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Radial Aquifers

The water influx equation for radial aquifers is:

n
W, = 1.119 ¢ch rw2 . 320 g bp Q ' £ 113
where -
© = angle subtended by the reservoir circumference, degrees.
r, = radius of the aquifer inner boundary, ft.
QD = radial efflux functions, dim.

¢ch = aquifer storage number, ft. - psi—l.

Values of Q. for infinite and limited outer boundaries are available
in equation, chart, and tabular form as a function of dimensionless wellbore

time, tDw' Chart 48 in Volume 4 gives QD vs. tDw curves for several limited

no-flow aquifers. Tabulated values can be found in Craft and Hawkin's, "Applied
Petroleum Reservoir Engineering'', pages 212-217.

Quite often a petroleum reservoir lies against or close to a fault
so water entry is limited as to direction. This is illustrated by the sketch.

. /5§4h/t'72 This type of sitxation is hanfled
l N T by defining the "expose angle", O,
\ e / (180° in the sketch) and computing
> - ‘k\gxb an r_consistant with the length of

N e Cz'x?ﬁc:c oil-water contact.

~ —

To use the radial influx model in the material balance equation, one

plots F/E against z Ap QD/E. Should a straight line result, the intercept

defines the origiﬁal oil in place, N, and the slope defines the aquifer storage,
1.119 ¢ch rw2 0/360. '

General Comments

The several "type" aquifers described above are not the only ones
for which solutions are available. They are, however, the most common ones.
There is, of course, no assurance that the petroleum reservoir and aquifer will
act such that a satisfactory straight line material balance solution is obtained
for any of the "type" aquifers' responses. This may be because of poor reservoir
data (noteable pressure data) or it may be because the aquifer does not respond
in accordance with the "type'" solutioms.
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The fact that a stralght line is not achieved does not destroy the
primary usefulness of the methods - the determination of original oil in place.
The adjacent sketch illustrates the
1:/E- situation where a non-linear plot of

F/E vs. ) bp QD/E is obtained.

N'ﬁ j[’ETA#HQD =

Extrapolation of the best smooth curve to the X=0 axis will yield as good a value
of N as possible to get. Note that it would be incorrect procedure to place a
straight line through the points and extrapolate it to X=0.

Having developed a satisfactory straight line (or curved line for that
matter) material balance relationship, the relationship can be used as a prediction
tool for future reservoir behavior by extrapolation. However, note that in making
the extrapolation there is an assumption that all reservoir and aquifer responses
in the future have been manifested in past behavior. This is not always the
situation as, for example, sometimes other petroleum reservoirs in the same aquifer
are to be put on production and effect the influx into the original reservoir. A
second example is where a reservoir is against a sealing fault and the fault
develops "leaks'" when the reservoir pressure drops to a lecw threshhold value.

M.B.Standing
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Reservoarteknikk II

Notes On Water Influx Equations in Material

Balance Calculations

Many petorleum reservoirs are in contact with aquifers capable of
supplying quantities of water into the reservoir as a result of pressure reduction.
The actual shape, size, and ability cf the aquifer to supply water generally is
not known, although one can often make use of regional geology and seismology
studies to develop ideas of the general aquifer properties to be expected.

From an analytical point of view, the aquifer is best considered as
an independent unit which supplies water to the petroleum reservoir in response
to the time variation of pressure at the inner boundary of the aquifer. The
inner aquifer boundary is normally taken to be the location of the original
hydrocarbon-water contact, although one could select some other location to
define as the inner boundary. While water encroachment (influx into the petroleum
reservoir, but efflux from the aquifer) usually is calculated using boundary
pressures, it often is satisfactory to use average reservoir pressure in the
calculations in place of boundary pressure.

Havlena and Odeh demonstrated (see reprint in Section ?2) how the
material balance equation can be arranged to indicate the type of water influx’
being experienced by the reservoir. Essentially, their method is to assume a
type of aquifer, calculate the response of the aquifer to the observed change in
boundary pressure, and test whether the assumed aquifer type is correct by
determining whether a straight line is obtained when certain material balance
parameters are plotted against each other. As pointed out by Havlena and Odeh,
the straight line method of solving the material balance makes use of the dynamic
sequence of the plotted points and the shape of the resulting plot to develop
the proper aquifer characteristics, and differs from the more common material
balance methods that rely mainly on averaging techniques.

From what has been said above, it is apparent that finding the proper
aquifer characteristics to fit the observed field pressure behavior takes on a
trial and error approach. Consequentlv, it makes good sense to try-the simplest
aquifer characreristic first and then, if not successful, proceed to aquifer
characteristics requiring more complicated calculations. This is the approach
that will be used in presenting the several standard aquifer responses - the
easiest to handle first, followed by the more complex.

