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A GENERAL IZED GRAPHICAL METHOD OF EVALUATING FORKATION
CONSTANTS AND SUNMARIZING WELL=-FIELD HISTORY

. By
H. H. Cooper, dr. and C, E. Jacob

This paper was originally published In the Transactions of
the American Geophysical Union, volume 27, mumber 4, August 1946,
pp. 526-534, Reprints are not available, so it is here presented
8s number 7 of the series of Ground Water Notes for the use of
professional personnel of the Ground Water Branch. With the ex~
ception of the correction of typographical errors and the sddi-
tion of a note at the end of the paper, no ehanges in the origi-
nal paper have been made.

Abstract--The capacities of 2 hafer-beoring formation to trans-
mit water under & hydraulic gradient and to yield water from storage when
the water table or artesian pressure declines, are generally expressed,
respectively, in terms of a coefficient of transmissibility and a coeffi-
cient of storage. Determinations of these two constants are almost always
invoived in quantitative studies of ground-water problems.

C. V. Theis (1935) gave an equation, adapted from the solution
of the analogous problem in heat conduction, for computing the non-steady
drawdown accompanying the radial flow of water to a well of constant dis~
charge. This eqation has been used successfuily many times for deter-
mining coefficients of transmissibility and storage from observed draw-
downs, As it inwlves a transcendental function known as the exponential
integral and two unknown coefficients, one of which occurs both in the
argument and as a divisor of the function, the coefficients cannot be
determined directty. However, they may be determined by a graphical method
devised by Theis and described by Jacob (1940, p. 582) and Wenzel (1942,
pp. 88~89). This method requires the use of a "type curve", on which the
observed data are superimposed to determine the coefficients.
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Later, Wenzel and Greenlee (1944) gave a generalization of Theis’
graphica: method by which the coefficients may be defermined from tests of
one or more cischarging we!ls operated at changing rates, This methsd re-
quires the computation of a special type curve for each observation of draw.
down used. |t is without doubt a worth-while contribution to the gquantira-
tive techniques of ground-water hydraulics, but in tests that invoive more
than a very few discharging wells or & very few changes in the rates of dis-
charge; the computation of the special type curves is necessarily so labori=
ous as to make the metrod difficult to appiye.

The present paper gives a simple straight-!ine graphical method
for accompiishing the sare purposcs es the methods developed by Theis and
Wenzel and Greeniee. Type curves are not required. The writers belfieve
that the straight-line metred, where appiicable, has decided advantages,
in ease of application anc intzrpretation, over the other grashical methods.-
However, as the method will not be applicabie in some cascs, it is expecfed
to supptement, rather than suporsede, the other methods. The method is
designed especially for artesian conditions, but it may be appiied success-
fuily to *ests of non=artesian acuifers under favorable circumstances.

This paper first gives the development of the method for resvs
involving a single discharging well operating at a steady rafe, and then
genera'izes the method to make it applicable to tests invotving one or
more wells discharging intermittently or at changing rates. G&xamples are

given to demonstrate the method,

Straight~line methcd for a single wel]
discharging at a steady rate

When sufficient time has elapsed after an arresian well has
begun discharging at a steady rate, the drawdown within a given distance
increases approximately in proportion to the logarithm of the time since
the discharge began, and decreases in proportion fto the logarithm of the
disrance from the well. By virtue of this relationship, :t 1s possibie
to determine the coefficients of transmissibiiity and stcorage of an acui
fer fron a simple semi=logarithmic pict of observecd drawdowns.

The drawdown produced by a well discharging at a steady rate
from an extensive artesian acuifer of uniform thickness and permeability
is given by equation (i) {Theis, 1935}.

s = (Q/4nT)W(u)
= (QlarT)(~0,5772 = logu *+ u = .u™/2,20 + W3 /7.3i—.0 (1)

Here u = r25/4T+; r = distance from the discharging well, t = timg elapsed
since start of discharge, T = transmissibility of the aquifer (discharge
per unit normal width per unit hydrautic gradient), S = coefficiant of
storage (volume of water that a unit decline of head releases from storage
in a vertical prism of the aquifer of unit cross section), and Q = dis-
charge of rthe wei!,

~PL




For small vaiues of (r?/f) compared to the vaiue of (4F/5), u
wiil bz so small that the series following the first two terms in the
seriec in equation (1) may be neglected, Thus, where vilues of (rsz}
are relatively small, equation (1) may, for 311 practical purpcses, be
apprcximated as in eguation (2).

