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Preface

When attempting to construct a hydrogeological model of a study
area, whether extensive or restricted in size, the most difficult data
to obtain are the precise hydrogeological boundaries and the aquifer
parameters. Most other data can be obtained, or at least approximated
by diligently searching existing records. Therefore, when feasible, a
pump test, or series of pump tests, is a most valuable addition to a
hydrogeological study. A totally successful test will, if properly
designed, yield significant information about the importance of hydro-
geological boundaries and the values of various aquifer parameters.

The Kansas Geological Survey, in cooperation with the Big Bend
Groundwater Management District, is conducting two hydrogeological
studies in that district; and, it was thought that additional aquifer
parameter data would be helpful in the conduction and completion of
these studies. At the same time, the Groundwater Management District
is conducting an irrigation scheduling study. This study has involved
the installation of flow meters (McCrometer, Inc., Aurora, Nebraska) on
the wells of several irrigators throughout the Pawnee Valley and the
western portion of the Great Bend Prairie. Since there existed metered
irrigation wells and a need for more data, the decision was made to do
two pump tests.

If the analysis and evaluation of data is the most time-consuming
part of a pump test, the most expensive part, and hence, the controlling
factor is the expense of installing a pumping well of sufficient capa-
city to place a significant stress on the aquifer capacity. The coopera-
tion of local irrigators with metered wells in the Pawnee Valley and in

the western part of the Great Bend Prairie removed this expense and made
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the pump test project a feasible idea. A suitable well was located in
each region and then fitted with a series of observation wells. A
float recorder (courtesy of the USGS) was maintained at each site for
two months prior to the tests. When the cooperating irrigators felt
ready to apply water to their crops, the tests were conducted.

Although such an arrangement is by no means fool-proof, the results
are not unacceptable. Problems with each test will be discussed in the
appropriate section. It would be useful to continue with this type
program as more cooperating irrigators become available.

This report is in two independent parts, each with its own maps
and figures. It is being filed as an Open File Report with the Kansas

Geological Survey so that it will be available to any interested party.
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Methods of Analysis
The methods used to analyze the data obtained in the test are out-
lined here in order to avoid repetition in the individual reports to
follow. These are merely intended as brief introductions to the methods.
For more detail, the reader should refereace texts on groundwater‘hydrol—
ogy or special articles referenced below.
1) The Jacob-Cooper method (Jacob and Cooper, 1946) is based upon
the Theis formula, but is somewhat restricted since it utilizes the fact
the exponential iﬁtegral, which can be expanded in a convergent series,
may be reduced, for small values of u, to the form
W(u) = (~0.5772 - 1n u) (u<0.1)

Thus, the expression for the drawdown s takes on the assymtotic form
s = (Q/47T)(~.5772 - 1n(r?/4Tt)) , u = r2/4Tt

which is valid as long as the restrictions on u hold. It may be noted

that for a given T, u decreases directly in proportion to t and inversely

in proportion to r2.

2) Chow's method (Chow, 1952) is also based upon the Theis equation
and has all the basic restrictions imposed by the assumptions made by
Theis. Chow introduced the function

F(u) = W(u)e"/2.30 = s,/8s,
where N is the drawdown at a point A on a time-drawdown curve, and
AsA is the slope of the time-drawdown curve at A over ome log cycle.
The relation between F(u), W(u), and u is tabulated or gotten from a
nomogram. Values of S and T are then derived by the appropriate
formulae. Since this method does not use a truncated series expression
for W(u), it is much less restricted than the Jacob-Cooper method.

3) The recovery method of Theis (1935) is based on the viewpoint

that the recharging of the cone of depression may be considered due to
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a recharging well, in place of the pumping well, with a recharge rate
equal to the average discharge rate of the pumping well. Hence, the
residual drawdown s" may be measured at some time t' after pumping
ceases, All of the basic restrictions on the aquifer as imposed by
Theis apply and the storage coefficient cannot be computed. The method
is applied to the early time recovery data. See any standard text on
pump test methods for more discussion.

