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LRSTRACT

Relationship between -lsep tubewell spacing in aquare
grid tubewell layout and cquifer characteristices hag been
studied using unsteady ground wnter flow egquations. Both
conatant discharge and variable discharge conditions were
considered and unsteady ground water flow equations were
solved with the help of an IBM 360 digital computer.
Comparison was made between apacing of wells gnbjected to
mutual interférence and spacing of wells without interferenne,
Diecherge, coefficient of tronsmigslbility, storege coefficient,
time of pumplng, static 1ift and peak monthly irrigation water

requirement have been uged as varinoble paremeters.

The ptorcge coefficient should be the determining factor in
selecting deep tubewell spacing when aquifer characterigtics
are considered. Some amount of rutual interference is allowalle
in geiecting deep tubewell spacing and non—interference-spﬂcing
is not always practiccble. 1t is not important to consider the
wvariability of well discharge dus to lnorease in drawdown at

the well with time.

4 design chart has been developed for the zelection of
deep tukzirell orncine romsiderine aquifoer charecteristics and

irrigation water requirement in square grid tubewell layout.
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LIST OF SYMBOLS
B,al, 3 = discharge parameters;
c = Euler's constant:
)] = peak monthly irrication water requirement in inches
per month:
DA-HJE = makimum allewable drawdown at the middle point between

two adjacent wells in ft,
Dﬂhw = ma¥ximum alliowable drawdown at ths well in 4,

Ei( ) =, exponentizl integralj;

Ei( Y = logarithmie integral;

h = piezometric head in T+,

hﬂ = saturated thickness of water toble aquifer before
pumping starts;

HAh = decrease in head;

h{r,t) = hend at a radial distance r from the axig of a woll ai
time +t; |

JU( ) = zero-order Begnel function of the first kindj

LD = gtatic 1iftl in ft.

In = logarithm to the base e;

log = logarithm to the basze 10;

m = mumber of wclls;

K = number of steps of flow change in time t3

Q = dlscharge in cfs or in gpm;

Q = average discharge dﬁring time 0 %0 +;

QD = initial discharge;
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Q(H)

Q{t)
AQ

discharge 'of the i +th well;
dischorge correspondinsg to a head, H, in head-caparity
relationship:

discharge at time t;

decrease in digcharge in one step;

8pacing between two adjacent wells in ft.
initial spacing between adjacent wells in T4,
ineremental increasc in spacing in ft,

radial distance of any point from the axis of a
well in ft.

digstance af any point from the i th well;.
effective radius of well:

etorage cogfficient;

LG - g£)J
2.25 A T

= drawdown at the niddle point hetween twe adjacent

wells 4in 4+,

drawdown at the wa2ll:

= drawdown ot n distance r from a well at time't;

coefficient of transmissibility in ftefsec or in gpd/f+.
time lenzth
time at gtart:

time interval {tD, t11 tE’ .......... .t

" time at any ingtant;

t'D + é‘tﬂ;

time of Pumping in a day;

PR CERETY ST I P TR R TR



¥ [n]

Y LS

AtH'

(

)

« time Iincrement;
= time change;

a u{r,t)

2
= —%E— in gallon~day-foot system:

= value of v when 1 & Ty
= wall function:
et

u
LL

= goro-order Besped Tunction of the mecond kind;

= 0% = 1.781072
P B

du;

= a Tactor lesa then one

= a factor greater than onai
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INTROTUCTION

Bangladesh, one of the great population centrea of the
world, 1s now facling the challenging task of inereasing her
agricultural production. It 18 by no means ponaible to meet
the inereasing demand for food and fibre without Propar
develoment of irrigated agriculture, In achelving this task
optimum utiligntion of her availnhle water resoursees is a
rmst, Major oonstraints to 1rrigetion development inolude the
gearclty of surfnce water and low irregular rainfall during
the dry season in Bangledesh, The average reinfall amounts
to enly 2.5 to 4.5 inchea during November through March whioh
1s insufficient to grow crops. Moreover, flows in rivers sre
plgnificantly less during thess winter montha, Navigational
problem restricis the withdrawl of water from many rivers

durlng thls pericd.

