160
Lime, white, sandy 10 1,170
Lime, fine, white, and white sandstone 20 1,190
Lime, fine, white, and some white flint 10 1,200
Flint, white, and white lime 20 1,220
Lime, light gray, and white flint 9 1,229

1For a log of this well based on microscopic examination of drill cuttings,
see Appendix A.

29N22E-25-2, Goodeagle Mine Well*

Thickness Depth

{(feet) (feet)

Soapstone 105 105
Lime 35 140
Flint 35 175
Flint and spar 90 265
Flint 75 340
Lime 11 351
Flint and lime 124 475
Lime and flint 35 510
Sand 5 515
Lime 85 600
Sand 5 605
Lime 315 920
Sand and lime 97 1,017
Sand 8 1,025

1This record taken from file of the Century Zinc Co..

29N22E-25-3, B. and R. Mining Company Well

Thickness Depth
(feet) (feet)
Clay 30 30

Soap 90 120
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(feet) (feet)

Thickness Depth

Lime, gray 20 140
Lime and flint 35 175
Flint 20 195
Lead shines 30 225
Flint, dark 23 248
Flint and zine 28 276
Flint, dark 24 300
Flint, white 35 335
Flint, dark, and lime 67 402
Lime, dark, and zinc shines 8 410
Lime, dark, and flint ol 461
Zinc shines 8 469
Lime, gray 281 750
Sand rock - 10 760
Lime, gray 150 950
Lime, sandy 30 1,000
Sand, white 9 1,009
Sand and lime 48 1,057

20N22E-36, Scammon Hill Mine Well

Thickness Depth

(feet) (feet)

Clay 30 30
Shale 160 190
Lime, brown, and flint 40 230
Flint and fair lead 25 255
Flint and lead, shines 15 270
Flint, white 10 280
Lime and flint, lead jack, shines 10 290
Lime, brown, and flint 15 305
Lime and flint, jack, shines 11 316
Flint, good jack, shines 9 325
Water {lint, fair jack 10 335
Lime and flint 25 360
Lime and flint, fair jack, shines 10 370
Flint, brown 30 400
Lime, brown, and flint 15 415
Flint, brown, lead jack, shines 15 430
Flint, black, lead jack, shines 15 445
Flint, black, thin lead jack, shines 20 465
Flint, brown, fair jack 30 495
Lime and selvage, open ground 5 500
Lime, brown 10 510

29N23E-15-2, Beck Mining Company Well

Thickness Depth

(feet) {feet)

Soil and clay 15 15
Shale 50 65
Lime, gray 35 160
Flint, blue white 30 130
Cotton rock 10 140
Flint boulders 20 160

Flint, blue white, and gray lime 10 170
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Flint, blue white, and fair shines of zinc
Flint, blue white, and zinc shines
Flint, blue white, and good lead shines
Flint, blue white

Flint, blue and brown

Flint, blue white

Flint, brown white

Flint, blue white, broken

Flint, blue brown

Flint, blue

Flint, blue, and gray lime

Flint, blue, and gray lime selvage
Flint, blue, and gray lime

Flint, blue white, and brown lime

Thickness
(feet)

10
10

29N23E-15-3, Huttig Well

Clay

Soapstone, gray

Limestone, gray

Limestone, gray, and white flint

Limestone, green, gray white flint, pyrite
Flint, blue gray white, pyrite and zinc
Flint, blue gray white, and pyrite

Flint, gray white, and white limestone
Flint, gray white, and brown limestone
Limestone, brown, and white flint
Limestone, brown white, and white flint
Flint, blue gray, and brown limestone
Limestone, brown, and gray flint

Selvage and gray limestone, and gray flint

Thickness
(feet)

Depth
(feet)

180
190
200
225
230
270
295
320
335
365
395
445
460
475

Depth
(feet)

20N23E-16-1, Consolidated Lead & Zinc Co. Well

Shale

Lime

Lime fissure, white

Flint, white

Flint, light blue

Flint, blue, open ground
Flint, light blue, open ground
Flint, light blue brown

Flint, dark blue, lower lime
Flint, dark blue, lime, zinc shines
Flint, light, and lime

Lime, brown

Lime, sandy

Water sand

Lime, sandy

Flint, blue, water sand
Sand, white, water-bearing

Thickness
{(feet)
65
65
10
42

8
14
26
19
69

4
378
160
113

Depth
(feet)
65
130
140
182
190
204
230
249
318
322
700
860
973
990
1,005
1,019
1,033

169
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Thickness
(feet)
Opening 1
Sand, white, water-bearing 13
Opening 2
Sand, white, water-bearing 11

29N23E-16-2, Victory Metals No. 2 Well

Thickness
(feet)
Clay and shale 65
Limestone 40
Lime and tar, soft 5
Limestone 50
Flint, limestone 25
Flint, blue white, trace of zinc 5
Flint, blue white, and zinc shines 15
Flint, blue white 10
Flint, white 30
Lime, brown 20
Flint, white, and limestone 36
Flint, white, zine, shines 4
Flint, white, and limestone 25
Lime, brown, and blue flint 55
Flint, brown blue, and zinc shines 5
Flint, blue brown 15
Lime, brown, and blue flint 70
Shale, blue 1
Sand, gray 4
Sandstone, gray 5
Sand and limestone 85
Sand, brown 30
Sand and limestone 50
Flint, black, and limestone 15
Sand, and limestone 115
Flint, blue, and limestone 30
Sand and limestone 175
Sand, gray 15
Sand, white, water-bearing 15
Sand and limestone 10

29N23E-17, Lucky Syndicate Well

Thickness

(feet)
Soapstone 90
Lime 50
Lime and flint 25
Flint 10
Flint, some jack 15
Flint 33
Hog chow 38
Flint 31
Hog chow 5
Lime and flint 143
Lime 5
Lime and mud pockets 30
Shale, black 5
Lime 120

Lime and flint 275

Depth
(feet)
1,034
1,047
1,049
1,060

Depth
(feet)
65
105
116
160
185
190
205
215
245
265
301
305
330
385
390
405
475
476
480
485
570
600
650
665
780
810
035
1,000
1015
1,025

Depih
({eet)
90
140
165
175
190
223
261
292
297
440
445
475
480
600
875
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Thickness
(feet)
Lime, little showing of sand 77
Sand, water-bearing 8
Lime 47
Sand, water-bearing 10
Lime and flimt 61
Sand, water-bearing, crevice at 1085 17
Lime and sand 45
Sand, some lime 5
Lime and flint 9
Lime and some flint 13
Lime 12
Flint, blue 6
Lime and flint 12
Lime 10
Flint 7
Lime 38
Flint 10
Lime, sand and flint 25
Lime and flint 19
Lime, flint, water sand 8
Lime 26
Lime, flint and sand 30
Sand, water-bearing 10
Lime 40
No cuttings 73
Sand 17
Lime and sand 15

29N23E-18-1, Pelican Mine Well

Thickness
(feet)
Shaft 255
Lime, brown, and flint 195
Lime, gray 485
Sand, gray 35
Lime, gray 40
Sand, white 15
Lime, dark gray 55

161

Depth
(feet)

952

960
1,007
1,017
1,078
1,095
1,14¢
1,145
1,154
1,167
1,179
1,185
1,197
1,207
1,214
1,252
1,262
1,287
1,306
1,314
1,340
1,370
1,38¢
1,420
1,493
1,510
1,525

Depth
(feet)
255
450
935
970
1,010
1,025
1,088

29N23E-19-3, Eagle-Picher Mining & Smelting Co.

(Beaver Mine) Well

Thickness
(feet)
Surface 35
Soap 50
Lime, dark 25
Lime, gray 40
Lime, brown 50
Lime, gray, and flint 35
Flint 35
Flint, dark, lead and jack shines 15
Flint, dark 25

Depth
(feet)
35
85
110
150
200
235
210
285
316
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Lime,
Lime,
Sand,

dark, and flint
gray, and flint
white

Lime with sand

Sand,
Sand,

white
gray

Thickness
(feet)

130
145
25
374
26
103

Depth
(feet)
440
585
610
984
1,010
1,113

29N23E-194, Eagle-Picher Mining & Smelting Co.