4) The unsteady solution is based on work by C. V. Theis (1935)
and involves fitting time-drawdown data pairs to a theoretical curve of
W(u) vs. 1/u. It utilizes all of the time-drawdown data, but it achieves
best results after the pumping rate has stabilized, and if non-linear
conditions near the well screen are avoided. Strictly speaking, the
method is correct only for confined, infinite, isotropic, and homo-
geneous aquifers under study pumpage and with instantaneous release of
water from storage. The method is acceptable for unconfined aquifers so
long as drawdown is only a small percentage of saturated thickness.
When this condition is not met, a correction may be applied (Jacob,
1944). This correction was not applied in this study.

Drawdown (s) versus r?/t is plotted on log-log paper and overlain
on the standard "type curve." A match point is selected when the data
points approximate the alignment of the curve. The values of W(u),

1/u, S, and r?/t are used to solve for S and T.

5) A computer method which fits time-drawdown data to the standard
Theis curve has been developed by the Kansas Geological Survey (McElwee,
1978). This method combines sensitivity theory with a least squafed
error procedure to fit experimental time-drawdown data to the Theis

curve via a digital computer. This method computes a standard deviation,



u)

ho-

Ty

which indicates the 'goodness of fit" in an objective fashion. All data
is given equal weight in the computations so that results are sensitive
to scatter as well as curve alignment. Initial guesses for transmis-
sivity (T) and storage coefficient (S) are typically supplied by the
user; but this is nét necessary, as an automatic initial guess routine
based on the Jacob-Cooper method is included. The radius of conver-
gence about tru S and T values is in the nieghborhood of two orders of
magnitude. Thus, the initial guesses can be off by a factor -of 100 and
still converge to the true values with acceptable standard deviation

and computer time usage.

The methods outlined here were thought to be the most appropriate
ones given the quantity and quality of data used and the low degree of
complexity of the tests. Since there was no firm evidence of leakage
or delayed yield, these methods wefe not addressed. Since only one-
dimensional observation well arrays were used, no attempt was made to

establish position and type of possible boundaries.
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Test 79A

Introduction

This pump test commenced on June 18, 1979 at 8:50 a.m. and termi-
nated on June 21, 1979 at 11:27 a.m., for a total of 4,477 minutes of
operation. The land and well used for the test are owned by Mr. Kyrle
Froetschner of Rozel, Pawnee County, Kansas. The legal description of
the pumping well is T21-R18W-32CCC. A detailed plan of the pump test
site is included (Fig. A-1), as well as a location map, consisting of a
segment of the USGS Sanford, Kansas quadrangle (Fig. A-2). The pumping
plant consists of a 16" cased gravel packed well. A Western Land Roller
pump is directly driven by a General Electric induction motor rated 32
h.p. at 1750 rpm. A McCrometer flow meter is installed in the discharge
line far enough away from the oriface to reduce turbulence. No tacho-
meter was operated on the unit, nor was any outpﬁt shaft available for
such measurement by a hand-held tachometer. Because ofvthe nature of an
induction motor, however, we may expect a fairly steady motor speed.
After clearing the discharge line, the pumping stabilized at about 1010
gpm. This condition lasted for a considerable, but not well documented
time. At 3000 minutes, a pump rate of about 975 gpm was noted and was
sustained until the end of the test. The test terminated with the pump-
ing plant still in operation;

Observation wells were installed at this site on 29 March, 10
April and 17 april, 1979. An auger rig was used to install three shallow
wells, which were cased with steel or PVC, and a rotary drill rig was
used to install a deep well cased with PVC. A float recorder was

operated on the deep well for several weeks before the test, although
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lackAof manpower made it impossible to keep continuous records.
Observation well la, a shallow well, was not utilized in this test.
At this point, it is not clear whether or not any useful information
could have been gotten from this well, since the log of observation

well #1 showed no intervening confinement by clay.