Ground water constitutes a majnr mource of water to arsas
where irrigation from surface sources 18 difficult or impossible.
Good quelity aquifers, with statie water levels not very fer
froem ground surface, make it possible to extract ground water
by tubewells economiemlly. Recharge condition 18 also excellent
due to heavy rainfall during moneoor., It is now well acceptad
that utllization of ground water resources is essentiel fer
the development of irrigated agricuture. during dry pericd in

L]
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Jangladesh, In*tenaive tubewell irrimmtion projecte undertaken
=y different government and eutonomcns bodieg indieate expanded
Bas of ground water 1in agricultufe. According to the nationai

=len, about 19,000 deep tubewells will be sunk in the country

o eXtrect ground water for irrigation.

In order to ensure the maxirmm end the most beneficial
se and conservation of available ground water, 1t 1s essentinl
het %there ghould be technically sornd plansg for.;inking tube~
elle in the country, But uptlll now there ia no sclentific
agis for spacing tnbewells giving jroper conmiderotions tq
he aguifer characterietics =nd water requirement by the crop.
mproper spacling of tubewslls nay)i1ther c¢closely spaced tube-
olle leadins to excesalve lowering of water taoable or widely
paced tubewells leading to problems of inadequate water supply
oT the Ares c-vered, Thus to optimise the distribution af
ubewells and yield from aguifers, it 1s required to dotermine
he proper apacing hetween deep tubewells. At rresent, the 2-cfs
apaclity deep tubewells in the country are gpaced about 3,000
eet apart., No detniled investigntion haa-baen made to Justify
he use of such spacings for the existing mquifer conditions

nd irrigation weter requircment.

The apecific cbjective of this study is to determine spacing
etween two adj%péPt wells in aquere grid tubewell layout analy-
1cally cnnsiﬁeﬁlﬁg aquifer response ond to relate well spacing
1th aquifer characteristics and irrigation water requiremunt.gjgﬁiﬁ il

PECTEED: N TP



CHAPTER IT

EQUATIONS OF GROUND WATER FLOW

General

General flow equations of ground water movement are derived
from Dercy's Law ond the eguation of contimuity. The approximata
partinl differentinl equation governing the unateady radialflow
in a homogenicus, isotropic and compressible confined aquifer
of uniform thickness as shown in Fipgure 1 in plane polor so-ordinate
1a

3

A >
In which h 1s the plezometric head; r the radial distance from
the wedl aziam; 9 the etorags coefficéient; T the coefficient of
transmiasibility and + 15 the time. The corresponding eguation
for an unconfired aguifer has a nonlinear form, which makes |
direet solution impossible. By approximation, however, Eq. 1
ean be epplied to uneconfined aguifers as shown in Figure 2 where

variations in the saturated thickness are armall.

Unsteady Radinl Flow to a Well with Conetant Diacharge

Theis {1935) obtained a goluticn for the unsteady radial
flow to m well in a nonleaky confincd aquifer from Egq. 1 baged
on the enclogy between ground weter flow end heat econdnciton
In the anslysie the well is reploced by a methematical gink of

constant strength and assumed te have en infinitesimal diamester,
Y RPN Y
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For the boundary conditionas
h—ihcl 88 rainfinity for t3 0
Ly
=1 &t
r Te= ] =
~ol ar axT
and the 1nitial conditions

(r,0) = hy for t £ 0,
the solution to the problem Figure 1ygiven by Bq., 1 18 aa followe:

ol
—uL
hoeth - & e
«mh = 4T @ .
a7 ¢
=hers h, 18 the plezunetrlc head before pumping starts as shown
reg

in Flgure 1; Q the discharge of the well; and u = L
Theis {1935) first applied this equstlon to well hydrauliecs and

this equation 1s imown &s the nonequilibrium equation,

With the exponential integral cxpressed gyrnbolieally as
o [(n], that isg,

<
Wy = J =

La.

