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Permeability tests by the Thiem method, 7-7- V. C. Fishel, engineer in charge, 
Division of Ground ?rater, Lawrence, Kans. 

Synopsis 
. . 

(1) The formula P = 527.7 q logior2 - log10 rl is applied under uater-
m h2 

table conditions for determining the permeability of water-bearing' materials. 

Data collected during the Wichita, Kansas, and the Grand island, Ne'oraska, pump-

ing tests are used to verify the appropriateness of file formula. A quick and 

accurate method of Pr_alys s of p=roing-test data is given. 

(2) A convenient method is given fcr obtaining the hydraulic gradient 

for use with the gradient formula. The hydraulic gradient is given by the 

derivative -,rith respect to r of the equation for the water-table profile in the 

cone of depression. The equation of tie cIra.i.-do,..-n curve is obtained "i:T making 

use of the fact that when the altitudes of the Deter levels are plotted en 

semi-log-anti-:2-de raper against the corres-Dor_ding distances of tile observation 

wells from t -Dumped well the points ff.41 on a straight; line. It lc-, show.). that 

it is stmerfluoas to compute the permeability by both the gradient !..-.110.. the Thiem 

formula. 

(3) Me 1.pta. collected during the Kansas, and the Grarilfi. Island, 

Nebraska, p=oing tests have been analyzed and summarized in seven?' to 

show the accuracy of the permeaThility determinations. An attempt is made to' 

arrive at the simplest and most reliable method of making a parrping test. It 

is concluded that there should be at least 6 observation wells that are prop-

erly spaced on opposite sides of the pumped well. Me observation can 

be located without regard to _the direction of .movement of the ground water. 
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Introduction 

A formula for determining the permeability of water-bearing materials 

was iven by 3. Dupuit (1) in 1858. It was later used by Thiem in Germany 

(4)and in the last 20 years it has been used extensively throughout the 

United states and Europe. In the United States it hr_s generally been know 

as the. Thiem formula. 

The formula nay be written as follows (7, p. 79, equation 56): 

(1) q (loge "2 - loge 1
r-) Where Q is the discharge of the ncamped 

( h; h22 

in canons a day, hl azd are the thicknesses of the saturated material 
h2 

at two observation wells located at distances of t1 and t2 respectively, from, 

tho pumnefl well. From equation 1: 

(2)h2 = (h2 + hl) (h2 h1) = 2m (h2 hi) where m is tip.. thiclmess 

of the saturated water-bearing material. Then: 

(3) p = q (loge r2 - loge r1 ) This is the general ecuilibrium foraula 

2 m (h2 hi) 

eiven by ITenzel for artesian conditions (7, o. 79, equation 60). 

inspection of equation (1) shows that if this equation is valid a 

2
straight line curve will be obtained when h is plotted against r on semilog-

arithnie PaPer. Also, an inspection of ecuation (3) showt that if m remains 

constant a straight line will be obtained 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 .lre discussed in this paper) that within the limits of ex-

perimental error a straight line results when h is plotted against r on semi-

logarithmic paper and hence it is concluded that eouation (3) can be used for 

water-table conditions by using an appropriate value for m. A value of m 

equal to the average saturated thiLYness at the observation wells is used, 
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but further investigation is needed to substantiate this accepted value. 

If the rate of pumping is given -in ,,;allons a minute and the logarithms 

are converted to base 10, formula (3) becomes: 

(4) p = (527.7 q) (1t3g10 r2 loglo r1) = C-Ll°g10 r 
'11 

( m ) (h2 h1) L1 h 

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

pression, h2 and hl are the altitudes of the water, levels in the observation 

wells rt r2 and r
1 

respectively, and C is a constant equal to 527.7 q 

Formula (4) is r convenient formula for use under water-table conditions, and 

it is belie.7c0. to be accurate within the limits, of enperimental error. 