(Q fenT) [log _(1fu) - 0.5772]

(Q fanT) [1og, (4Tt /r2s; ~ 0,5772]

S

or s = (¢fanT)logy(4e"C 377211 fr28) = (G [anT)10g (2.25Tt fr25) (2)

The approximation will be. tolereble where u is less than ibout 0,02, Con-
verting to the ccmmon logarithm, we may rewrlte equation (2) in aay one of
tr- throe forms in equations (3), (4), and {5).

s = -(2.30%/2n7) flog o - (1/2)10910(2.25n/s)] (3)
- - 2
s (2.3030}4n'r)[|oglof 1og'o(r s/2,25T)] (4)
L 2 - " ]
s = - (2.3030/4nT) [log  (F2/t) - log, (2.257/s) ()
The only varlebles in these equations are the drawdown s, the
distance r, and the time t, |t is apparent than when t is constant, (3)
will be the equation of thae streight-line plot of s against Iog Simi-

larly, when ¢ Is consfanf, (4) will be the equation of the srra18hf-lnne
plot of s agalnsf Iog + Moreover, with r and t ccmbined into the single
variable (r WIll be the equation of the straight=iine plot of s
against loglo(ril

tn each equation the siope of the corresponding straight-line
nlot is represented by the quantity on the cutside of the brackets, and
th~ intercept of the straight line on the zero-drewdown lin¢ is represented
by 'he second term within the brackats,

As T is the only uhknown in the quantity ~circsenting the slope,
the coefficlent of transmissibility is readily determined from a semi-
logarithmic plot of observed data by equating the slope of the plot with
the corresponding auantity in eguation (3), (4), or (5), and soiving for
T. Abtzr T is deternined, the only unknown remaining in the term repre=
senting the intercept will be S. Therefore, the coefficient of storage
may ther be determined by equating the intzrcept of the plof with the
correspcaaing term, and solving for 3.

The plots will be straight lines only where (r2fr) is relatively
smal{ sc that u is small, A measurement of drawdown that is made too soon
ef ter tho discharge 15 begun, or too far from the discharging well, will
plot not on the straight line, but >n a curve asymptotic to it. Howe &,
in tests cf artesian acuifers w becomes sr2ll| soon after the discharge is
bequn, =nr hence in mnst cases littie, if ny, of the data will fall off
the strz 30t |ine,

Ly




The three types of graphs that corresponc respectively to eque-
tions (3), (4), an¢ {5) may be referred to as the distance-drawdown graph,
the time-drawdown graoch, and the composite-drawdown graph. The type of
graph to be selected for determining the coefficients frem a given dis-
charging-well test will depend on the set of date collected in the field.

Distance~drawdown graph=-This is a graph of the drawcdown at a
time t after the discharge begins, plotted against r on semi-logarithmic
paper with r on the logarithmic scale. |t may be thought of as a radial
profile of the {logarithmic) cone of depression., Equating the quantity
outside of the brackets in equation (3) with the slope of the graph,
2,303¢ fonT = tsftloggr = slope of plot, whence T = -(2.3030/2n)(dlogior/ﬂsL
The negative sign indicates that s decreases as log ,r increases. Ffor
convenience, Alog,,r may be made unity by having it represent cone logarith-
mic cycle, whereupon

T = - 2.303Q/2ras (&)
where As is the difference in drawdown cver one logarifthmic cycie.