m{u] 15 read as the "Well Function® for nomlesky igotropic

zonfined nguifers fully penetrated by wells and constant discharge

onditdionas,

Expanding the exponential intesral in a convergent geries,

- 3 wr - -
WELL-!=-C}-5??2.—*1HU,+LL~ ;'_‘*L&*._é’:.l;gl__ _____ (3)
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Eq. 2 may be r written in the gallor-day-foot sysgtem of unit in

ebbreviated form as

ho-h = 2422 (W]
z

where U = 1—'—5:71.:|;r—.

(4)

Jacob {1946) modified the nonequilibrium eguation for gmall

values of u(£0.01) and can be expressed in gollon-day-foot system

of unit as

268 o 3ATE
hp"h = —-—i.— o T"&

Ungteady Radial Flow to o Well with Variable Diacharge

)

Jacob and Lehman (1352) gave a solution of Egq, 1 for unsteady

flow to 8 well with variable discharge but with constant drawdawn,

In the analysis i% was =ssuned that the water level in the well

drops instantansously to a lower stEge, and a constant Arawdown

is mainteined thereafter, resulting in a variable discharge

governed by Ege 1. With the boundary conditiona.
h-a-ha 88 rainfinity for t30

and

h = h‘.::}--HT.ir for r = T aml +t >0,

and the initial condition

h = hD for t 40

and for all values of T

the solution given by Jacob and Lohman (1952) is

o

Q=2anvs, 42 IE_)TI'L [ +tan? 200 ]c{x
_ e 'y -:r:'g'h(-.-c)

®&)
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whers Bw 1s tl:ie drawdoun at the woeil; T the radilus of the wall;

} ——-——2-—-- Jﬂ{x] the zero~ovrder Besgel ﬂmctiﬂn of the 1.1rst

kind and Yb{x} is the zero-order Brssel function of the second

kind,

Actually seldom drawdown remsdins comgtant hefore stendy
state is, reached. The drawdeown at the well continuously increases
with time as rumping continuea. And a cmntlnuaus lowexlng of the
water level inside wells nermilly corresponds 3o 2 decreasing
pumping rate. Abu-Zeid and Scott (1963) gave a solution for this
sltuation considering o discharge-time exponential Tunction given
by

= Qe +p o) . @
in which Q{t)} is the discharge at time 7 Q the initiel discharre
and 840 y 3y °Te the discharge paraieters. The drawdown at any
radial distance r from a well, at any time %, was then expressed

in fps system of unit asg

Ay =~ 3o gy wyuepe @t ;ro(-'z_/“‘"""s ) _J

(~at- —
_.9;_ Tat-w E{Ei(a,t) —in (_B‘ﬂ-t)}

4nT
yuft-ateog /2% )7

” : -n a_ris)tufi
R E Qe Gar) 1
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where B, ( )} 1is the exponenti-l integral; H. ( } the logarithmie
intepral; D{ ) the first kind Bessel function of the Zero—order; ¢

'? =e% =1, 781072 and ¢ is the Buler constant,

The above Bq, 8 further modifiecd by Abu-Zeid, Scott and

and Aron (1964) to & fornm expregsed as

-?._ﬂ? Eg(_—u}l}u pe Jdo (\J %”‘5 ):’

S, tJ

o oo E B s ot
ant =1 J=0 (il)? (uy® C)

Aron and 3Jcott (1965) gave o s:mplified asolution, congidering

a well dlﬂcharge ¥ith a sterting value Ugs» Which decrensed in agual
steps AQ = € Qqy occuring at time tT’ tE* """tH as shown in
Figure 3. And the solution is

Q (+)
4RT

[ g - Q(t%l .
e 2.25 & ' Q

(1)

I zstt) @@

mhere g_ = = (1-H e ) Q¢ G 18 the average

<discharge during time O to t and § the nunber of gtepa of floyw

<change in tine t,

Relationship between discharge and time, a8 was sucgested

2y Abu-2eid, Scott and Aron, may not be unique for
id Scott (1967)

a well., Sternberg
suggested that the mumping rate of a well will
isually decline after a deep well turbine rump of econgtant gpeed

adjustes 1teelf to the lowering of th: water table in pecordance

T - T e ﬁil
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with the head-vapneity cuive — o characteristic of the Pamp.