Small Aquifers

A small, limited aquifer can be represented'by the water influx
relationship: '

Y = = 1

28 Clpy - p) | (¢ 1
where

we = cunulative water entering the reservoir, bbl.

C = Va s b (cw + Cf)

Va = aquifer bulk volume, bbl, ‘

) = aquifer porvosity, f{raction

= " -1
Cy» Cfp = water and rock compressibilities, psi

1
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Using this influx relationship-'yields a material balance equation of

" ) :
e n+c- PP ( 2)
E —_———
E 3
where
F = net voidage volume
E = reservoir system expansion
N = original stocktank oil in place

To use this relationship, values of F/E are plotted as a Y coordinate against

(p, - p)/E as an X coordinate. The slope becomes the value of C and the intercept
becomes the value of N. Havlena and Odeh point out that the points will plot
backward as indicated by their Figure 3B on page 5.

Steady State Aquifers

Experience has shown that the Shilthuis steady state relationchip will
satisfy more than 50 per cent of material balance calculations. It is the
second easiest to apply. If we represent the cumulative amount of water- that has
crossed the inner boundary at time t, the Shilthuis relationship is expressed
by the rate equation:

dw

e = k(p; - p) ¢ 3
dt ’
where
Py = initial inner boundary pressure
p = inner boundary pressure at time t
The cumulative influx is then,
t
We = k (pi - p) dt ( 4)
t=o0

Using this influx relationship in the material balance relationship yields

t
L kfo(pi-p)dt. ¢ 5
E E

The straight line plot is prepared by plotting F/E as a Y coordinate against

}( & (Pi - p) dt/E as an X coordinate.
(0

C A
Arca = JLF“‘}“'/ a1 Values of /t (pi - p) dt at specified
o

time values are obtained by graphical
integration of the area under a (p, - p)
vs. t curve as illustrated in the sketch.
As in the previous example, value of N and
k are determined from the intercept and
slope of the resulting straight line.

( ﬁ{-/?}";*
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Infinite Linear Aquifers

An infinite linear aquifer has a response characteristic that is
easy to handle. This is because the transient influx function reduces to a
simple Yt function and does not require estimation of dimensionless time in
order to get the influx function. This is explained in the following.

For linear aquifers, the transient response to pressure changes at the

inner boundary is represented by:

n
_ bhL¢c . 6
Ve = S5 L T Q .6
o
where
b,h,L = width, thickness, and length of the aquifer, ft.
¢ = porosity, fraction
c = compressibility, psi—
QD = linear influx function, f(tDL)

]

Ap pressure change, psi

For an infinitely long linear aquifer

Q= 2 V/ toL , | ¢ 7

m
where
b = 6.33(10" Pkt
DL ¢pucL? ¢ 8)
Solving equations 6, 7, and 8 yields

kh B —
, = <O.016\J/b2' = éch > . g bp - Vv ¢ .9)

Using this influx relationship yields a material balance equation of:

F ® —_
5 = B+B- Yy sp Yt (. .10)
(o]
E

where B is the group in front of the summation sign in Equation 9 and is the

slope of the straight line when F/E is plotted against Z Ap Yt /E. Note that

Z Ap ¥ t involves superposition of the pressure changes and square root of time.

Limited Linear Aquifers

Influx from limited or restricted aquifers is calculated by use of
Equation 6. Nabor and Barham (Trans AIME 231 (1964) 561) gives efflux (QD)
function values for constant pressure and no flow (sealed) outer boundary
conditions in both chart and tabular form. Superposition principles must be
used in applying these aquifer responses to the material balance.
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Water Influx Problem 1
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(The object of this problem is to illustrate the calculation
of cumlative water entering an oil field, given the pressure history
at an observation well near the original oil-water contact and an

assumed aquifer behavior)

The two sketches illustrate an elliptically shaped anticlinal
reservoir located against a sealing fault. One of the early development
well was apnarently completed close to the original oil-water contact
(now believed to have been at =6420 feet) as it quickly watered out.
Since being abandoned as an oil producer it has been used as a

pressure observation well.

Table 1 showes dates and water pressures (corrected to -6400 ft)
measured in the observation well, Assuming that the aquifer response
could have been that of the Schilthuis steady-state form with a constant,
k , of 2 bbl/psi-day, calculate the amount of water that has entered

the reservoir at each date,

Table 1, Pressure Histony - Observation well #1

Cum. Days ~6,00 Datum
Since First Pressure

Date Production psig
darch 13,1970 (O 3000
Octaber 1,1970 202 2995
Tebruary 20,1971 3Lk 2982
July 5, 1971 479 2965
December 8, 1971 635 2940
June 1, 1972 811 2900
October 15, 1972 ouT 2665

January 30, 1973 105k 2t
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Water Influx Problem 2

(The purpose of this problem is to make you adept at applying super-
position principles to water influx calculations.)

