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Abstract 

Analysis of drawdown data from pump tests in channel aquifers - as for example, 

buried bedrock channels - can be cumbersome when leakage effects and boundary effects set 

in simultaneously. Bukhari et al. (1969) have described a method for determining the 

leakage factor for cases where transmissivity and storativity can be determined from the 

early part of the drawdown data. Vandenberg (1976) has shown that i f the distance measured 

along the axis of the channel between the pumped well and the observation well is greater 

than the width of the channel, the time-drawdown curve at the observation well can be 

closely approximated by assuming linear flow in the aquifer. 

This publication contains: 

1. Extensive tables for the well function for leaky parallel-channel flow; 

2. The corresponding type curves at a scale of 1.85 inches/log cycle, suitable for curve 

matching; 

3. Several sets of type curves for cases where neither the method of Bukhari et al. (1969) 

nor of Vandenberg (1976) can be used; 

4. A computer program for plotting type curves for leaky artesian drawdown in a parallel 

channel for any configuration of pumped well and observation well. 

5. Examples illustrating the use of the type curves. 
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Resume 

L'analyse des donnees sur le rabattement provoque par des essais de pompage 

dans des canaux aquiferes, par exemple des canaux de roche de fond engouffres, peut 

devenir d i f f i c i l e lorsque les effets de drainage et les effets aux limites apparaissent 

simultanement. Bukhari et c o l l . (1969) ont decrit une methode permettant de determiner 

le facteur de drainage lorsque la transmissivite et le coefficient d'emmagasinement 

peuvent §tre deduits des premieres donnees sur le rabattement. Vandenberg (1976) a 

demontre que, dans le cas ou la distance mesuree le long de I'axe du canal entre le puits 

de pompage et le puits d'observation est superieure a la largeur du canal, la courbe temps-

rabattement au puits d'observation peut §tre approchee de fagon assez etroite si I'on 

suppose que I'ecoulement est lineaire au sein de I'aquifere. 

La presente publication comprend: 

1. des tableaux donnant de nombreuses valeurs de la fonction caracteristique 

pour un ecoulement parallele dans un canal semi-captif; 

2. les courbes types correspondantes, a une echelle de 1.85 pouce/cycle logarithmique, 

permettant d'etablir des correspondences de courbes; 

3. plusieurs ensembles de courbes types que I'on peut utiliser lorsque la methode 

de Bukhari et c o l l . (1969) ou celle de Vandenberg (1976) ne s'appliquent pas; 

4. un programme informatique permettant de tracer des courbes types pour un 

rabattement artesien en milieu semi-permeable dans un canal a ecoulement parallele, 

quelles que soient les positions relatives du puits de pompage et du puits 

d'observation; et 

5. des exemples d'utilisation des courbes types. 

ix 



Tables and Type Curves for Analysis of Pump Tests 
in Leaky Parallel-Channel Aquifers 

A . Vandenberg 

A. INTRODUCTION 

Time-drawdown data from constant-rate pump tests in parallel-channel aquifers 

traditionally have been analyzed on the assumption that the observation well is sufficiently 

close to the pumped well, in comparison to the distance to the closest image well, to ensure 

that the early part of the drawdown curve is not significantly affected by the image wells. 

In that case transmissivity (T) and storativity (S) can be determined separately from the 

early part of the curve by applying the Theis equation for drawdown in an infinite aquifer. 

Leakage, however, can only be determined by trial and error, because leakage effects do not 

become noticeable until later when boundary effects are also prominent, and the usual 

technique of comparing the drawdown curve with one of Hantush's type curves for the infinite 

leaky aquifer is thereby excluded. 

. \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ K \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ V 

. O B S E R V A T I O N W E L L 

P U M P E D W E L L 

yp 

yb 

Figva-e 1. Notation and ooovdinate system for a pumped 

well-observation well configuration in a 

channel aquifer. 

Vandenberg (1976), however, has shown that whenever the distance, x, measured 

along the axis of the channel between the pumped well and the observation well (Fig. 1) is 

greater than the width of the'channel, D, (i.e. x/D > 1) the drawdown can be described with 

sufficient accuracy by 

s = Qx/(2TD)F(u,x/B) (1) 
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where 

s = drawdown; 

Q = c o n s t a n t pumping r a t e ; 

F ( u , x / B ) = 1 / (2^* ) J y ' ^ / ^ exp ( - y - x ^ / 4 B ^ y ) dy (2) 

u 

u = x ^ S / { 4 T t ) ; 

t = t ime s i n c e pumping s t a r t e d ; 

B = leakage f a c t o r = ( T b ' / K ' ) * ; 

b ' = t h i c k n e s s o f the l e a k y b e d ; 

K' = v e r t i c a l h y d r a u l i c c o n d u c t i v i t y o f the l e a k y b e d ; 

T h i s r e s u l t i s o b t a i n e d on the assumpt ion t h a t the pumped w e l l can be r e p l a c e d by u n i f o r m 

d i s c h a r g e o v e r the e n t i r e c r o s s s e c t i o n o f the a q u i f e r , and hence the f l o w i s everywhere 

p a r a l l e l to the a x i s o f the c h a n n e l . 

E q u a t i o n (1) admi ts a t y p e - c u r v e ma tch ing t e c h n i q u e f o r the d e t e r m i n a t i o n o f T , 

S and B from t ime-drawdown d a t a . 

F u r t h e r m o r e , f o r w e l l c o n f i g u r a t i o n s to wh ich (1) canno t be a p p l i e d , i . e . x / D < 1 , 

i t i s s t i l l p o s s i b l e to c a l c u l a t e drawdown and to c o n s t r u c t t y p e - c u r v e s f rom the e x a c t 

s o l u t i o n f o r drawdown i n a p a r a l l e l - c h a n n e l a q u i f e r : 

s = Q/(4TrT) W (u . r / B ) + E W ( u . , r . / B ) 
_ P i= l T T 

(3) 

where 

W ( u , r / B ) = J ( l / y ) exp [-y-r^I'^^'^y) d y , (4) 

u 

the f u n c t i o n f o r r a d i a l f l o w towards a w e l l i n a l e a k y a q u i f e r o f 

i n f i n i t e e x t e n t ; 
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r the distance between the observation well and the pumped we l l ; 

r. the distance between the observation well and the i th image w e l l ; the 
locations of the image wells are given in Bukhari et al. (1969); 

u, 

However, this requires the construction of a different set of type curves for each 
particular wel 1 configuration. 

The purpose of this report is to provide: 

1. Extensive tables of F(u,x/B) and the corresponding set of type curves - log F(u,x/B) as 
a function of log (1/u), for various values of x/B - on a scale of 47 mm (1.85 inches/log 
cycle, which can be used for matching with time-drawdown data plotted on logarithmic 
paper to the same scale (e.g. K+E No. 467522); 

2. Sets of type curves for a number of well configurations for which 

and for which equation (1), therefore, is not suf f ic ient ly accurate; selection of the 
set closest to the actual f i e l d situation w i l l usually give a f a i r l y good estimate of 
the hydrologic parameters. 

3. A l i s t i n g and users guide for a FORTRAN program which w i l l plot a set of type curves 
for any given well configuration. 

B. TABLES AND TYPE CURVES OF THE LEAKY AQUIFER FUNCTION FOR PARALLEL FLOW 

Values of the function F(u,x/B) have been calculated with an absolute error of 
less than 10 '^ , for values of u ranging from 10'^ to 7 and values of x/B ranging from 0 to 2 
(Table 1). Plate 1 (in pocket) gives the corresponding type curves. 

which can be called the nonleaky aquifer function for parallel flow. For large values of 
1/u equation (5) can be approximated by 

x/D < 1 

For x/B = 0 equation (2) becomes (Vandenberg, 1976) 

F(u) = exp ( -U)/(TTU ) ' - erfc (u"). (5) 

F(u) = (^u) 

3 



and thus 

log F{u) = - 5 log TT + i log 1/u 

Thus the type curve becomes a straight l ine with a slope of 0 .5, a fact which should be 
borne in mind when drawdown data are matched to the curve. 

The entire procedure for determining T, S and B is similar to the technique 
employed with Hantush's type curves: 

1. The time-drawdown data are plotted on logarithmic paper, scale 47 mm (1.85 inches)/log 
cycle, with time along the horizontal and drawdown along the vertical axis ; 

2. The drawdown data are matched to one of the type curves, taking care that the axes of 
the type curve and the drawdown curve remain para l le l . The best matching curve 
immediately gives the value of x/B, and thus of B. 

3. A convenient matchpoint is chosen, for example, the point (1/u = 1, F(u, x/B) = 1), and 
the corresponding values of t and s are noted. 

4. T is calculated from 

T = (Qx/2sD) F(u,x/B) (6) 

5. S is calculated from 

S = 4Ttu/x^ (7) 

Equations (6) and (7) imply that a l l variables and constants are in consistent 
units; i f , for example, metres and minutes are the basic units for length and time, 

3 2 respectively, Q must be expressed in m /min, and T w i l l be in m /min. Since the minute is 
a more practical unit of measurement for most pump tests , i t has been adopted as the basic 
time unit for the practical examples in this report, rather than the standard SI unit 
(second). 

In the foregoing i t has been assumed that the width and orientation of the 
channel are both known with suff ic ient accuracy. If the direction of the channel is known, 
but not the width, the procedure is the same, except the products TD and SD are calculated 
instead of T and S 

TD = (Qx/2s)F(u,x/B) 

and 

SD = 4TDtu/x^. 
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These products can then be used in other applications in much the same manner as T and S 

are used with aquifers of infinite areal extent. 

If the direction of the channel is not known and only one observation well is 

available, the best that can be done is to use the distance r between pumped well and 

observation well instead of x, its projection along the direction of the channel. For 

those cases where r >> D this will only introduce a small error. 

P = PUMPED WELL 

0,,02= OBSERVATION WELLS 

POSSIBLE DIRECTIONS 
OF CHANNEL AXIS 

Figiupe 2. Vetermini-ng the two possible directions of the 

channel axis from drawdoym in two observation 

wells. 