(Lion Mine) Well

Soil and yellow clay
Soapstone and shale

Sand

rock

Soapstone and shale
Soapstone and mundic

Lime,
Flint,
Flint,
Flint,
Flint,
Flint,
Flint,
Flint,
Flint,
Flint,
Lime
Lime
Sand,
Lime
Sand,
Lime
Sand,
Lime
Sand,
Lime,
Sand,
Lime
Sand,
Lime
Sand,
Sand,
Lime,
Sand,
Lime,
Lime,

gray

blue white, cavey

brown blue

white blue, and fair lead
white blue, fair lead, mundic
white blue, trace of lead and jack
white blue, and jack shines
white blue, and fair jack

hard, white, creviced

white, brown, and jack shines
and flint

and flint

white

white, brown
white, brown

hard, white
sand, little flint
white

white

sand, little flint

pure white

white

sand, and little flint
white

sand, slight trace of flint
little sand, and flint

Thickness
(feet)

25
44

3
28
15
10

70

10
20

9
18
63
20
20

5
15

8
47
31
69
20

3

29N23E-20, Netta Mine Well

Soapstone

Flint,
Lime,

Lime,

blue, and lime
white
gray, and blue flint

Thickness
(feet)

65
10

5
10

Depth

(feet)
25
69
72
100
115
125
173
177
197
203
205
221
235
282
285
295
700
705
775
780
790
810
819
837
900
920
940
945
960
968
1,015
1,046
1115
1,135
1,138

Depth

(feet)
65
75
80
90
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brown and gray
brown
white
white and blue

Cotton rock

Flint,
Flint,
Flint,
Flint,
Flint,
Flint,
Flint,
Flint,
Flint,

blue, and gray lime

blue and white

white, and blue lime

blue, and blue lime

blue, and gray lime

white, and zinc shines

white and blue

white and blue, good zinc, good lead
black and little blue, lime, good zinec,

lead shines

Flint,
Flint,

Lime,

white and black, zinc shines
white
blue and white

Lime and flint, blue

Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Sand,
Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Lime,
Flint,
Lime,
Lime,
Lime,
Sand
Sand,
Sand,

Seil

blue and gray

blue and gray, and white flint
brown

blue and gray, and white flint
blue, and white selvage

gray, white flint and blue {lint
sandy, little flint, little water
white and blue

white, and little sand

gray, and water sand

brown, blue flint, and litile sand
sandy

water-bearing

sandy, little blue flint

brown, and little flint

sandy, blue flint

brown, blue flint

brown, little blue flint

gray, and white flint

brown, and little sand

sandy, and blue flint

white and blue, brown lime
white, black

gray, and little sand

sandy, and little white flint

white
little white flint

29N23E-21-1, City of Picher Well 1.

Thickness
(feet)

Clay, vellow
Soapstone
Lime and flint
No record
Crevice
Seapstone

Thickness
(feet)

10
10

5
10
30
10

Depth
({eet)

100
110
115
125
155
165
170
190
205
230
239
244
252

255
258
287
324
358
405
420
425
445
450
475
0l6
430
547
600
620
647
652
696
709
739
799
304

Depth
{feet)

163
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(feet)
Thickness
Lime boulders 10
Lime, scft, white 4
Lime and flint boulders 12
Flint boulders formation 10
Hogchaw flint 16
Lime boulders 14
Lime and white flint 20
Zing ore, very thin in blue flint 10
Flint, white 30
Hogchaw flint 35
Lime and flint, gray 5
Hogchaw flint, gray 5
Lime, brown 45
Lime, dark, softer 10
Lime, dark, dark flint 45
Lime, dark, some flint 54
Lime, dark, some light flint 151
Lime, dark, and flint 365
Lime and sand 40
Sand 50
Flint, blue, and very hard lime 42

29N23E-21-2, City of Picher Well 2

Thickness
(feet)
Soil and clay 16
Shale, blue 19
Shale, dark, medium hard 15
Lime, soft, white 5
Lime, hard, white 20
Lime and fiint, hard 62
Lime and flint, extia hard 33
Flint, blue and white, hard 8
Flint, hard, white, and zinc shines 15
Flint, white, medium hard 23
Flint, white and blue, hard 10
Lime flint, light colored, hard 104
Flint, gray, extra hard 30
Flint, blue, extra hard 25
Flint, light blue, top of Iower lime 3
Lime, white, hard 80
Sand, white, medium hard, water-bearing 8
Flint, limy, white, hard 470
Sand, lime, openings, and water 54
Sand, white, water-bearing 35
Flint and lime, very hard 31

20N23E-21-3, City of Picher Well 3

Thickness
(feet)
Soil, clay and shale 55
Limestone, white 35

Lime, coarsely crystalline, brown, with seams of
green shale 14

{feet)
Depth
114
118
130
140
156
170
1906
200
230
265
270
275
320
330
375
429
580
945
985
1,035
1,077

Depth
(feet)
16.
35
50
55
75
137
170
178
193
216
226
330
360
385
388
468
476
946
1,000
1,035
1,066

Depth
(feet)
55

104
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Thickness Depth
(feet) (feet)
Limestone, white, little light blue flint 28 132
Limestone, tan, blue white flint 4 136
Limestone, fine-grained, brown, and blue and
white flint 14 150
Limestone, brown and white, and some white flint 4 154
Limestone, gray and white, and some white
flint, jack shines 15 169
Flint, gray and white, jasperoid, jack shines 4 173
Flint, gray and white, glauconite, leached
jasperoid 4 177
No cuttings, crevice 4 181
Jasperoid, white, 50-50 chatty jack shines 2 183
Flint, snow white, gray white water flint, little
jasperoid, jack shines mostly free ore 7 190
Cotton rock, some unleached white flint 26 216
Cotton rock, light blue flint 3 219
Flint, white, blue and dark gray, glauconite in
leached white flint 4 223
Limestone, crystalline, brown, %4 light blue flint 4 227
Limestone, crystalline, brown, 15 white flint 4 231
Limestone, crystailine, brown, little white flint 19 254
Limestone, crystalline, brown 8 258
Flint, snow white, cotton rock 20 278
Limestone, white, little gray {lint 8 286
Flint, light brown 14 300
Jasperoid, brown, with cementing gray flint
fragments, tan limestone 25 325
Limestone, dark gray, fine grained 25 350
Limestone, dark gray, fine grained, some gray flint 10 360
Limestone, dark gray, fine grained, 14 to 14
gray flint 36 356
Limestone, dark gray, compact, ¥4 to 14 gray
flint 16 412
Flint, dark gray to white, 5 compact gray
limestone 8 420
Flint, dark gray, light gray, brown, % gray
_ to tan limestone 10 430
Limestone, white, light gray, little blue gray
flint 10 440
Limestone, compact, light gray, and little blue
and gray flint 10 450
Dolomite, crystalline, white, and green shale streaks 10 460
Dolomite, crystalline, brown, and %4 gray and
white {flint 40 500
Limestone, light gray, sandy, white chert, green
shale 80 580
Sandstone, calcareous, brown oolitic flint 40 620
Dolomite, compact, brown, clear blue and gray
oolitic flint, and brown fint 20 640
Limestone, soft, white, and white sandstone,
white chert 20 660
Dolomite, white and tan, clear white sandstone,
oolitic white chert 80 740
Flint, brown, little oolitic white flint, white
sandstone 30 770
Flint, clay, brown oolitic flint, some clear white
sandstone 30 300
Dolomite, compact light gray 20 820

Dolomite, sandy, brown, white chert, gray flint,
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Thickness Depth
(feet) (feet)
little oolitic brown flint, quartz sandstone 28 848
Flint, gray, white chert, white sandstone, brown
dolomite 8 856
Sandstone, white, brown oolitic flint, some brown I
dolomite, gray and white flint 16 872
Sandstone, gray, some brown declomite, white chert 24 896
Dolomite, dark gray, sandy, and little white chert 24 920
Sandstone, white and gray, and clear gray flint 24 944
Dolomite, compact, gray, white sandstone, some
white chert 8 952
Dolomite, gray, sandy, some gray and white clear
bluish flint 48 1,000
Sandstone, white, clear quartz grains loosely
cemented 40 1,040
Dolomite, gray, sandy, quartz, some gray flint
and white flint 28.5 1,068.5

29N23E-21-4, Cosmos Mine Well

Thickness Depth

(feet) (feet)

Soil and clay 15 15
Shale 15 30
Limestone 50 80
Flint 105 185
Flint and good jack 50 235
Lime and flint 165 400
Lime 500 900
Sand and lime 200 1,100

29N23E-21-5, Mahutska Mining Co. Well

Thickness Depth
(feet) (feet)
Surface 3 3
Sandstone 12 15
Soapstone 30 45
Lime boulders 20 65
Lime flint 140 205
Crevice 5 210
Flint boulder ground 20 230
Flint jack and lead shines 10 240
Jack, good, and lead 10 250
Flint, water-bearing 40 290
Lime 40 330
Flint, brown 20 350
Flint, open ground with selvage, mundic, and
water 10 360
Flint, blue 10 370
Lime, white, water-bearing 160 530
Lime and flint 423 953
Sand, white 11 964

Lime, white 4 968
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29N23E-22, Tulsa Lead and Zinc Co. Well

Thickness Depth

(feet) (feet)