Equating the second term in brackets in equation (3) with the
intercept of the straight line on the zero=-crawdown line, md solving for
the coefficient of storage, gives equation (7;,

%

§ = 2,057Tt/r,2 (7
vhere ro is the value of r at the s = C-intercept,

Figure | 1s a distance=drawdown graph for wells that ~re 44, 100,
and |50 feet from enother weil discharging at the rate of 2.23 cfs (test by
$. ¥, Lohmen reported by Wenze!, 1642), The drewdowns at thase cistances
after 18 deys of continuous discharge were 5.09, 4,08, and 3,10 feet,
respectively, The dlfference In drawdown over one lojarithmic cycle is
(0,69 ft = 4,07 ft) = =3,38 ft. Therefore, from equaticn (6), T = 2,303
(2423 ¢fs)/(2 x 3.38 ft) = 0.242 cfs/fft,

The straight line drawn through the plotted points intersects
the zero-drawdown line at rn = 1600 ft, Thus, from equation (7}, S =
2,25(0.242 cfs/ft)(18 cays x 86,400 sec/day)/(1600 ft)2 = 0,33,

Time-drawdown graph-~This graph is a pltot of the crawdowns in
one of the observed wells against t on semi-logarithmic paper, with t on
the logerithmic scale. The formuias for T and S are as in equations (8)
and (9?

¥

T = 2.303Q;4n4s (8)
S = 2,25Tty/r? (9)
where ty is the value of t at the intercept.

Figure 2 is a time~drawcown grach for a well 1200 feet from
ancther weli discharging 3,00 cfs from o confined aquifer (Jacob, 1946,
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Fig. 2--Time-drawcown graph for a
wel' 1,200 feet from another well
discharging from a confined sand,

Fig. 1=-=Distance-drawcown graph
based on drawdowns in three wells
after 18 days of continuous dis-
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Fig. 3~~Composite drawdown graph
based on drawdowns observed in
a discharging well and two
neighboring wells in a confined
sand (compare with Fig. 2)
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The plotted points represent water-level readings from an eutomatic water-
stege recording instrument, selected first at one-hour intervals and later
at fwo-hour intervals, The change in drawdown over one lcgarithmic cycie
is 2.28 feet. Accordingly, from eauation (&), T = 2.303 (3.00 cfs)/(4n x
2,28 ft) = 0.241 cfsfit,

The fact that this value for the coefficient of transmissibility
agrees closely with that in the preceding example is fortuitous inasruch
as the two sets of data are from tests on different aquifers.

The intercept.on the zero-drawdown line is t. = 680 s~conds,
Therefore, from equation (9}, S = 2.25(0,241 cfs/ff)‘(égo sec) /(1200 £1)2
= 0,00026.

Composite drawdovin graph--This graph is a plof of the drawcowns
in several cbserved wells at different times against (r¢;t), on semi-loga-
rithmic paper. The formulas for the coefficients of transmissibility and
stcrage 2re as in equations (10) and (11),

T = =(2.303Qf4n)fbs (10)
s = 2,25T/(r?/t)g (1)
where (r2ff)b is the value of (r2/f) at the intercept.

Figure 3 is a2 conposite drawdown graph that inciudes, in addi-
tion to the drawdowns in Figure 2, the drawdowns in a seconc idle well
1300 feet from the cischarging well, and the drawdowns in the discharging
wel| itself. The drawdowns in the discharging well are adjusted for an
inferred screen loss of 8.5 feet (Jacob, 1946), The discharging well is
gravel-wal led and its screen has a nominal diameter of |8 inches. The
effective radius of the well is assumed to be 0,75 fcot.

The change in drawdcwn over one logarithmic cycle is -2.31 {eet.
This value substituted in equation (10) gives a coefficient of transmicci-
bility of 0.238 cfs/ft. Inasmuch &s the measurement of the discharge is
correct only to two significant figures, this value does not differ signi~
ficently from thet determined from Figure 2.

Tke intercept on the zero~drawdown line is (rg/f)o = 2000 sq
ft/sec. From this value, the coefficient of storage is computed to be

0.00027, which agrees closely with the value deftermined from Figure 2.

