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PUPIIG TESTS

Pemmeability tests by the Thiem method, »v V. C. Fishel, engineer in charge,
Division of Ground Water, Lawrence, Xans.

Synopsis

(1) The formula P = 527.7 9 log;LQrz = iog]_o_rj_ ;13 aﬁplied under water—

m hy - by :
table conditions for determining the permeability of water-bearing materials.
Data collected during the .W_‘ichita. Kansas, and the Grand Island, Nebraska, pump-
ing tests are used to verify the appropriateness of the formula, A quick and
accurate method of analysis of puming-test data is given,

(2) A convenient method is given for obtaining the hydranlic zradient
for use with the gradient formula. The hydraulic gradient is given by the
derivative with respect to r of the equation for the water—table profile in the
cone of depression, The equation of the draw-down curve is obtained Ty maki'ng
use of the fact that when the altitudes of the wat.er levels are plotted con
semi-logarithnic paper against the corresponding distances of the observation
wells from the pumped well the points £211 on a straight line. It is shown that
it is sunerfluous to compute the permeability by both the gradient ond the Thiem
formula.

(3) The data collected during the Wichita, Kansas, and the Grand Islénd,
Nebraska, pumping tests have: been analyzed and sumrarized in several tables to
show the accuracy of the permeability detemminations. An attempt is made %o’
arrive at the simplest and most reliable method of making a pumping test. It
is conciuded that there should be at least 6 observation wells tiat are prop-
erly spaced on opposite sides of the pummed well, The observation wells can

be located without regard to the direction of movement of the ground watgr. :
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Introduction

A formuls for determining the permeability of water—bearing materials
was ziven by ¢. Dupuit (1) in 1858. It was later used by Thiem in Germany
(4) and in the last 20 vears it has been used extensively throughout the
Upited States and Europe. In the United States it hcs genernlly been know
.as tsc Thiem forﬁula.

The formula may be written as follows (7, p. 79, eguation 56):
(1) B2 (08¢ T2 - loge T1)
2 2

( by = by

well, in gallons a day, hl and ha are the thicknesses of the saturated material

Where Q is the discharge of the numped

at two observation wells located at distances of 21 and 22, respectively, from
the pumped well, From ecuation 13
2 2 -
(2) b, =k = (hz + hl) (hy = hl) = 2m (h2 - hl) where m is th- thiclmess

of the saturated water-bearing material. Then:

(3) P = Q (1°§ﬁ_:27~ 1°55Ef17) This is the general ecuilibrium foraula
2 m(hg—hl)
giveh by Wenzel for artesian conditions (7, p. 79, equation 60).

An insnection of ecuation (1) shows that if this equation is valid a
straight line curve will he obtained when hz is plotted azainst r on semilog-
arithnic papcr. Also, an inspecfion of ecuation (3) shows that if m remains
constant a straight line will be obfained when h is plotted against 4 on semi-
logarithmic paper. It was found from 7 pumping tests under ‘water-table con—
ditions (2 of which are discussed in this paper) that within the limits of ex—
perimental crror a straight line results when h is plotted against r on semi-
logarithmic paper and hence it is concluded that ecuation (3) can be used for
water-table cbnditions by using an aporopriete value for m¢ A veluc of m

equal to the average saturated thiclmess at the observation wells is used,
106



but further investigotion is needed to substantiate this accepted value.
If the rate of pumping is given 4n zallons a minutc and the logarithms

are converted to borse 10, formula (3) becomes?

(4) » = (5277 a) (logyg v — logyy 7y) = Calogyg T

(n) (hg = hy) Ah

Where m is thc average thickness of the saturated material in the cone of de-

pression, h_ arnd h1 are the altitudes of the water. levels in the obscrvation

2

wells ot tz ond r, respectively, and C is a constoent equal to 527.7 g .
. m

2l
Formula (4) is o convenient formula for use under water-table conditions, and
it is belicved to be accurate within tﬂeulimitsAof experimental error.

The standard procedure of evalunting the faoctors in equetion (2) is given
by Wenzel (7, pp. 83-84). The procedure is greatly simplified ~nd most of the
detailed woric i3 ecliminoted by moking use of the straight line relation theot
exists vhen the altitudes or draw—downs of .the water levels in the obtservation
wells ~re plotted on a natural scaié czoinst thc distonces of the obscrv-tion
wells from the numped well ﬁlottcd.on a logarithmic scale. The stfnight line
_automaticrlly trkes care of ~ny irregularitirs in observed weter levels,

The vonluc of Alog r 1is given by the slope of the straight line nnd hence
g fairly nccuratel§;2btrined.