The problem calls for the calculation of the cumulative water influx
into the Nabisco 0il Field at one-half year intervals over the first four
years of its life. (In case you are wondering, the name Nabisco Field comes
from its biscuit-like shape.) Fortunately, the Nabisco Field lies at the
exact center of an infinitely large aquifer. Figure 1 illustrates the shape

of the field.
Average fluid and rock properties in the
. A Cz Cj'/ ~ oilfield and the aquifer are as follows:

a?

\ , T 0Oilfield _ Aquifer
S We Naitcs k(eff), md 237 100
o D @, fr. 0.21 0.20
u, cP._q 6 1.67 oil 0.50 water
c, psi "+ 10
4 \ E Cw 3.0 3-0
A uf c, 11.0 -
Frocre /. JHeastreCion ce * 3.8 3.7
J - /d SA s S, fr.
cf Meabssce fla a S 0.31 1.00
(Mo 7o Srale s¥ 0.69 -
0\ & E (o]
5 h, ft. 40 40
. f 8
|~ 3700 — r, ft. 5280 (r)) 5202 g“’;
AN 1 : e
. o - i
_ ) o 2 Figure 2 shows water pres-
4 )«? (?; Q r\% M ?\\ 0? sure at the location of the
Vd) L \9, m m xi. R ;7) original oil-water contact
b 3 3400 . (. . . M .-* _ location vs time. The inflect-
EO\ b} \ ! /+ ion at about 1) years time
QA +\\\\_+ +_,,——* , reflects a major reduction in
5 ¢ ! off-take at that time.
B
b'\
‘\;.S\ ’ ASSIGNMENT
}8 33e0 ' 2 N o ‘3 T 4_ (1) Calculate the barrels
- / P da.cl‘/b P of water that have entered the
Years of P ’ . 0il reservoir at each % year
Frgare & Fressure ///:/crg - time. )
ANa b/'Jco fre/d (2) What fraction of the

0il reservoir volume has been
invaded at the end of 4 years
if the average water saturation behind the water-oil front is 50 per cent?

* From Hall's correlation, pg 132, Craft & Hawkins.

E\iide Answers:

tp for 1/2 year = 6.2 ; Q, for 1/2 year = 5.3 ; We for 1 year = 368,000 bbl.



1980

CSD Petroleum Industry Course

water Influx Problem 3

The Nairobi Zone of the Palo Alto Field is anticlinal in nature and
covers approximately 2900 acres in T3W, R7E, Stanford Base and Meridian.
As- illustrated by the structure map on the sand top (Fig.l) the zone extends
from -7292 to -7376 feet subbay. An oil-water contact was identified on
electric logs in the first well at the later depth. Because of the small
dip of the flanks ( less than 1 degree) most of the o0il zone was underlayed
by water when the field was discovered.

Various maps have been made and data assembled for the purpose of
making engineering studies of this zone. Several of these are attached.
Pertinent information regarding the maps is:

Figure 1 shows the depth to the top of the oil sand at various
parts of the field. The area enclosed by each contour was found by
planimetering to be:

Contour Area -acres
7300 193
7320 789
7340 1648
7360 2266
7376 2880 (oil-water contact)

Figure 2 shows contours of constant sand thickness. Thinning of
the sand occurs to the south-east.

Figure 3 shows oil isobars at datum ( -7350 ft.) corresponding
to January 1, 1977. The initial datum oil pressure was 2056 psig.

Figure 4 1is a blank sheet to be used as you see fit.
Production from the Nairobi zome is 30° API.

What's Wanted:

Calculations are to be made to evaluate the water influx into the
zone, assuming various size/shape aquifers. Calculations that will involve
the Hurst-vanEverdingen transient efflux behavior of the aquifer require
equivalent values for r , h, and Ap _for use in the appropriate equations.
Please calculate values for the aboVe parameters. Should you need to make
assumptions of one kind or another, don't forget to list what they are.



FIELD

NAIROBI ZONE - PALO ALTO

Fig.2 Contours of sand thickness.

Figt 3 Datum oil pressure as of 1/1/1977

< warqoad -z a8eq
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Solution %ater Influx Problem 1
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Solution Water Influx Problem 2
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Solution Water Influx Problem 3
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LINEAR AQUIFERS

DIMENSIONLESS PRESSURE CHANGE and EFFLUX FUNCTIONS

Nabor and Barham

Ref:

Trans AIMg (1964) 231, 561
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n

.00(10

80(10

2.00(10 :
2.25(10 *

2.50(10
2.80(10

3.10(10 =
3.50(10 =

4.00(10
4.50(10
5.00(10

5.60(10
6.20(10
7.00(10

8.00(10 -

9.00(10

1.00(10
1.10(10
1.25(10
1.40(10
1.60(10

1.80(10
2.00(10
2.25(10

2.50(10"
2.80(10 *

10(10 -
25(10 ©
.40(10 *
.60(10 *

:)
“)
:)

)
:)
?)