Geo-hydrology

The geo-hydrology of the lower Pawnee Valley is known to be of a
complex nature. The valley is cut into the Dakota Formation of Cre-
taceous Age and filled with alluvium of Pleistocene and Recent Age.
Although not a great number of logs are available for reference in
this immediate area, the drillers log of the deep test hole and the
pumping well (Appendix A-1) indicate a complex geomorphology. Two
principle features can be noted from examination of these logs. The
log of the pumping well indicates a blue-grey clay (44'-78') and a
brown clay (106'-114'). These clays do not appear in the deep test
hole drilled 87 feet south of the pumping well. The total thickness
of the lower clay is unknown. The dimensions and shapes of these
units are unknown, but they may represent ancient silted up meanders
or banks and are probabl& significant as local barrier boundaries.
The second important feature is the depth of the test hole. Besides

the lack of evidence of the above mentioned clays, there is also the

fact that no bedrock is encountered after 166' of drilling. This may

be evidence of a buried ancient channel. The absence of the clays may
indicate a series of interconnected buried channels and from a hydro-
logical point of view, may represent an area of high transmissivity.

There may also be a high underflow through this unit. The small draw-
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downs in the observation wells, the sustained high yield, and the
number of inflections in the Theis curve, indicate a very complex
geohydrology. There are also discrepancies in the derived values of

T and S which indicate high recharge or anisotropies of the aquifer.

Conducting the Pumptest

Conditions of the pumptest make the results suspect on several
counts. In general, it is preferable to conduct a pumptest on an aqui-~
fer which is in some degree of dynamic equilibrium. That is, there are
no residual cones of depression from previous pumping nor is there any
other pumping occurring before or during the test, except for the test
well. Furthermore, in order for many analytical methods to be properly
applied, a relatively horizontal potentiometric surfaée should exist
prior to starting the test. Finally, the discharge water should be
removed far enough from the well to prohibit a recharge effect.

At least three instances of previous pumping are known to have
occurred within % mile of the test well, one of which was the test
well itself. It is not known how much recovery had occurred before
the test started. The test well was shut off only eight hours before
the test started. Furthermore, it is not known to what extent the
irrigation water had infiltrated to becoﬁe a potential recharge source.

During the test two other wells pumped: one well )% mile north of
the test well and the other % mile east. The irrigation water from
the test well was applied to an already irrigated field % mile to the
north. Although the weather was hot and the unirrigated soil dry, the

corn was not greatly stressed, due to previous irrigation.
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A recording aneroid barometer was set up at the site the day of
the test, but since no pre-pumping record was available, the barometric
efficiency of the aquifer is unknown. However, if the aquifer is largely
unconfined, this factor is not important.

The float recorder did not prove sensitive enough to record the
minute initial drawdowns. It was not operated during the majority of
the test. The lack of sensitivity caused some early time data on the
near observation well (#1) to be of questionable value.

The test was terminated when it was felt that the aquifer had been
stressed enough to reveal its more pertinent features and achieve
late time values of its parameters. Analysis of the data indicates
that a longer pumping period, a more sophisticated well array, and a

more controlled test environment may have given more useful results.

Analysis of Data

The data analyzed in this section is tabulated in Appendix A-2.
The various methods used are outlined in "Methods of Analysis" (just
after the Preface). The results of the analyses will be discussed
here.

All available data was plotted on semi-log graph paper (Appendix
A-3) and the Jacob-Cooper and Chow methods were applied. Résults

are tabulated below (Table A-1).



Table A~1l

Summary of Semi-Log Analysis Methods

Froetschner #1

Method Range of t (min) T (ftzlmin) S (unitless)
J-C 10t - 102 608 .9
J-C 10% - 103 53.8 1.6
J-C 10° - 10 10.45 S 2,43
Chow 102 - 103 49.8 1.68
Chow 103 - 10% 6.9 3.22

The data range 10l <t _5_102 was also plotted on an expanded scale

and the Jacob-Cooper method was again applied. The results were
T = 343 ft2/min, S = 1.34. All of the above results are physically
impossible under normal terrestial conditions. Apparently, enough of
the assumptions on which these analytical methods are based have been
violated to the extent that the formulae are no longer wvalid.