Muskat (3, p. 370, fig. 141) used a nodification of this noﬁhod ond obtoined
.o stroight linc by plotting hZ;- ﬁf ngoinst log ig « P.T. Bennectt, Corps of
Engincers, Y. Se Army, (persbnnl communication) ;lots on seni-logarithnic paper
. the 2ltituie of the woter levels against the distance of the obserfntion ”el}
fron the pumped well. i

If +~lucs 6fleog el ére selected from the stroight line for volues of r

: £h :
at 10 ond 100 feet (or 10C and 1,000 feet), :loz r becomes unity, r~nd the
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formula becomes: i abtinh beinalian ol :
(5)P= 0
&h

Where”ir {s-the differdncs In altitlide of the water levels in the observatmn
wells at 10 and 100 feet (or 100 and 1, 000 feet) and C = (527 74q)

Pumping Test

The anphcatlon of the formula for determining per:nee.bll;ty will be 111us-
trated by a puming test near Wichlta, Kansas,

A pumo.lng test to determine the permeability of the water-bearing sand and
gravel in t'he Arkansas River Valley near Wichita, Kansas, was :made in 1937 under
the direction of S. W. Lohman.in cooperation wi th .'the Kansas Geological Survey,
on the property of the Kansas Ges and Electric Company, about 3 miles north.vof;
Wichita (7, pp. 142-147). The well had a diameter of 20 inches and was 45, 3
feet deep. The thickness of the saturated water—beanng fnatenal as obtained
from the log of the pumed well, was 26.8 feet Observatlon wells were con— _”-
structed at varying distances on ! radial lmes. extending north, east, south
and west from the pumed well. The well was operated contlnuously at ;1 rate
of 1,000 + 7 zallons a minute from 10233 a.m., November 8, to- the afternoon of
November 27, at which time the pump was unavoidably stopped Pumpln° was re-
sumed on November 28 at a rate of 750 gallons a minute, and was 'dlscontlrued
December 8 at 9:55 a.m. g .

The locations of the observation wells, the altitudes of the static water
levels on November 8, and the- equilibrium pumping levels on Novembéer 26 shd

December 7 are given in Table 1.

8
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Table 1, Water-level data collected during a puming test near Wichita. -

Kansas, in 1937.

Well No. Distance Static level Purping level - Pumping level
and direc~ from pumed  Nov. 8, 10330 Nov. 26 a/  Dec. 7/
tion from "well (feet) a.m. (feet) (feet) e (feet)
pumped well .
1N hQ 2 1309.62 1303.76 1305,06
2N 100,7 1309.75 1305.17 1306.15
3N 189, 4 1309.91 ¢/1306,55 1307.20
LS 19,0 1309.52 13010 7T 1305.33
2S 100, 4 1309.58 1305.37 =~ 1306.15
35S 190.0 " 1309.48 1306.3% - 1306.96
LR 49.3 - 1309.67 ©1303.62 - 1304.80
2 E 101.3 1309.68 130L,94 1305.92
3 B - 220.9 1309.73 130662 ¢ - - 1307.16
L E 500,1 1309.88 1307.97 1308.19
58 900.1 1309.99 - 1308.87 1308,88
1w 19.3 1309.55 304 1305, 40
AW 100,5 1309.53 1305.43 1306,33
3w 1T . 1309,.43 -1305798- . ... 1306.73
Lw 222,3 1309.52 1307.13 \ 1307,62
5W 508i8 « L. 2w 130943 71308,10° - - . °1308,37
6 W 895.0 1309.63 1308.69 1309.03
OE d/3.2 1309.62 1296,90 1300.60
8/ Pw LT 0ROt <. : 130960 1" 1294, 70 " 1299,38
a/ Average of 2 measurements made on Nov. 26.
e y - Average of 2 measiurements made on Dec, 7.
¢/ Interpolated.
“e _d._/ Measured from cénter of puimed well (PW), situated just. outside of
_ gravel nack:.ng.
_'g/ Pumped well.. - '

In Figure 1 the altitudes of the water levels on: Noverber 26 for each line
~ of wells are plotted ‘against the distanece of ‘the observation wells from the
pumped well, The altitudes of .the water levels for r at distances of 10 and

100 feet were obtained from the straight line curves and are given in Table'2,
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Fig. 1. Altitudes of water levels just before pumping stopped on November
26 plotted against the distance of the observation well from the pumped well Ior

the Wichita, Kansas, pumping test.

