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MEMORANDUM
Results of Pumping Tests at Goodrich Plant Site,
Miami, Oklahoma

Introduction

This memorandum has been prepared to indicate the guantity of
water available at the Goodrich Tire Forming Flant now beingz cos tructed
at Miami, Oklahoma., It is estimated that 3,000 gallons per minute will be
the pesk demand for the plant, taking into account the expanded program
now contemplated,

The quantitative results are based on the application of Thels!'
non-equilibrium formula tc determine future drawdowns at certain rates of
pumpage., However, substantiating evidence as to the magnitude of the re-
sultant drawdowns is given by long-term declines in water levels zre re-
ported throughout the area.

In order to supply the Goodrich plant, the City of Misul has
drilled four wells, one in each corner of the tract, and is drilling two
more, Nos. 4k and 6, as shomn on the accompanying map. The city will equip
the wells and furnish water to the plant at a flat rate as water service.
It was originaliy planned to obtzin the water from five deep wells located
on the south and =ast edges of the Goodrich tract and spaced at intervals
of 1,000 feet: but since the first two wells, drilled 2,000 feet 2part,
showed interference, 1/2-mile spacinz was adopted and additional wells in
the southwest and northwest corners of the tract were drilled. The pumping
test of No. 1 well (southwest corner) established that the ¥lami fault af-
fected the drawdowns, and this was further borne out by the low production
of the Fo. 2 well (northwest corner). It was then evident that additional
wells had to be drilled further east,and Nos. 4 and 6 are being drilled as
shown on the mep. No. 7 is tentatively located as shown but has not beea
drilled.

Geolozy

! The columnsr section shown in figure 1 has been prepared in order

to avoid a lengthy description of the rocks penetrated by the wells of the
Goodrich Tire "lant. The correllations are based on studies of acid-insolu-
ble residues of drill cuttings made by J. G. Grohskopf of the Missouri Ce-
ological Survey and H. A, Ireland of the Federal Geological Survey. The
section above the Eminence dolomite is that encountered in well No. 5 at the
Goodrich plant, and the remsinder has been generalized from deeper wells in
the same area.

] The most important water-besring formation is the Roubidoux of the
Ordovician system. This formation consists of sandy dolomite with two beds
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of sandstone about 15 feet thick, one near the middle and the other at the
bagse. The two sandstone beds are the most important source of water, though
it is probable that the entire formation is water-bearing.

The Ordoviecian dolomites also yield water, the Cotter from the
porous zone beneath the Ordovician-ifississipplan disconformity, the Jeffer-
son City from solution openings, and the Gascohade from the sandy upper
portion,

The drillers of the Goodrich wells reported that nearly all the
water in those wells was coming from the Roubidoux formation; but some ge-
ologists, including S. W, Lohman of the Federal Geological Survey in Kansas,
believe that a large proportion of the water is coming from porous zones in
the dolomite.

The Mississipplan limestones yield large quantities of water, but
it is of generally unsatisfactory quality, being high in sulfur content and
also very hard. This water is cased off in most wells drilled to the Roubi-
doux.

The Ordovician rocks present in the subsurface at Miami outerop in
southern Missouri and northern Arkansas around the periphery of the Ozark
uplift. The nearest outerop of the Cotter dolomite is approximately 60 miles
east of Miami, and the nearest outerop of the Roubidoux is more than 100
miles east of Miami, These rocks dip redially away from the uplift; and in
the vicinity of Miami, the dip is to the northwest at about 15 or 20 feet
to the mile. 1/

C ikt e #ta i DO

The Gembre-Urdovician rocks of the area were deposited on a very
irregular pre-Cambrian granite surface, and locally there are granite pesks
protruding a considerable height into the younger s Une of
these was encountered in well No. 3 at & depth of 1,055 feet, although in
well llc. 5, 2,000 feet to the north, no granite had been found to a depth
of 1,465 feet. The granite in well No, 3 was overlain by about 10 feet of
arkose, which probably is water-bearing.