0
1)

.1)
1)

)
0

)
1)

1
2
2
2
2

2
2
2
3
3

3
3
3
4
4

4.784617(10-

Foltn)

.128379(10

.183454(10
.261566(10
.335116(10
.427299(10

.513880(10
.595769(10
.692569(10
.784124(10
.888139(10

.986717(10
.111004(10

.256758(10-

.393654(10
.523133(10

.670232(10-

.809641(10
.985411(10

.191537(10-
.385133(10-

.568234(10-
.742370(10~

.989280(10
.221615(10

.512368(10°

5.040878(10

5
5
5

.341424(10
.622335(10
.936127(10

TABLE | —PRESSURE DROP AND CUMULATIVE INFLUX FUNCTIONS FOR

Fi.(tn)

.1238379(10 1)
183454(10 ")
.261566(10 ')
.335116(10 ")
427299(10 ')

.513880(10 )
.595769(10 ")
.692569(10 ")
.784124(10 ")
.388139(10°1")

.986717(10°")
.111004(10 ")
.256758(10 ')
.393654(10 ")
.523133(10 ")

.670232(10 ")
.809641(10 ")
.985411(10 ")
.191538(10 1)
.385138(10 ")

.568248(10°")
.742410(10°")
.989423(10 1)
222008(10-")
S13517(10-1)

AbhWLW wwroNoN NN —~

4.787307(10 )
5.046265(10°)
5.352372(10°")
5.641896(10 ")
5.970821(10° ")

LINEAR AQUIFERS

Filtn)

1.128379(10 ')

1.183454(10 ')
1.261566(10 ')
1.335116(10 ')
1.427299(10 ')

1.513880(10 ')
1.595769(10 ')
1.692569(10 ')
1.784124(10 ')
1.888139(10°")

1.986717(10 ')
2.111004(10 ")
2.256758(10°")
2.393654(10°")
2.523133(10 ")

.670232(10 ')
.809641(10 ')
.985411(10 1)
19153910 1)
.385141(10° ")

.568262(10°")
.742451(10 )
.989566(10°1")
.222401(10°")
.514665(10 ")

AbhWLWWW wwhoNN

.789997(10 ')
.051652(10-")
.363320(10-1)
661456(10 ')
.005516(10 ")

[P N NN

tn

W AN w

Rolce RN Ne N ]

.00
.10
25
.40
.60

.80
.00
.25
50
.80

10
.50

hna b NN —

¢.00

10(10 ")
.50(10 ")
.00(10 "
.50(10 ')
.00(10 )

.60(10 ")
.20(10 1)
.00(10 ")
.00(10 ")
.00(10 ")

Refs Nabor and RBarham
Trans AIMT 231, (196AL),56

Fultn)

6.226824(10
6.581891(10
6.978819(10
7.329537(10
7.639503(10

7.964332(10
8.244456(1C
8.558930(10

8.874029(10-

9.120229(10

9.312597(10
9.462902(10

9.629049(10"

9.743799(10

9.843590(10-

9.904512(10
9.941705(10

9.968541(10"

9.983024(10

9.991902(10"
9.996137(10"

9.998560(10
9.999581(10
9.999878(10
9.999964(10

9.999992(10

9.999998(10"

10 000000(10
10 000000:10

')
)
")

")

10.000000(10 ')

Fu.ltn)
6.282549(10 )
6.675581(10 ")
7.136496(10
7.569398(10
7.978846(10

8.444016(10 ')
8.884866(10 '
9.440697(10 ')
10.092530(10 ')
10.704744(10 )

1.128379
1.183454
1.261566
1.335116
1.427299

.513880
595769
.692569
784124
.888139

1.986717
2.111004
2.256758
2.393654
2.523133
2.670232
2.809641
2.985411
3.191538
3.385138

Filtn)

6.338276(10
6.769283(10
7.294231(10
7.809461(10
8.318760(10

8.925272(10
9.528875(10
10.331309(10
11.332578(10
12.333052(10

.333323
.433329
.583332
.733333
.933333

2.133333
2.333333
2.583333
2.833333
3.133333
3.
1k
4.
4.
5.