The pumping rate was 1,000 gallons a minute and the average saturated thickness
in the cone of depression was about 22.2 feet.

Formula (L4) becomes

(6) P= 527,7 x 1,000 (log r, - loz r;)

23,770 ~log r
Lh

Log r, -~ log ry is 1 when r, is 100 feet and ry is 10 feet or %, is 1000 feet

and T is 100 feet. Thus < lozg r is equal to 1 divided by the difference in
a&h

altitude of the water levels at 10 and 100 feet from the pumped well. The per-

meability as computed for each line of observation wells is given in Table 2.

Table 2, DPermeability computations for equilibrium conditions on November 26

at a puming rate of 1,000 gollons a minute. P = 23,7704 log r

“h
Direction Altitude of Altitude of Iogr,- hy- }H Coefficient
of observa- water level water level 2 of
tion wells at r = 10 at r = 100 loz 1 /a5 sabili
from pumped - feet feet N &5y (v+b) peleEaTy
well (feet) (feet) (sloz 1) (feet)
North 0.30 Des 1 4,96 4795
East 65 4,95 1 4.30 5528
South 1.50 5.32 1 3.82 6223
West 1.60 5.43 1 3.83 6206
Average of north-south lines 5509
Average of east-west lines : 5867
Average of all lines 5688

It will be noted on Figure 1 that the point for well 4 W falls above the
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curve; It is located adjaccnt td Littlc Arikansas River and the water lovel
is probavly affected by cround-water rod:arge.' Figure 1 indic‘:atcs tmt t‘:ns
method may be used quahtat:.v*ly to determine *round—water rccnar:o Irom rivers,
anl it is belicved that an cxtcnsmn of this mcthod coulé be used to detormine
thz amount of recharce. . |

The draw-dowms of the watcer levels from "o-*oxrbpr g to November 25 wcrc
comuted from Tabls 1 and werc plotted ag nlnst tfn distancds. of the observa-
tion wells from ths naumcd well as shown on Fiiurc 2. It was 222in found that

within the limits of expcrimental error the wclls within a radius of 250 fect

from the nurped well plot on. a straisht line, Tho slones of the curves besed

ié’ 2. "‘rqw—d.oxm Of "r‘rtC*‘ le\mls hetwoen November § and Fovamber 26

- ,

-

plottyd atalnst t'.‘l: di tmcc o- the obscrvation well from the muamned well for

the .ﬂ;lc.nzta, K.gnsns. ptmtping test.

on draw-downs aré .slishtly different from the curves besed on alti fudos. The
data and camputations arc given in Table. 3. - -

Table 3. Pemoa,‘o:.ll_’g_ corp ut-\tlor based on draw—dm-n of rmter levels botweon

Yovember 8 and November ?_6_ 2t 2 pampin: rate _o_g 1.000 gallons a mmutc.

i s 8 "2,770510;;
4 2 h
Direction Draw-down of Draw-cdown of . ° Zog ro. sy - sp Coeffi icion
of ohserva- water’ lovel water level = of
tion wlls at r =10 at r = 100 log 11 (0s) . - permeability
from puzped foet feet * Tkl BlEeghl .. e
well (feet) (feet) (MNoz gy, -~ .-
Forth oeek L LS . : 1 b9 S5nx
East ; 9.20 L. 70 : 1 W50 -, .5280
South Lt BN Tiwe st lhalpr o vl 3.92 T 6064
West 8.27 L.c5 1 4,22 5633
Average of north-south lines 5803
Averaze of east-west lines 5458
average of all lines 5630

X1 -
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Gradient Formula - -

Values of r (distance of observation well from the oumped well) and.co;'-
responding values of h (altitude of water level) were obtained from Figure 1
from the curve of the east line of wells and‘ were vlotted m Figure 3 to show
the draw-down curve on coordinate paper. The altitudes of the water levels

Fig. 3. Draw-down curve for the east line of wells on November 26 for
the Wichita, Kansag, puming test. The curve wes drawn from data obtained from
Figure 1B.

for November 2 as given in Table 1 were then plotted to show their relation
to the draw-down curve as determined by the straight line relationshiv in
Figure 1.