There are at least two local structural features in the Miami
area that are ilmportant in any ground water study. These are the Miami
trough and the Seneca fault, the locations of which are shown on the ac-
companying map. The Miami trough 1s a well known feature in the Oklahoma
lead and zinc mining district, and has been described by Weidman 2/ and
Fowler and Lyden 2/ in studies of the district. It 1s an elongate syncli-
nal fold having a number of down-faulted blocks along its length. Fowler 4/
has said that there is a maximum displacement of 350 feet in the active
mining district, but that the displacement lessens to the south, and in the
area directly west and south of liamli there is no actual displacement but
only a synclinal fold. Still further south, in the vicinity of Afton,
Weidman 5/ has described additional faulting. :

The Seneca fault has been described by Siebenthal 6/ and Weidman 7/,
and is shown on the Oklahoma State Geological Map., It extends from a point
several miles nortieast of Spurgeon, Missouri, southwestward to a point
between Pryor and Choteau, Oklahoma., At its nearest point it is about 15
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miles from the Goodrich plant site. The fault is double and in places multiple,
letting domn an elongated central block as much as 140 feet. In general, how-
ever, the throw is considerable less, being measured in tens of feet; and for
part of its length it may be similar to the Miami trough, that is, have no
displacement but be represented cnly by synclinal warping.

In addition to these two features there are, as shown on the Missouri
Geological Map, several faults between the Miami area and the outerop area.
None of these completely cut off the recharge area, but they may serve to
slow the movement of ground water. However, their effect cannot be evaluated
with the data at present awvailable.

Mater Levels

The wells in the Miaml area are usually drilled to at least the
lower sandstone member of the Roubidoux. Casing is set and cemented below
the Chattanocoga shale, the remainder of the hole being left uncased. Thus,
the wells derive their water from the Ordovician formations, and the more
highly mineralized water from the overlying Mississippian rocks is cased
off.

Water, as precipitation or influent seepage from streams, enters
the outcrops in Missourl and Arkansas and tends to flow downdip. The water,
being confined to the aguifer by the overlying shale, is under artesian
pressure; and, on being tapped by a well, the water rises in the well some
distance above the confining beds. Since artesian conditions prevail, the
water levels in the wells are measures of the hydrostatic pressure in the
aquifer and are points on the piezometric surface. There has been = contin-
uous decline in water level throughout the area, with the greatest decline
in the vicinity of Miami.

Siebenthal 8/ reports on the artesian wells in the Miami area,
(1907), as follows:

"At Miami there are three flowing wells — one at the water-
works, one piped to the ice plant from a point half a mile east
of town, and the third two miles north of town. The third well
has a small flow of sulphur water from a bed just below the
Chattanooga shale. The well used at the ice plant is 1,680
feet in depth, and the one at the waterworks 1,000 fest. Both
draw their supply from various horizons between 600 and 1,000
fest. The water is soft with a2 very slight sulphur odor. The
temperzture is 654° F. The pressure at the ice plant well is
about 12 pounds and the flow is more than 100 gallons per
minute ... These two wells al"ect each other decidedly, though
half a mile apart.”

The static water level in the Goodrich wells in May 1944 was about
250 feet below the surface; and, making allowances for differences in eleva-
tions, there has been a total decline of water level of about 252 feet in

27 years at Mami.

Siebenthal reports other flowing wells in northeastern Oklahoma
at Afton, Vinita, Fairland, and other places where the water level is now
considerably below the surface. It is apparent that most of the wells



originally flowed in the Miami area at the beginning of the century.

Further evidence of a general lowering of water levels in the
area was collected in 1942 by C. C. Williams of the Kansas office of the
Ground Water Division. Williams reports that the pumps in the City of
Picher wells have been lowered 150 feet in 10 years. The static level in
the well at the Eagle-Picher Central Mill, about 33 miles north of the
Goodrich tract, dropped from 210 feet below the pump base in 1932 to 325
feet below the pump base in 1941.

That there has boen a general lowering of water levels in Kansas
wells tapping the Ordovician rocks is also rerorted by Williams. The water
level at Cherokee has declined 62 feet since 1896. At Girard there was a
drop of 85 feet from March 1929 to May 1944. At Frontenac, the operator
reported a decline of 82 feet from 1912 to 1942. From 1918 to 1942 the
wator level dropped 29 feet at Arma. At Pittsburgh, Kansas, the water level
in a well owned by the Kansas City Southern Railway declined 16 feet from
1928 to 1942 and 7 feet from 1942 to 1943. The Hull and Dillon Packing
Company well at Pittsburgh declined 13 feet during the period from 1926 to
1942. At Altamount a decline of 8 feet from 1931 to 1940 is reported.