The data was also plotted on log-log graph paper so that the
Thels curve matching procedure coul& be applied (Appendix A-3). The
results are tabulated in Table A-2. No improvement is noted over the

previous results.

Table A-2

Theis Curve Fitting Results for Froetchner #1

Curve Segment T (ftz/min) S
1 | 64.6 2.58
297 .018

6 6.10 . ‘4.39



While several realistic values of T and S appear in Table A-2, they
do not occuf as a pair, and the remaining values appear totally un-
realistic under normal conditions. The spread of data points for
obsefvation wells #2 and #3 is too poor to be diagnositc, and hence,
was not analyzed.

The computer fitted data gave results no more encouraging than
those tabulated above. The algorithm was run in two forms: '1) it
was given initial guesses for S‘and T and allowed to converge, and
2) it was given initial guesses and forced to stop after one attempt
at convergence. Graphs of results appear in Appendix A-4 along with

the computer output. The output is tabulated in Table A-3.

Table A-3

T and S Obtained by Computer Fit

Modification no. pts. T S Standard Deviation
Normal Convergence 48 23260 ft%/day 1.0 .384 ft
Forced Termination 48 41727 ftZ/day 0.29 .554 ft
Forced Termination 29 53439 ft“/day 0.24 574 ft

Although the S values for the second and third exhibits are reasonable,
the associated T values seem too high, and the data for Exhibit #1

is unreasonable.



Conclusions

The aquifer parameters obtained from this pumptest are entirely
out of reason. This is a reflection of the fact that the controlling
assumptions in the analyticdl methods are too strict for the data.
No steady state trend was notéd in the data, so no attempt was made to
apply delayed yield or leaky storage assuﬁptions to the data. Since
only a single line of observation wells was used, methods of analyzing
anisotropies were not applied. There probably exists, however, a
large degree of anisotropy. This would not be unusual in the Pawnee
Valley. Insofar as it yields numerical values for specified aquifer
parameters, the test fails. As an indicator of geo -hydrologic com-
plexity, the test succeeds. The many inflections in the data plots
and the high sustained yield imply a complexity of barrier and recharge

boundaries.



Test Hole Drilled on Ffoetschner Land
SW corner, SW/4 32-T21S-R18W
1 mile south, 1 mile west of Sanford Coop

T.D. = 166 ft. No bedrock encountered

Depth (ft) Geology Drill Time
0-3 Soil, dark brown, silty with quartz arkose not checked
pebbles.
3-6 Silt, fine grained, tan, no sand. not checked
6-18 Clay, tan, blocky with grit to 14 feet. not checked
‘Some gravel at 9 feet. Loamy from 14 to
18 feet.
18-21 Silt, tan, with angular, fine to medium not checked

sand sized grains. Amount of sand increases
with depth.

21-26. Sand, angular to rounded, quartz and caliche not checked
) with some fine brown silt.
26-33 Sand, mostly rounded quartz, light to dark not checked
grained, fine to medium grained, some gray
silt. '
33-34 - 8ilt, tan, fine, clean. not checked
34-39 Sand, fine to medium grained, rounded to not checked

angular, mostly smokey quartz, trace of
brown silt.

39-46 Sand, same as above, but coarse, with fine _ not checked
quartz arkose gravel.

46-60 Same as above, but includes yellow flat not checked
rounded fine grained sandstone fragments.

60-76 Sand, coarse to fine, quartz arkose with 2 minutes

fine quartz arkose gravel. Several clay
lenses, gray to black, about 1 ft thick
each. Occur at 61 ft, 65 ft and 70 ft.
76-91 Sand, coarse to fine, some coarse gravel, 1 minute
much fine gravel, all quartz arkose, many
angular yellow limestone chips.

91-106 Sand, quartz, mostly fine grained; some 1 minute-
quartz arkose gravel lenses.
106-121 Sand, quartz arkose, fine to coarse with fine 2% minutes

q.a. gravel. Some cobbles at 110 ft. Light
red sandy clay lense from 112.5-114.5.