The staard procedure of e,-aluating the factors in equation (4) is given 

by 'Tenzel (7, pp. 83-84). The procedure is greatly simplified and most of the 

detailed wor is eliminated by making use of the straight line relation that 

e:Asts when the altitudes or draw-downs of the water levels in the o-oservation 

wells -re plotted on a nrtural scale against the distances of the o-r;servetion 

,"ells from the named -ell plotted on a logarithmic scale. The straintt line 

automatically takes care of any irregulnritirs in observed water levels. 

The value of L,log r is given by the slope of the straight line amd. hence 
Lh 

is fairly accurately obtained. 

Iluskat (3, D. 370, fig. 141) used a. modification of this method and obtained 

h2 a. straight line by plotting h2 against log e . P.T. Bennett, Corps of
2. 1 

Engineers, '. S. Army, (personal communication) plots en semi-logarithmic paper 

the altitude of the water levels against the distance of the observation well 

Zron the pumpea well. 

If r, are selected from,the straight line for values of r 
h 

at 10 and. 100 feet (or 10C and 1,000 feet),, log r, becomes unity, and the 
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formula becomes: 

(5) P = 
Z..11 

Where—briv-the diffaraforitraltitiide of the water leVels in the observatiOn 

wells at 10 and 100 feet (or 100 and 1,000 feet) and C = (527.7 q) 
(m) 

Pumping Test 
• 

The application of the formula for determining permeability will be illus-
. 

trated by a pumping test near Wichita, Kansas. 

A. -pumping test to determine the permeability of the water-bearing sand and 

gravel in the Arkansas River Valley near Wichita, Kansas, was cade in 1937 under 

the direction of S. W. Lohman - in cooperation with the Kansas Geological Survey, 

on the property of the Kansas Gas and Electric Company, about •3 miles north. of 

Wichita (7, rip. 142-147). The well had a diameter of 20 inches and was 45.3 

feet deep. - The thickness of the saturated water-=bearing material, as obtained 

from the log of the rumned well, was 26.8 feet. Observation wells were con-

structed at:varying distances on b radial lines' extending north, east, south, 

and west from the pumped well. The well was operated continuously at a rate 

of 1,000 + 7 gallons a minute from .10;33 a.m.,.November 8; to" the afternoon of 

November 27, at which time the -pump was unavoidably Stapped.PuMping was re-

sumed on November 28 at a rate of 750 gallons a minute, and. was -discontinued • • 

December 8 at 9:55 aim. •. 

The locations of the observation wells, the altitUdes of the static water 

levels on November 8, and the- equilibrium pumping levels on NoeMber 26 and 

December 7 are given in Table 1. 

108 
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Table 1. Water-level data collected during a pumping test near Wichita. -

Kansas, in 1937. 

Well No. Distance Static level 
and direr-. from pumped Nov. 8, 10:30 
tion from *well (feet) a.m. (feet) 
pumped well 

1 N 49.2 1309.62 
2 N 100.7 1309.75 
3 N 189.4 1309.91 

1 5 49:0 1309.52 
2 S 100.4 1309.58 
3 S 190.0 1309.48 

1 E' 49.3 - 1309.67 
2 E 101.3 1309.68 
3 E 220.9 1309.73 
4 E 500.1 1309.88 
5 'E 900.1 1309.99 

1 W 49.3 1309.55 
2 W 100.5 1309.53 
3 W 139.7" 1309.43 
14 W 222.3 1309.52 
5 W 503.5. 130?.43 
6 W 895.0 130).36 

OE d/3.2 1309.62 
. 6/ PW "- " 0;0 ..-", 1309.60 

Pumping level 
Nov. 26 p,/ 

(feet) 