Accordingly they gave a solution which ean be expressed as
1 k"i .
E(rgtk} - 4HT S. Q(t‘]_'_aij - Q{:tj}] w[}l{r’t]{_tj)tht {11)
J =0
whera H[r,tk] is the drawdcwn ot distance r Tromm the well after

time t,; t4 the time interval (to, t, boy eiaal, k): Q(tj) the

average discharge during the time irterval tj ; to t (tj+1) the

average discharge during the time irterval t to j 417 W‘[ﬁ{r,tk—t

g
-£.) = r
Kt A=t )m

9.
1s the well function and uf{r,t

The wvariation of discharge wit!. time in Eg. 11 ecan be obiained

from head—cagﬂcity curve which con te axpressad nathematically

by & polynomiall,

Mutual Interfercrce of Wells

1f the punping tine is long and or the well gpacing 1s not
large enough, the drawdown in an individual well night be influswced
gigniTicantly by the adjaecent wells in n rmiltiple well systemn, In
thig situation, drawdown nt Aoy poirt can be evalunted by eddinrs
overy drawdown produced at that polint by individuml wells. Stermba—
rg and Scott (1967), Krizek, Karadi and Rno (1971) also used ahova
procedure i,e,, the”prjnciple of surerposition to ealeulate Araw-

down produced at any point by a zroup of rumMpine wells,



Thus for o1 mumber of wells with congtant dignhargs the

total drawdown at any point after tine t governed by Eq. 2 will be

m
- 1
8(r;,%) = gy % G¥ {uy] (12)
where ry, is the distaonce froo the i th trell; {4 the discharg: of
r. 2 )
the 1 th well nnd u, = 1 3 .
* 474

The gencrcl equation, given by sternberg and Scott (1957},
for the drawdown at iny rpoint after time-tk when m wells are

operating with varianhle dischargs 1¢

- M-l
B0re, by ) = ;Liﬁ Z- QI WIWCr, £y )]

- 'i:_ QsCt) Wl (re, ¢ N~ 1):{} @2

= el riEE
where W[ u{ }1 = f du; u(ri, t = -

) = "
v u N-k 4 T Ty

The fnregping Eg3."1 to 1% refer to confined aguifers. By
gBpproximation, however, thesc equtions can be applied also to
unconfined aquifers when the drawdown is small compared to totrl
aaturated thickness of thé aquifer, Assumptions invelwved in the
derivation of thoge equations ~re

1. the equifer ig honosencous and isntropie:

1i. the aquifer is infinite in arsni extent and is of the

same thiclmess throughout;
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10

the formation reccives no re.charge froo any source;

the pumped well penstrates Inll thickness of the aquifeor
and the flow is radial throghout ;

the wanter rernoved from storsge of the |guifer is dischirged

instantaneously with the lovering of hend,

e . P o hE aue . x .
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CHAPTER III

DETERMIIFATION OF WELL SPACING

General

Uptill now no suitable method is availnble for the selection
of spacing betwecen irrigation wells giving Froper conaiderationa
to aquifer charoecteristies and water requircnent. Apacing of
wells should be such that water requiremont is fulfilled and no
adverse condition arises vithin the ngquifer, Keeping this in mind,
enalytical nethods were devecloped in this study for the determing-
tion of spacing between two 2djzcent deep tubewells in square
grid tubewell layout ~s shown in Figure 4 uéing avnilable ground
wator flow equations., An IBM 360 digital conmitar hag been used
to solve these equations and to perforn iterstions neceasary in
the method developod. Variouns situstions were conaidered and theao
were constant discharge condition at the well; decressing dischargze
gituation at the well; wells subjected to mutual interferance:

noninterference satuation aAll over the well ficld,

’

Computation of Drawdown

Drawdown ot any point duc te a pumpings well of constant
digscharge was caleuloted using the equaotion given below:

b 1146 Q
T

h

5 W [u) (4)
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The well funection W Lujwas caleulated by the following

eguation (flow chart shown in Figure 53

112 'Ll3
Wlul=-05772 - Inu+ u - 559 +"':?1'—4.----- (%}
) 2 -, + ’
. . _ 1.87r"8
in which u = T .