Clay 25 25
Shale 31 67
Lime o4 110
Lime and flint 40 150
Lime and flint, selvage and pyrite 10 160
Lime, selvage, pyrite 5 165
Lime and flint, selvage and pyrite 5 170
Flint, blue 10 180
Flint, blue gray 5 185
Flint, blue white 5 190
Flint, white 10 260
Flint, white, blue, yellow 10 210
Flint, gray, and jack shines 10 220
Flint, gray and brown, spar and jack shimes 5 225
Flint, gray and brown, and jack shines 5 230
Flint, gray, brown flint, spar, jack shines 6 236
Flint, grav 9 245
Flint, gray, and lime 115 360
Flint, blue, and lime 31 391
Lime and selvage 49 440
Lime and flint 70 510
Flint, black and blue 5 515
Lime, flint, selvage, pyrite 10 525
Lime and f{lint 250 715
Sand, gray 20 795
Lime and {lint 40 835
Sand and lime 10 845
Sand, red 10 855
Sand, gray 10 865
Sand, gray, and blue flint 5 87¢
Sand, black 10 830
Sand, gray, flint 5 835
Sand, gray, water-bearing 70 955
Sand, white, water-bearing 15 970
Sand, gray and blue 10 930
Sand, gray 15 995

Sand, gray, flint 10 1,005

29N23E-23, Bob Cropp Well

Thickness Depth

(feet) (feet)

Soil and clay 30 30
Shale 22 52
Lime, gray 48 100
Flint, white 40 140
Lime, gray 15 155
Flint, white 25 180
Flint, loose 5 185
No cuttings 5 190
Flint, black, good zinc shines 5 195
Lime, black 4 199
Flint, gray, and lime 36 235
Lime, brown 25 260
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(feet) (feet)

Thickness Depth

Flint, white, brown 15 275
Lime, flint 170 445
Lime, blue 5 450
Flint, brown and blue 30 480
Lime and flint 45 525
-‘Lime, gray 15 540
Lime and flint 140 680
Lime, brown 75 753
Flint, gray, limy 15 770
. Lime, brown, and gray flint 80 850
No cuttings 5 855
Sand, gray, water-bearing 20 875
Lime, brown, sandy 10 885
Sand, gray, water-bearing 15 900

Flint, white and gray, and brown lime 15 915

29N23E-24, Ontario Smelter Well

Thickness Depth
(feet) (feet)
Soil and clay 35 35
Soapstone .5 40
Lime, white, flint 115 15
Cotton rock and brown lime 27 182
Flint, blue, and zinc shines 28 210
Flint, blue and white 10 220
Lime, brown 130 350
Flint, blue 25 375
Flint, blue, and lime 20 395
Shale, white 55 450
Sandstone, brown 4 454
Lime, brown 46 500
Sand, gray 8 508
Lime, gray 342 850
Sand, gray 30 880
Lime, gray 70 950
Sand, white 100 1,050

29N23E-29, Skelton No. 5 Well

Thickness Depth

(feet) (feet)

Clay and boulders 16 16
Lime and flint 8 24
Limestone, hard, white 66 90
Boulders and hogchaw 105 195
Flint, hard, white 16 211
Flint, blue 27 ‘238
Limestone and flint 45 283
Limestone, white 102 385
Limestone, white, with some flint 491 876
Limestone, sandy 16 892
Sandstone, very hard, white 12 904
Limestone, blue 15 919
Limestone, hard, sandy 51 970

Sandstone, white, water-bearing 20 990
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29N23E-30, Blue Goose Mine Well

Thickness
(feet)

Surface

Soapstone, sand, boulders and mundic

Sand, oil-bearing

Lime, mundic and few zinc shines
Flint, blue and gray, mixed with lime

Flint, brown and gray

Flint, light brown, 7% lead and zinc
Flint, light brown, about 10% zinc

Flint, brown, good jack shines

Flint, black and gray, lead and zinc shines

Flint, white, rotten

Flint, gray, thin zinc shines
Lime and flint

Lime, brown

Lime, gray

Selvage and lime

Lime, gray

Sand, brown

Sand, gray

Sand, gray, and blue lime

29N23E-32, Consolidated No. 6 Well

Thickness
(feet)

Soil and clay

Lime and flint
Soapstone and iron ore
Lime and shale

Flint, white

Flint, dark

Shale, green, and lime
Lime

Lime and flint

Lime, sandy

Sand, water-bearing
Sand, hard, water-bearing
Sand, white, water-bearing

35
110
>
35
55
11
5
19
10
5

5
65
80
160
350
10
50
15
55
68

S
107
28
21
156

21

Depth
(feet)
35
145
150
185
240
251
256
275
285
200
295
360
440
600
950
960
1,010
1,025
1,080
1148

Depth

(feet)
5
112
140
161
317
357
365
386
809
860
872
010
985
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APPENDIX C.
RECORDS OF WELLS INVESTIGATED FOR THIS REPORT

Wells visited in the course of this investigation for which logs,
analyses, or pumpage, or other data were obtained are listed in
table 13 and are shown on figures 13 and 14. All the municipal
and institutional wells, most of the industrial and many of the
deep mine wells, are included. A special effort was made to
verify the location of wells in the mining distriet for which logs
are available, but with only moderate success. Many have been
abandoned since central milling of the ores became common prac-
tice or since termination of operations in the mines they served,
and they are not readily distinguished from the many cased air
vents, old prospect holes, and foundations in the vicinity. Several
that were pointed out by long-time residents proved to have been
filled with debris.
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. ‘“\\WWWNWWW\‘\\ — —
e9 §d§ . b | \) J,
N. ¢ ]
'\ CHER C\
L y
NN (]
T -EK I !
28 t |\ | PEORIA
N S Ve AL
,F S
T N ’ £ !
N Tl 1 (oA |
INARGISSA | wrms A0 %
[ 1”2 /(‘r“ |
| © N !
T FAIRLAND ﬁw‘
26 f ' :\\‘\\»L‘./—B
|
N e g
. B )
8> AFToN g
SRR A

Frc. 13. Map of Ottawa County showing locations of water wells listed in table 13.
See paragraph headed “Well-numbering system” for explanation of the
relation of well numbers to land description. See also figure 14 for de-
tail map of northwestern four townships (within the heavy boundary line).
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Fig. 14. Map of northwestern four townships of Ottawa County (within heavy
boixlndary line of figure 13) giving identifying members of closely spaced
wells,
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WATER WEHLL DATA

e a ¢ ON
01 p3se) 50f SAHQ “op~ Topt T P %9 S20°1 S8 6161 S[BISIN AI01OIA “BAN%AIS 291
“Bo[ s3Il uoN SUON Toprt o 090°T 1174 A G ON Ppeiepl[osuo) HASHAS 91
‘3ur
-[00o 1oy pespy ‘sisA[euy iy "PUf  UBIPEUE] 9 5L9 4 B ‘o)) Furuy Yoo %MSHAS ST
‘dop sgopprag Tt T L 0¥ g8 T S AMN®ISHIAN €61
“MASTAS
"3o[ sI5[11Q “op” “op (¢)sucog SLy 8s T "0) Bururpy yoog Jo mua) I
8F
68 ‘1993 TH'L68 LlH0C
-II 3991 60°96% ‘LI
‘a0BLINS puR[ MO[3q 193] FC
“$67 PoINSBIL JOAJ[ IIBM uoN auop e e e ok T 9sBY] JIoIsMmalf “nANH%AS 161
e LA
ISVHA 83 AONVH ‘HIYON 63 JIHSNMOL
‘ UBIPBUBR))
“Jof s “op” “opT  pue sucog T 01S Se8 €061 SUIN [IIH uowmieog HASHEMS 9¢
"30] sFIUQ “op~ Topr T o A 1501 LTI61 0D Buluipy "¥ ¥ °d HANBIN €52
"Bo] so[fIIq QUON uoN T Y ggo'r v T ourpy o[8espoo) HIANVMSHMN 52
‘Cp-ZZ-01 ‘90BJINS puB] MO]
-9q 199F Gz ponodar [aas]
Ialep ‘uonBlIUBS puE 3ul 0 'S § W
-Jullp ‘Sur[ood 10j Pas[) Iayo1g-9[8eq
'sisApuy  3o[ ojdweg  °qunj  pul  ueppsue) T 603’1 S£8 6261 ‘osnoyzamog  HANKANKIN 158
~HEEN
(ponapjue)) ISVHE 55 AINVI ‘HLION 68 dJITHSNMOL
(1909)
syIeuIey W1 jo Ialem Iaymbe (seyour) (193]) [o49] ®As pee[dwod Jweu 10 U080y
POYIBIY  Jo °s)  @[qeqord Iojewel] Wdog  vaoqe a1e(] J[um( ‘oN T
. PRUNY