— it ——

433333
833333
333333
833333
333333

5.933333
6.533333
7.333333
8.333333
9.333333
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214 WATER INFLUX Char. 5 Spc. 3 S—— -

Table 5.2. LIMITED AQUIFER VALUES OF DINENSIONLESS WATER P
IxFLUX Q (1) FOR VALUES OF DivessioNtess TIVE In
AND FOR SEVERAL RATIOS OF AQUIFER-REsERVOIR RADII Te/Tw '

r/re = 5.0 ro/re = 6.0 ro/re = 1.0 ro/re = 8.0 re/re = 9.0 ro/re = 10.0
_ Smen- Dimen- Dimen- Dimen- Dimen- Dimen-

1.5 re/re = 2.0 re/re = 2.5 re/re = 3.0 relre = 3.5 re/ra = 4.0 re/remyy . sion- . sion- X sion- X sion- . sion- i
re/re = 1. ) X i Ditiiens [ Fluid less Fluid less Fluid less Fluid less Fluid leas Fluid
” Dimen- Dimen- Dimen- D',':"“‘ :i':n- e ehay wme  influx time influx time infMux time influx time influx time influx

Dimer™ dion- a T OBt Llkid e Fluid  less Fluid e m | QO to Qw to Q® to Q) to Q® to Q)
I‘"! 'Flf‘]“d tlanTe i‘;lf‘lllllx “e:lae influx time influx time influx  time influx: time inf 10 3.105 8.0 5.148 9.00 .861 9 6.861 10 7.417 15 0.065
",me "b(;')x tp QM to Q) tn e v Q@  tn QO g, 15 3.542 93 5.;40 g.so ;.127 10 7.308 15 9.945 20 12.32

3.875 s 5.724 i . .28 i
. ,DO) + 0276 5.0010)-1 0278 10171 008  3.0010)71 0.785 1.0 Lan 200 M. 3 gk' 8 e 75 5.002 10 790 12 ann 2 133 3% 1408
-10.276 5. : eV . ap 1,20 1761 220 2.5 0 In

oo 0304 75 * oais 157 0300 gos qmn 10 100 Zlo o7 35 an! S0 44w 80 6273 12 8397 13 8930 24 1398 26 1495

7.0 5 030 10U0™ 058 25+ 0081 GO - 143 160 2111 260 2008 Vi 55 ame 85  6.537 13 8.876 14 9418 28 1479 28 15.78

80 o O3 150 = 0507 30 ° 0758 7.0 ° 1256 1.80 2273 2. . S o4 g0 5074 9.0 8.795 14 9.341 15 9895 28 1550 30 1659

> ' . 0.829 8.0 *® 1363 2.00 2427 3.00 3.170 50 gy 7 233‘; 100 ;33; 18 18';31 17 }8%3‘ gg 17.10 EH }g'?g

1'(1)“0)“ 33?3 Y00 - 0% 30« omw 90 - s 228 2o - 2o o o7 5.854 105 7.533 17 10.65 18 11.28 38 17.82 38 18.91

14 = .41 ot ' 5 = 962 1.00 1.5 . . " o w e

12 % Bl 288 0678 50 * 0% 125 1701 260 2819 375 3.045 98 53 0 6.004 11 7.767 18 11.06 19 1170 38 1852 38 19.85

13 * 81‘5? 20 . o715 55 ° 1,083 1.50 1997 280 2.976 4.00 3. 0 5% g5 8325 12 8.220 19 11.46 20 1213 38 19.19 40 2037

e o . im0 17s ziss o0 aoes 425 3e3  1s s 38 030 W L 2 B X BN B ki 4 sire

LS 7 8‘44;3 %2?, . 8'33.; os - Yles 200 2.353 ggg g%;g j;g j-‘]’gg g»g 3% w0 8.965 15 9.456 24 13.27 26 1450 4 2109 46  22.42

16 * . - ; D 18 225 2507 3.50 3. 4.75 4.1¢ 5

17 ¢ 0497 350 3 D813 20 L 2w 2616 375 3507 500 4328 80 t= . 7350 18 0.820 28 13.92 28 15.23 46 21.60 48 2307

18 7 oo 3 . 0817 B8O * 1318 275 2772 100 3.628 5.50 4.f Ste w70 17 10.19 28 14.53 30 1592 48 22.26 50  23.71

- e s . s 00 2ssc 25 372 600 479 10 oo oo 18 1082 3 B0 38 lmn 52 233 5s 2498

20 1 0525 428 O 86 - - 14 325 2000 450 380 050 L8 N fm. 8 gR0 20 1118 20 17.49 20 1897 54 2389 56 2553

2.1 57 g 5 .93 L 1481 3.50 3.084 i 7.00 o]

22« 0541 4'63 - 8‘8%% ?'3 1.526  3.75 3170 500 4.047 7.50 g};}g 1]} i 1 8.879 22 11.74 45 18.43 45  20.28 58  24.39 58  26.11