If two observation wells are available and the three wells are not on a straight 

l ine, the channel direction can be determined as one of two choices, as follows (Fig. 2): 

1. From the data of observation well 0.| determine by curve matching 

= TD/x., = (Q/2s.,)F(u,x.,/B) 

2. From the data of observation well O2 determine by curve matching 

A2 = TD/X2 = (Q/2s2)F(u,X2/B) 

3. Then 

A /̂A2 = X2/x^ = r2 cos 82/(r-, cos 6^) 

5 



or, since e = ± - , the angle between PÔ j and PO2, 

r^A^/(r2A2) = cos 62/cos (62 ; g) 

from which follows 

tg 62 = ± (r2A2/r.|A.| - cos g)/sin 6 

C. TYPE CURVES OF THE LEAKY AQUIFER FUNCTION FOR NONPARALLEL FLOW 

For a l l well configurations where x/D < 1 equation (3) rather than equation (1) 

should be used to describe drawdown. However, i t can be shown that the shape of the time-

drawdown curve, plotted on logarithmic paper, depends only on the ratios x/D, Yp/D, y^/D 

and r/B, where yp and y^ are the distances of the pumped well and the observation w e l l , 

respectively, to one of the channel boundaries (Fig. 1). Thus, i f the direction and width 

of the channel are known for a particular well configuration determined by x/D, y^/D and 

y^/D, a family of type curves can be constructed for various values of r/B, and T, S and B 

can be determined by matching of the time-drawdown curve to one of the type curves. 

Figure 3 shows the 44 configurations corresponding to one of the 16 sets of type 

curves contained in this report (Plates 2 to ,17). Duplications occur (1) because either 

boundary can be used to define yp and y^ and(2) because of the principle of rec i p r o c i t y , 

which states that i f there is a pair of wells of which one is the pumped well and the 

other the observation w e l l , the time-drawdown curve for the observation well w i l l be the 

same, regardless of which well is the pumped well. The principle is demonstrated easily 

for any kind of bounded aquifer which can be represented with the aid of a set of image 

wells; a general proof for an inhomogeneous aquifer of irregular shape is given by 

McKinley et al. (1968). 

To use Plates 2 to 17, the set of type curves corresponding best with the f i e l d 

configuration is selected f i r s t with the aid of Figure 3; next, a curve-matching procedure 

is carried out similar to that already described for the use of the leaky aquifer curves 

for parallel flow. In this case, however, B, T and S are calculated from 

B = r/(r/B), 

T = Q/(4Trs) E W(u,r/B) 

and 

S = 4Ttu/r^. 

6 



yp /D =0 yp /D = 1/3 

D/3 
13 15 17 

10 14 16 

Vp /D = 2/3 yp /D = I 
?y//////////////////// 
• 5 9 

14 16 10 

13 15 17 

;̂  g . ' g , 
/////////////////i 

LEGEND 

PUMPED WELL LOCATION 

OBSERVATION WELL LOCATION, AND NUMBER OF 
THE APPROPRIATE PLATE 

Figure 3. Well aonfigurations for which type curves 

(Plates 2 to 17) are supplied in this report. 

D. COMPUTER PROGRAM FOR PLOTTING OF TYPE CURVES OF THE LEAKY AQUIFER FUNCTION FOR 

NONPARALLEL FLOW 

In cases where greater accuracy is needed than can be obtained with the aid of 

the type curves (Plates 2 to 17), program CURVES, described in this chapter, can be used to 

produce sets of type curves on a CALCOMP plotter. The graphs will be similar to Plates 2 

to 17 and can be made to f i t the exact well configuration of the pump test for which time-

drawdown data are to be analyzed. The type curves are to be used for curve matching 

exactly as the type curves described in the preceding section. 
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Input Data to the Program 

The fo l lowing data must be suppl ied to the program: 

in teger number of values of r / B ; each p lo t w i l l have L graphs of log 

[X. W(u.j ,r. j /B)] versus log (1 /u ) ; L may have any in teger value 

1 < L < 20 

L values of r/B (d imensionless) ; a l l the p lo ts produced in one execution of the 

program w i l l have the same values of L and ( r /B) . j , i = 1 . . . L 

the width of the channel ( length) 

the y-coord inate of the pumping wel l ( leng th ) ; the coordinate system i s shown in 
Figure 1. 

the y-coordinate of the observat ion wel l ( leng th ) ; 

the x-coordinate of the observation wel l ( leng th) ; 

a control parameter (d imensionless) ; summation of equation (3) stops i f the p a r t i a l 

sum of 4 consecutive terms i s less than TST, or i f the ra t io of the p a r t i a l sum of 

4 consecutive terms to the to ta l accumulated funct ion value i s less than TST. 

Input Format 

The fo l lowing table spec i f i e s the setup of data cards for use with the program. 

The FORMAT column gives the FORTRAN format s p e c i f i c a t i o n . 

Card FORMAT Columns Data 

1 (14) 1-4 L 

2 (20F4.0) 1-4 DB (1) 

5- 8 DB (2) 

77-80 DB (20) 

3 (5F5.0) 1-5 D 

6- 10 YP 

11-15 YO 

16-20 XO 

21-25 TST 
card No. 3 can be repeated any number of times to produce a number of p lo ts in the same 
execution run. 

4 A blank card to ind ica te the end of the run. 

L 

DB(L) 

D 

YP 

YO 

XO 

TST 

8 



Printed Output 

For each plot the input values from card No. 3 are printed; and i f , after 200 

iterations, the conditions for terminating the series are not satisfied, a warning message 

will be printed: "FOR THESE VALUES OF U AND R/B NO CONVERGENCE", followed by the values of 

u and r/B. The appearance of the message indicates that the accuracy of the curve is poor 

over the indicated range of u, and since slow convergence of equation (3) occurs only for 

large values of x/D, i t is furthermore an indication that the type curve for linear flow 

(Plate 1) can be used instead. 

Program Listing 

The program consists of the main program CURVES, which handles input and output, 

calls on the CALCOMP plotting routines, and performs all calculations, assisted by 

subroutine LEAKY for the calculation of the function W(u,r/B) (equation 4). LEAKY in turn 

calls subroutine NOLEAK for the calculation of the exponential function or well function 

for the infinite, confined aquifer. 

The program listing which follows shows the FORTRAN IV extended language in use 

at the Dept. of Energy, Mines and Resources, Ottawa, Ontario. 

9\ 



Progi 

PROGRAM C U R V E S d N P U T , O U T P U T ) CUP» 
CURV 

CURVES DRAMS T Y P E CURVES FOR THE LEAKY HELL FUNCTION IN P A R A L L E L CURV 
CHANNEL AQUIFERS ON A S C A L E OF 1 .85 I N C H / L O G C Y C L E OR 3 I N C H / L O G CYCLCURV 

CURV 
DIMENSION B U F C l O S l t l . X d S Z I , Y U O Z ) ,U(101 t ,< AJ IOOJ . D B I J O ) CURV 
C A L L PLOTSCBUF,1021 .1 $ C A L L PLOT ( 2 . , 2 . , - 3 ) CURV 

CURV 
IF THE NEXT CARD I S OMITTED S C A L E HILL 9E 
H ILL 8E 1 . 8 5 I N C H / L O G CYCLE 

C A L L F A C T O R ( 1 . 8 5 / 3 . ) 
READ 7 0 0 . L . ( 0 B ( J l , J - 1 . L I 

IZ READ 5 0 0 , 0 , Y P . Y O . X O , T S T 

D =HIOTH OF CHANNEL 
YP=Y-COORDINATE OF PUMPING HELL 
YO=Y-COOROINATE OF O B S E R V A T I O N HELL 
XO=X-COOROINATE OF OBSERVATION HELL 
T S T = . . . . I F THE SUM OF THE CONTRIBUTIONS OF A GROUP OF l. IMAGE 

H E L L S IS L E S S THAN T S T OR THE R A T I O 
SUM OF 1, IMAGE H E L L C O N T . / T O T A L ACCUMULATED FUNCTION V A L U E 
I S L E S S THAN T S T . N O FURTHER IMAGE H E L L CONTRIBUTIONS 
ARE C A L C U L A T E D 

I F ( O . E Q . 0 . > G O T O 13 
XOS=XO»XO 
eS= ( Y 0 - Y P ) » I Y O - Y P ) t X 0 S 
PRINT 1 . 0 0 , O . Y P . Y O . X O , T S T 
F 0 R M A T I » l O , Y P , Y 0 , X 0 , A N O T S T . . . • , 1»F12. Z , F 12 . S / / / ) 
F O R M A T ( 5 F 5 . 0 ) 
F O R M A T t ' FOR THESE VALUES OF U ANO R/B NO C O N V E R G E N C E ' , Z E 2 0 . 5 » 

1.D0 
SCO 
600 
700 F O R M A T ( I 1 , / 2 0 F I . . O ) 

DRAHING OF LOGARITHMIC GRIO ANO ANNOTATION 

C A L L S Y M e O L I 0 . 1 , 1 3 . 0 , a . 2 1 , 5 H Y P - , 0 . , 5 1 
C A L L N U M 8 E R ( 1 . 2 . l 3 . 0 , O . Z i , Y P , 0 . , 2 l 
C A L L S Y M B O L 1 0 . 1 , 1 2 . 6 , O . Z 1 , 5 H Y O = , 0 . . 5 I 
CALL N U M B E R C l . Z , 1 2 . 6 , 0 . 2 1 , Y O , 0 . , Z ) 
C A L L S Y M B O L ( 0 . 1 , 1 Z . Z . O . Z 1 . 5 H 0 = , 0 . , 5 I 
CALL N U M B E R ( 1 . 2 , 1 2 . 2 , 0 . 2 1 , D . 0 . . 2 I 
C A L L S Y M e O L < a . l , 1 1 . 8 , 0 . 2 1 . 5 H X O : , 0 . . 5 I 
C A L L N U M B E R ( 1 . 2 . 1 1 . 8 , 0 . 2 1 , X O . 0 . , 2 ) 
XX = 0 . $ DO 1 1 = 1 , 6 i C A L L PLOT I X X , 0 . , 3 1 S C A L L P L O T ( X X , 1 3 . 5 6 Z 5 . Z ) 

1 X X = X X » J . $ C A L L P L O T I 0 . , O . . 3 l S C A L L P L O T ( I 6 . , 0 . , Z I $ P = 1 . 5 6 2 5 
CALL P L O T I 0 . . P . 3 ) $ 00 2 1 = 1 , 5 S C A L L P L O T ( 1 5 . , P , Z I S P = P * 3 . 