121-136 Sand and gravel as above. Limestone chips, 1% minutes
scant fraction light red clay.

136-151 Same as above, probably with more clay and 2% minutes
cobbles.

151-166 Same as above, drilled slow for about 1 ft at not recorded

162 ft ~ probably clay.
Bedrock not encountered.

Finished as 105' observation well with 6' slotted 2%'" PVC commercial screen.
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AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS
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AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS 13
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AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIES 13
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AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS 13
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AQUIFERTEST DESIGN, OBSERVATION, AND DATA ANALYSIS

13
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Test 79B
Introduction

This pump test was conducted on June 20, 1979 and was run from 8:55
a.m. until 2:52 p.m. for a total of 357 minutes. The land and well used
for the test are owned by Mr. R. D. Bookstore of rural St. John, Stafford
County, Kansas. The legal description of the pumping well is T24S-R14W-
29c. A location map of the site is included (Fig. B-1). The well was
completed in 1957. A technical sketch of the well as originally completed
is included (Fig. B-2). As the well now exists, it is powered by a diesel
engine. A Western Land Roller pump, set between 50' and 55.5' is driven
through an Amarillo 6:5 right angle reduction gear and delivers water
through an 8" pipe. The irrigation unit is a Valley center pivot of
the high pressure type. When the end gun operated, the yield was about
725 gpm. Without end gun discharge, the yield was reduced to about
690 gpm. Engine speed was fairly constant at 2025 rpm. The test as
planned was to last 66 hours. Engine failure cut the test short, but
a recovery curve was recorded.

Observation wells were installed using an auger rig operated by the
Kansas Geological Survey. The work was done on 27 and 28 March, 1979.
The plan of observation wells is shown in Figure B-3. Details of
the completion of the wells appear on the drillers nots included as
Appendix B-1. A float recorded was operated on observation well #1
as noted. A recording barograph was not utilized at this site, but,
since the test was of short duration, the lack of this data is not

crucial.
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Geohydrology

The geology is typical of the region except that the quaternary
dune sand deposition has apparently been altered, or possibly removed
by the meandering of Rattlesnake Creek. There is a 60' bed of clastic
material, generally Pleistocene in age, ranging from fine sand to medium
gravel. The clastic material is moderately clay free, with only one
significant clay being noted at 64' (see Appendix B-1). The original
engineering sketch (Fig. B-2) indicates a clay unit at 96'. It is not
known whether the clay was interpreted as bedrock. Reference to a
bedrock map of the area (Fader and Stullken, 1978) indicates a possible
total thickness of about 170' for the unconsolidated unit. Since a
rotary drill was not available for this test, no attempt was made to
find bedrock, which is probably the Kiowa Formation of the Lower Creta-
ceous. In fact, the pumping well may represent a partially penetrating
well.

The unconsolidated sand and gravel units are overlain by about 30'
of fine grained material, grading from a sandy loam to a sandy clay.
These units appeared to be of low permeability, and at the time of
drilling were of low moisture content. Initial umpumped water levels
taken from the observation wells are above the base of the clay,
indicating the possibility of semi-confined to confined conditions
existing initially. This range of conditions is borne out by the
data (see analysis of data), but there is no evidence of recharge from
storage during the duration of the test, as might be expected from a
saturated clay. From a geohydrological point of view, the area is
generally more homogeneous in an aerial sense, than in a vertical

sense.



Conducting the Pumptest

The test was conducted on a portion of aquifer which had not been
previously pumped in the 1979 irrigation season and was, therefore,
assumed to satisfy the condition of an initially horizontal free sur-
face. No other pumping wells were known to exist within one mile of
the well. The well was equipped with a flow meter which had operated
in the previous year so that the well has a known history of a stable
discharge. During the course of the test, the only significant devia-
tion of discharge correlates with the operation of the end gun (see
Introduction).