23 « 058 500 7 0083 30 1.605 4.00 3247 550 4222 800 Tal W 9338 24 12.26 50 19.24 50  21.42 58  24.88 60  26.67

24 = 0554 550 1 - . 0 9731 25 12,50 80 20.51 55  22.16 80  25.36 85  28.02

679 4.25 2317 600 4.378 850 5653 15 ia| n 1007 31 13.74 70 2145 80  23.40 28.48 70 29.29

2-3 : géj‘g g?}g g ‘1'%2 ¥ 1747 450 3.381 ;»88 4519 12 ;;‘;‘7’ 15 Mmoo 1035 35 14.40 80 2213 70 2408 70 27.52 75  30.49

20 ° 2 %0 < 1. ; 11 475 3439 7. A3 . - >

28 * 0574 7.00 © Hi’,i s }1270 5.00 3491 7.50 4.749 10 ‘f_g}g 2 bl B 1050 39 14.93 90 22.63 80  26.26 75 2848 80  31.81

30 0 0ok 130« 1203 18 lu24 550 3581 800 4846 11 i wl 3 1080 51 16.05 100 23.00 90  27.28 80 2938 8 3267

32 * .588 8. - . 9 60 16.56 120 23.47 100 2811 85  30.18 9 6

4032 12 6425 24 Ba| y

e emomc 1m ol Umoamo G TR R ORI oMM RO W ER oM omL o2 IR 8 NS

3.6 -9 . i { 2.106 7.00 3.767 9.7 > =

38 ¢ 0603 1.1 }32% 23 2178 7.50 3809 1000 5138 15 G823 gg 3|8 ma 90 17.27 180 23.92 160  30.58 100  32.27 120  38.51

49 = 988 = 1382 2.4 2,241 8.00 3843 11 5241 16 6. ‘| 8 nm 100 17.38 200 23.96 180  30.01 120 3439 140 40.89

8 . . 2.294 9.00 3804 12 5321 17 7.004 38 9w | % H;? H»g }“é 500 e ggg 3”3 }3,8 3501 180 :EI;?
5.0 * g-g;z }2 ‘,‘135 £y 7350 10,00 3028 13 gigg 1s ;-%g 2o ® 1196 130 17.46 280  31.43 180  37.85 200  45.36
6.0 - . ; i 2,380 11.00 3.951 14 : -183 B
70 < 0623 1.7 1 o 2444 12.00 3967 15 5476 22 7272 S0 Sw| W e 140 17.48 320 3147 200  38.44 240  46.95
80 * o5 18 1468 38 2491 14.00 3085 16 5506 24  7.332 | a 1ge 1m0 17.49 360 3149 240 39017 280  47.04

. 16.00 3003 17 5531 26 7377 70 9| 1 12.00 180 1750 00 NW 30 %7 320 1501
25 LaEr 42 3287 18.00 3007 18 5551 30 s ’ 200 17.50 ‘ 360 3988 400  49.14
- . : 570 20.00 3090 20 5 16 2
0 135 &0 7309 22.00 3099 25 5611 38 7.481 100 8= 220 17.50 400  39.04 440  49.28
50 1 7.0 2.613 24.00 4000 30 5621 42  7.490 440  39.97 480  49.36