If the water-table or piezometric surface in a homogeneous formation is
horizontal before pumping begins, water will percolate toward a pumped well
equally from all directions, and the same quantity of water will percolate
toward the pumped well through each of the infinite series of concentric
cylindricel sections around the well. The area of each concentric cylindrical
section is A = 27'r m, where r is the radius of the cylinder and m is the thick-
ness of the saturated water-bearing materiasl. Thus, accoxjding to our vsual
interpretation of Darcy's law:

(8) Q=PiA®2"Pirn
Where Q is the discharge of the numped weli. P is the coefficient of permeabil-
ity and i is the hydraulic gradient.

If B, i, r, and m are kmown the gradient formula can be used to detemine
the amount .of water that moves toward the well past a given concentric cylinder.

Or, if Q, i, r, and m can be determined the formula mey be used to determine
112
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the coefficient of permeability.

(9) DwsP=
2Tirm
Q, r, and m can be readily determined. The hydrauhc gradient (i) was deter-
mined by Wenzel as follows (7 oo, 85-86):

A profile of the cone of deoression is f1rst co"stmcted by
plotting the elevations of the water levels in the observation wells
located on a straight line through the diécharging well against the
distances of_ the wells from-the dischargifig well and by connecting
the plotted points with a smooth curve, thus showing tize .coné of de-
pression from the farthest mgz'adient well to the farthest downgra-
dient well at some time, t, after the discharge is started. A pro-
file of the iritial water table 6r viezometric surface should be
constructed also. From these orofiles the draw-down of the water
level and the altitude of the water level at any time may be deter-
mined for any distance upgradient and downgradient.

The hydraulic gradient at any distance, r, from the discharging
well ls apnroximately equal to the difference in altitude between two

-"nomts at distance b on each side of point r divided by the distance
between the points - that is 2 b. Thus

1= frab)-Ff(r-1) -
: 2b

in which £ (r'= b) is the altitude of the water level at the distence

r — b fram the pumwed well and f (r + 1;) is the a}t.itu:ie of the water

level at the distance r 4+ b from the puﬁoed welJ_.. :

The hydraulic gradient or fhe '510pe of the curve in Figure 3 can be-deter-
mired aporoximately by another granhical method A stralgtt 1me drawn tangent
to .the curve gives the slope of the surve at the vomt of tangency. In Figure

3 a straight line is drawn tangent to the curve at a point where r is equal to
" _113 b=
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" '97 fect. The slope (i) of the line is then given by the equation

=Bl 2 9=3. g9
r2 - r2 310 - O

The hydraulic gradient can be obtained more readily by making use of the straight

line relation on semi-logarithmic paper between # and he The equntion of the
straight lire is given by
. or + b
where a is the slope of the line and b is the intercept of the linc with the

(10) b = o logy

h nxis. The hydrpulic gradient is thea given by the derivative of ecuntion

L

10 W1th resrﬂct to r.

(11) d : =3=2 1ogm e = 0.,4343a
L e T r

The slopc (a) of the straight line is given by a = hz =By
‘ logyo™2 = 1og 71
=A4h Fron Figure 1 and Tablec 2, a is equal %o :

Alogyy T
4,30 for the e~st line of wells on November 26. At a distance of 97 feet

from the punned uell i = 0.4343 x 4.30 = 0.019 vhich is the same hydroulic
97
gradient as aotermined graphically above. If i = 0.4343 a is substituted in
’ > r
the gredient formula, the forrmla becomes

(1:3)‘1°='r 144())% : )
(2w 0. 4343
: T m | ( = O

where Q is meéasured in gallons a ninute and P is Meinzer's coefficicnt of per-

" menbility. ©r concels out of the denominator and ecuation (12) reduces to

(13) P = 527.7 Q
ma

(14) = 527;17 g loglorz L loglorl
. h-‘ 5 hl

It is thus seen thot the gradient formuls becomes identical wita countion

(4) and if advantege is token of the straight line relation between ¥ and h,

it becomes superfluous to compute the permeability by both methods. If the
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daté do not plot on a straight line then the conditions for equation (4) are
not fulfilled and this method of computing the coefficient of permeability