During the course of the test weather conditions were stable.
Thus, even though the barometric efficiency of the aquifer was unknown,
it is probably an insignificant factor. The humidity and temperature
were moderate to high during the test with a wind which started from
the northwest, shifted to the south about 11:00 a.m. and then diminished
in the afternoon. Corn was being grown in the field and was highly
stressed with respect to moisture. The soil was very deficient with
respect to moisture to a depth of at least three feet. This was dis-
covered in the process of setting tensiometers in the same field. These
conditions are important to note, in that the water derived from he
aquifer is applied directly to the surface above the aquifer, a
practice usually avoided in aquifer pump tests. Given these antecedent
soil moisture conditions, crop conditions and meteorologic conditions,
it was felt that no significant recharge would occur from seepage. The
short duration of the test served to strengthen this assumption and,

in fact, no recharge features were noted in the plotted data.



When the pump became disabled, a recovery test was begun. A
surge of water was noted entering the well from the irrigation unit,
as no check valve was installed. This may have influenced the initial
rapid recovery noted in the first observation well, at which recovery
observations were made. No observations of water levels were made at
any time in the pumping well except at the beginning. While this makes
some generalized computations such as specific discharge of the well
impossible, it does not reduce the value of this test. The well was
checked for drawdowns at different discharges (see Fig. B-2) when con-
structed, and since the well receives good maintenance, these have

probably not changed significantly.

Analysis of Data

Data analysis was done by traditional straight line formula and
curve matching techniques, as well as by a more novel computer method
(see Methods of Analysis for outlines of the methods). The results of
the methods will be discussed here.

Observing the Jacob-Cooper solutions in Appendix B-3, we note the

following results.

Table B-la

Aquifer Parameters Computed from Late Time Values

Obs. Well No. 1 2 3
T (gpd/ft) 71900 80600 112000
S (unitless) .025 .027 .007

T__ = 88200 § = .020
av av



Table B-1b

Aquifer Parameters Computed from Early Time Values

Obs. Well. No. & 2 3
T (gpd/ft) 117500 119700 241000
S (unitless) .017 .025 .002

The values of T decrease as time passes while the values of S tend to
increase. The latter fact implies a reduction of confinement as pumping
progresses. The distribution of S may represent an actual inhomogeneity
in the aquifer, or it may indicate that well #3 is simply not yet in

an unconfined condition. If time progressed far enough, this value

may have approached the values at wells #1 and #2. -The change in T
between early and late time may simply represent the decline in elastic
storage of the aquifer as confinement diminishes. The values for Tav
and Sav may be high. If the test had continued, values may have
uniformly approached Tav= 76300 and Sav = .026, which are the averages
of wells #1 and #2. Very long pumping may have produced S values as
great as 0.2.

Analysis by the Theis recovery method (Appendix B-3) showed values
of T ranging from 62200 gpd/ft to 68500 gpd/ft depending upon interpola-
tion of the straight line. These values are somewhat lower than the
one computed above. These values may be artificially low due to the
rapid slug recharge which entered the pumping well after shut down
(see text). A large recovery took place in a short period of time
relative to the length of the recovery test. No recovery tests were
run on wells #2 and #3, so the extent of the anomaly is unknown. The
computed value of S/S" = 1.05 indicates only a 5% difference between

the pumping storage coefficient and the recharge coefficient.



For the Theis Curve Fit method (Appendix B-3) we note the follow-

ing tabulated results:

Table B-3

Theis Visual Curve Fit Results for Late Time

Obs. Well No. 1 2 3

T (gpd/ft) 70250 73500 106300

S (unitless) .023 .030 .007
Table B-4

Theis Visual Curve Fit Results for Early Time

Obs. Well No. 1 2 3
T (gpd/ft) 168300 336600 207200
S (unitless) .008 .034 .003

Again, the reduction in S as time progresses generally holds, but
well #2 upsets this trend. The observations made for the Jacobs-
Cooper analysis generally hold here except that estimates for long-
term average T and S vary slightly: T = 7200, S = ,027. The composite
plot for the observation wells lends reinforcement to the hypothesis of
relative homogeneity of aquifer parameters at large values of time.
All three curves give: the impression of assymtotically approaching a
single value at large values of t/rz.