General ized straight-line method

Before proceeding with the generalization of fhe straight-iine
method, it will be necessary ¥ adopt a set of distinctive symbols to
represent the various physical elements involved. The numerais |, 2, 3,
v+ Wwill be used to identify the observed wells, and the tetter | will be
the general symbo! for indicating any one of them, Thus, "Wel! " will
te understood toc mean Well |, Well 2, Well 3, etc,, in turn. OCther symbols
ares AQ, = increment of discharge for k = |, 2, 3, 4, ..,. n3 t" = time
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elapsed since the inception of AQ, for th = i A AL ALUIN fiv, .« o o o N
rix = distence from observed well | %o the discharging well in which AQy
occurred; As;k =« partial drawdown in observed wel! | produced by the in-
crement of discharge 4Q, at the time tk;- '

n
QnﬂAQ'+A°2+AQS+...AQn-kE'AQk
which is the algebraic sum of increments of discharge 4Q “to AQn; and s;n
= total drawdown in observed wel! i produced by increments of discharge

AQ‘ to AQn .

An increment of diseharge AQ, may be the initial discharge or a
subsequent increase or decrease in discharge in any one of the discharging
wells. Increases in discharge will be positive increments, and decreases
will be negative., It will be eonvenient fto assign numerais to k in chrono-
logical order, but where two or more inerements of discharge occur simul-
taneously, the numerals may be assigned arbitrarily.

In the treatment of problems iavolving multiple discharging wells,
or changes in the discharge of a single well, use is made of the principle
of superposition, whereby it is assumed that the total drawdown produced in
a given well at a given time by several increments of discharge is the alge~
braic sum of the drawdowns that would be produced independentiy by those in-
crements of discharge. So far, the resu!ts of discharging=wel! tests have
verified this assumption for artesian conditions.

Equetion (12) is according to ™he principle of superposition.

s'" = ASyY ¢ As;M 4 As;M 4+, .'As;" " 2 | Asik (i2)

From equation (2) the partial drawdown produced in an observed well 1 by
an increment of discharge AQy is approximately As,k = (2.303AQk/:nT)logio
(2.25Tfklr2;ks), and from eqwetion (12) the total drawdown, after n incre=
ments of discharge is i1a eciation (13), for m = |, 2, 3, etc.

o n [2.3038 k
sine B e 3[R0 1o 2up2Lt (13)

-
k=i reiKs
Dividing both sides of equation (13) by Qns equation {13a) results

0 12.3038Q . 2.25Ttk ‘
n - o m— L] {
51"/ K z || 4nTQ, log o rzik§ I 13a)

This may be written as in equation (14} or (15)

[g]» - 2300, 3 & I 1 k _ 2257 (1)
‘3,, 4nTEk£|4-§#'°glorik k2, 9, 19910t o9y SJ (14)

n 2,30 0 M 2 k 25T
(%]. .- gz‘a'rl; Z % log o B . = 109y ! 3"’] (15)

L)
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The first and second terms in brackets in equation (14) and the
tirst term in brackets in equation (15) are ~hea logarifhms of the weighted
logarithmic means of r2, t, and (r2/t) respc tivel The weighted ioga-
~ithmic meons may be represenfed by Fins ¥n, and (r . Substituting
these symbols in equaticns (14) and (15), we may now wrlfe the three equa-
tions (16), (|7), and (18). ‘

n . _ 2.303 |, - 2,25TFD ]

i 2nT l_'oglorin 2 '%%10 T3 (1)

g} n _ 2.303 sn _ ind 7

(04; “anT [’ogiof 'Qy0 ‘.29'r] : (17)
2,303 | n 2.25T] -

sl na_ 2239 57f - 2.231 18

(jS ' 4nT [Iégio(r ); %o ”s ] (18)