will give only approximate results.
Summary of Analyses

A puwiping test was made Wy Wenzel (7, pp. 117-127) in 1931 in the Platte
River Valley near Grand Island, Nebraska. About 80 observation wells were
constructed in the vicinity of an existing irrigation well. Forty-—seven of
these observotion wells were constructed in 4 lines (A, B, C, and D) extend-
ing out from the pumped well at right angles to each other. Line B extends
upstresn and line D downstream. %The data collected during this test have been
analyzed according to the method used for the test near Wichita tut for pur—
poses éf.brevity the analyses have been omitted in this pamer. The results
of the permeability determinations for the two tests are summarized in order
to show tée atcuracy of the methods and to arrive at the most rational method
of analyzing and using pumping-test data. The coefficients of permeability
for the Vichita and Grand Island tests are summarized in Table 4.

Table 4. Sumiary of coefficients of permeability for the pumping tests near

Wichita, Kansas, ani Grand Island, Nebraska.

; i e e Coefficient of permeability
Method of Direction of observation wells from pumped well

Determination N B S w Average
Nani § X and W All
(Wichita) e
Altitude lTov. 26 4,795 5,528 6,223 6,206 5,509 5,867 5,688
Altitude Dec. 7 4,831 4,938 6,147 6,043 5,48° 5,491 5,490
Draw-dowvn l'ov. 8 t026 5,541 5,282 6,064 5,633 5,803 5,458 5,630
(Grand Island) (4) (D) (c) (B) (A and C)(D and B)
Altitude July 31 1,000 1,192 983 864 992 1,028 1,010
Draw-do'm July 29t031 993 1,075 986 938 990 1,007 998

The depertures of the coefficients of permeability given in Table 4 from

the average coefficient obtained from the 4 lines of wells and the percentage
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departure are given in Table 5.

Tzble 5. Departure of coefficients of permeability for ®ach line of observation

wells from the average coefficient for 211 four lines and the percentege of

departure.
. Departure from average Percentnge departure

Method of from average

Determination N E S W NeS or N B S W DN-Sor
, E=U : _E=-W

_ - (Wichita) :
Altitude Nov. 26 =893 =160 4545 4518 4179 13.9 2.8 9.6 9.1 3.1
Altitude Dec. 7 -659 -£52 +657 4553 ¥ 1 12.0 10.1 12.0 10.1 .02
Drov-dovn Nove 8 t0 26 = 89 =343 4434 + 3 173 1.8 6.2 7.7 .05 3.1

(Grend Island) -

Altitgdc July 31 - 10 4182 - 27 -146 + 18 1.0 18,0 2.7 145 2.3
Drov—corm July 29 to 31 - 5 ., 77 -12 -60 £ 78 L | !5 | S

3} using only onc line Of wells it is shown in Tebles 4 and 5 that =t
Wichita the dcp:rtgre of the coefficient of permenbility from the average
cocfficient of 21l 4 lines of wells ranges from a minimum of 0.05 to 2 maximum of
13.9 percent and at Grand Island from 0.5 to 18.0 percent. 1hc.average deper=-
ture for the Wichita test for 12 dctcrﬁinations is 7.9 percent. The average
departurc for the Grand Island test for 8 determminations is 6.3 percent., Thus,
based on only 2 tests, the usz of only onc line of wells would give the pemecabi-
lity within about 8 percent of the average, but the departure moy range from 0.05
to 18.0 percent. By using thc avcerage of the lines of wells on opuositc sides of
the pumped well ot Wichita the departure from thc ~verage of 211 4 lines ranged
from 0.02 to 3.1 pcreent .and 2t Grand Islond from 0.8 to 2.3 percent. The
aversage departure of thec 3 comput:tioné for Wichite and 2 for Grond Island was
2.3 percent, ' : |

Wenzel (7, p. 83) found from = sﬁﬁdy of the dot~ collccted during the
Grand Lsland test that consistent results could be obtaincd qy following on
cmpiricol nroccdure described by him as follows:

Using for thc draw-down of the water level sy the average of the

116



draw-downs on opposite sides of the pumped well - preferably up~
gradient and downgradient - ot the distance ry from the pumped well,
Similarly the draw-down S is teken =s the average of the draw-dovms

2t the distance r, on opposite sides-of the pumped well.

The differences in 2ltitude or draw-dorm for a2 radius of 10 ond 100 feet

for each line of wells 2nd ore summarized in Table 4.