. > 480  39.98

8.0 2.619 35 5.624 46 7.494

80 2522 40 5625 50  7.487

10.0 2.624
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Sec. 3 WATER INFLBX
'] ’
Table 5.1. IxrINITE AQUIFER VALUES OF DIMENSIONLESS WATER o) - . I7 213
INFLUX Q (f) For VaLUes oF DiMrNsioNLEsSS TIME Ip i / 1 A LJ ;G (W
ul') e 7 a{ﬂe >.1. (Cont'd.) e _/(-"Cél’—('lf
= | O
Di - Dimen- Di - Di - Di T H e \men- i = = . ~
oo  aon- . elone A o g = Puso Diren Dimen- Dimen- Dimen-
Fluid less  Fluid less Fluid less Fluid lens Fluid leas Fha wss  Fluid  leas Fluid less Fluid Yeas Fluid “Tess. Fluid hon )
influx  time influx  time influx time  influx  time influx time juﬁ: ume influx  time influx  time influx  time  influx  time infﬁ;x litnsuse 'ﬂrllnd
Q1 o QW to Q) to Q® to Q) to o QW o Q) to Q) t pociy
o ] Q) to Q) to Q)
000 0000 79 35697 455 150.249 1190 340.843 3250 816.090 35,000 ; 2 25633 320 111.827 970 285.918 8000
001 0112 8 36058 460 151.640 1200 343.308 3300 827.088 40,000 ;&’C g 26.020 113284 a75 2a7fgu' 32?2 §§2 83% 81 s 1.285010)¢
005 07278 81 36418 465 153.029 1210 345770 3350 &38.067 50,000 Degod M 26406 113738 980 238473 2350 501 80h  oveg 1oarale 20 ¢ 1.697 *
0.10 0404 B2 36777 470 154416 1220 348.230 3400 R49.028 60,000 o % 28791 116.189 990  290.995 2275 597.532  R300 1sr7'?"“ 25 ° 2.103 *
015 0520 83 37136 475 155801 1225 340.460 3450 850974 70000 127033y ¢ 2T 117,638 1000 203514 2300 603252 8400 138798 4.9 - 200
020 0606 B84  37.494 480 157.184 1230 350.088 3500 870.803 75000 13 lg N ’ :
020 083 Be  JraSi i85 135505 1200 333044 3550 BRIBIC R0000 i | olhe 10 fe0ng S GOROAS B0 19073 50 ° 4.087 *
030 0758 86  38.207 490 150945 1250 355.587 3600 892712 80,000 150758 | | 131868 1090 sonsen a0 6lafm2 8500 1927168 GO * 4.808 *
040 0898 87  385R3 495 161322 1200 358048 3650 903504 100000  17.5mar | O 3 195403 109D 0L0h: 200 G nz 500 470es 7.0 - 5.643 *
050 1.020 88 38919 500 162.698 1270 3G0.496 3700 914.459 125,000 215003, | Y 365 124818 1040 303500 ';’:92 f%?‘;’sv" S% }gﬁg.wz 80 * 6.414 *
060 1.140 89 30272 510 165444 1275 361.720 3750 925300  L.5(10)* 253y, | 7 . - sl 4163
070 1251 90  39.626 520 168183 1280 3A2.942 3800 036144 2.0 * 338 | 370 126270 1050 306.065 2150 637.437 9000 2006.628  1.0(10)"  7.948 *
080 1358 91 39978 525 169549 1290 365386 3RS0 046966 2.5 * 4065 « i 375 127.600 1000 30B.567 2475 641113 9100 2020438 15 ° 117 (10)1
080 138 8% 40331 570 170914 1300 367.828 3900 957.773 3.0 * i - 3% 120.126 1070 311.066 2500 G4BTBL 9200 2016227 2.0 * 111t
1 1569 93 40,684 540 173.639 1310 370.267 3950 QGB.566 4.0 © 6.267 s . 535‘ :%‘?g_’g l‘ggg 3}%2}3 2550  660.043 9300 2065996 2.5 © 1.92 =
31.97 ¥ 2600 37 ; i ; :
2 2447 94 41034 550 176.357 1320 372704 4000 970.344 5.0 °  Thw . | g - NG BREN S0 amar a0 am e
3 3202 95 41385 560 179.068 1325 373.922 4050 900108 6.0 ° 9113 395 133391 1090 316.055 26
4 3893 96 41735 570 181.774 1330 375139 4100 1000.R58 7.0 ° m_]ss,“,_. s 100 134808 1100 318.515 2900 eoa oty eoo0 2152108 L9 ¥ ey
5 4539 97 42084 575 183.124 1340 377.572 4150 1011.595 8.0 *© 1.189 3 405 136.223 1110 321.032 2750 705.090 9700 214487 50 - o
6 5153 98  42.433 580 1R4.473 1350 aR0.003 4200 1022.318 9.0 ° 1326 » 3 410 137.635 1120 323517 2800 7167280 9800 2151558 709 - 5o -
: 5 130045 112 ; -3 . .
7 5743 89 42781 590 18760 130 382432 4250 1033.028  1.000)*  ldez e ; |4 130.045 1125 324760 2850 727.449 9900 2184216 80 * 589 *
8 6.314 43120 GO0 189.852 1370 384.850 4300 1043724 1.5 ° 2126+ 420 140.45:
9 6860 105  44.858 610 192.533 1375 386.070 4350 1054.409 2.0 * 278 . 1|2 15 iiaa 30 Zmas0 00 TBSEE 10000 2200851 Q0 ¢ 6.58 *