These equations correspond with equafnons (3), (4), and (5) for single
discharging wells, but inciude in addition to 8;: r. R and t" , & fourth
variable, Q,. So that equations (16), (17), .and (385 will be the equa-
tions of sfraighf—lnne plots, Q. has been combined with s:" info a single
variable (s{Q) » which may be Feferred to as the "gpecific drawdown"
(drawdown per onit discharge). Thus, (16}, (!7), and (18) are the equa-
tions of the sfralghf-lnne ) of the specific drawdown agannsf the
logarithms of r,n, fn, and (r ) s respectively, where $" is constant in
equation (16}, P, is constant in equaf'on (17), and Fy, and " are com=
bined into a single variable in equation (18)., As in equations (3), (4},
and (5), the slope of each plot is represented by the quantity on the out-
side of the brackets in the correspond'ng equztion, and the. intercept of
fne extension of the plot at (sIQ), = O is represented’ by fhe second term
"thin the brackets.

The weighted logarithmic mean distance r for a given observed

ell at a given ¥ime may be computed in the fo.lownng manner: (1) Multiply
aach inerement of dlscharge that occurred before the given. time by the
logarithm of the distence from the observed we!!l to the well in which the
increment occurredy (2) sum the products algedra cally; (3) divide the sun
2f the products by the algebraic sum of the ‘ncrements of discharge; and
(4) extract the antilogarithm of the quotient. The re ulf wull be the
distance P . The weighted logarithmic_means =" and (r are cgmpufed
in a simitar manner, but where F; and tN are already compufed (re If)
mcy be obtained more conveniently by dividing —2 by tn directly.

The weighted Ioga"tfhmlc means rln and tn poth have physical
ignificance,_ From & comparison of equation (16 with equation (3) it is
.vident that r in is the distance at which a sing'e woll discharging at a
rate Q, would produce the drawdown s;” at the elapsed time P after the
ischarge began. A recognition of the significince of rhese quantities

is helpful in interpreting the plots,

The three types «f graphs corresponding, respectively, to equa-
tions (16), (17), and (18) are referred to as the generalized distance-
drawdown_graph, the generalized time-drawdown graph, =nd the generalized
composite drawdown graph., The formulas for determininy the coefficients
of transmi.sibility and storage from these graphs may "e derived in the
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same manner as in the method for a single well discharging uniformlyg
that is, by equating the slopes and the intercepts of the plets with the
corresponding quantities in the respective equations. The formulas are
as in the following paragraphs.

General ized distance-drawdown graph

T = 229303 (i9)
214 o) :

where A % N ts the change in specific drawdown over one logarithmic cyclee
I

2,25Ttn
S = —5 20
- (20)
where FO is the value of Fin at the intercept.

Generalized time-drawdown graph

T 4ﬂﬁ|8T f (20
S = 2—.%—5310 (22)
“in

where ;O is the value of T"

at the intercept,
Generalized composite drawdown graph
-2.303 (23)

4“‘.\(‘3/\))?

o 2,257 ' |
s -(ﬁ_-/-_r)—(; (24)

e ] n
where (;glf)o is the value of (r<ft); at the intercept. The use of the
general ized composite drawdown graph is demonstrated in the example that
follows.

Figure 4(a) shows the locations of weils at the Central Plant of
the municipal water supply of Houston, Texas (Guyton and Rose, 1945). The
columnar sections, based on well logs, show by stippling the sands pene-
trated by the wells. The positions of the well screens are also indicated.

Figure 4(b) is a graph of the drawdown and subsequecnt partial
recovery observed in Well F5 on October 10, 1939 (Jacob, 1941), Well F10,
850 feet from Well F5, began pumping 2.27 cfs at 10N00™ and stopped pump-
ing at 18N45™, Wel) FI, 780 feet away, began pumping 2.79 cfs at 10h30M
and stopped pumping at 20N05™. Well F12, 1060 feet away, began pumping
3.56 cfs at 11N00™ and continued pumping through the end of the test,
Measurements of the water level in Well F5 were made throughout the day.
Some of these measurements, expressed as drawdowns, are platted in Figure
4(b), where the measurements used in applying the generalized straight=
line graphical method a&re plotted each as two concentric circles,
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Fig. 4~-(a) Relative location of wells at Central Plant, Houston, Tex.,
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Table 1-« tions of specific drawdown and weigh ithmic mean [rzﬂln for Well 5,