2 CALL P L O T » 0 . . P , 3 l $ P = - . Z 5 $ H=.Z 
C A L L S Y M B O L ( G . , P , H , 3 H 0 . 1 . 0 . , 3 I 
CALL S Y M B O L ( 3 . , P . H , I H l , 0 . . 1 1 
CALL S Y M B O L ( 6 . , P , H . Z H 1 0 . 0 . . Z ) 
C A L L S Y M B O L < 7 . 2 . P , H . 3 H 1 / U . 0 . , 3 ) 
C A L L S Y M e O L ( 9 . . P , H , 3 H 1 0 0 . 0 . , 3 ) 
C A L L S Y M B O L ( l Z . , P , H . l , H 1 0 0 0 , 0 . . ' . l 
C A L L S Y M B O L ( 1 5 . , P , H , 5 H 1 0 0 0 0 , 0 . , E » 
P = - 0 . 7 5 
C A L L SYMBOL I P . 1 . 5 6 2 5 . H , l . H O . 0 1 , 0 . , ! . ) 
C A L L S Y M B O L ( P . * . 5 6 2 5 . H , 3 H 0 . I . e . . 3) 
C A L L S Y M B O L I P . 7 . 5 5 2 5 , H , 2 H 1 . . 0 . . 2 I 
C A L L S Y M 6 O L ( P . 1 0 . 5 6 2 5 . H . Z H 1 0 . 0 . . 2 ) 
C A L L S Y M B O L ( P . 1 3 . 5 6 Z 5 . H . 3 H 1 0 0 , 0 . . 3 l 
P = - 1 . 3 
C A L L S Y M 8 0 L I P . 5 . 5 , H . 1 2 H S U M H ( U . R / B ) , 9 0 . , 1 2 I 
C A L L SYMBOL ( 1 5 . 2 , 1 3 . 8 , . l . l . H R H / 9 , 0 . , 1.1 

I N C H / L O G C Y C L E . E L S E S C A L E C U R V 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 
CURV 

1 
z 
3 
It 
5 
6 
7 
8 
9 

10 
11 
IZ 
13 
11. 
15 
16 
17 
18 
19 
ZO 
Z l 
z z 
Z3 
Z l . 
25 
26 
27 
Z8 
29 
30 
31 
3Z 
33 
3<> 
35 
36 
37 
38 
39 
1.0 
1.1 
<.Z 
1.3 
1.1. 
1.5 
1.6 
".7 
1.8 
1.9 
50 
51 
5Z 
53 
51. 
55 
56 
57 
58 
59 
60 
61 
6Z 
63 
61. 

Listing 

PREPARING X - C O O R D I N A T E S OF PLOT ANO CORRESPONDING VALUES OF U 

0 I F = 1 3 . 5 / 9 9 . $ DO 3 1=1,100 $ AI=I -1 $ X A ( I ) = 1 5 . - A I ' O I F 
3 U ( I ) = 1 0 . » * l l . - X A ( I ) / 3 . ) J DO 1. 1 = 1 , L 

THE I - L O O P PLOTS A GRAPH FOR EACH VALUE OF R / B 

KKK=1 

00 5 J = l , 1 0 0 $ H=0. » CALL L E A K Y ( U ( J ) , 0 8 ( I > , H A ) $H=H»HA 

THE J - L O O P C A L C U L A T E S FUNCTION VALUES FOR 100 VALUES OF U 

REAL HELL ANO F I R S T IMAGE HELL CONTRIBUTIONS ARE C A L C U H T E O 
S E P A R A T E L Y 

A = ( X O S * ( Y O » Y P ) » ( Y O t Y P ) ) / R S 
ARG1 = A » U « J ) S A R G 2 = S Q F T ( A ) » 0 B ( I I 
C A L L L E A K Y ( A R G 1 . A R G 2 , H A I $ H=H»HA 
00 6 K = l , 2 0 0 $ « K = 2 » < 

THE K - L O O P C A L C U L A T E S UP TO 200 GROUPS OF 1. I M A G E - H E L L CONTRIBUTI 
IF THE Z O O - T H I T E R A T I O N DOES NOT OBTAIN A P A R T I A L SUM 3F 1. IMAGE-
CONTRIBUTIONS L E S S THAN TST A HARMING MESSAGE IS HBITTEN TO THE 
OUTPUT F I L E . 

SUM=0. $ 00 7 M = l . l . i 1= ( M . E 0 . 1 ) G A Z = Y 0 - Y P - A X » 0 
I F ( M . E Q . Z ) G A Z = Y O » Y P » A K » 0 
I F ( M . E Q . 3 ) G A 2 = Y 0 * Y P - A K » D 
I F ( M . E Q . ^ ) G A ^ = Y O - Y P ^ A K • 0 
A = « X O S t G A 2 » G A 2 ) / R S 
ARG1=U(JI>A S ARG2=SaRT(A)>0B(I I SCALL LEAKY l A R G l . A R G 2 . R I 

7 SUM = SUMtR J H=H«SUM t I F ( S U M . L T . T S T ) G O T 0 9 
I F ( A B S ( S U M / H ) . L T . T S T I G O T O 8 

6 CONTINUE t PRINT 6 0 0 , U ( J I , D B ( I ) 
a Y ( J ) = A L O G 1 0 ( H ) » 3 . t 7 . 5 6 2 5 

I F ( Y ( J I . G T . 1 3 . 5 6 2 5 1 K K K = J * 1 
I F ( Y ( J ) . L T . O . I G O T O 9 

5 CONTINUE t 11=100 $ GOTO 10 
9 I I = J - 1 

10 DO 11 J = 1 , I I 
11 X ( J ) = X A ( J I $ X ( I I t l ) = Y ( r i » l l = 0 . i X ( I I t Z ) = Y ( I I » 2 ) = l . 

I F d I . L T . Z I G O T O I. 
I F ( K K K , E 0 . 1 I C A L L NUMaER( 1 5 . 1 2 5 . Y ( 1 ) , . 1 . 0 8 ( I ) . 0 . , 3) 
IF ( K K K . G T . l ) CALL NUMBER(X (KKK) . 1 3 . 6 . . 1 , DB( I) ,1 .5. . 3) 

1. C A L L L I M E ( X ( K K K ) , Y ( K I « ) . I I - K K K H . 1 . 0 . 0 ) 

P L O T T I N G OF THE DIAGRAM SHDHING THE LOCATIONS 3F THE HELLS ANO TH 
BOUNDARIES 

I F ( X O . L T . . 0 1 ) X O = . 0 1 
YP=YP/XO $ YO=YO/XO $ XO=D/XO 
DS=XO $ I F ( X 0 . L T . 1 . I G 0 T 0 61 $ I F ( X O . G T . 2 . 5 ) 0 S = 2 . 5S XS = D S / X O 
GO TO 5Z 

61 X S = Z , 5 $ DS=XS*XO 
62 Y P S = X S » Y P $ YOS = XS*YO B COLL P L O T ( . Z 5 . 7 . ? 5 . - 3 ) 

C A L L P L O T ( Z . 5 , 0 . , Z ) 
C A L L P L 0 T ( Z . 5 , 0 S . 3 ) $ CALL P L O T ( 0 . . O S . Z l 
C A L L S Y M B O L ( 0 . , Y P S , . 0 7 , 1 , 0 . . - 1 ) 
C A L L S Y M B O L ( . 1 . Y P S » . l , . 1 0 . I H P . 0 . , 1 1 
C A L L S Y M 8 0 L ( X S , Y D S . . 0 7 . 1 , 0 . . - ! ) 
C A L L S Y M B O L ( X S * . l , Y O S » . l , . l O . l H Q . O . ,1 ) 
CALL P L 0 T ( 2 0 . . - 7 . 7 5 , - 3 ) S GOTO IZ 

13 C A L L P L O T ( 0 . , 0 . , 999) $ STOP S END 
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CURV 
CURV 
CURV 
CURV 
CURV 
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65 
66 
67 
68 
69 
70 
71 
7Z 
73 
71. 
75 
76 
77 
78 
79 
80 
81 
8Z 
83 
81. 
85 
86 
87 
88 
89 
90 
91 
9Z 
93 
91. 
95 
96 
97 
98 
99 

100 
101 
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103 
101. 
105 
106 
107 
108 
109 
110 
111 
112 
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111. 
115 
116 
117 
118 
119 
120 
121 
I Z Z 
123 
121. 
1Z5 
1Z6 
1Z7 
1Z8 
129 



SUBROUTINE NOLE«K (U,HU> NOLK 1 
I F t U . G T . d O G O T O 50 NOLK 2 
A 0 = . 2 3 7 2 9 0 5 NOLK 3 
A l = l . . 5 3 0 7 9 2 NOLK 1. 
A 2 = 5 . 1 2 5 6 9 0 2 MOLK 5 
80=2.1 .766933 NOLK 6 
8 1 = 8 . 6 6 6 0 1 2 6 NOLK 7 
8 2 = 6 . 1 2 5 5 2 7 1 MOLK 9 

10 ( U - 1 . 1) 20 ,20 .1 .0 NOLK 9 
20 TERM=U NOLK 10 

HU=- .5 7 7 2 1 5 5 7 - A L 0 G I U ) » U NOLK 11 
5 A = l . NOLK 12 
30 T E R < 1 = - A » T F i l « » U / ( l « * l . l » ( A * l . ) l NOLK 13 

HU=TERM»HU NOLK 11, 
A = A » 1 . NOLK 15 
I F ( A B S ( T E R M J - l . E - 9 ) 6 0 , 5 0 . 3 0 NOLK 16 

OO M U = E X P I - U ) » C A C * U » ( A l » U » ( A Z * U ) ) ) / ( B 0 t U » ( B l » U » ( B 2 * U I H / U NOLK 17 
GO TO 60 NOLK 18 

50 W U = l . E - 2 5 NOLK 19 
60 RETURN NOLK 20 

ENO NOLK 21 

SUBROUTINE LEAKY ( U , R 0 V 9 , H U R B ) LEAK 1 
DIMENSION H I 1 6 ) , A (16 ) LEAK 2 
IF ( U . G T . U . ) HURB=0. LEAK 3 
IF i U . L E . l O . ) GO TO 10 LEAK 1, 
I F ( R O V B . E Q . 0 . 1 G O T O 70 LEAK 5 
GO TO 60 LEAK 6 

10 A I l ) = - . 9 8 9 < , 0 0 9 LEAK 7 
A(2I=- .91,1 .5750 LEAK 8 
A ( 3 I = - . 8 6 5 6 3 1 2 LEAK 9 
A("»l = - . 755 l iO ' i l , LEAK 10 
A ( 5 > = - . 6 1 7 8 7 6 2 LEAK 11 
A ( 5 t = - . 1 , 5 8 0 1 6 8 LEAK 12 
A ( 7 I = - . 2 8 1 6 0 3 6 LEAK 13 
A ( 8 » = - . 0 9 5 0 1 2 5 LEAK 11. 
H l l ) = . 0 2 7 1 5 2 5 LEAK 15 
H ( 2 ) = . 0 6 2 2 5 3 5 LEAK 16 
H ( 3 ) = . 0 9 5 1 5 9 5 LEAK 17 
H l l . ) =.121,6290 LEAK 18 
H(5 )= .11 .95960 LEAK 19 
H ( 6 I = . 1 6 9 1 5 6 5 LEAK 20 
H(7 I = . 1826031 . LEAK 21 
H ( 9 ) = . 1 9 91.505 LEAK 22 
H ( 9 I = H ( 9 ) LEAK 23 
H ( 1 0 ) = H ( 7 ) LEAK 21. 
H t l l » = H « 6 ) LEAK 25 
H ( 1 2 ) = H I 5 ) LEAK 26 
H(13I=H(I , I LEAK 27 
H<1<»» = H(3 I LEAK 28 
H ( 1 5 ) = H ( 2 t LEAK 29 
H t l 6 l = H ( l ) LEAK 30 
A ( 9 I = - A ( 8 ) LEAK 31 
A ( 1 0 I = - A ( 7 I LEAK 32 
A ( l l ) = - A ( 5 ) LEAK 33 