The declines in water levels in Kansas have not been as great as
the declines in the Miami area but do indicate a general lowering of pressure
throughout the entire aquifer. However, so far as known, the Kansas wells
are not located between two faults as are the Miami area wells; and since
the faults limit the extent of the cone of depression of the wells, it would
not be unreasonable to expect larger drawdowns in this area than in the
Kansas area.

Pumping Tests

Pumping tests of the Goodrich wells have been made as these wells
have been completed. In April, after the completion of wells No. 3 and 5,
well No. 3 was pumped for a continuous period of nine days ai an average
rate of 420 gpm; and after it was shut down, measurements were made of the
recovery in well No. 5. After the completion of wells 1 and 2, well No. 1
was pumped for 46 hours at an average rate of 479 gph. Measurements were
made of the drawdown in wells 3 and 5; and when pumping was stopped, measure-
ments were made of the recovery in wells 2, 3, and 5. Well No. 2 was also
tested but its production was so low, only 100 to 110 gpm, that no appreeci-
able interference effects were noticed. The results of the tests are shown

on the acecompanying hydrographs.

These hydrographs were analyzed by means of the Theis non-equili-
brium formula 9/ in order to determine the coefficients of transmissibility
and storage of the aquifer. The coefficient of transmissibility indicates
the capacity of the aquifer to transmit water to wells. It is defined as
the muber of gallons of water a day that will move through a one-foot wide
vertical strip of the height of agquifer under a hydraulic gradient of unity.
The coefficient of storage is a measure of the amount of water released
from storsge in a formation when the artesian head is lowered. It is defined
as the volume of water, measured in cubic feet, released from storage in
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each one foot square column of the aquifer having a height equal to the
thickness of the aquifer when the artesian head is lowered one foot. To-
gether, these two coefficients determine the amount and rate of decline
of water levels caused by the pumping of wells.

The coefficients of transmissibility and storage obtained by ap-
plication of the non-equilibrium formula to the results of the pumping
tests are shown in the following table.

Date of | Pumped well | Observation | Coefficient | Average|Coefficient | Average
test turned on well of Trans- T of storage S
or off missibility (s)
(T) gpd/ft
Apr. 2 3 off 5 33,650 33,650 | 0000560 |.0000560
May 19 lon 3 26,9@; 26,325 .O(X)OBZO; 0000346
May 21 | 1 off 3 25,750) .0000373)
May 19 | 1 on 5 as,ooo; +0000273)
26:8% ) omnb
May 21 1 off 5 27,780) .0000358)
May 21 1 off 2 19,250 19,250 | .0000810 |.0000810
Averages 26,504 .0000508
Averages excluding #2 28,922 .0000407

Table 1. Coefficients of Transmissibility and Storage
Determined from Pumping Tests on Wells of the Goodrich
Flant.

The coefficients determined in wells 3 and 5 during the test of
well No. 1 check each other very closely, but there is a considerable dis-
crepancy in the other two. The higher figures found in well No. 5 when No.
3 was tested is possibly due to the presence of a water-producing arkose
bed in well No. 3 that is not present in any of the other wells. The deter-
mination made in well No. 2 is a very poor one because the well is located
adjacent to the Miami trough, and, hence, reflects an abnormal condition of
the aguifer.

The presence of the Miami trough is apprarent in all of drawdown
and recovery curves obtained. When these curves were analyzed, it was found
that after the first several hours the actual drawdowns and recoveries were
appreciably and progressively greater than those theoretically expected
from the type curve determined from the first part of the test. in
such as this could be caused by either the introduction of additional pumpage
or by a lateral change in the aquifer. However, the fact that it occurred
in all tests, plus the knowledge that there was no pumpage nearer than the
City of Miami, the time of which did not coincide with the observed anomaly,
clearly indicastes that it was due to a change in the aguifer.
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The known presence of the Miami trough nearby seemed to provide
a sufficient explanation of the anomaly, and computations were made of the
effoot this would hkave on the water levels if it constituted an impermeable
boundary to the aguifer. The computed effects agreed closely with the
difference between the observed and theoretical drawdowns and recoveries,
and thus supported the conclusion that the asyuifer was definitely limited
by the Miami trough.

The coefficients of transmissibility and storage given in Table
1 were all deterwined from the first part of the drawndown and recovery
curves.