"LMOddY SIHL ¥04 d3LVOILLSIANI ‘VWOHVT MO ‘ALNNOD VAVLILO NI STTIA 40 SAUODIU
(ponunue))—¢l ATAV.L



178

GROUND-WATER RESOURCES OF OTTAWA COUNTY

eh88
‘90BLINS pUB] MO[Pq 193]
08¢ Ppolzodar [oad] Iarpm

sEARuy  Sof s qmy, ‘Sd TopT 9018 LIO'T éze8 0z61 wPIg 3o A1) HMNAMN%HMS T8
“8o1 sB[IQ SUON suoy U R 6%0°1 0¢g8 S161 SUIW ®BH8N HENIN 0z
ffuo asn Aqpueig
‘816 ‘@9BJms pue] Mo| (eUIy wOry)
*3q 1397 €)'GGZ paInseaw ‘) SR HN
[oAS] 11BN FO[ SIdMU(Y ay pUr T op %101 881’1 11 BPIJoEed  BMSHINHIN P61
QUI[ouULS TWRITy TeaN
‘PRIL Mo -Sof sJeu( uoN uoN T opr eIT'l ogg 7T Suljy IeA®ag “ASHMS €61
(12amag ugo[)
"SUTOUAS TWBI IBAN %9 ) SR N
'PRIA #oT °3of ojdmeg  euoN  duoyN ¢ oprT 01 gl GLLT  €'6e8 8g61 BYNJ-oB8  KASHMSTHMAS 61
‘wpIey) 3o
umo sorddng  sméfemy  cqmp g oprr +00I'T  Sz8 T SIB  HASHASHMS  T6T
sIskppuy T op~— T S9LTT o¥e U UL uopio) %RASHMS ¢8I
‘Qp-L2 b ‘9orjins
PUB] MO[q 399f G9g Pd
<10doI [oA9] I91BA\ "90B]
-INE MO[ 199 goz dumg
‘somIoy [B10498 sar[ddng
sled[puy  "50] SIIYFIQ XD wmo@ T opm T 080°T 08 o161 W UEIT[d] HMANHIN  T8T
‘Fo SIOTQ  SUON  SUON  UBIpEUE) T gze‘T  op8 T qeorpuig Axjonry %MSHAN LI
~d8GN¢
(ponunuo)) ISVHE £3 IINVE ‘HIUON 63 JIHSNMOL
(1909])
syIemay ufq jo I91BM .Hmﬁavd {ssyoul) (199]) [PAS] BIS vmuoaﬁou IwWeu 10 uo118007 ‘eN I3,
.10.&&02. mo um.D. OHANQOHAH u@u@Eﬂ«Q Jﬁmﬁﬁ_” Pw.uam DHNQ ngo
pnInTy

‘LY0dHTY SIHI Y04 QALVOLLSIANI ‘VINOHVTI JO ‘ALNNOD VAVIIO NI STIAM 40 SQ¥0DTYH

(penunuo))—¢l YIGV.L



179

WATHER WELL DATA

(IIFAL [BUUR) )

‘G 9INSTJ 998 ‘s[eAa] %0 00 S ¥R N
Izem 10 -dof odureg qrmy, pupTTT op 01 #%g [ JAN] S¥e8 440 IBydIJ-2[Fey HMANRAS TIE
‘uoniBlIURS pue Sul
-JULIp IO} pas[) “ISPUIAD
Ag 9orvlInS 01 [PAS] QU (SUI 93005 anjg)
WOIJ ‘[2Ad] SuIWl 03 IIe S B W
Aq pedwng 3o sgoquq Aoy cpur oprrer 0ST'T  2€8 2261 1oa1d-9{3E] “BMN7ES  0F
11 opr o T 066 éac8 YG61 S "ON uoleys HASTHIS 62
"PATjLIp UdYM 0BJINS puUB[
M0[9q 199] HQI poriodaz .
[oA9] It "So[ SIBLIQ SUON SUON] I 080°T 0s8 8161 Jajpug  OLBIuQ HMANAMN  $8
BO[ sao[UE v v op S16 568 geol ddoez) qog HMASTHEMAN Y
o] sgqg e e e opr S00°T 117 I 0) Z® T ESIML HMSHINWEN (44
o) dur
"B0[ SJO[IY “opt  TTopTt op~— 896 0z T UL BXSINYEIA “ANTKEAS ST8
POl s euwoN uoy op~ 0011 0¢8 6161 SUITY SOWISOT) HANW®HS V18
9r61
ur GgI‘7 01 %8901 woif
pausdasq o] sJofU( QL Sd TTepTtt goig STl Ge8 Topr o T Y oprT el 4
9p6T
Ul GZI'T 01 900°T o
pemadeaq  "Fo[ sJIO[HI( amg, ‘S'd UuslpruE) 9018 STIT 68 véo6t Lg Jo A1) HMNZHMNKRMS 218
~HEEN
(ponupuo)) ESVH 6 TINVI ‘HIHON 63 JIHSNMOL
(399)
sy1ewoy I Jjo Ialem i9]nbe (sayour) (1095) [oad] ®as pajepdwod owBru I0 UOTIBIO] ‘ON I
poqiely Jo 3s))  dqeqoid jowmi] Yideq — vsoqe a1B(] RPUMQ)
pmnyy

"LY0dIY STHL HOJd QILVOILSIANI ‘YWOHVT MO ‘AINNOD VAMVILIO NI STIZA J0 SA¥0DTY
(penunue]))—¢l FIAVL



GROUND-WATER RESOURCES OF OTTAWA COUNTY

180

2P+l ‘oomjIns puel
Mo[aq 199} ggg patodarx
‘Buniooys pur FurZiplde
Ialje [9A9] IdjBp\ 'Xnop
-noy  104ys I91B] {XNOp
-iqnoy uayl ‘iejuns) pozl
-prog {Jojun<) o3 pauadaap
‘xnopiqnoyf o1 pa[[tq 7L T
sidpuy  3op efdweg  Cqmy g4 77 op 0g  SEET Sv8 gyl T op~ KMASHIAIN%AN €S¢
‘pauopurqe ‘[[PM
QUOOE WOIJ IJBM BUMUI e
-pe ‘psjerouotep Supse)  opT  UOpT  UBIPEUE) T 00%'T  Sv8 L op™ 3se
"2E6T
‘goBJINS pus] MO[Pq 193]
091 peuodar [oAd] IalEM
‘patiopurqe pu® SI3IEM

ourn Aq pojeulwieiuc) 0P~ “op” suoog ™ oop U T meden() jo umoy B MNHASHAS I-SE
‘Bof sJapftaq  SUON  SWON TV opr sg6 T $Z61 9 "ON PIieplosuo]) %AN%AS  GE
(A [B13URD)
0) S RN
"So apdmeg T T uglpBUE) T 0T 088 U o101 J-2]3eY %BANKIS TIE <
A 83
(penufjuo)) ISVA $% AONVE ‘HIUON 68 JIHSNMOL
(1295)
SHIBTWIY 1 Jo Iaiem Iapinbe (89your) (199]) T[0A9[ ®os pajerdmroeo ouIBU 10 Ligat:nlng |
ﬁoduuz mo OwD omn.wnmo..nnm Houm.ﬂ:wmﬁ— .&ﬁm@ﬂ u.pcmw uqu .HOESO .oz =m
opnInfy

*190dTY SIHL ¥O0d QALVOILSTANI ‘VWOHVTIO ‘AINNOD VAVILO NI STIIM 40 SAYODTH
(penuno))—¢1 FTIV.L



WATER WEHLL DATA 18

APPENDIX D.

RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY,
OKL.AHOMA
(from State Mineral Survey)

An inventory of rural water wells in the county was carried
out in 1937 by the State Mineral Survey, which was Works Pro-
gress Administration Project 65-65-538 and was sponored and di-
rected by the Oklahoma Geological Survey. The records of this
survey are published here in table 14, except that wells appearing
in table 13 are not repeated. Obviously, many water wells have
been drilled since the inventory was made, and some have been
abandoned. Obviously, too, the records lack something in pre-
cision, for they are based on the well-user’s report, which often
may have been an estimate rather than a measurement. Neverthe-
less, they are helpful in appraising the general ground-water con-
ditions of localities, such as townships.

The figures for capacity generally represent the greatest
amount normally withdrawn rather than the maximum yield of
which a well may be capable. The quality is based on the user’s
opinion, not on chemical analyses. The hardness, for example, is
generally estimated from the relative amount of soap used for
laundry purposes. A small amount of hydrogen sulfide in the
water gives an unmistakable odor of rotten eggs and usually gives
rise to the report of ‘‘sulfur water.”” Waters from which black
sulfides—probably the sulfides of zine or iron—will precipitate
after standing a while are described as ‘‘black-sulfur’’ water. As
the locations of the wells in table 14 are not shown on a map
and reference is not made in the text to any of these wells indi-
vidually, well numbers are not given to them. Locations in the
table are given to 40 acres.
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TABLE 14.

RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY, OKLAHOMA.
(From State Mineral Survey, 1937)

Dr., drifled; spr., spring.

gpm, gallons per minute; gph, gallons per hour; gpd, gallons per day.

Med., medium; H.S is shown when “sulfur water” was reported; white S and black
S when “white” or “black sulfur water” was reported.

Ls., limestone; ss., sandstone; sh., shale; gr., gravel; ch., chert; cl., clay; alluv.,
alluvium.