A ( 1 2 ) = - A ( 5 ) L E A K 31, 
A (13 )= -A( l< l L E A K 35 
A ( l l . l = - A ( 3 » L E A K 36 
A t l 5 l = - A I 2 ) LEAK 37 
A ( 1 5 ) = - A t l ) L E A K 38 
A R G = - R 0 V B » R 0 V B » . 2 5 LEAK 39 
IF ( A R G / U . L E . ( - 7 0 . ) 1 GO TO 20 L E A K 1.0 
EX = E)(P<ARG/U1 L E A K 1.1 
CALL NOLEAK ( U . E I ) LEAK 1.2 
F I R S T = E X » E I LEAK 1.3 
GO TO 30 L E A K 1.1. 
F I R S T = 0 . LEAK 1.5 
EX = 0 . L E A K 1.6 
TERH=0. L E A K 1.7 
DO 50 1 = 1 . 1 6 L E A K 1.8 
A R G 2 = A « I ) » . 5 » ( 1 . - E X ) • ( 1 . * E X I » . 5 LEAK 1.9 
E I 2 = 0 . L E A K 50 
IF ( A 9 S « A R G 2 - 1 . I , L E . 1 . E - 1 0 ) GO TO 1.D L E A K 51 
eLN=ARG/ (AL0G(ARG2) ) LEAK 52 
CALL NOLEAK I B L N , E I 2 I LEAK 53 
GO TO 50 LEAK 51. 
TERM=D. LEAK 55 
T E R M = T E ^ M t E I 2 » H t I ) L E A K 55 
T E R ' 1 = T E R M » . 5 » ( l . - E X t LEAK 57 
H U R 9 = F I R S T » T E R M LEAK 58 
RETURN LEAK 59 
CALL N 0 L E A K ( U , H U R 9 I L E A K 60 
RETURN L E A K 61 
ENO LEAK 62 



E. EXAMPLES 

As examples, some of the data from a series of pump tests near Esterhazy, Sask. 

are analyzed. The hydrology of the area has been described by Vonhof (1975) and Bourne 

(1976); f o r the purpose of this report i t i s s u f f i c i e n t to state that a l l the wells are 

d r i l l e d and completed in a 425 m wide preglacial v a l l e y , f i l l e d with up to 60 m of sand and 

gravel and buried under 15 m of t i l l ( F i g s . 4 and 5) . Table 2 gives the pertinent data for 

the pumped w e l l , P, and the two observation w e l l s , Ôj and O2. 

Drawdown data from Ôj are plotted i n Figure 6. Since x/D > 1, the type curve of 

F(u,x/B) can be used f o r the ana l y s i s . The reader may wish to take Plate 1 and go through 

the matching process to v e r i f y that a good f i t can be obtained with the curve f o r which 

x/B = 0.4, thus obtaining 

B = 580/0.4 = 1450 m. 

The four match-point coordinates selected are 

F(u) = 1, u = 1, s = 0.125 m, t = 56 min 

Thus from equations (6) and ( 7 ) , respectively 

T = .227 X 580 x 1/(2 x 0.125 x 425) = 1.24 m^/min 

S = 4 X 1.24 X 56 x 1/(580^) = 8.3 x lO"^ 

Drawdown i n O2 has been plotted in Figure 7. Since x/D = 380/425 = .89 i s less 

than 1, the use of the function F(u,x/B) w i l l give erroneous r e s u l t s . Since yp/D i s very 

nearly 1/3 and y^/D i s reasonably close to zero, the configuration i s intermediate between 

those of Plate 10 (x/D = 2/3) and Plate 1 (x/D > 1). Results of curve matching with both 

of these are presented in Table 3 and may be v e r i f i e d by the reader. 

As an example of the use of program CURVES, the family of type curves for the 

exact well configuration of P and O2 in the buried channel aquifer has been plotted (Plate 

18). I t may be noted that the input values - D, XO, YO, YP - shown on Plate 18 are not the 

same as those given in Table 2; the reason f o r t h i s i s that the input values were taken 

from a scaled map; however, the rat i o s XO/D, YO/D and YP/D are the same as the ratios x/D, 

y^/D and y^/D. 

Results of curve matching of the drawdown data from 0^ with Plate 18 are given in 

Table 3 and i t i s seen that the transmissivity so calculated l i e s between the values 

12 



Figure 4. Cross section of buried bedrock channel near Esterhazy, 

Saskatchewan (after Bourne, 1976). 

Figure 5. Map of buried bedrock channel near Esterhazy, Saskatchewan (after Bourne, 

1976). 
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M A T C H POINT, r%/B=OA 
P L A T E k J F ( U ) = U = I 

s = 0.125 m 
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Figure 6. Time-drawdown curve for observation well 0.,. 
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Figure 7. Time-drawdown curve for observation well 0 
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determined with the aid of Plates 1 and 10. From the values of B, T and b' (thickness of 
the t i l l = 15 m) the vertical hydraulic conductivity of the t i l l can be determined: 

K' T Tb'/B^ 

Thus from the data of Ô j: 

K' = 1.24 X 15/(1450)^ = 8.8 x 10"^ m/min 

and from the data of O2: 

K' = 1.06 X 15/(1330)^ = 9.0 x lO"^ m/min 

These values f a l l in the range of values compiled by Bourne (1976) from various sources for 
t i l l s of the Canadian Prair ies (9 x 10"^ m/min equals .26 Imperial gallons per day per 
square foot). No effort was made by Bourne (1976) to determine leakage or hydraulic 
conductivity of the t i l l from the pump-test data. 

F. CONCLUSION 

The technique outlined in this report, together with the table of function values 
and the type^urves, makes i t possible to analyze time-drawdown data to obtain values of 
transmissivity, storat iv i ty and leakage factor from any pumped well-observation well 
configuration in a channel aquifer by a simple type curve matching procedure. Heretofore, 
these parameters could only be determined by a cumbersome t r i a l and error method. 
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Tables 1 to 3 



Table 1. Values of the function F(u,x/B). 

xYT c. 0000 0 .oaica .oozco .OC3DO .opttoo .00500 .00600 .00700 .oosoo . o o 9 a o 
u 

• OOflOai 563. 1901? 519.50058 U20.3511.5 321.03656 21.7.83256 198.92110 165.66598 11.1. 86053 121..00399 110.11560 
.0D0C02 397.91 .308 381.92562 31.0.31.591 287.79676 237.62695 196.51863 165.21969 11.1.791.17 123.99607 1 1 0 . 1 H . 8 I . 
.00000 3 321.. 73598 315.90966 291.89320 258.77781. 223.381*1.1. 190.75715 163.28535 11.1.25110 123,86763 110.08909 
.00000 1. 281.09592 275 .32759 259.25131. 236.05359, 209.57730 183.58256 160.02053 139.95659 123 .1 .1927 109 .95307 
.000005 251. 311.51 21.7 .17169 235.1.5688 218. 071.55 197.52635 176.23331 156.03977 138.02398 1 2 2 . 5 7 7 * 9 109 .62376 
.000006 229. 33081 226.1711 .5 217.15017 203.50979 186 .91 .89* 169.21968 151.79230 135.67378 121.38893 109.07396 
.000007 212.21.511 209.73352 202.51165 191.1.1.259 177.73992 162.71281 U.7.531.81. 133.09370 119 .9«.033 108.32039 
.000008 198.1.7271. 196.1.1I.3C 190.i .6 ' .25 181.2501.5 169.671.70 156.71.279 H .3 . ' .0071 1 3 0 . M 5 2 3 118.3161.9 107 .39906 
.000009 187.061.89 185 .338C2 180.32593 172.50206 162.55771. 151.28418 139 .1.5328 127.72356 116.58573 106 .31.953 
.00001 177.1.11.19 175,93855 171.61 .153 161.. 89052 156.22911 1I.6.29Z30 135.71776 125 .07H . 8 I IU .79927 105.20771 
.00002 125.15915 121..6351.9 123.08783 120 .581.03 117.23069 113.161.21 108.53995 103.52083 98.266J.0 92.92371 
.00003 102.00951. 101 . 7 21.15 100.8761.8 99.1 .9153 97.60931. 95.28270 92.57430 89.55333 86.29215 B2 .85294 
.00001. 88 .20977 88,02<.30 87.47202 85.56521 85,32370 83.77408 81.94851 79.88345 7 7 . 6 1 8 2 2 75 .19359 
.00005 78.79244 78 ,65968 78.26378 77 .61178 76.71517 75.58946 74.25364 72.72959 71.04134 69 ,21435 
.00006 71 .84093 71.73991 71.43837 70.94079 70.25449 59 .38944 68.35793 67.17427 65,85437 64 ,41533 
,00007 66 .43827 66 .35810 66 .11860 65.72283 65.17581 64.48437 63.65699 62,70364 61,63546 60.46458 
,00008 62.03336 62 .01773 61.82158 61.49710 61.04788 60.47887 59.79521 59.00715 58,11985 57 .14329 
,00009 58.47616 58 .42115 58.25668 57. 98439 57.60696 57.12809 56,55240 55 ,88535 55 .13314 54.30262 
.0001 55 .42460 55 .37763 55 .23715 55 .00442 54.58151 54.27126 53.77726 53.20375 5 2 . 5 5 5 5 5 51 .83803 
.00 02 38.90221 38 ,83560 38.8358? 38,7-^319 38,63799 38.49075 38.31214 38.10Z92 37.96403 3 7 . 5 9 6 4 9 
.0003 31.58^27 31.57423 31,54715 31.50209 31.43920 31.35867 31.26073 31.14568 31.01384 30.86561 
,0004 27.22C76 27 ,21439 27.19730 27.16802 27.12712 27.07469 27.01086 26.93575 26,84954 26.75242 
,0005 24.24394 24 ,23974 21,.22715 24.20620 24.17691 24.13935 24.09359 24.03969 23.97776 23.90791 
.0006 22 .04676 22 .04357 22 .03399 22 .01805 21.99577 21.95717 21,93231 21,89124 21,94401 21 .79069 
,0007 20.33929 20 .33675 20.32916 20.31651 20.29882 20.27612 20.24843 20.21580 20.17825 20 .13585 
.0008 18.96707 18.96100 18,95478 18.94443 18.92995 18.91136 18.88869 18.86196 19,93119 18 ,79642 
.0009 17.82324 17.821'=a 17.81630 17, 80762 17.79549 17.77991 17.76090 17.73849 17.71268 17.68351 
,001 16.85908 16,85760 16.85315 16.84575 16.83539 16.82209 16.80595 16.78670 16.76465 16.73972 
,002 11 .64088 11 .64036 11 ,63879 11 .63618 11 .63253 11 .62783 11 .62209 11.61532 11 .60751 11 .59869 
,003 9 .33153 9 . 3 3 1 2 5 9,33040 9 .32893 9 . 32699 9 . 3 2 4 4 4 9 . 32133 9 . 31765 9 . 31340 9 . 30860 
.004 7,95628 7 ,95609 7.95551. 7 . 95462 7 .95334 7 .95169 7 .94967 7 . 94728 7 , 94453 7 . 94141 
,005 7.01871 7 .01857 7.01818 7 .01753 7 ,01651 7 ,01543 7 , 01399 7 . 01228 7 , 01032 7 , 00810 
,006 6.32731 6 .32721 6 .32692 6 ,32642 6.32572 5.32483 6 .32373 6 .32244 6 .32095 6 ,31926 
.007 5 .79050 5 .79042 5.79019 5 .78979 5,78924 5 ,78853 5 .78767 5 . 78665 5 , 7 9 5 4 7 5 , 7 8 4 1 3 
.038 5 .35823 5 .35816 5,35797 5 .35765 5.35720 5 .35662 5 .35591 5 . 35508 5 . 35411 5 . 3 5 3 0 2 
,009 " . 00352 S .Q0C47 5 .00031 5. 00004 4.99966 4.99918 4.99859 4 . 9 9 7 9 9 4 .99709 4 .99617 
701 4 .69822 4 ,69817 4.69804 4.69781 4.59749 4.69708 4.69657 4 .69598 4 .69529 4 .69452 
.02 3 .06895 3 .06893 3 .06888 3 .06880 3 .06869 3 .06855 3 .06838 3 . 06817 3 , 06794 3 , 0 5 7 6 7 
,03 2 ,35458 2 .35458 2 .35455 2 .35451 2 .35445 2 .35437 2.35428 2 .35417 2.35405 2.35390 
.04 1 .93304 1.93303 1 .93302 1 ,93299 1 .93295 1 .93291 1 .93285 1.93278 1 .93270 1.93261 
.05 1.64825 1 ,64824 1.64823 1 .64821 1.64819 1 .64815 1 .64811 1 .64906 1 .64901 1 .64795 
.06 1.44013 1 .44012 1 .44011 1 ,44010 1 .44008 1 .44006 1 .44003 1.43999 1 .43995 1.43990 
.07 1 .27999 1 .27999 1 .27998 1 ,27997 1 .27995 1 .27993 1 .27991 1.27998 1.27985 1.27991 
,09 1 .15219 1 .15219 1 .15219 1 .15213 1 .15217 1 .15215 1 .15213 1.15211 1 .15208 1.15205 
.09 1 .04739 1 ,04739 1 ,04739 1 ,04738 1 .Q4737 1 .04736 1 .04734 1.04732 1 ,04730 1 .04728 
T l .95962 .95962 .95962 .95961 .95960 .95959 .95958 .95956 ,95954 .95952 
.2 .50579 .53579 .50579 .50579 .50579 .50578 .50578 .50578 .50577 .50576 
,3 .32451 .32451 .32451 .32451 .32451 .32451 .32451 .32450 .32450 .32450 
,4 .22687 .22687 .22687 .22687 .22687 .22687 .22687 .22687 .22687 .22667 
,5 .16663 .16663 .16663 .16663 .16663 .16663 .16663 .16663 .16663 .16663 
,6 .12641 ,12641 .12641 .12641 .12641 .12641 .12641 .12641 ,12641 ,12641 
,7 .09814 .09814 .09814 .09814 .09814 .09814 .09814 .09814 ,09814 ,09914 
.8 .07752 .07752 .07752 .07752 .07752 .07752 .07752 .07752 .07752 .07752 
^ 9 .06208 . 06208 .06208 .06208 .06208 .06208 ,06208 .06208 ,06208 ,06208 