1303.76 
1305.17 

J1/1306.55 

1304.10 
1305.37 
1306.34 

1303.62 
1304.94 
1306.62 
1307.97 
1308.87 

.1304.22 
1305.143 

•.1305-:98- • 
1307.13 

-.1-308.10. 
1308.69 

1296.90 
. '1294.70 

Pumping level 
Dec. 7 b/ 

(feetT 

1305.06 
1306.15 
1307.20 

1305.33 
. 1306.15 

1306.96 

1304.80 
1305.Q2 
1307.16 
1308.19 
1308.88 

1305.140 
1306.33 
130.6:73 
1307.62 

"1308:37: 
1309.03 

13090:6308 
129 

a/ Average of 2 measurements made on Nov. 26. 
'1,1" Average of 2: meaStirements"tade• on Dec. 7.• 
_q/ Interpolated.
•d/ Measured frititehter of ptirkped•well (PW), situated just. outside of 

gravel packing. 
Pumped. well., • 

In Figure 1 the altitudes of the water levels on. NovemVer *26 for each line 

of wells are plotted:a-gainet. the "di:s.tan6e...of the observation its from the 

pumped well. The altitudes of the .water -levels for r at distance's of 10 and 

100 feet were obtained from the straight line. curves and are given in Table12. 
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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 for 

the Wichita, Kansas, pumping test. 

Tae pumping rate was 1,000 gallons a minute and the average saturated thickness 

in the cone of depression was about 22.2 feet. 

Fbrmula (4) becomes 

(6) P 7 527.7 x 1,000 (log r2 - log rl)22.2 (h2 h1) 

23,770 y log r 
h 

Log r2 - log r1 is 1 when r2 is 100 feet and r1 is 10 feet or is 1000 feet 
r2 

and r is 100 feet. Thus e-log r is equal to 1 divided by the difference in
1 z5.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. Permeability computations for equilibrium conditions on November 26 

at a pumping rate of 1 000 gallons a minute. P = 23,770AloE r 

Direction 
of observa-
tion wells 
from pumped 

Altitude of 
water level 
at r= 10 

feet 

Altitude of 
water level 
at r .7. 100 

feet 

Log r2 

log r1 

h2 

(,,h) 

Coefficient 
of 

permeability 

well (feet) (feet) _ r) (feet) 

North 0.30 5.,6 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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eurve4 It is located adjnccnt't6 Litt1,7 Arkansas River and the water 1J.vel 

is probably affected by E.Tound-vater recharge. • Figure 1 itMeAtC.S. that this 
. . 

'Method mily be used qualitativrly to determine j•round-vater recharge from rivers, 

aril- it is bolievril that An extension of this method be used to det,:rminc 

the Amount of rechaw:o. 

The draw-downs of the umter levels from "b,rember 8 to Yovcmber 26 .were 

cannate:9 from TabL- 1 and wore plotted against th- distances. of the observn-

tion "rolls from t1-1.- pub.'. well As shonm on Fi:ure 2. It ,eas founfl 

within th-) limits of experimental error the wells within a rnclius of 250 feat 

from the numped well plot on a str -ht line. The slopes of the. curves b-,ccd 

.4•••=1111w 

Pic. 2. Drat,-down of ,,mtor levels 'L•ct,-rcn Yovemor G Yrov2mor 26. 

plotted acninst the distnnce of the observti:m v-11 from the 714.1mcc:I. well for 

the Wichita, Kansis, ptxr.pin test. 

on draw-downs Ard.sli_htly.different from the clirv,;(1 base(' on altitudes. The 

data and computations arc given in Table .3,. 

Table 3. Permeability canoutations based on dra.w-down of= levels be.ti.-een 

Thvarnber 8 an! 1'oye:711:0r 26 at a purn-oin -: rate of 1.000 Fallons a. minute. • 

•P 7704.0,7 r 

Direction 
of o':serva-

Draw-down of 
water' 1 ;vc1 

Draw-e.oNn of 
umter level 

Lo. r2_ s1 . - s2 Coefficient 
of 

tion ,F- 11 s 
from pumped 

at r= 10 
feet 

t r = 100 
feet 

log ri (e)s) 
(feet) 

permen'tility 

14ell (feet) (feet) (19,oT r) 