Dep., (dependable) : Drought had no effect on yield of well.

Good: Drought had noticeable effect but well yielded enough water for normal use.

Poor: Well yielded insufficient water, or failed completely.

Per-
Sec-  Location Depth Quality Water-  formance
tion in Type  (feet) Capacity of water bearing during
section material drought
T. 25 N, R. 22 E.
5 NW4uSW%  Dr. 95 . Hard Ls. Dep.
T, 25 N,, R. 23 E.
1 NEYNE%4 Dr. 165 80 gpd  Soft Ls. Good
3 SEuNE% Dr, 100 800 gpd Hard Ls. Dep.
4 SW%SW¥%  Dug 17 200 gpd  Soft Ls. Dep.
5 SEY%SE%% Dr. 40 200 gpd  Soft Ls. Poor
6 MNE%“NWY%  Dug 25 200 gph  Soft Ls. Good
6 SW4USW%4 Dug 35 e Soft Ls. Dep.
T. 25 N, R. 24 E.
2 SWWNE% Spr. ... 3,000 spm  Soft Ls. Dep.
2 NEWSE%4 Dr. 80 400 gpd  Seft Ls. Dep.
6 NW%NW% Dug 20 500 gpd  Soft Gr. Dep.
T. 25 N., R. 25 E.
4 SE%SW3i%  Spr. 75 gpm  Soft Gr. Dep.
5 NWWSW¥4  Spr. ... 25 gpm  Sofi Alluv, Dep.
6 SWWXSEY Spr. ... 75 gpm  Soft Gr, Dep.
T. 26 N., R. 22 E.
1 SWI4SW Dr. 80 Hard i
2 SE%SE% Dr. 179 Black S. Ss. N
3 NE%SE% Dr. 180 Black 8. ... Good
4 NE%“NE% Dr. 200 Soft Good
5 NW¥LNEY%  Dr. 300 Black 5. ... Dep.
6 NWHUNW¥4 Dug 26 50 gph Med. soft Sh. Poor
7 SWHNW%  Dug 30 150 gph  Soft Sh. Poor
7 NEWUNEY% Dr. 03 Black S. ... Dep.
10 SE¥%SEY% Dr. 150 e, Hard ... Good
11 SW%NWY%  Dr. 240 H.S Dep.
12 SW1SWi4 Dug 20 . Hard ... Dep.
14 SE%UNE% Dr. 175 s H.S Ls. Dep.
15 SW4SW3%  Dr. 190 . Black S, ... Dep.
20 NE“WNE*% Dr. 300 . Soft H.S ... Bep.
21 SW¥SW%  Dr, 100 250 gph  Hard ... Dep.
23 NWLSW  Dug 20 200 gph  Hard Ls. Good
24 NELNE4 Dr. 225 . Hard Ls. Dep.
34 SEUSEY Dr 20 e, Med. soft Gr. Den.

35 SE%SWY%  Dr. 30 .. Soft Ls. Dep.
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TABLE 14— (Continued)

RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY, OKLAHOMA.
(From State Mineral Survey, 1937)

Per-
Sec- Location Depth Quality Water-  formance
tion in Type (feet)  Capacity of water bearing during
section

material  drought

T. 26 N, R. 23 E.

2 SW4%4SW¥%  Dr 30 200 gpd  Hard Ls, Poor
2 NEUNWY Dr, 300 40 gph  Soft Ls. Dep..
3 NW%NW¥% Dr. 285 S Soft H.S ... Dep.
3 SWiSEL% Dr, 40 . H-S Ls. Dep.
4 SEwuSE4 Dr. 245 1,000 gpd  Soft Ls. Dep.
5 SEuSW% Dr. 200 3,000 gpd  Soft H,S ... Dep.
7 SW%uSWi%  Dr. 172 400 gpd  H.S Ls. Good
10 NEWUNE% Dr. 30 e Hard Ls. Good
11 NEuUNE%4 Dr. 240 250 gph  Soft Ls. Good
12 SWSWy4 Dr, 35 4060 gpd  Med. soft Ls. Good
12 SE%NW%  Spr. ... - 20 gpm  Soft Alluv. Good
13 SEuUSEY Dug 28 1,000 gpd Med. soft Ls. Good
13 NW%SW34  Spr. ... 150 gpm  Soft Ls. Dep.
13 SEMNWI Dr. 106 1,000 gpd  Soft Ls. Poor
14 NW¥%UNW%  Dr. 490 1,000 gpd  Soft Ls. Dep.
15 NWWuSWi%  Dr 300 2,000 gpd  Black S. Ls. and ch. Dep.
16 NE%SE4 Dr. 300 e Soft Ls. Dep.
18 SWNWX  Dr, 50 200 gpd  Soft Ls. Poor
21 NE%NEY% Dr. 40 160 gpd  Hard Ls. Dep.
22 NW%#5W¥%  Dr. 215 2,000 gpd Med. soft Ls. Good
23 SEuUSEY% SPr. et Soft Ch, Dep.
24 NEWUNEZL Dug 16 500 gpd  Med. hard Ls. Poor
25 SW%SW1  Dr. 139 1,200 gpd  Med, hard ........... Dep.
27 NEWUWNWY4 Dr. 190 Soft Ls. and ch. Dep.
28 SWLSWH Dr. 16 Soft Ls. and ¢h. Poor
29 SW¥%NW4  Dr. 98 Med. hard .. .. Peor
31 SWLSWi Dug 16 Med. hard oo Good
33 SW%SW1, Dug 18 Soft ... Poor
34 SE¥%SE% Dr., 100 S Hard Ch. and 1s. Dep.
35 NWH¥NWY Dr, 110 1,600 gpd Med. soft Ch. Dep.
36 NE%SEY% Spr. ... 10 gpm  Soft Gr. Good
T. 26 N., R. 24 E.
2 SWuSW4% Dug 40 2,000 gpd Med. soft Ls. Dep.
2 NW4NEY%  Dug 14 170 gph  Hard Ls. Good
2 SWYUNE Dug 25 25 gpm  Hard Ls. Dep.
2 SESEY% Dug 6 5 gpm  Hard Ls. Poor
2 SWLSWL Spr. ... 100 gpm  Soft Gr. Dep.
2 SE%SEY Spr. 10 gpm  Soft Ls. Good
2 SWuNW¥X  Dug 25 1,000 gpd  Hard Ls. Good
3 NWSEY Dug 15 3,000 gpd  Soft Ls. Dep.
6 SWiLSWi Dr. 75 600 gpd  Hard Ls. Dep.
6 NEYSEY Spr. ... 10 gpm  Soft Ls. Dep.
7 SE®%NEW Spr. ... 100 gph  Seft ... Dep.
7 SWUSW%  Dr. 260 500 gpd Med. soft Ls. Good
8 SWUSEY Dr. 115 80 gpd  Soft Ls. Dep.
9 SW%SW¥4  Dr. 128 500 gpd  Med. Soft Ls. Dep.
9 NE“NE% Dug 20 800 gpd  Soft Ls. Dep.
10 SWH%NWY¥%  Dug 22 400 gpd  Soft Ls. Poor
16 NEYLNWL Dr. 150 1,200 gpd  Med. hard Ls. Dep.




184

GROUND-WATER RESQURCES QF OTTAWA COUNTY

TABLE 14,—(Continyed)

RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY, OKLAHOMA.
(From State Mineral Survey, 1937)