1. ,05025 .05025 .05025 .05025 .05025 .05025 .05025 .05025 ,05025 ,05025 
2 . .00849 .00849 .00949 .00849 .00849 .00849 .00849 .00949 .00949 .00849 
3 . .00191 ,00191 .00191 .00191 .00191 .00191 .00191 .00191 .00191 .00191 
4 . .00049 ,00049 .00049 .00049 .00049 .00049 .00049 .00049 .00049 .00049 
5. .00013 .00013 .00013 .00013 .00013 .00013 .00013 .00013 .00013 .00013 
6 . .00004 .00004 .00004 .00004 .00004 .00004 .00004 .00004 .00004 .00004 
7. .OCOOl .OOOCl .00001 .00001 .00001 .00001 .00001 .00001 .00001 .00001 
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.00950 

lO*.26789 
IC.26768 
101..25682 
101..1851.8 
103.98756 
103.6259C 
103.09763 
102.1.2065 
101.62^09 
100. 7260 2 

9C.26008 
81.10711 
73.931 .28 
68 .25699 
63.65670 
59.81.1.62 
56.621.1.9 
53 .86026 
51.1.5507 
37.1.5232 
3 C . 7 8 5 1 . 8 
26 . 6 9 9 8 1 . 
23.87005 
21.76178 
20. 11281. 
1 8 . 7 7 7 5 5 
17.66767 
16.72619 
11. 59387 

«.30598 
7.93972 
7.00689 
6.31831. 
5.7831 .0 
5. 3521.3 
1.. 99568 
b.691 .09 
3.C6752 
2,35383 
1.93256 
1.61.791 
1.1.3988 
1.27979 
1. 15201. 
l .C l . 727 
.95951 
.50576 

- .32450 
.22636 
.16663 
.1261.1 
.09811. 
.07752 
.C6209 

.01000 

99.001.98 
99.001.93 
99.C0053 
98.961.29 
98.81.81*1. 
98.61571. 
98.25236 
07 .76306 
97.16278 
96.1.7027 
87.62051 
79.331.78 
72.65033 
67.271.76 
52.87501 
59.20382 
56.08700 
53.1.0110 
51.05697 
37.3011.3 
30.7C11'2 
26.61.1.60 
23.83026 
21.73137 
20.08861. 
18.75770 
17.65100 
16.71191. 
11.5 3881 

9 .30 323 
7.93793 
7.00561 
6.31738 
5.78261. 
5.35180 
1..99515 
1..69365 
3.06737 
2.35775 
1.93251 
1.61.787 
1.1.3985 
1.27977 
1.15202 
1.01.725 

.01500 

65.671.13 
65.671.13 
65.671.13 
65.671.12 
65.67399 
65.67313 
65.67006 
65.66231. 
65.61.700 

.02000 

1.9.00993 
1.9.00993 
1.9. 00993 
1,9.00993 
1.9. 00993 
1.9.00993 
1*9. 00993 
1.9.00990 
1.9.00981 

.02500 

39 .0121.0 
39 .0121.0 
39 .0121.0 
39.0121.0 
39 .0121.0 
39 .0121.0 
39 .0121.0 
39.0121.0 
39.OI211O 

. 0 3 0 0 0 

3 2 . 3 1 . 8 1 8 

3 2 . 3 1 . 6 1 8 

3 2 . 3 1 . 8 1 8 

3 2 . 3 1 , 8 1 8 

3 2 . 3 1 . 8 1 8 

3 2 . 3 1 . 8 1 8 

3 2 . 3 1 . 8 1 8 

3 2 . 3 1 . 8 1 8 

3 2 . 3 1 . 8 1 8 

. 0 3 5 0 0 

2 7 . 5 8 8 7 3 

2 7 . 5 8 8 7 3 

2 7 . 5 8 8 7 3 

2 7 . 5 8 8 7 3 

2 7 . 5 8 3 7 3 

2 7 . 5 8 8 7 3 

2 7 . 5 8 8 7 3 

2 7 . 5 8 8 7 3 

2 7 . 5 8 8 7 3 

.OltOOO-* 

2 1 . . 0 1 9 7 3 

2 1 . . 0 1 9 7 3 

2 1 . . 0 1 9 7 3 

2 I . . 0 1 9 7 3 

2 1 . . 0 1 9 7 3 

2 i » . 0 1 9 7 3 

2 1 . . 0 1 9 7 3 

2 1 . . 0 1 9 7 3 

2 1 . . 0 1 9 7 3 

65.62105 
611.1.9 371. 
62.15371 
59.1.3880 
56.76679 
51..28099 
52.01511 
1.9.96286 
1.8.101.85 
I.6.1.1889 
35.1.5977 
29.65875 
25.95 392 
23.33022 
21.31.802 
19.78275 
18.50633 
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1 . 8 . 9 3 1 6 6 
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36.51626 
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30.5611.3 
26.71699 
23.91.1.95 
21.81.81.5 
20.19771 
18.85660 
17.71.003 
16.79208 
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3 1 . 9 7 3 8 8 

3 1 . 7 5 8 0 2 

3 1 . 5 0 3 3 3 

3 1 . 2 1 8 1 , 1 . 