North 8.84 .. 4.55 1 551 
East 9.20 4.70 1 . 4.50 578" 
South 8.16 4.4 1 3.92 6061L 
Wes t 8.27 4.05 4.22 5633 

Average of north-south lines 5803 
Averace of east-vest lines 4558 

:Iverage of all lines 5630 
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Gradient Formula 

Values of r (distance of observation well from the pumped well) and cor-

responding values of h (altitude of water level) were obtained from Figure 1 

from the curve of the east line of wells and were plotted in 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, Kansa*, pumping test. The curve WS drawn from data obtained from 

Figure 1B. 

for November 26 as given in Table 1 were then -plotted to show their relation 

to the draw-down curve as determined by the straight line relationship 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 th.rouel each of the infinite series of concentric 

cylindrical sections around the well. The area of each concentric cylindrical 

section is A= 2Tr m, where r is the radius of the cylinder and m is the thick-

ness of the saturated water-bearing material. Thus, according to our usual 

interpretation of Darcy's law: 

(8) q=PiA*2-7.13 rrn 

Where Q, is the discharge of the pumped well, P is the coefficient of permeabil-

ity and i is the hydraulic gradient. 

If )3, i, r, and m are known the gradient formula can be used to determine 

the amount of water that moves toward the well past a given concentric cylinder. 

Or, if Q„ i, r, and in can be determined the formula may be used to determine 
112! 

http:q=PiA*2-7.13


 

	

	

132922 ° 

the coefficient of permeability. 

(9) Thus P = Q. 
211 i r m 

Q,, r, and m can be readily determined. The hydraulic gradient (i) was deter-

mined by Wenzel as follows (7, 101D. 85-86): 

A profile of the cone of depression is first constructed by 

plotting the elevations of the water levels in the observation wells 

located on a straight line through the discharging well against the 

distances of the wells from-the discharting'Weliandby connecting 

the plotted points with a smooth curve, thus showing the cone of de-

pression from the farthest ungradient well to the farthest downera-

client well at some time, t, after the discharge is started. A pro-

file of the initial water table or riezometric surface should be 

constructed also. From these profiles 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 is approximately equal to the difference in altitude between two 

points at distance b on each side of point r divided by the distance 

between the points - that is 2 b. Thus 

f (r 4. b) f (r b) 
2b 

in which f Cr b) is the altitude of the water level at the distance 

r b from the pumped well and f (r b) is the 4titude of the water 

level at the distance r b from the punted well. 

The hydraulic gradient or the slope of the curve in Figure 3 can be deter-

mined approximately by another graphick method. A straight line drawn tangent 

to the curve gives the slope of the surve at the point of tangency. In Figure 

3 a straight line is drawn tangent to the curve at a point where r is equal to 
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97,feet. The slope (i) of the line is then given by the eouation 

9 — 3 = h2 — h1 = = .019 
r
2

— r
2 

310 — 0 

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

line relation on semi—logarithmic paper between r and h. The equati= of the 

straight line is given by 

(10)h = a log10r + b 

where a is the slope of the line and b is the intercept of the lino. 1-ith the 

h axis. The hydraulic gradient is then given by the dcrivntive of countior. 

10 1,ith resr:ct to r. 

dh =i= alogloe= 0.4343a(11) 
a i 

2 hi
The slope (n) of the straight line is given by a = h

logiori1°g101. 
= La h From Figure 1 and Table 2, a is equal to 

zklogio r 
4.30 for the east line of yells on Noire; 26. At a distance of 97 feet 

from the pumned well i = 0.4343 x 4.30 = 0.019 which is the same hydraulic 
97 

gradient as determined graphically above. If i = 0.4343 a is substituted in 
r 

the gradient formula, the formula becomes 

(12)P =. 1440 0, 
(2 1'r m) (0.4343a) 