The values obtained for T and S by computer regression are shown
below (Table B-5) along with the standard deviation from the theoret-'

ical curve.



Table B-5

Obs. Well No. Transmissivity (gpd/ft) Storage Coeff. Std. Deviation
1 79400 .018 .14
2 70200 .03 .03
3 134500 .005 13

The low standard deviation for observation well #2 indicates the
most acceptable fit of the group, but comparison of the machine fitted
data with other processes indicates that all of the "best fit" T and S

pairs are within reason. These data are tabulated in Table B-6.

Table B-6

Late Time T and S Values by Three Methods

Obs. Well No. 1 2 3

Theis (visual) 70250  .023 73450  .030 106300  .007
Theis (computer) 79400  .018 70200  .030 134500  .005
Jacob-Cooper 71900  .025 80600  .027 112000  .007

Note the apparent discrepancies between observation wells #1 and #2 and
observation well #3. From a simplistic point of view, this may be
interpreted as an anisotropy of the aquifer. A slightly more sophisto-
cated view point is that due to the short duration of the test, a uni-
form condition of confinement was not achieved at all observation points
within the aquifer. This arguement is most readily defendable from

the point of changes in storage coefficient values. The average S
value for wells 1 and 2 is .025, while the S value at well 3 is .006,

a difference of a factor of 4. Examination of the composite plot of

s vs t/rQ for the data (Appendix B-3) indicates that for very large
values of time, all curves will probably approach a single curve as a

limiting value. Thus, if the test had continued, S and T for all three



locations would have approached the same value.

Examination of the Theis curve matching plots and the Jacob-
Cooper plots (Appendix B-3) shows an apparent inflection point in the
region .001 ﬁ..Ol. The classic interpretation of this inflection point
is a barrier boundary. Examination of the computations for the Theis
curve matches and the Jacobs-Cooper solutions give differences in T
of a factor of 2 or 3 across the inflection point. Thus, T is larger
before the inflection than it is afterwards. The location of the
boundary or its nature is unknown, except that it is a barrier. This
point of ignorance demonstrates the need for a two-dimensional observa-
tion well array whenever possible.

The conclusion of this aquifer test analysis is that the local
aquifer near the test well is probably in a semi-confined state when
in an undisturbed state, but as pumping progresses, expecially towards
large values of time, the aquifer tends to the unconfined state with T
and S values of 75000 gpd/ft and .025 respectively. There is probably
some barrier boundary actively influencing the T value, but its loca-

tion and nature is unknown.
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Augered Test Hole, T24-R14W-29c2. STAFFORD COUNTY, KANSAS, elev: 1192.35+1'
drilled 27 March 1979; augered depth 72'; finished depth 71'.

75' from irrigation well on access road. Screened with 3' well point,

21' of slotted 14" steel pipe, and 40' of slotted 2%" PVC.

Gravel packed with fine gravel. Took about 8 gpm. Observation well #1.

Description Depth Thickness
Loam, brown, sandy 4.5 4.5
Silt, brownish gray, sandy with a sandy 6 1.5
¢clay stringer
Silt, reddish brown, sandy, thin gray 6.5 .5
stringers
Clay, gray, hard, dry 7 .5
Silt, reddish brown, sandy, with thin 8 1
black silt stringers
Silt, reddish gray, sandy, blocky, gray 14 6
silt stringers .
Clay, reddish brown, sandy, tight 16 2
Clay, pinkish tan, sandy, damp 20 4
Clay, grayish brown, sandy, damp 25 5
Clay, tan, blocky 27 2
No return for rest of hole; probably sand 72 45

Fitted with a Stevens Water Level Recorder, W233160

Date Water Level (bmp)
30 Apr 79 27.0 ft
14 May 79 26.55 ft
21 May 79 27.23 ft
31 May 79 ' 27.26 ft
15 June 79 26.87 ft

20 June 79 27.16 ft



Augered Test Hole, T24-R14-29c3, STAFFORD COUNTY, KANSAS. Elev: 1991.52+1'
Drilled 28 March 1979; augered depth 76'; finished depth 62',

151" from irrigation well on access road. Screened with 3' well point,

42' slotted 1%" steel, 20' blank 1)" steel. Gravel packed with fine
gravel. Took about 5 gpm. Observation Well {#2.