7411 110 46574 620 195208 1380 387.283 4400 1065.082 2.5 * 3azr e |4 130 143262 1150 330958 3000 TER.EN lseon dergen Loagm  7.28 ©
7.930 115 48277 625 106.544 1390 389.705 4450 1075.743 3.0 * 1064 | | 435 L446E 1160 333433 3050 771893 17909 053308 20 - e "
8457 120 49.068 630 197.878 1400 392125 4500 1086390 4.0 * 5313 * JGIL 490 146064 1170 335005 3100 782992 20,000 1003800 LAZ
8084 125 51.648 630 200542 1410 304.543 4550 1097.024 5.0 ° 6.544 o T 34074 445 14746
9461 130 53317 650 203201 1420 396.859 4600 1107.646 6.0 * 7701+ | |V 3w 430 1iades lisp aone 3150 794042 25000 5005720
0040 135 54976 660 205854 1425 398167 4650 1118.257 7.0 ° 81965 g y 48.8506 118D  338.376 3200 805.075 30.000 5899508
10434 140  56.625 670 208502 1430 399.373 4700 1128.854 8.0 ° 1.016(10= — v
10013 145 58265 75 209.825 1440 401.786 4750 1139.439 9.0 * 1.134 ¢ - VI— Re /Ry:@ R /R, =4.0
11386 150 50.805 680 211.145 1450 404.197 4800 1150.012  1.0(10)"  1.252 ¢
11855 155 61517 680 213.784 1460 406.606 4850 1160.574 1.5 * 1.828 * LA
12310 160  63.131 700 216417 1470 409.013 4900 1171.125 2.0 ° 2398 ° 7
12778 165 64737 710 210,048 1475 410.214 4850 1181.666 2.5 ° 2.961 * e
13233 170  66.336 720 221.670 1480 411.418 5000 1192.198 3.0 * 3517 ¢ /
13684 175  67.928 725 222.980 1400 413.820 5100 1213.222 4.0 ° a0 |
14131 180  69.512 730 224289 1500 416.220 5200 1231.203 5.0 ° 5680 ¢ | 6 /
14573 1 71,000 740 226.004 1525 422214 5300 1255141 6.0 ° 6758 *
15.013 1 72661 750 220514 1550 428.196 5400 1276.037 7.0 ° 73818 * o ]/ Re /Ry 3.5
15.450 195 74226 760 232.120 1575 434.168 5500 1206.893 8.0 ° 8.868 * | . ——
15883 200 75785 770 234721 1600 440.128 5600 1317.7098 9.0 * 9.911 Xs ] e
16313 205  77.338 775 236.020 1625 446.077 5700 1338.486  1.0(10)*  1.08500" 3
16742 210 78.886 780 237.318 1650 452016 5800 1350.225 1.5 ° 1,604 * o V
17167 215 80428 700 230.012 1675 457.945 5900 1379.927 2.0 ° 2.108 * 2 A
17.500 220  B81.965 800 242501 1700 463.863 G000 1400.593 2.5 ° 2.607 * R ’
18.011 225 83.497 B10 245086 1725 469.771 6100 1421.224 3.0 * 3.100 ° Q4 // Re /Ry 3.0
18420 230  B5.023 820 247.668 1750 475.669 6200 1441.820 4.0 ° Lo 35 7 -
18815 235  B86.545 825 248.957 1775 481.558 6300 1462.383 5.0 * 5032 * 3 P
19250 240 BB.0A2 830 250.245 1800 487.437 6400 1482.012 6.0 ° 508 ¢! | X s
H
10.671 245  B89.575 840 252.819 1825 493.307 6500 1503.408 7.0 * eom* | 3 / 9
20080 250 ©1.084 850 255.388 1850 499.167 6600 1523872 8.0 ° 7.865 ° 1
20488 255  92.589 B8R0 257.953 1875 505019 6700 1544.305 9.0 ° 8.707 ° 7
20.804 260 94090 870 260515 1900 510.861  0RO0 1564.706  1.0(10)*  9.725 ° | / Re /Rw 2.5
21208 265 95588 875 261.795 1925 516.605 6900 1585077 1.5 © 142000 | F =t
21701 270  97.081 880 263.073 1950 522.520 7000 1605418 20 * 1880 | 1 24| L1 J
22101 275 98571 890 265.629 1975 528.337 7100 1625728 2.5 ° 2.328 | e |
22500 280 100057 900 208.181 2000 534.145 7200 1646.011 3.0 * 2771 ° A B fHe S0H
22897 285 101.540 910 270.720 2025 539.045 7300 1666.265 4.0 ° 3645 — e /Rw 2
23201 200 103019 920 273274 2050 535737 7400 1686.480 5.0 ° 4510 , k’MfA/—-
23.684 205 104.495 925 274.545 2075 551.522 7500 1706.688 6.0 ° 5368 0\J| Cl [
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1.0 >
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25244 315 110367 960 283.420 2175 574.585 7800 1767.212  1.0(0)'* BT "1 o 5.6 [ingited aquifer values of di i i
| ) imited aquifer values of dimensionless influx Q70 for values of dimen<ionle-s

Mp loa | . b8 .
Andbaquifer limits given by the ratin r. /r,