2 7 . 8 9 1 . 9 6 
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X/B .05500 .0600G .Ofr?OC .07000 .07500 .08000 .08500 .09000 .09500 .lOflOO 
U 

. 0 0 0 0 0 1 17 .?0882 15 .69607 11..I.16<.E 13. 31991 12.36991 11.53895 10.80603 10.15<t79 9.57235 9 . 0 * 8 3 7 

. 0 0 0 0 0 2 17.20 882 15 .69607 1I..I.1642 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 .0 *837 

.000003 17.20882 15 .69607 l l . . * 1 6 * 2 13. 31991 12.36991 11.53895 10.80503 10 .15*79 9.57235 9 .0 *837 
• OOOCO* 17.20882 15 .59607 1<..*16*2 13. 31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 .0 *837 
.0O0C05 17.20882 15 .696C7 l ' . . * 1 6 * 2 13. 31991 12.36991 11.53895 10.80B03 10 .15*79 9.57235 9 .0 *837 
.000005 17.20882 15 .69607 1 * . * 1 6 * 2 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 . 0 * 8 3 7 
.000007 17.20882 15 .696C7 l i . . * 1 6 * 2 13. 31991 12. 36991 11.53895 10.80603 10 .15*79 9.57235 9 .0 *837 
.000008 17.20882 15 .69607 1 * . * 1 6 * 2 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 . 0 * 6 3 7 
• O00C09 17.20882 15 .69607 l i . . * 1 6 * 2 13.31991 12.36991 11.53895 10.80503 10 .15*79 9.57235 9 .0*837 
.00001 17.20882 15 .69607 1 * . *16 *2 13. 31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 . 0 * 8 3 7 
. 0 0 0 0 2 17.20882 15 .696C7 1 * . * 1 6 * 2 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 . 0 * 8 3 7 
.00003 17.20882 15 .696C7 l i t . * 1 6 * 2 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 .0 *837 
. 0000* 17.20882 15 .696C7 1 * . * 1 6 * 2 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 .0 *837 
.00005 17.20882 15 .69607 1 * . * 1 6 * 2 13.31991 12.36991 11.53895 10.80503 10 .15 *79 9.57235 9 . 0 * 8 3 7 
.00006 17.20881 15 .69607 1 * . * 1 6 * 2 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 .0 *837 
.00007 17.20876 15 .69607 1 * . * 1 6 * 2 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 .0 *837 
.00008 17.20857 1 5 . 6 9 6 0 * 1 * . * 1 6 * 2 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 .0 *837 
.0C0C9 17.20807 15 .59595 l ' . . * 1 6 * 0 13.31991 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 . 0 * 8 3 7 
•0001 17.20699 15 .69571 1 * . *1635 13.31990 12.36991 11.53895 10.80603 10 .15*79 9.57235 9 .0 *837 
.0002 1 7 . 1 0 0 * 8 15 .651C9 1* .39867 13.31327 12.36755 11.53816 10.80577 10.15*71 9.57232 9 . 0 * 8 3 7 
.0003 1 6 . 7 5 = 0 2 1 5 . * 5 7 7 0 l * . 2 9 3 9 i » 13.25897 12 .3*059 11.52532 10.79991 1 0 . 1 5 2 1 * 9 . 5 7 1 2 * 9 . 0 * 7 9 3 
. 0 0 0 * 16 .2667* 15 .13133 1* .08*89 13.12957 12.26315 l l . * 8 0 5 0 10 .77*81 10 .1385* 9 .56*11 9 . 0 * * 3 0 
.0005 15.71861 1 * . 7 3 3 * 3 13.80381. 12.93639 12.13392 11.39636 10 .721*8 10.10563 9 . 5 * * 3 2 9 . 0 3 2 7 3 
.0006 15.16690 1 * .30892 1 3 . * 8 * * 9 12.70150 11 .96*99 11.27756 10.63978 10.05068 9.50818 9 .009*7 
.0007 1* .63583 1 3 . 8 8 3 * 5 13.15009 12 . * *366 11.76995 11.13280 10 .53*37 9 . 97537 9 . *5539 8.97315 
.0008 1* .13525 1 3 , * 7 0 3 * 12 .81*80 12.17601 11.55981 10 .9705* 10 . *1113 9.88330 9 .3877* 8 .92*26 
.0009 13.66803 13 .07593 12 . *8671 11.90707 11.3*257 10.79761 10 .275*8 9 . 7 7 8 * * 9.30785 8 .86*28 

nnn 1 3 . 2 3 3 7 5 1 2 . 7 0 2 7 3 1 2 . 1 7 0 1 8 1 1 . 6 * 2 1 1 1 1 . 1 2 3 6 8 1 0 . 6 1 9 1 3 1 0 . 1 3 1 8 5 9 . 6 6 * 3 5 9 . 2 1 8 * 3 8 . 7 9 5 1 0 

. 0 0 2 1 0 . 2 2 * 5 * 9 .98885 9 .7*338 9 . *9017 9.23116 8.95826 8.70325 8 . *3778 8 . 17339 7 .911*5 

.003 8 . 5 3 * 6 9 8.39617 8 . 2 * 9 9 1 8.09682 7.93780 7.77376 7.60559 7 . * 3 * 1 7 7 .2603* 7 .08*91 

. 0 0 * 7 . * 3 0 6 5 7 .33723 7.23791 7.13315 7 . 0 2 3 * 7 6.90935 6.79132 6 . 66987 6 . 5 * 5 5 2 6 . *1876 

.005 6 . 6 3 9 * 5 6 .57115 £ . * 9 8 2 1 6 . * 2 0 9 3 6.33961 6 .25*57 6.16612 6 . 0 7 * 5 9 5.98031 5.88359 

.006 6 . 0 3 7 * * 5 . 9 8 * 7 7 5.92836 5.868*1 5.80511 5.73868 5 .66933 5.59729 5.52277 5 . * * 5 9 9 

.007 5 .55?S6 5 .51768 5 . * 7 2 * 2 5 . *2 *20 5.37318 5 .319*9 5 .25329 5 . 2 0 * 7 * 5 . 1 * * 0 0 5.08122 

.00 8 5.16919 5 . 1 3 * * 5 5.09712 5.05728 5.01505 * . 9 7 0 5 3 * . 9 2 3 8 3 * . 87506 * . 8 2 * 3 6 * . 7 7 1 8 * 

.00 9 * . 8 * 2 0 2 * . 8 1 2 7 9 * .78133 * . 7 * 7 7 1 * .71203 * . 6 7 * 3 5 * . 6 3 * 7 7 * . 59337 * .55025 * . 50550 

.01 * .56290 * . 5 3 7 8 7 * .51090 * . * 8 2 0 6 * . * 5 1 * 1 * . * 1 9 0 0 * . 3 8 * 9 2 * . 3 * 9 2 2 * .31198 * . 27328 

.02 3.02175 3 .01290 3.00333 2 .9930* 2.98205 2.97036 2.95800 2 . 9 * * 9 7 2.93130 2.91698 

.03 2 . 3 2 9 * 0 2 . 3 2 * 6 6 2.31952 2.31399 2,30807 2.30177 2.29509 Z.28803 2.28060 2,27281 

. 0 * 1.91703 1 .91*00 1.91073 1.90720 1.903*1 1.89938 1.89510 1.89058 1,88582 1,88081 

.05 1.63703 1 .63*91 1.63261 1.63013 1.627*7 1 .62 *6 * 1.62163 1.618*5 1.61509 1.61157 

.06 l . * 3 1 7 7 l . * 3 0 1 9 l . * 2 8 * 8 l . * Z 6 6 3 l . * 2 * 6 * l . * 2 2 5 3 l . * 2 0 2 8 l . * 1 7 9 0 l . * 1 5 3 9 1 . *1Z76 

.07 1.27350 1 .27227 1.27093 1.269*9 1.26795 1.26630 1 .26*55 1.26270 1.26075 1.25869 

.08 1 .1*699 1 .1*600 1 .1* *93 1.1*379 1 .1 *25* 1.1*122 1.13981 1.1383Z 1.13675 1.13510 

.09 1 . 0 * 3 1 2 1 . 0 * 2 3 1 1 .0*1*3 1. 0 * 0 * 8 1 .039*6 1.03838 1.03722 1.03600 1.03*71 1.03335 

.1 . 9 5 6 0 * .95537 .95*63 .95383 .95298 .95207 .95111 .95008 , 9 * 9 0 0 , 9 * 7 8 6 

.2 .50*75 . 5 0 * 5 5 .50*33 .50*10 .50385 .50358 .50330 .50300 .50268 .50235 

.3 . 3 2 * 0 3 . 3 2 3 9 * .32385 . 3237* .32362 .32350 .32337 . 3 Z 3 Z * .32309 . 3 Z Z 9 * 

. * .22661 .22656 .22651 . 226*5 .22639 .Z2632 .2Z625 .22617 ,22609 .22601 

.5 . 1 6 6 * 7 . 1 6 6 * * .166*1 .16637 .16633 .16629 .16625 .16620 ,16615 .16610 

.6 .12631 .12629 .12627 . 1 2 6 2 * .12622 .12619 .12516 .12613 .12610 .12607 

. 7 .09807 .09806 . 0980* .09803 .09801 .09799 .09797 .09795 .09793 .09791 

.8 . 0 7 f * 7 . 0 7 7 * 7 . 077*5 . 0 7 7 * * ,077*3 .077*2 .077*0 .07739 .07738 .07736 
. 0620* .06203 .06203 .06202 .06201 .06200 .06199 .06198 .06197 .06196 

1. .05023 .05022 .05022 .05021 .05020 .05020 .05019 .05018 .05017 .05016 
2 . . 008*9 , 0 0 8 * 9 .008*9 .008*9 .008*8 .008*8 .008*8 .008*8 . 0 0 8 * 8 . 008*8 
3 . .00191 .00191 .00191 .00191 .00191 .00191 .00191 .00191 .00191 .00191 
* . . 0 0 0 * 9 . 0 0 0 * 9 . 000*9 .000*9 . 0 0 0 * 9 .OO0*9 . 000*9 .000*9 . 0 0 0 * 9 . 0 0 0 * 9 
5. .00013 .00013 .00013 .00013 .00013 .00013 .00013 ,00013 .00013 ,00013 
6. . 0 0 0 0 * . 0 0 0 0 * . 0 0 0 0 * . 0 0 0 0 * . 0000* . 0 0 0 0 * . 0 0 0 0 * . 0000* . 0 0 0 0 * . 0 0 0 0 * 
7 . .00001 .OOOCl .00001 .GOOOl .00001 .00001 .00001 .00001 .00001 .00001 



X/rj . 12000 .11.000 .16000 .18000 .20000 .22000 .24000 .260 00 .28000 .30000 
u 

.030J01 7.39100 6.20970 5.32590 1..64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.45939 

.00 000 2 7. 39100 6.20970 5.32590 4.64039 4.39365 3.64781 3.27761 2.96558 2.69923 2.46939 

.000003 7,39100 6.20970 5.32590 4.64039 4.09365 3.64781 3.27751 2.96558 2.69923 2.46939 

. 000001. 7.39100 6.20970 5.32590 4.64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.46939 

.000005 7.39100 6.20970 5.32590 4.64039 4.09365 3.61.781 3.27761 2.96558 2.69923 2.45939 

.000006 7.39100 6.20970 5.32590 4.64039 4.39365 3.64781 3.27761 2.96558 2.69923 2.45939 

.C00C37 7.39100 6.2097O 5.32590 4.64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.45939 

.000008 7.39100 6.20970 5.32590 4.64039 4.09365 3.61.781 3.27761 2.96558 2.69923 2.45939 

.000009 7.39100 6.20970 5.32590 4.64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.46939 

.OOOCl '.39100 6.20970 5.32590 4.64039 4.09365 3.64781 3.27761 Z.96558 2.69923 2.45939 

.000C2 7.391D0 6.20970 5.32590 4.64039 4.09365 3.54781 3.27761 2.96558 2.69923 2.45939 

.00003 7.79103 5.20970 5.32590 4.64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.46939 

.00001. 7.39100 6.20970 5.32590 4.54039 4.09365 3.64781 3.27761 2.96558 2.69923 2.45939 

.00005 7.39100 6.2097O 5.32590 4.64039 4.09365 3.64781 3.27761 2.95558 2.69923 2.46939 

.0C0IJ6 7.39100 6.20970 5.32590 4.64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.46939 