This well was augered too fast to get a good log, although there
seemed to be more clay at depth. Water at =24',

Date Water Level (bmp)
29 March 1979 24.0'
20 June 1979 26.19'



<
Augered Test Hole, T24-R14W-29c3, STAFFORD COUNTY, KANSAS. Elev: 1993.28+1"
Drilled 28 March, 1979; augered depth 80'; finished depth 76'.
226' from irrigation well on access road. Screened with 3' well point,
52" of slotted 1%" steel.and 21' of blank 1)%" steel. Gravel packed with
fine gravel and sand. Took about 8 gpm. Observation Well #3.

- Description Thickness Depth
Loam, dark brown, sandy 2k’ 2%
Clay, dark brown, blocky 235! 5
Clay, light brown, blocky 5 10
Silt, reddish brown, sandy 5 15
Silt, pinkish gray, sandy 3 18
Sand, fine, pinkish, silty 2 20
Silt, pinkish gray, sandy 12 32
Sand, fine to coarse, and fine to medium gravel, 44 76

quartz arkose, some clay lenses

Date Water Level (bmp)
20 June 1979 27.82"



Appendix B-2
Time-Drawdown and

Time-Recovery Data



AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS 13
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AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS 13
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AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS

13

Gty ctoffo d cug  Dollaya Observation well no.___2 1of 2 pey s
focation: . Lad- RUM e 21 & sulid Punped well no. R.D, Booksfore
Average Q___705 gom r=_1S1.5¢  ft. r2= 22970.43
t/r* |Depth s Adjust- s’
t dt'; m)| to (unad- ment (ad- Q
Date dour ] (win) | {SE) | w0 | vacer | justed) As | justed) | (gpm) Remarks
¢/20/79] 8:55am O o — 1 2619 o
B:56 U Lor, 2ess el 2619 o
851 | 2 L 57y 263 e0n
858 & s 26251 .0y
3- 59 Yo bss ot 262> 0.0Y
Q.00 g s T 26:235] p.oM4
q-ol &y R A o8y
q.02 T e, besadR625] 0.06
q.03| 8 oAl A2y | BT
9.0y 9 322x5%| 2628 0-09
q.-05% lo ) oc059] 2629 010
§.0%:30| 12:50f. . | g0,2] 2653 041D
q-10 1 Lo o iksnctacayl 045
q:2:v0) \1-50 s beasl2637] 0018
q:15_1 20 | .:9, 2005265 028
Q:17:30] 22-50) ¢ i h0, 206041 | 002
720 | 25 iboo gl |2evy] 025
9:23:304 275006, 0} ,,,22]1R697] 0-28
125 1 30 b ¢ ihagtld6:50 03]
9:239:30§ 32-50] ., liaad|26:53] 0-3Y
930 1 35 b othaidlaesy] 0038
9:32:30] 37:50] ., -lesl26:-60] 04Y)
255 8 Yo o0 304 02
4] 95 o 3] 26:49] 0:50
¢/20/791 1:945 | 5° o0, hasxid| 269y | 04565

Figure 3.—Continued.

o S o o o A it

o o S e AR o 3 B

B o U,

e Bt S B AT



AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS

13
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AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS 13
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AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS 13
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AQUIFER-TEST DESIGN, OBSERVATION, AND DATA ANALYSIS 13
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Figure 3.—Continued.
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Appendix B-3
Jacob-Cooper Method
Theis Recovery Method

Theis Curve Match Method
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Appendix B-4

Theis Computer Regression Fit Method
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