(17-7 

wheic q is measured in gallons a minute and P is Meinzeris coefficient of per— 

monbility. r cancels out of the denominator and ecuation (12) reduces to 

(13)P = 527.7 A 
m a 

(14)= 527.7 q 1og10r2 — logiori 
m 

hi 

It is thus seen that the gradient formul" becomes identical with enuation 

(4) and if advantage is taken of the straight line relation bet,.,een r and h, 

it becomes superfluous to compute the permeability by both methods. If the 
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data do not plot on a straight line then the conditions for enuation (4) are 

not Fulfilled and this method of computing the coefficient Of permeability 

will give only approximate results. 

Summary of Analyses 

A. pupping test was made by 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 Forty-seven of 

these observption wells were constructed in 4 lines (A, B, C, and D) extend-

ink out from the pumped well at right angles to each other. Line 3 extends 

upstre'm and line D downstream. The data collected during this test have been 

analyzed according to the method used for the test near Wichita but for pur-

noses of brevity the analyses have been omitted in this paper. The results 

of the permeability determinations for the t'•'o tests are summarized in order 

to show the 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 7ichita and Grand Island tests are summarized in Table 4. 

Table A. Sum;iary of coefficients of permeability for the pumping tests near 

Wichita, Kansas, and Grand Island, Nebraska. 

Coefficient of permeability 
Method of Direction of observation wells from pumped well 

Determination Average 
N and S E and W All 

('.'ichita) 
Altitude Foy. 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 5,489 5,491 5,490 
Draw-down rov. 8 toM 5,541 5,282 6,064 5,633 5,803 5,458 5,630 

(Grand Island) (A) (D) (C) (B) (A and C)(D and 3) 
Altitude July 31 1,00Q 1,102 983 864 992 1,023 1,010 
Draw-down July 29to31 993 1,075 986 938 990 1,007 998 

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

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

Table 5. Departure of coefficients of permeability for -each line of observation 

wells from the average coefficient for all four lines and the percentnpe of 

departure. 

. Departure from average Percentage departure
Method of from average 

Determination N Er S W N-S or N E S ,W N-S or 

• (Wicha)
Altitude No 

t
v. 26 -893 -160 +545 +518 +179 13.9 2.8 9.6 9.1 3.1.

Altitude Dec. 7 -659 -552 1-657 I-553 * 1 12.0 10.1 12.0 10.1 .02 
Draw-de,m Nov. 8 to 26 - 89 -3/.3 +434 + 3 7173 1.8 6.2 7.7 .05 3.1 

(Grand Island) 
Altitude July 31 - 10 +182 - 27 -146 , 18 1.0 18.0 2.7 14.5 2.3 
Draw-dam July 29 to 31 - 5 v 77 - 12 - 60 ii. '8 .5 7.7 1.2 6.0 .8 

By using only one line of wells it is shown in Tables 4 and 5 that at 

Wichite the departure of the coefficient of permeability from the average 

coefficient of all 'h lines of wells ranges from a minimum of 0.05 to a mmcimum of 

13.9 percent and at Grand island from 0.5 to 18.0 percent. /he average depar-

tiure for the Wichita test for 12 determinations is 7.9 percent. The average. 

departure for the Grand Island test for 8 deteiiainations is 6.3 percent. Thus, 

based on only 2 tests, the use of only one line of wells -cold give the permeabi-

lity within about 8 percent of the average, but the departure may range from 0.05 

to 18.0 percent. By using the average of the lines of wells on opposite sides of 

the pumped well at Wichita the departure from the -verage of all 4 lines ranged 

from 0.02 to 3.1 percent .end at Grand Island from 0.8 to 2.3 percent. The 

average departure of the 3 computations for Wichita and 2 for Grand Island was 

2.3 percent. 

Wenzel (7, p. 83) found from !• study of the dat- collected during the 

Grand island test that consistent results could be obtained by following an 

empirical procedure described by him as follows: 

Using for the draw-down of toe water level si the average of the 
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draw-downs on opposite sides of the pumped well - preferably up-

gradient and downgradient - at the distance r1 from the pumped well. 