entral Plant, Houston, Texas, October 10, 1939

Dis-
Time | k | n jcharge tk | (r2 /tk) Logm x (8 Logyg rd/)n] sh 5/Q)0
weﬁ k (roy r Zk/tk) Q [(9)x(8) (c2 /) {re/t) {s/Q)
(1) 2){(3)] (4 |5 {6} {n (8) [(® | (10 {11) (12) | (13 {14)
h m it sec ftZ/sec {té/sec cfs  cfs ft2/sec ft ft/cis
10 30 1 1 F10 850 1800 402 2.604 2.27 ...- 2,604 402 0,98 0.423
11 00 1 .. Fl10 850 3800 201 2,303 2.27 5.23 .,.. .... e e
2 .. Fl 780 1800 338 2,529 2,79 _1.08 ... .... . C e,
2 fh e et e s . ... 5,08 12,29 2,420 289 3.20 0.832
12 00 1 .. F10 850 7200 100.4 2.002 2.27 454 ... .... e e
2 .. Fl 780 5400 112.8 2.052 279 5.73% .. ,. PR . PN
3 .. Fli12 1080 3800 312 2.494 3.58 _8.88 ce e eeae L e
: 3 e e . - .... 8,82 19,15 2222 187 8.21 0,720
13 00 1 .., Fi10 850 10800 86.¢ 1,828 2.27 4.15 c e aaes P e
2 .. Rl T80 9000 87.8 1.830 2.7¢ 5.11 v e P e
3 .. Fl12 1060 T200 156 2,104 356 _7.81 .... .... e e
3 e e e . AN ... 8,82 17.07 1.980 95.5 797 0.901
14 00 1 .. FI10 850 14400 50.2 1,701 227 3.8 .... .... e .
2 . F1 780 12600 48,3 1,884 2,78 4.70 ., . . ‘e
3 .. F12 1060 10600 104 2.017 358 _T7.18 .... .... NP e
3 P e e .... B,82 15,74 1.828 87.0 8.76 1.016
15 05 1 .. F10 850 18300 39 5 1,587 2,27 3.63 ,.,.. .... P . .
2 .. F1 780 16500 38.8 1.587 2,78 4.37 . , . Ve
3 .. F12 1080 14700 78.4 1.883 358 _8.70 .... .... ‘e s
3 ... L. - . ... B.62 14,70 1,705 50.7 2.50 1,102
168 05 1 .. F10 850 21800 33.0 1,518 2,27 3.45 ... . v v
2 .. Fl 780 20100 30.3 1.481 2.79 4.3 ..,.. .... e Ve .
3 .. P12 1080 18300 41,4 1,786 358 _B8.37 ..., .... - P
3 e e e e e .... 8,82 13.95 1.618 41.5 10.00 1.160
17 05 1 .. F10 850 25500 28,3 1.453 2,27 330 .... .... . e e e
2 .. F1 780 23700 25.7 1.410 2.79 3.93 N .
3 .. F12 1080 21900 51.3 1.710 3.56 _8.09 .... .... ... ....
3 e e e N . ..., B8.82 13,32 1.545 35.1 10.37 1.203
16 08 1 F10 850 29280 24.7 1,392 2.27 3.160 . . Ce s e
2 Fl 780 27480 22.1 1.345 2.79 3.753 .. P
3 .. PF12 1080 25680 43.8 1.641 3.56 5.842 . Ve
3 e e e s .... 6.82 12.755 1, 4797 30 18 10 57 1.238
18 45 1 .. FI10 850 31503 22,9 1.361 2.27 3.089 . . e
2 . Fl 780 29700 .20,5 1.311 2,79 3.858 . e e N
3 .. Fl12 1060 27800 40.3 1.605 3.66 5.714 . e
3 e e e "8.62 1243114456 2790 1'084 1.258
20 05 1 .. FI10 850 36300 19.9 1.299 2,27 2,949 . e e
2 .. Fl 780 34500 17.6 1.248 2,79 3.476 . P v
3 .. F12 1060 32700 344 1536 3.56 5.468 ..., .... v
4 .., F10 B850 4800 1505 2,177 -2.27 - 4.942 . ... .... e .
4 e e Ve e - 6, “6.35 8, 6,951 1.0946 12.43 9.45 1.488
21 00 1 .. FI10 B850 39600 18.2 1.261 2,27 2.882.,... ,... P e s
2 .. F1 780 37800 16,1 1,207 2,79 3.368 .... ....
3 .. F12 1060 36000 J1.2 1.494 356 5319 .,... ....
4 .. F10 850 8100 89.2 1.950 -2,27- 4.427 .... ....
5 .. Fl 780 3300 184.4 2.266 -2,79 - 6,322 ., .. .. . P
5 L e Lo C. - . 3.56 0,800 0. 2247 1.673 7.16 2.011
21 35 1 .., Flo B850 41700 17.3 1,239 2.27 2.813 . - e e
2 . Fl 780 39500 15.2 1,183 2.79 3.301 .
3 ,  F12 1080 38100 29.5 1.470 3.56 5.233 . ...
4 F10 850 10200 70.8 1.850 -2.27 - 4,199 . ...
5 .. F1 7680 5400 112.7 2,052 -2.79 -5.726 . ... .... N P
5 e e . e ... 3.58 1,423 0.3997 2,51 8,51 1.829