.0OOC7 7 . 39100 6.20970 5.32590 4.64039 4.09365 3.61.781 3.27761 2.95558 2.69923 2.46939 

.00008 7.39100 6.20970 5.32590 4.64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.45939 

.00009 7.39100 6.20970 5.32590 4.64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.46939 

.0001 7.39100 5.20970 5.32590 4.64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.46939 

.0002 7.39100 5.20970 5.32590 4.54039 4.09365 3.64781 3.27761 2.96558 2.69923 2.46939 

.0003 7.39099 6.20970 5.32590 4.64039 4.09365 3.64781 3.27761 2.96558 2.69923 2.46939 

.0001. 7.39082 6.20970 5.32590 4.64039 4.09365 3.64781 3.27751 2.96558 2.69923 2.46 939 

.0005 7.38 '=77 6.20963 5.32589 4.64039 4.09365 3.64781 3.27761 2.96558 2.59923 2.46939 

.00 06 7.38657 6. 20932 5.32587 4.64039 4.09365 3.64781 7.27761 , 2.96558 2.69923 2.45939 

.0007 7 . 3 7 9 8 1 . 6.2081.0 5.32578 4.64038 4.09365 3.64781 3.27761 2.96558 2.69923 2.46939 

.00 08 7.36852 6.20638 5.32550 4.64035 4.09365 3.54781 3.27761 2.96558 2.69923 2.45939 

.00 09 7.35205 5.20280 5.32488 4.64027 4.09364 3.64781 3.27761 2.96558 2.69923 2.45939 

.001 7.33030 6.19725 5.32373 4.64007 4.39361 3.64781 3.27761 2.96558 2.69923 2.46939 

.002 6.91021 6.01815 5.25469 4.61581. 4.08584 3.64552 3.27700 2.96543 2.69919 2.45939 

.003 e.38190 5.70578 5.03353 4.52878 4.34466 3.62737 3.25953 2.96255 2.69816 2.46904 

.001. 5.89712 5.3721.9 4.86697 4.39573 3.96731 3.58480 3.24734 2.95159 2.69302 2.46675 

.005 5.1.7878 5.05969 4.54323 4.24259 3.85700 3.52190 3.20 957 2.92987 2.68105 2.46043 

.006 F.12C89 1..7771 .7 4.42861 4.08519 3.75567 3.44595 3.15958 2.89813 2.66160 2.44893 

.007 1..81312 1..52557 4.22885 3.93152 3.64102 3.36299 3.10137 2.85850 2.63544 2.43217 

.008 1..51.607 1..30123 4.04519 3.78518 3.52749 3.27722 3.03827 2.81330 2.60390 2.41075 

.009 1.. 31213 1..10051. 3.87703 3.64755 3.41747 3.19132 2.97275 2.76449 2.56838 2.38549 

.01 1.. 10535 3.92025 3.72312 3.51890 3.31216 3.10692 2.90552 2.71359 2.53008 2.35727 

.02 2.85767 2.7811.9 2.70161 2.61524 2.52366 2.42812 2.32985 2.23001 2.12968 2.02983 

.03 2.23813 2.19813 2.15326 2.10402 2.05092 1.99451 1.93534 1.87397 1.81093 1.74675 

.01. 1 .8581 .6 1.83253 1.80 325 1.77085 1.73563 1.69786 1 .55783 1.61585 1.57224 1.52728 

.05 1.59579 1.5 771.1 1.55657 1.53342 1.50810 1.480 80 1.45169 1.42095 1.38878 1.35536 

.06 1. 1.0091. 1.38715 1.37146 1.35398 1.33479 1.31403 1.29179 1.26820 1.24339 1.21749 

.07 1.21.91.7 1.23869 1.22641 1.21269 1.19760 1.18121 1.16361 1.14488 1.12511 1.10439 

.08 1. 12 769 1.11901 1.10911 1.09802 1.08581 1.07252 1.05821 1.04295 1.02680 1.00982 

.09 1.02725 1.02010 1.01193 1.00278 .99267 .98166 .95979 .95710 .94363 .92945 

.1 .91.275 .93675 .92989 .92219 .91369 .90441 .89439 .88366 .87225 .85023 

. 2 .50081. .1.9906 .49703 .49473 .49218 .48938 .48633 .48304 .47953 .47578 

.3 .32225 .3211.3 .32050 .31944 ,31827 .31697 .31557 .31404 .31241 .31066 

.1. .22553 .22518 .22466 .22408 .22343 .22272 .22194 .22109 .22019 .21922 

. 5 .16587 .16560 .16528 .16493 .16453 .16409 .16361 .16310 .16254 .16195 

.6 . 12592 .12571. .12553 .12530 .12504 .12476 .12445 .12411 .12374 .12335 

.7 .09780 .09768 .09754 .09738 .09721 .09701 .09680 .09657 .09632 .09605 

.8 .0 7729 .07720 .07710 .07699 .07686 .07673 .07557 .07641 .07623 .07605 

. 9 .06190 .06184 .06177 .06169 .05160 .06150 .05139 .06127 .06114 .06100 
1. . 05013 .05008 .05003 .04997 .04990 .04982 .04974 .04965 .04956 .04946 
2. .0081.8 .00847 .03847 .00846 .00846 .00845 .00844 .00843 .00 842 .00841 
3. .00191 .00191 .00191 .00191 .00191 .00190 .00190 .00190 .00190 .00190 
1.. . 0001.9 .00049 .00049 .00049 .00049 .00049 .00049 .000 49 .00049 .00049 
5 . .00013 .0CC13 .00013 .00013 . 00013 .00013 .00013 .00013 .00013 .00013 
5. .OOOOU .00004 .00004 .00004 .00004 .00004 .00004 .00004 .00004 .00004 
7. .00001 .OOOCl .00001 .00001 .00001 .00001 .00001 .00001 .00001 .00001 



f 

r o 
oo 

' X/B .32000 •3*C00 .36000 .38000 .*0000 .*2000 .**000 .*6000 .*8oao .50000 
1 U 
' .000001 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 

.000002 2.26921 2^093** 1.93799 1.79963 1.57580 1.56**0 l.*6372 1.37235 1.28913 1.21306 

.000003 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 

.OOOPO* 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 

.000305 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 

.000006 2.26921 2.0 93** 1.93799 1.79963 1.57580 1.56**0 l.*6372 1.37235 1.28913 1.21306 

.000007 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
•oodoai 2^26921 2.093** 1.93799 1.79963 1.57580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.000009 2^25921 2.093** 1.93799 1.79963 1.57580 1.56**0 l.*5372 1.37235 1.28913 1.21306 
.00001 2^26921 2.093** 1.93799 1.79963 1.57580 1.56**0 l.*6372 1.37235 1.29913 1.21306 
.00002 2.26921 2 .0 9 3** 1.93799 1.79963 1.57580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.00003 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.0000* 2.25921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.00005 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.00006 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*5372 1.37235 1.28913 1.21306 
.00007 2.26921 2.0 93** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.00008 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.00009 2.26921 2.093** 1.93799 1.79953 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.3001 2.26921 2.093** 1.93799 1.79963 1.67580 1.55**0 l.*6372 1.37235 1.28913 1.21306 
. 0002 2.26921 2.0 93** 1.93799 1^79963 1.67580 1.56**0 l.*6372 1.37235 1.29913 1.21306 
.0003 2.26921 2.093** 1.93799 1^79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
. 000 * 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*5372 1.37235 1.28913 1.21306 
.0005 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.0006 2.26921 2 .093** 1.93799 1.79963 1.67580 1.56**0 l.*5372 1.37235 1.28913 1.21306 
.000'' 2.26921 2.093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.0008 2.26921 2^093** 1.93 799 1.79953 1.67580 1.56**0 l.*5372 1.37235 1.28913 1.21306 
. 0009 2.26921 2^0 93** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.001 2.26921 2^093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.002 2.26921 2^093** 1.93799 1.79963 1.67580 1.56**0 l.*6372 1.37235 1.28913 1.21306 
.003 2.26910 2^093*1 1.93798 1.79963 1.67580 1.56**0 l.*5372 1.37235 1.28913 1.21306 
.03* 2.2681* 2^09302 1.93783 1.79958 1.67578 1.56*39 l.*6372 1.37235 1.28913 1.21306 
.005 2.26*9* 2.091*7 1.93711 1^79926 1.6756* 1.56*33 l.*6369 1.37235 1.28913 1.21306 
.006 2.25837 2.0 8785 1.93518 1.79827 1.67515 1.56*10 l.*6358 1.37230 1.28911 1.21305 
.007 2.2*796 2.08157 1.93151 1.79618 1.67*00 1.563*8 l.*6327 1.3721* 1.28903 1.21301 
.008 2.23378 2.072*3 1.92577 1.79267 1.57191 1.56227 l.b6258 1.37176 1.29883 1.21291 
• 009 2.2162* 2.0 60 53 1.91789 1.78757 1.66868 1.56027 l.*6137 1.37105 1.299*1 1.21268 
.01 2.19588 2.0*61* 1.90793 1.78082 1.56*20 1.55736 l.*5952 1.36989 1.29771 1.21225 
.02 1.93133 1.83*92 1.7*121 1.65069 1.56373 l.*8061 i . *a i*9 1.326*5 1.25551 1.18862 
.03 1.68192 1.61691 1.5521* l.*8800 l.*2*83 1.36293 1.30255 1.2*391 1.18716 1.132*5 
.0* l.*8128 l.*3*52 1.38733 1.33986 1.292*6 1.2*532 1.1986* 1.15262 1.107*2 1.06317 
.05 1. 32090 1.28559 1.2*958 1.21309 1.17628 1.13932 1.10237 1.06556 1.02903 .99291 
.06 1.19062 1.16293 1.13*53 1.10557 1.07616 1.0*6*2 1.016*9 .986*5 .956*3 .92652 
.07 1.08282 1.060*8 1.037*8 1.01390 .98985 .965*1 .9*068 .91573 .89066 .86555 
• 08 .99209 .97367 .95*61. • 93505 .91502 .89*57 .87380 .8 5276 .83152 .81015 
.09 .91*61 •89915 .89313 .86561 .8*96* .83228 .81*58 .79661 .77 8*0 .76001 
.1 •8*761 •8 3*** .82077 •80663 .79208 .77716 .76191 .7*637 .73059 .71*61 
.2 .*7182 •*6765 .*6327 .*5870 .*5393 .**900 .**589 .*3e6i .*3319 .*2762 
.3 . 30881 .30685 .30*79 .30253 .30037 .29801 .29557 .2930* .290*2 .28772 
.* .21818 .21709 .2159* .21*73 .213*7 .2121* .21077 .2093* .20786 .20632 
.5 .16131 .1606* .15993 .15919 .158*1 .15759 .1567* .15585 .15*93 .15399 
.6 .1229* .12250 .12203 .12155 .12103 .12050 .11993 .11935 .11875 .11912 
.7 •09577 .0 95*6 .09515 .09*81 .09**6 .09*09 .09370 .09330 .09289 .092*5 
.8 .0758* .0 7563 .075*1 .07517 .07*92 .07*66 .07*38 .07*10 .07380 .073*9 
.9 .06086 •06070 .0605* .36036 .06018 .05999 .05979 .05958 .05937 .0591* 