Similarly the drawrdown s2 is td.con as the average of the draw-downs 

at the distance r2 on opposite sides of the pumped well. 

The differences in altitude or draw-dom for a radius of 10 and 100 feet 

for each line of wells and are summarized in Table 6. 

Table 6. Difference in altitude or drnw-down at distances of 10 and 100 feet 
111•••111•IM ••••••110 

from. the pumped well and coefficients of perme.ebilities determined from everage. 

differences of altitude or draw-down on opposite sides of the well. 

Difference in altitude (h2 Coefficient of 
Method of or draw-down (si - 82) Kfeet) permeability 

determination 
N E S '4 

Aver: gv 
N-S E--1J Average 

(Wichita) 
Altitude Nov. 26 4.96 4.30 3.82 3.83 4.390 4.065 5415 58 47 5631 
kltitudo Dec: 7 3.69 3.61 2.90 2.95 3.295 3.280 5411 5435 5423 
Drew-dorm Nov. 8 to 26 4.29 4.50 3.92 4.22 4.360 4.105 5452 5790 5621 

(C,rnnd Island) 
A1tituc; July 31 

(A) (D)
2.85 2.39 

(C) (3) 
2.90 3.30 2.875 2.675 991 1002 996.5 

Draw-dc7n July 29 to 31 2.87 2.65 2.89 3.04 2.880 2.845 989 1002 995.5 

The departure from aven,ge of the -crmeebility ^i en in Table 6 detomined 

b7 two opposite linos of wells an the percentage of departure is given in Table 

7. 

Table 7. The departure from averere of the permeability dete 2d by the 

average altitude of draw-down :132, two opposite lines of wells, and the per-

centaze of departure. 

Method of determination Departute of N-S or E-W coefficient Percentage of 
of permeability from average cooff. departure 

(Wichita) 
Altitude NOV. 26 216 3.8 
Altitude Dec. 7 12 .2 
Draw-down 8 to 26 169 3.0 

(Grand Islfmd) 
Altitude July 31 5.5 .5 
Draw-down July 29-31 6.5 .6 
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The five determinations shown in Tables 6 and 7 had a departure from the 

average ranging from 0.2 to 3.8 ,)ercent and averaged 1.6 percent. The depar-

ture for 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 

se-nrately 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 results, and both are easy to apply. 

Wenzel. (7, pp. 113-114) states that: From three to six observa-

tion wells located on a line 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 to each upgradient well should be equal to the 

distance from the discharge well to a corresponding downgradient well. 

The approximate slcpe of the natural water table or piezoTetric 

surface should be determined before the observation wells are con-

structed. The observation wells should be located on a line through 

the discharge well perpendicular to the contour lines, that is, on 

a line parallel to the maximum slope of the water table. 

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 

ground 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 

been studied and the coefficients of permeability computed by Wenzel (7) and 

by C. E. Jac.ob (unpublished report). 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 'friven in this paper 

with those obtained by other rethods. 

Coefficient of Permeability 
Line or lines 

Wenzel Jacob Fig. Peel 
.7;rand Island, Neb. 

900 864 
vA 910 864 

1,000 937 
A 1,020 11000 

1,000 1,052 
D 1,000 1,192 
C 940 983 

Average A-C 997 980 992 
Average B-D 950 1,028 
Average A-B-C-D 965 1,010 
Average all lines 965 985 

Wichita 
(pumping rate, 1,000 g.p.m.) 

4,795 
E 5,528 
S 6.223 

6,206 
Average N-S 5,805 5,750 5,509 
Average E-W 5,867 
Average N-E-S-W 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 mill prcbabli cause greater errors than the method of 

computing the permeability. 
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FIG. 2. Draw-down of water levels plotted against the distance of the observation well from the pumped well. 
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