Note: The subscript i, which refers to the observation well, Is omitted, because anly one abserva-
tion well is involved in the example.

-./00.-
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___Computations to determine values of the weighted logarithmic

mean (r2/t)" and the corresponding values of the specific drawdown (s/Q)"
are given in Table |. (The subscript i, which refers to the observation
well, is omitted from the symbo!s becsuse only one observation well is in-
volved in the example.) The computation procedure may be observed by
following the headings of the columms in the Table. The increments of
discharge that occurred before the time given in column (1) are listed

- and summed slgebraically in cotumn (§). These increments of discharge
are multiplied by the logarithms of the corresponding values of (ré/t),
and the products are {isted and summed algebraically in column (10}, The
sum of the products given In column (10) is then divided by the sum of
the increments of discharge given in column (9), and the quotient is
listed in cotumn (11), The antilogarithm of this quotient, listed in
column (12) is the weighted logarithmic mean {r<ft)". The corresponding
value of the specific drawdown (s]Q)" is listed in column (14).

The cata given in columns (i2) and (14) ere plotted in Figure
5. The alignment of the plotted points is not bad In view of the fact
that the screens of the four wells are set at veriocus depths and also the
fact that the water-bearing sands are lenticular and vary in thickness
and permeability from one well to another. The extent to which these or
other circumstances might vitiate the method used may be judged most
reediiy from the alignment of the points on a simple, straight-line graph
such as Figure 5. '

The change in specific drawdown A(s [Q)" over one logarithmlc
cycle 1s =0.71 £t per cfs. Therefore, from equation {23} T = 2.303/(4n
x 0.7) ftfcfa)= 0,26 cfs fit, . .

The extension of the straight iine In Figure 5 Intersects the
line of zero drawdown at (réjt)" e (r2Jt) " = 1650 ¢t2[sec. Thus, from
equation (24) § = 2,25(0.26 cfs[ff)’(l&ﬂo £12 [sec) = 0,00035,

Note: Formulas given in this paper ere applicable for ‘any set of consis-
tent units of length and time. - It has been the custom of some writers
and investigators to express r In feet, t In days, Q@ in gallons per
minute, and T in gallons per day per foot, S being a dimension!ess
fraction, For these inconsistent units, the right-hend members of the
formulas for transmissibility must be multiplied by the factor 1,440 and
the right-hand members of the formules for the coefficlent of storage by
the factor Q.1337.
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