1. .0*93 5 .0*923 .0*911 .0*898 .0*885 .0*871 .0*856 .0*8*0 .0*82* .0*808 
2. .008*0 •00839 .00838 .00837 .00836 .00 83* .00833 .00831 .00830 .00828 
J . .00190 .00190 •00189 .00189 .00189 .00189 .00189 .00188 .00188 .00188 
*. .030*9 •000*8 .000*8 .000*8 .000*8 .000*8 .000*8 .000*8 .000*8 .000*8 
5. •C0013 •00013 .00013 .00013 .00013 .00013 .00013 .00013 .00013 .00013 
6. . 000014 .0000* .0000* .0000* .0000* .0000* .0000* .0000* .0000* .0000* 
7. •OQOOl .00001 .00001 .00001 .00001 .00001 .00001 .00001 .00001 .00001 



X / 3 .52000 • 51.030 .56000 .58000 .50000 .62000 .64000 .66000 .68000 .70000 
U 

.000001 

.000002 

.000003 

.OOOGC 

.000005 

.000006 

.000007 

.OO0C03 

.000009 

1.11.331 
1.11.331 
1.11.331 
1.11.331 
i.11.731 
1.11.331 
1.11.731 
1.11.331 
1.11.731 

1.07916 
1 .07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 

1.02002 
1.02002 
1.0200Z 
1.02002 
1.02002 
1.02002 
1.02002 
1.02002 
1.02002 

• 96531. 
• 96531. 
.96531. 
.96531. 
.96531. 
.96531. 
.96531, 
.96531. 
.96531. 

•91458 
.91468 
.91468 
.91468 
.91468 
.91468 
.91U68 
.91468 
.91468 

•86765 
.86765 
•85755 
.86765 
.86765 
.86765 
.86765 
.86765 
.86765 

.82389 

.82389 

.82389 

.82389 

.823 89 

.82389 

.82389 

.82389 

.82389 

.78311 

.78311 

.78311 

.78311 

.78311 

.78311 

.78311 

.78311 

.78311 

.7450 2 

.74502 

.74502 

.74502 

.74502 

.7450 2 

.74502 

. 74502 

.74502 

.70941 

.70941 

.70941 

.70941 

.70941 

.70941 

.70941 

.70941 

.70941 
.aoooi 
.00002 
.0C0C3 
.oooou 
.00005 
.00006 
.00007 
.00006 
.00009 

1.11.771 
1.11.331 
1.11.331 
1.11.331 
1.11.331 
1.11.331 
1.11.331 
1.11.331 
1.11.331 

1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 

1.02002 
1.02002 
1.02002 
1.02002 
1.02002 
1.02002 
1.02002 
1.02002 
1.02002 

.96531. 

.96531. 
• 95531. 
•9653U 
.96531. 
.96531. 
•9653U 
.96531. 
• 96531. 

.91468 

.91468 

.91468 

.91468 

.91458 

.91468 

.91468 

.91468 

.91468 

.85765 

.86765 

.86755 

.86755 

.86765 

.86765 

.85765 

.86765 

.86765 

.82389 

.82389 

.82389 

.82389 

.82389 

.82389 

.82389 

.82389 

.82389 

.78311 

.78311 

.78311 

.78311 

.78311 

.78311 

.78311 

.78311 

.78311 

.74502 

.74502 

.74502 

.74502 

.74502 

.74502 

.74 502 

.74502 

.74502 

.70941 

.70 941 

.70941 

.70941 

.70941 

.70941 

.70941 

.70941 

.70941 
.0001 
.00 02 
.0003 
.OOOt 
.0005 
.0006 
.0007 
.0008 
.00 09 

1.11.331 
1.11.331 
1.11.331 
1.11.331 
1.11.331 
1.11.331 
1.11.331 
1.11.331 
1.11.331 

1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 
1.07916 

1.02002 
1.02002 
1.020C2 
1.02002 
1.02002 
1.02002 
1.02002 
1.02002 
1.02002 

• 96531. 
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.07 
• 08 
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. * 1 5 5 6 
• *1556 
• * 1 5 * 3 
. * 1 * 6 5 
. * 1 2 5 5 
. * 0 8 a 2 
•*035a 
•39681 
•33905 

.39885 
.3988* 
.39376 
•39815 
• 39 6*5 
• 39331 
.38871 
.38292 
.37598 

.38297 
• 39297 
.38291 
• 382*5 
.38107 
• 3 7 3 * * 
. 3 7 * * 8 
•36930 
.36310 

.36798 

.36789 

.36793 

. 3 6 7 * 9 

.36638 

. 36 *18 

.36077 

.35623 

. 35072 

.25099 

.25099 

.25099 

.25098 

.25068 

.250 57 

. 2 * 9 9 * 
. 2 *889 
. 2 * 7 3 8 

. 1 7 6 1 * 

. 1 7 6 1 * 

. 1 7 6 1 * 

. 1 7 6 1 * 

.17613 

.17610 

.17602 

.17583 

.17550 

.12619 
.12619 
.12618 
.12618 
.12618 
.12618 
.12617 
.12615 
.12609 

.09193 

.09193 

.09183 

.09193 

.09193 

.09193 

.09193 

.09183 

.09192 

.06767 

.06767 

.06767 

.06767 

.06767 

.05767 

.06767 

.05767 

.06767 
.1 
.2 
• 3 
. * 
.5 
.5 
.7 
• 8 
• 9 

• 39313 
.29387 
• 21818 
•165*1 
.12796 
•10067 
•08030 
• 05*77 
. 0527* 

•380*9 
•287*1 
. 2 1 * 5 6 
.15318 
•12651 
• 09968 
.07960 
•06*26 
.0 5275 

. 3 6 3 1 * 
.280 99 
.21092 
.16095 
.12505 
•09869 
.07889 
• 06375 
.05198 

.35611 

.27 *63 

.20729 

. 15370 

.12353 

.09768 

.07819 
•06323 
•05150 

. 3 * * * 2 

.26833 

.20366 

. 1 5 6 * 5 

.12210 

.09666 

.0 77*6 

.06271 

.05121 

. 2 * 5 * 0 

.20 937 

.16810 

.13376 

.10692 

.08613 

.06993 

.05720 

. 0 *710 

.17500 

.15970 

. 1 3 5 3 * 

.11176 

.09170 

.07531 

.06206 

.05136 

.0*270 

.12599 

.12012 

.10679 

.091*9 

.07715 

. 06 *69 

.05*18 

. 0 * 5 * 3 

.03817 

.09180 

.09975 

.08299 

.07360 

.06379 

.05*65 

. 0 *657 

.03960 

.03366 

.06766 

.06701 

.06392 
.05836 
. 0 5 1 9 * 
. 0 * 5 * 9 
.0 39*5 
.03*05 
.02931 

• 

• 
• 

•0*728 
.C0791 
•00180 
•000*7 
• 00 013 
•OOCO* 
.OOCOl 

. 0*300 
• CC778 
.00180 
.000*7 
.00013 
. 0 0 0 0 * 
•OUOul 

.0*271 

.00776 
•00179 
.000*6 
.00013 
•0000* 
•00001 

• 0*2*2 
•00773 
.0G179 
. 0 0 0 * 6 
.00013 
. 0000* 
.00001 

. 0 * 2 1 3 

.00770 

.00178 

. 0 0 0 * 6 

.00013 
. 0 0 0 0 * 
.00001 

.03902 

.00737 

.00173 

. 0 0 0 * 5 

.00013 
. 0 0 0 0 * 
.00001 

.03565 

.00701 

.00167 

. 0 0 0 * * 

.00012 

.0000* 

.00001 

.03215 

.00661 

.00160 

.000*3 

.00012 

.00003 

.00001 

.0286* 

.00619 
.00153 
.000*1 
.00012 
.00003 
.00001 

.02519 

.00575 

.001 *5 

.00039 

.00011 

.00003 

.00001 
K1606E0 / / / / EMO OF LIST /It/ 
K1606eO / / / / ENO OF LIST / / / / 



Table 2. Pertinent data for the Esterhazy pump tests. 

o 

Pumping rate (m /min) .227 

Distance, y, to south boundary (m) 140 170 25 

Distance, r , to pumped well (m) - 580 400 

Projection, x, of distance to 

pumped well along boundary (m) - 580 380 

27 



Table 3. Drawdown data from Esterhazy well 0 ; results of matching with Plate 1, Plate 10 and Plate 18. 

Match point coordinates T 

(m^/min) 

S B 
(m) 

F or z W u x/B or r/B s(m) t{niin) 

T 

(m^/min) 

B 
(m) 

Plate 1 1 1 0.25 0.084 19 .227 x 380 x 1/(2 x 0.084 x 425) 

= 1.21 

4 X 1.21 X 19 X 1/(380^) 

= 6.4 X 10'* 

380/0.25 

= 1520 

Plate 10 1 1 0.30 0.021 30 .227 X 1/(4 X IT X 0.021) 

= 0.86 

4 X 0.86 X 30 X 1/(400)^ 

= 6.45 X 10'^ 

400/0.3 

= 1330 

Plate 18 1 1 0.3 0.017 26 .227 X 1/(4 X IT X 0.017) 

= 1.06 

4 X 1.06 X 26 X 1/(400)^ 

= 6.9 X 10'^ 

400/0.3 

=1330 
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Figure 6. Time-drawdown curve for observation well O 
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Figure 7. Time-drawdown curve for observation well Oj. 
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Figure 7. Time-drawdown curve for observation well Oj. 
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Plate 1. Family of type curves F(u i,x/B) 







Plate 4. S W(u,r/B); type curve family no. 4 
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Plate 5. 2 W(u,r/B); type curve family no. 5 
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Plate 7. S W(u,r/B); type curve family no. 7 
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Plate 8. S W(u,r/B); type curve family no. 8 
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Plate 9. S W(u,r/B); type curve family no. 9 
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Plate 10. 2 W(u,r/B); type curve family no. 10 
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Plate 11. S W(u,r/B); type curve family no. 11 
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100 

Plate 18. Family of type curves 2 W(u,r/B) for the well configuration of P and in the buried bedrock channel 
aquifer near Esterhazy, Saskatchewan. 
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