Boundariss

Befere an estimate can be made of the decline in water-leval
caused by the withdrawel from an aquifer of a known amount of water, its
lateral boundaries as well as its hydrologic properties must be known.
Recharze in the ocuterop area tends ultimately to decrease the rats of de-
cline caused by pumping of wells, while faulting or lensing out of the
aquifer has the opposite effect and tends to increase the rate of decline.
The effect of a lateral boundary to an aquifer decreases with the distance
of the boundary from the wells.

it was originally thought that since there was no displacement
along that part of Lhe Miaml trough adjacent to the proposed Goodrich
development, the trough would have no effect on wells there. However, as
has been shown, this assumption is now known to be invalid. The pumping
tests clearly indicate that, at least for short periods of pumping, the
trough behaves as an impermeabls boundary. It seems probable that although
there is mo actual displacesment of beds, the compression and silicifization
accompanying the deformation has been sufficient to effectively seal the
wat er-bearin: beds. The tests were not of grest enocugh duration to deter-
mine the influence of the Seneca fault; but since the deformation along it
is even more proncunced than along the Miami trough, it presumably is also
an impermeable barrier.

Theorstical Drawdowns

The average coefficients of transmissibilily and storage deter-
mined from the pumping tests were used to compute by the non-equilibrium
ormala the curves in figure 2, which show the drawdown at the end of
different periods of pumping produced at various distances from a well
pumped st the rate of 400 gpm. An aguifer of infinite extent was assumed
in computing these curves.

For the purpose of estimating drawdowns of water levels at the
Goodrich plant, a continuous rate of pumping of 400 gpm from each of wells
1, 3, 4, 5, 6, and 7, and 200 gpm from well No. 2 was assumed.

-

The estimated drawdown of water level in well No. 5 below the
original level as a result of the assumed pumpage is given in Table 2. The
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drawdown caused in 2 well {rom its owu pumping was determined from the
specific capacity of the well; the interference caused by the other wells
was cetermlued froa the non-equilliori.m formula, and the effect of the two
faults was eveluated by meas of the Theis' image well theory 10/. The
principal of the image weil theory is that the effect of a single Loundary
can be evaluated by cssuming another well pumping the same amount of water
as the actual well placed on a line drawn through the actual well perpendic-
ular to the boundary, al an equal distance from it and on the opposite cide,
The total drawdown at any point in the aguifer is equal to the sum of the
drawdowns (based on an infinite aquifer) at that point caused by both the
actual and ima;e wells, When more than one well is pumping in the area,
each pumping well must have an image well and the resultant drawdown at a
point is equal to the sum of the drawdowns due to all the wells and all the
image wells. A seconud boundary complicates matters, since both actual and
image wells must be "reflected" perpendlcular to the second boundary and
this second group of "reflected" wells must in turn, be reflected perpen-
dicular to the first boundary. Thus the system of reflected wells becomes
infinite, reflection of reflection, ad infinitum. However, the effect of
the reflected wells will become less as the distance increases and only

the first few refleections need be calculated. In this report, calculations
have been further simplified by grouping the wells together and assuming the
total pumpage of all the wells in the group is coming from one well at the
average distance from No., 5 well. The appended sketch shows the location
and distances of the image wells used in calculating table 2. The system
of image wells was not carried farther since the distances are such that
their effect will be small, and the <ffect of the outecrop will probably
cancel them out.

Drawdown at end of period of continuous pumping
100 days [ months | 1 year |2 years 5 years

Drawdown produced by well 213 <15 217 218 219
5 alone puwaping 400 gpm

Interference of other six 67 71 76 33 91
wells (total pumpage 2200

gam '

Reflection of all 7 wells 56 61 67 ) 8l

on Miami trough (2600 gpm)

Effect of first set of 4 1 32 5k 79 114
image wells (two reflectiors
on each barrier, total pump-|
age 10,400 gpm)

Effect of 2nd set of 4 image 6 17 34 65
wells (10,400 gpm)

Effect of 3rd set of k imsgd © 1 6 17 42
- B £ X

Total drawdown well 5 353 386 437 ] 507 ] 615

Table 2. Theoretical Drawdown of Water Level in
Well No. 5 below Original Water Level,
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The drandown is proportionsl %o the rete of pumping
%o caloulate the drewdown csused by any other rate of pumping
neosssary to multiply the above figures by the proper freetion
stance, $0 compute the drawlows caused by pumping eech well 300 gallons per
minute the drawdown indicated on the greph or in the tabdle
plied by 0.78.