Per-
Sec-  Location Depth Quality Water- formance
tion in Type  (feet)  Capacity of water bearing during
section material  drought
T. 26 N, R. 24 E. (Continued)
21 SEuSE% Dug 30 1,200 gpd  Soft Alluy, Dep.
28 SEX“SW4 Spr. ... 20 gpm  Soft Ls. Dep,
20 NE%SEY% Dug 23 400 gpd  Soft Ls. Good
31 SE¥SE% Dr. 110 2,000 gpd Hard Ls. Dep.
32 SW¥HSW4 Dr. 136 800 gpd H.S, soft Ch. and sh. Dep.
35 SW%SE% Spr. ... 50 gpm  Soft Gr. Dep.
35 SW4LNE¥ Spr. ... 25 gpm  Soft Gr. Dep.
T. 26 N, R. 25 E.
5 NE%SW4 Dug 25 250 gpm  Soft Ls. Good
6 NELSWH% Dug 17 Seft Ls. Dep.
6 NWRNEY Dr. 45 200 gph  Soft Ls. Dep.
6 NWLNWZ%L Spr. ... 50 gph  Soft = ... Dep.
6 NEWSWH Spr. 80 gph Seft = ... Poor
7 SEW“SEY Spr. ... 8 gpm  Soft Ls. Dep.
7 NEYSEY Spr. ... 30 gpm  Soft Ls. Dep.
7 SEX%“SWY% Dr. 90 120 gph  Soft Ls. Dep.
7 SWINWM  Dug 30 170 gph  Soft Ls. Dep.
8 SWHLSWX Spr. ... 10 gpm  Soft h e
9 NW4%NW% Dug 9% 400 gph  Soft Ls. Good
g NW¥®NW3L Spr. ... 1,600 gph  Soft Ls. Good
17 NELUNWY%  Dug 20 e Soft Ch. Dep.
17 NEuNE% Spr. ... 200 gph Soft = . Dep.
31 NE%SW4 Spr. ... 50 gpm  Med. soft Ls, Dep.
32 SWNWX Dr. 83 1,400 gpd Hard Ch. Dep.
T. 27 N,, R. 22 E.
2 SE%“SW% Dug 18 e Hard Ss. Dep.
3 NE“UNWY%  Dug 20 150 gph  Med. soft Alluv Good
4 NW¥UNWY%L  Dug 32 e Med. hard e Poor
5 SW%uNW¥%  Dug 11 . Hard . Dep.
5 SEWMSEY% Dr. 200 1,000 gpd Hard @ ... Dep.
7 NW%NE% Dr. 300 et s e Dep.
8 SE%SE%“ Dr. 565 Soft, salty e Dep.
10 NW%UNEY Dug 35 e, ard e Dep.
11 NW%NW¥% Dug 14 . Hard Se. Poor
14 SWXNWY%  Dr. 102 . Hard Ls. Dep.
17 SWH“NW¥%  Dug 30 . Hard Ss. Poor
18 SW34SE% Dug 14 Soft Sh. Poor
19 NWLNW¥%  Dug 17 . Soft Ss. Poor
23 SWUNWYH4  Dug 0 Hard Ls. Dep.
26 NEYNE Dr. 301 . Soft H.S ... Dep.
96 NEXNE%  Dr. 340 2000 gpd H:S Ls. Dep.
27 NEU“NWL Dr. 800 5,000 gpd  Soft Ls. Dep.
28 NWZLNW¥%4  Dr. 400 1,000 gpd  Soft Ls. Dep.
20 NWuLNWY%  Dug 20 . Soft = e Poor
30 SE%SEY Dug 13 . Soft Alluv Poor
32 NWYuNW% Dug 18 o Hard Sh. Dep.
33 NWHNWL  Dug 3 Hard Sh. Dep.
35 NW%uNW% Dug 17 80 gph  Hard Ss. Dep.
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TABLE 14— (Continued)

RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY, OKLAHOMA.
(From State Mineral Survey, 1937)

186

Per-
Sec-  Location Depth Quality Water-  formance
tion in Type  (feet)  Capacity of water bearing during
section material  drought
T. 27 N., R. 22 E. (Continued)
35 SE%4SE% Dug 14 150 gph  Hard Ls. Dep.
35 SE4SE% Dr. 190 600 gpd  Soft = ... Dep.
36 SE%SEu Dug 30 e Hard Ls. Poor
T. 27 N., R. 23 E.
3 SWuSW4u Dug 20 200 gpd  Hard Ls. Poor
3 SWuNW4% Dr 205 s Soft . Dep.
4 SE%NE% Dr. 96 . Soft = . Dep.
4 SEWSEY% Dr. 702 300 gph  Soft, H.S  Ls. Dep.
5 SE%SE% Dr. 200 250 gph  Soft Ls. Dep.
6 SW%SWh Dr. 83 1,000 gpd Black S. 5s. Dep.
6 NWWUSE% Dr. 65 150 gph  Hard Ls. Good
7 NE¥SE% Dr. 280 3,000 gpd  Soft, H:S Ss. and ls. Dep.
8 NEW%WNEY% Dr. 182 1,500 gpd  Soft, H:S  Ss. Dep.
9 NE%NEY% Dug 30 800 gpd  Soft Ss. Good
10 NW3%SWi%  Dr. 55 400 gpd  Hard Ch. Poor
10 SE%“NE% Spr. ... 10 gpm  Soft Ls. Poor
11 SW%4SWi Dr. 91 1,200 gpd Med. soft Ls. Dep.
11 NE#NE4% Dug 235 1,500 gpd  Soft = ... Dep.
11 SW%SE% Dr. 100 et Soft Dep.
12 SW4SE%4 Dr, 150 e Hard e Dep.
13 SE%SE% Dr. 206 1,000 gpd  Med. soft Ls. Dep.
13 SE%SW4% Spr. ... 10 gpm  Soft .. Poor
14 SE%SE% Dr. 100 1,500 gpd  Seft ... Dep.
14 NWY%LNEY Dr. 105 200 gph  Soft Ls. Dep.
15 SW¥SWY Spr. ... 400 gpd  Soft Ch. Dep.
16 SWHSW Dr. 60 600 gpd  Soft Ls. Good
17 NELNW Dr. 64 2,000 gpd H.S 0 Dep.
17 NW¥XSW3¥%  Dug 16 200 gpd  Hard Ls. Dep.
18 SEUNEY% Dr. 110 400 gpd  Soft, H.S Ls. Good
19 NE“NW4 Dr. 95 300 gpd  Hard Ls. Dep.
21 NW»uNWI4  Dr. 50 400 gpd  Soft Ls. and ss. Good
21 SWYSE% Dr. 100 400 gpd  Hard Ls. Dep.
22 SE%SW1 Dr. 08 120 gph  Hard Ls. Dep.
22 NEUSEY Dr. 100 800 gpd Med. hard L. Dep.
22 SWXLNWY  Dr. 65 140 gph H-S Ch. Dep.
22 NW4NE%4 Dug 30 400 gpd  Med. soft ... Poor
23 NE%NW4 Dr. 115 2500 gpd HS Dep.
23 NW¥LNW¥% Dr. 175 800 gpd Med. soft Ls. Good
25 NEXUNWY  Dug 35 250 gpd  Soft Gr. Dep.
25 NW¥%SW%  Dug 35 125 gpd  Hard Ls. Poor
26 SWY%UNW  Dr. 50 1,500 gpd Hard Ls. Dep.
28 NWWuNW¥% Dr. 50 80 epd  Soft Ls. Poor
28 SWuNWY%  Spr. ... ano spd  Soft Ls. and ss. Dep.
28 NE%NEY%  Dr. 187 2000 gpd  Soft Ls. Dep.
28 NE%NEY Dr. 500 3.300 gnd  Soft Ts. and sh. Dep.
20 SFEUSW Dr. 100 120 gnh  Seft, H:S ... Gaod
30 NEUSEY Dug 12 400 gpd  Soft Ls. and ss. Good
31 NE%SW1, Dr. 130  1.200 gpd Hard Is. Neyp.
32 NWY%NE%  Dr. 180 1000 gpd  Black S, ... Poor
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TABLE 14.— (Continued)

RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY, OKLAHOMA.
(From State Mineral Survey, 1937)

Per-
Sec-  Location Depth Quality Water-  formance
tion in Type  (feet)  Capacity of water bearing during
section material  drought
T. 27 N, R. 23 L. (Continued)
33 NEXSE Dr, 196 500 gpd  Soft Ls. Dep.
35 NEWSE% Spr. ... 20 gpm  Soft Gr. Good
36 SW4NELY Dr. 150 200 gph  Soft Ls. Dep.
36 NE“WNW¥%  Spr. ... 15 gpm  Soft Gr, Dep.
T. 27 N, R. 24 E.
3 SE%4SEY Spr. ... 100 gpm  Soft Dep.
3 SW4SEY% Dr. 81 1,200 gpd  Soft Ls. Dep.
4 NW%SEl Dug 35 1,000 gpd Hard Gr. Dep.
5 SEXNW}4 Spr. ... 80 gph  Med. hard Ls. Dep.
5 NW%UNW4%  Spr. ... 75 gpm  Med. hard Ls. ~Good
5 NWUNWY%  Dug 25 150 gph  Soft Ch. Dep.
6 SWH%SEY Dr, 180 200 gph  Soft Ls. Dep.
7 SWWXWNWI%  Dr. 262 2,000 gpd  Hard Ls. Dep,
7 SWY%SEW4 Spr. ... S5 gpm  Med. soft ... Dep.
7 SEUSWY Spr. . 25 gph  Soft Gr. Dep.
7 NEWMSWY Spr. .. 40 gph  Soft ... Dep.
8 NWUNE% Dug 5 500 gpd  Soft Ls. Dep.
8 SE¥UNW% Dr. 150 500 gpd  Hard Ls. Good
9 NW4HSEL Dr. 135 Soft Ch. and Is. Dep.
9 SEWSW1 .. 40 600 gpd Hard Ch. and Is. Poor
9 S5E%SWY Spr. ... 400 gpd  Soft ... Poor
15 SE%SE Dug 20 2,000 gpd  Seft Ch. Dep.
17 SEUSWi Spr. .. 30 cpm  Soft Ls. Dep.
18 SWSWy Spr. ... 40 gph  Soft Ls. Dep.
18 NEXLNW, Dug 30 150 gph  Hard Ls. Dep.
18 SEWUSEY Dug 18 5 gph  Hard Ls. Dep.
18 SEUNWL Spr. ... 20 gpm  Soft Ls. Good
19 SE#4SE% Dr. 194 400 gph  Soft Ls. Dep.
19 NW%4SE% Spr. ... 15 gpm  Soft Ls. Dep.
24 NW4NW%  Dug 25 400 gpd  Soft Ch. Dep.
24 NWUNEY4 Spr. ... 50 gph  Hard Ch. Good
24 SEMNWIY Dug 65 3,000 gpd  Soft Ch. and Is. Good
24 NESW1 Spr. . 50 gpm  Soft Gr. Good
25 NWY%SEY Dug 18 1,600 gph  Soft Ls. Dep.
25 SWSE% Dug 10 1,600 gph Soft Is. Den.
25 SENEY Spr. ... 5 gpm  Soft Ls. Poor
26 NEW“WNWy Dr. 62 4,000 gpd Hard Ls. DNep,
29 NEWLSW Dug 35 25 gpm  Soft Ls. Dep.
29 NWYSEY Spr. ... 75 gpm  Soft Ls. Good
30 SEUNWY Dr. 160 300 gph  Soft Ls. Dep.
35 SEUNEY, Dr. 50 1.000 gpd  Med. soft ... . Dep.
35 SEUSEY Dr. 65 2,000 gpd  Soft Ls. Dep.
36 SEYUSEY Dug 36 200 gph  Soft Ch. and 1s. Dep.
T. 27 N, R. 25 E.
4 SWUSWY Dr. 221 400 gph  Med. hard ... Dep.
6 SEUNEY Dr. 49 200 gph  Soft Ch. and Is. Dep.
6 NEUNE% Dr. 175 1,000 gpd ... Ls. Goo
7 SE%NWY4 Dug 30 4,000 gpd  Soft Ls. Dep.
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TABLE 14.— (Continued)

RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY, OKLAHOMA.
(From State Mineral Survey, 1937)
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Per-
Sec-  Location Depth Quality Water-  formance
tion in Type (feet) Capacity of water bearing during
section material drought
T. 27 N, R. 25 E. (Continued)

7 SW4SE% Spr. ... 200 gpm  Soft Alluv. Dep.

7 SE%4UNE% Spr. e 200 gpm  Soft Alluy. Dep.

7 NEUWNWY% SPr. e 300 gpm  Soft Ls, and ch. Dep.

8 NEWSEY% Dr. 96 5,000 gpd  Soft Gr. Good

8 SEWSE% Spr. ... 10 gpm  Soft Ls. Good

8 SE%SE% Dug 10 200 gph  Soft Ls. Good

9 SWuNW¥% Dug 15 25 gph  Soft Ls. Good

9 SWLSWi T. 60 400 gph  Soft Ls. Dep.
16 SWLNEY Dug 18 50 gpm  Soft Ch. Dep.
lo SWXLNE% Spr. ... 40 gpm  Soft Alluv. Good
18 NEYLNE%4 Spr. e, 50 gpm Hard Ls. Dep.
18 NE%SW% Dug ... 200 gpd  Med, hard ... Poor
19 SEWUNEZ4 Spr. ... 50 gpm  Soft Gr. Dep.
19 SEUNEY% Spr. ... 25 gpm  Soft Gr. Dep.
20 NW%SW¥%  Spr. ... 10 gpm  Soft Alluv.
21 NW%SWi  Spr. ... 600 gph  Soft = ... Dep.
21 SEW%SWi Spr. ... 1,200 gph  Soft = ... Dep.
21 SWWSW1Y Spr. ... 200 gph  Med. soft ... Dep.
29 NELSWi Dug 28 120 gph  Soft Ch. Good
29 SW%“SWi Dr. 60 160 egph  Soft Ch. and Is. Good
29 SWWUSE% Spr. ... 50 gpm  Soft Ls, Good
29 SEWXSW4 Spr. ... 100 gpm  Soft Ls. Good
30 NEUMNW4  Dug 22 40 gpm  Soft Ch. and ls. Good
31 SWiSwWi Dug 29 50 gph  Soft Ch. and Is. Good
31 NEWLNWH Dug 19 400 gph  Soft Ls. Dep.
31 NEXUNEYH Spr. ... 200 gpm  Soit Ls. Dep.
31 NWILNE%4 Spr. .. 150 gpm  Soft Ls, e
31 NW%SW¥%  Spr. ... 800 gpm  Soft Alluv, Good
32 NEWXWSWY4 Spr. ... 20 gpm  Soft Es.

T. 28 N., R. 22 E.

2 NW%NW¥4 Dug 27 s Soft S. Good

3 SEUNENX Dug 27 ol Soft Alluv. Dep.

4 NWWNW¥4 Dr. 125 Hard Ls. Dep.

5 NEXNW%  Dr. 238 1,500 gpd  Hard Ls. Dep.

5 SEWUSEY Dr. 350 2,000 gpd Hard ... Dep.

6 NEWSW Dug 15 400 gpd  Hard Gr. Dep.

6 NWXLSWi4  Dug 16 1,000 gpd  Soft Gr. Dep

8 SWISW Dug 10 Soft Gr. Dep.

8 NE%SE% Dr. 200 2,500 gpd Hard Ss. and Is. Dep.

9 NEW%WSW Dug 19 Hard Ss. Dep.
11 NEUNE%4 Dr. L100 White S.  Ch. Good
11 NW%SW¥%  Dug 20 e Soft Allwv.
12 NE#SW14 Dug 35 e Hard Alluv Dep.
13 NW¥%NW%  Dug 20 Hard Alluv. e
14 SWH%NW4  Dug 18 e, Hard Alluv.
14 NW¥%SEY Dr. 80 s Black S. Ls. e
15 SE%NE% Dug 45 . Hard Alluv Good
16 NE%NE%  Dr. 1 Soft Ls. Dep.
17 SWI¥NWYX  Dug 35 1,000 gpd  Soft Ls. Dep
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TABLE 14.—(Continued)

RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY, OKLAHOMA.
(From State Mineral Survey, 1937)