T:blé 6. Difference in nltitude.gg draw-down at distances 2; 10 and 100 feet

. from.the pumped well and coefficients of nermcabilities determined frem 2verage

differences of altitude cr draw-down on oppositec sides of the well.

Difference in ~ltitude (h, =h ) Coefficient of
Method of = 8 or draw-down (sy - 83) (feet) permenbility
determination )
N E S W % N-S E-W Average
(Wichitz)
Altitude Dec, 7 3.69 3.61 2.90 2.95 3.295 3.280 5411 5435 65423
Drow-dorm Nove 8 to 26 £4.29 4.50 3.92 4.22  4.360 4.105 5452 5750 5621
{Crord Island) (&) @ ¢0) ' (B)
Altitude July 31 2.85 2,39 2.90 3.30 2.87% 2.675 991 1002 99655
Draw-dorm July 29 to 31 2,87 2.65 2.89 3.04 2.880 2.845 989 1002 995.5

The departure from average of tho nermeability given in Table 6 detommined

by two opposite lines of wells and the percentagc of departure is given in Table
Te
Table 7. The departure from average of the permeability dete =d by the

average altitude of draw-down by twe opposite lines of wells, 2nd thc pere

centage of departure,

Method of determinztion Departute of N=S or E=W coefficient Percentage of
of pcrmeability from average coeff, departure
(Wichita)
Altitude Nov. 26 21€ 3.8
Altitude Dec. 7 12 o2
Draw=-down llov.e 8 to 26 169 3.0
(Grand Island)
Altitude July 31 55 @5
Draw-down July 29-31 6.5 .6

117



1320622

The five determinations shown in Tables 6 and 7 had a departure from the
average ranging from 0.2 to 3.8 percent and averaged 1.6 percente The depar-
: tuQe fdr the Grand Island test.was less by Wenzel's method (0.5 percent in
Table 7 in comparison with 1.5 percent in Table 5) than by computing each line
senaratély and averaging the two lines on opposite sides of the well; but the
departure for the Wichita test was greater by Wenzel's method (2.3 percent in
Table 7 in comparison with 2.9 percent in Table 5). Either method gives con=-
sistent resplps!.;nd both are easy to applye.

"Wenzel (7, ppe. 113-114) states that: From three to six observa= -
tion wells located on a 1ing through the discharge well should be
constructed upgradient from the well and an equal number should be
constructed on the same line downgradient. The distance from the
discharge well tqQ each upgradient well should be equal to the
distance from thé discharge well to a corresponding downgradient well,

The approximate slope of the natural water table or piezometric
surface should be determined before the observation wells are con-
structeds The observation wells should be located on a line through
the discharge well perpendicular to the contour lines, that is, on
& line parallel to the maximum slope of the water tables
The results given in the above tables indicate, however, that the lines

of observation wells may parallel the direction of the natural movement of the
groun& water or may intersect it at any angle, Other considerations such as
convenience of constructing or measuring the observation wells would seem to
be of more paramount importance in determining the direction of the lines of

observation wells than the direction of the movement of the ground water.'
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Comparison with other methods

The pumping tests at Wichita, Kansas, and Grand Island, Nebraska, have also
teen studied and the cocefficients of permeabilitj computed by Wenzel (7) and
by C. B. Jaccb (unpublished report)e The results obtained by Wenzel, by Jacob,

and by this method are given in Table 8,

Table 8« A comparison of the coefficients of permeability given in this paper

with those obtained Ex other methodse

o~ Coefficient of Pormeability
Line or lines : ;

e Wenzel Jacob Fishel
Grand Island, Neb.
B - 200 864
SW i 91C 864
W 1,000 937
A 1,020 1,000
: 1,000 1,052
D 1,000 1,192
C 940 983
Average A=C 997 98¢ 992
Average B=D 95¢C 1,028
Average A<B=C-D ' 965 ; 1,010
Average all lines 965 985
Wichita )
(pumping rate, 1,000 g.pems)
N 4,795
E 5,528
S 64223
W s . 6,206
Average N=S 5,805 5,750 5,509
Average E-W ‘ , 5,867
Average N-E=S-W p - 5,688

As would be expected, the three methods give somewhat different values,
but it. is believed that the results obtained by each of the three methods are
within the limits of experimental error. Uncontrollable factors encountered
during the pumping test will prcbably cause greater errors than the method of

computing the permeability. 119
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