Accuracy of results.--Several sources of error are encountered in
aselyzing the bebavior of an agquifer by mesns of the Thels aon-equilibrium
formils. The formils asssumes that the coefficients of Srensmissibility and
storege do not differ from place t0 place and do not chunge with time, but
the pumping tests give variadle resilts. Compensation for differences in
the coefficients from place to place has Leen made by averaging the results,
a8 shown in Teble 1. In regard to chenges with time, the trensmissidility
probably will not change significantly unless the aquifer becomes partly un-
watered. In view of the fant that all oF nearly all the water is derived from
depeiis greater than the precticabls pumping 14f%, 1t is believed that appre-
eiable umsatering of the aquifer will not oecur. Ths coefficient of storege
will probably increase slowly with time, owing to the faot that the water is
not released from storege instantanecusly, as sssumed in the computations, btat
instesd is released gradudlly. This means that more water will be derived from

siorage than assumed in the computations, eand the drewdowns will be less than
sssumsd . However, even if the coefficient of storage at the end of five years
is several times as large as that shown by the relatively brief pumping tests

by the Geelogical Survey, the drewdowns will not be much less then computed.

:

Gharge of well 8, and the larger drawdowns reported for wells in the Miami area
during past years as compared to the drawdowns in Kansas, However, the Miami
may not contizue as an impermesble barrier south of the Goodrich trect,
and the Seneca fault may not be eatirely impermeable throughout iSs length; thus
some water may move seross these barriers, whereas the computations assume that
they are impermeable. Nevertheless, the reductions in drevdown that would re-
sult from differences from the assumed conditions would be small, and would not

approeisbly change the conclusions given deyond.

During the pumping tests, measurements of discharge were made by means
of a Sparling meter and a standard orifice. The orifice measurements indicated
discharges approximately 10 percent greater than those given by the Sparling
meter. The lower figures were used in meking the computasions.

The computations, beased on the lower discharge figures, the average
sransmissidility es determined by the tests, the assumption of nc change in the
ecefficient of storage, and the assumption that both the Miami trough and the
Seneca feult et as impermesble boundaries to the cono of depression, give the
maximum probable veiues for drawdown at the assumed rete of pumpage. Thus, a
mofmiuuamun-lnmuhn.m“of safety, and,

% the assumed rate of pumpage, declines of water level grester than those shown
should mot osour. At different rete of pumpage She drawdowns will be prepertiomsl
%0 those shown for the assumed rate, as indicated previocusly.

i
B
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Souclusions

It is apperent that pumping 2,600 gallons per minute from the
Goodrich tract will cause excessive drawdowns at the Goodrich plant itself
and in wells in the surrcunding area, However, if the need for water is suf-
ficiently urgent, 1t would be possidle to pump adbout 1,800 gallons per minute
at the Goedri Under the conditions sssumed in the computations, the
the surtfece at the Goodrich site st
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sapply wells, this will require reaming cut the lower parts of the wells to
permit lowering the pump bowls.

I% would be inadvisabdle to contimue any program of heavy pumpage for
more then e few years, Other sourves of water supply $0 be used to supplement
the ground-water sapply should de developed for such permanent industries as
the Coodrieh plant.

Neosho (Grand) Rivar to the west and Spring River to the sast of the
CooArieh tract are possidle sources of supplies. A plan t0 recharge the aguifer
supplying the wells by pumping oold filtered river water into the wells during
the winter months might prove to be feasible. The use of recharge wells for
returning ground water to the squifer after it has bdeen used for cooling purposes
may be considered, although this would eventually lead to warming of the aguifer
and a corresponding reduction in the efficisncy of equipment cocled by means of
the ground water.

The only sdditional source of moderate or large supplies of ground
water is the Hississippian rocks sbove the Ordovician, The water from the
Mississippian rocks is not suitadle for most uses, but with suitadle equipment
might be satisfactory for cooling purposes. The alluvium of the stream valleys
does not yield large suppliess of water %o wells,

In sonclusion, it appears that, although suffisieat water oan de ob-
taiced from the Ordoviecian rocks to meet the present needs of the Goodriel plant
for a few yearas, the overall effects of such pumpage would be deiricsmtal to the
ereas as & whole, and supplementary water supplies should be developed.
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