Per-

Sec-  Location Depth Quality Water-  formance
tion in Type  (feet)  Capacity of water bearing during
section material  drought
T. 28 N, R. 22 E, (Continued)
19 SE%SEY Dug 35 . Seft Dep.
20 NEuNWY%  Dug 18 Soft Gr. Dep.
22 NWuSEY Dug 18 Hard Gr. Dep.
25 SWUSEY Dug 18 150 gph  Med. soft Ls. Dep.
27 SWHSW4 Dug 18 S, Soft Ls. Dep.
1 Dug 18 Med. soft Ls. Dep.
28 Dug 38 erpenrereerans Hard ... Dep.
28 SW4SEY% Dug 38 e Hard ... Dep.
29 . Dug 16 100 gph  Soft Ss. Poor
30 . Dug 20 . Soft Ss. Dep.
31 Dug 25 s Hard Sh. Poor
32 e, Dug 24, 200 gph  Med. soft ... Good
33 e Dug 20 300 gph  Soft Gr. Dep.
33 NW4NE%  Dug 20 300 gph  Soft Gr. Dep.
34 SEuSEY Dug 18 100 gph  Soft Alluv. Poor
36 NW%NWY% Dug 24 Hard ... Dep.
T. 28 N, R. 23 E.
1 SE%SE% Dr. 180 200 gph  Soft Ls. Dep.
3 SW%NE% Dr. 200 2,006 gpd Hard Ls, Dep.
5 NEW®SEY Dr. 300 400 gpd  Hard Ls. Dep.
9 NE%SEY% Dr. 300 250 gph  H.S Ls. and ch. Poor
10 SW14SE% Dr. 150 1,000 gpd Harxd Ls. Good
13 NW¥%NEY%  Dr. 150 1,000 gpd Med. soft ... Dep.
14 NE%SEY Dr. 1,500 406 gpd  Soft Ls. Dep.
15 SWLSWi4 Dug 50 160 gph  Soft Ls. Dep.
16 SE%SE% Dr. 300 300 gph  Soft H.S Ls. Dep.
16 SW4LSWiL Dug 20 125 gph  Hard Ss. Dep.
17 SWLNWY% Dr. 400 350 gph  Hard Ls. Dep.
18 NW4LSE%4 Dr. 250 1,500 gpd H.S Ls. Dep.
19 NWUNE% Pug 14 500 gpd Hard 00 ... Poor
19 NW4NW  Dr 200 1,500 gpd  Black S. Ls. Dep.
20 SE%SWi4 Dr. 48 400 gpd  Hard ... Poor
21 NEWNEY4 Dr. 200 2,000 gpd H.S Ls. Dep.
21 NE%NE% Dr. 100 250 gph  Soft Ls. Dep.
22 SWHSE% Dug 25 800 gpd Hard Ls. Poor
22 SEW%SE% Dr. 30 125 gph  Soft Ls. Dep.
23 NWHNW%  Dr, 175 1,300 gpd Black S. Is. Dep.
24 NWUNWY% Dr. 180 800 gph  Soft ... Dep.
20 SWSWi Dr. 100 800 gpd Med. hard ... Good
31 SEUNWY Dug 30 125 gph  Hard Gr. Dep.
32 SE%SEY% Dug 20 800 gpd Hard Ls. Dep.
34 NEWLUNEY% Dug 130 300 gpd  Hard ... Poor
T. 28 N, R. 24 E.
5 SE%NWH% Dr. 150 25 gpm  Med. soft Ls. Dep.
5 SE%“NW% Spr. ... 30 gpm  Soft Ch. Dep.
6 SEuSWI4 Dr. 9% 1500 gpd Soft = ... Dep.
8 SWuSEY Dr. 75 1,000 gpd  Med. soft Ls. Dep.
8 SE%NE% Dr. 90 150 gph  Soft Ls. Dep.
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RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY, OKLAHOMA.
(From State Mineral Survey, 1937)
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Per-
Sec- Location Depth Quiality Water-  formance
tion in Type  (feet)  Capacity of water bearing during
section material  drought
T. 28 N, R. 24 E, (Continued)
15 SWY%SEWX Spr. T 2,000 gpm Soft Ch. Good
16 NW%NW2%  Spr. 25 gpm  Soit Ls. Dep.
17 NE%SW% Dr. 150 400 gpd  Med. hard Ch. Dep.
18 SEWUSE¥% Dr. 109 600 gpd Med. soft Ch. Dep.
19 NW4NE% Dr. 120 125 gph  Hard Ch. and 1Is, Dep.
20 SEu%SEX Dr. 300 800 gpd Med. hard Ls. Dep.
21 NWXLNW¥% Dug 20 1,500 gpd  Soft Gr. Dep.
22 NWHuNWL Spr. ... 100 gpm Seft Alluv. Poor
26 SE¥%“SWi Spr. e 1,000 gpd  Soft Ch. Good
26 SW¥4SE% Spr. e 1 gpm  Soft Ch. Poor
26 SWISE% Spr. ... 30 gpm  Soft Ch. Dep.
28 NE®“WSW% Spr. ... 100 gpm  Soft Alluv Good
28 SWSW4 Spr. 100 gpm Soft ... Good
29 SE%SW4 Dr. 62 2,500 gpd Med. soft Ls. Dep.
30 NWx%SW¥%  Dr. 120 125 gph  Hard Ls. and ch. Dep.
30 NWH%SW34  Spr. ... 10 gpm  Soft Ch. Dep.
31 SEuNE% Dr. 100 3,000 gpd  Soit Ls. Dep.
31 NEUSW4 Dr. 200 800 gpd  Hard Ls. Poor
T. 28 N,, R. 25 E.
5 SE4SE% Dug 12 2600 gpd  Soft Gr. Dep.
5 SWWUSE% Dug 15 800 gpd  Soft Ls. Dep.
6 SWWUNE®% Dug 30 600 gpd  Seoft Ch. Poor
6 NW4SEY Dug 20 1,000 gpd  Soft Gr. Dep.
7 NEW“WNW% Dug 25 400 gpd  Soft Ls. Good
16 SWXLNWY4  Dug 80 250 gpd  Soft Ch, Dep.
16 SW4LSWi Dug 30 400 gpd  Soft Ls. Dep.
17 SEuNE% Dr. 250 2,000 gpd  Hard Dep.
18 SW%NE% Dug 22 400 gpd  Soft Ls. and ch. Dep.
19 NE%SE% Dug 35 3,000 gpd Hard Ch. Dep.
20 SEUNW% Dr. 350 500 gpd  Hard Ls. and c¢h. ...........
20 SE®uNW% Dug 35 250 gpd  Med. soft ... Good
21 NW¥%SW% Dr. 80 Hard . Dep.
290 NEWNEY% Dr. 285 400 gpd  Hard ... Dep.
20 NEY4NE% Dug 16 600 gpd  Hard Ch. Dep.
29 NWHXNW¥%4  Dr. 96 500 gpd  Hard Ch. Good
29 SE%SW4 Dr. 87 500 gph  Hard Ls. Dep.
29 NEXNEY% Dr. 145 200 gpd Hard ... Dep.
32 SE#NE% Dug 25 300 gpd  Hard Ls. Dep.
32 SEUNEY% Dr. 125 600 gpd Hard Ls. Dep.
32 NWHWSEY% Dug ./ SO Hard Ls. Dep.
T. 29 N,, R. 21 E.
13 NWLNW¥% Dug 14 400 gpd  Soft Gr. Poor
14 NEW“4SE% Dr. 300 400 gph  Soft Ls. Dep.
15 SE¥%NE% Dr. 475 1,600 gpd H.S ... Dep.
22 SEWXSE% Dr. 28 1,000 gpd Soft Gr. Dep.
23 NE%NE% Dug 14 400 gpd  Hard Gr. Good
24 NWYNW¥% Dr. 215 1,000 gpd  Soft Ls. Dep.
95 SWWUNEY% Dr. 12 125 gpd  Seft Gr. Dep.
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TABLE 14.—{Continued)

RECORDS OF WELLS AND SPRINGS IN OTTAWA COUNTY, OKLAHOMA.
(From State Mineral Survey, 1937)

Perform-
Sec-  Location Depth Quality Water- ance
tion in Type (feet) Capacity of water bearing during
section material drought
T. 20 N, R. 21 E. (Continued)

26 NEuNW4%  Dug 15 125 gph  Soft Gr. Dep.
27 NEuNEY% Dug 18 600 gpd Hard .. . Poor

T. 29 N, R. 22 E.
14 NE%SE%4 Dug 25 800 gpd  Hard Sh. Dep.
16 NW4SW¥4  Dr, 300 20 gpm Soft ... Dep.
16 SWLSWi4 Dr, 395 2,000 gpd  Soft Ch, Dep.
16 NE%SEY Dr. 340 2,000 gpd H:S Ch. Dep.
17 SE%SWY Dr. 350 2500 gpd H.S .. Dep.
18 SWLSWi4 Dug 30 175 gph  Hard Gr, Dep.
19 NW%NW¥% Dug 32 200 gph  Hard Gr. Dep.
20 SWHLSW4 Dug 30 125 gph  Hard Ls. Good
27 NW¥%“SW3%  Dr, 180 600 gph  Soft Ls. Dep,
29 SEYSE% Dr. 166 1,000 gpd Hard Ls. Dep.
30 SE%“SWY Dr. 300 300 gph  Soft Ls. Dep.
31 NWHNE% Dr. 500 600 gph  Soft Ls. Dep.
32 SEUSEY Dr. 395 2,000 gpd  Soft Ch. Poor
33 NE®ZNW% Dr. 90 600 gpd Black S. Ls. Dep.
3¢ SWSEY% Dr. 180 400 gph  Soft Ls. Poor

T. 29 N., R. 24 E.
14 SWHUSEY Dr. 60 100 gpm  Soft Ls. Dep.
14 NE%“SE% Spr. ... 50 gpm  Soft Ch. Dep.
18 SEUNE% Dr., 250 1,000 gpd  Soft ... Dep,
18 SE%UNE% Dr. 150 €00 gpd  Hard Ls. Dep.
18 SE%“SE% Dr. 105 700 gpd  Hard ... Dep.
19 NEWUNWY Dr. 30 400 gpd  Soft Ls. Dep.
19 NEUNEY Dug 20 200 gpd  Hard Ls. Poor
20 SEWUSEY% Dr. 300 2,500 ¢gpd Hard Ls. Dep.
22 NEW“NWI Spr. ... 106 gpm  Soft ... Poor
22 SWUNE% Dr. 60 200 gpm  Soft Ls. Dep.
22 NE“WNW4  Dr. 132 Soft Ls. Dep.
22 SW4%NE% Dr. 60 100 gpm  Soft Ls. Bep.
23 NE“SWY Spr. ... 20 gph  Soft Ch. Good
25 SWLNW¥%  Spr. ... 250 gpm  Soft Ls. Dep.
28 SEWUSW Dr. 60 200 gpm  Soft Ls. Dep.
31 NE#“NW% Dug 28 400 gpd  Soft Ch. Poor
32 SWHXSWiL Dr. 165 1,000 gpd Hard Ls. Good
34 NWLSE% Dr. 200 150 gph  Soft Ls. Dep.

T. 29 N, R. 25 E.
13 SEXSE% Spr. ... 2,000 gnd  Soft Alluv, Dep.
17 SW%SWH4 DI:-. 87 200 gpm  Soft Ls. Dep.
18 SEW%“SW4% Spr. ... 30 gpm  Soft Alluv. Dep.
18 SE%SEY Dug 24 200 gph  Soft Ls. Dep.
26 NE%SE% Dug 30 150 gph  Soft Ls Dep.

26 SEWSE% Spr. ... 2,000 gpm  Soft Alluv. Dep.
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