" Drawdown at any point duc to a yurnping woll with decreasing
dimcharge condition was caleulnted by converting Bg., 11 into

gallon-day-foot systen of unit =g followg:

S(v.th}-i*f'—f’-Z {Q(fjﬂ) Q(fj)} WDL(P tj'J]I (18)

In thie case the dischargs of the well hag been suppoaed, +to
decline in accordance with the head~copocity curve of the TUrE.
Three head-copacity curves for 2-cfs {(B9A gPM) capacity decp
tobewell punps s shown in Figure 6 supplied by ESBE (Klein,
dchanzlin & Becker fktiengesellschaft), Dacca, were selectcl for
this study. These hend-eapacity curves were expressed wathenatica-

11y by the followirg poly.spinls:

U = 0.1H-2,0 {15}
Q = 1410—1DBUH1UU(UHT)+E.BjjU(U—1}{U-E}—1.9157U{U;1){UL2){U;3)
+ 0.266T0(U=1){U=2) (U~3) (Tmd) (16)

for curve 1.
U = 0.2H-4.0 (17)
1550-970-4.5U(U-1)-0. 667U(U-1) (U-2}=0. 3750( -1 ) (U~2} {T-3)

+ 0.0667U(U-1) (U-2}(U-3) (U~4)-0. 1764U(U=1) (Um2) (U=3) (T=2) (=5

for curve 2 (18)

&£
I
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U
Q

for curve 3,

0,2H-%,0 - (19}
14251 25U-4,16TU(U=-1){U-2) (20)

it

The total punping time, tP, wag tivided into amall inerements

z&t1, 41t2, z1t3, ibanrereraeuy z}tk of Inecrcasing magnitude

such that at, =  #at _; where M is a constant greater

thon unity. Value of AL was varied from 1.1 to 2.0. The intizl

tine increment at,, was taken equal to 0.0001 day (8.64 seconds).

It was aggumed that discharge. of the well during each time incré-
remained

oent/constant, The dischorge, Q(HD), of the pump during the filrat

time inerenent, ¢Lt1 was obtained from the head-capacity relation=

ghip corresponding to a hend cqual to atatic 1ift, LD’ i.e.,
Hﬁ = LD‘ (21)

Uaingfthia discharge, Q(HD}, the incremcntal drawdown, ATy 4
at the well after first time increment, ‘itT' wag calaulated
uging BEq. 4. This inecrementzl) drawdown, ;st’ was added to the
gtetic 1if%, Lys to get the rnew head, H1, aftor time t1 = 45t1.
Therafore, '

H =I,+ As (22)

LA
4 new discharge, Q[H1), eorresronding te the new head, H1, wog
conputed using the hesd-capacity relsationship. 4enin with this
new digcharge, Q{H1), the incrennntél drawdown, J‘EH,E: at the
end of the aecond tine increnent, &%, wAs caleulated and has
been added to_the previoua head, Hy, to zget the new head, H,, after

tine t, = t, + At,. Hence total head (i.e. 1ift) after tine,
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HE = H1 4 ABW,E (23)

This process repeated upto the lagt +ime increnent, atH to get
L]

the tetal head, H,_, after tine %

i = tI~T~1 + z_*xtH when pumping
ende. Therefore the finzl 15ift i=

The statie 1ift, LD wiag subtracted fron HH to got the drawdown
ot the well i.e.

B, = HH - LD' . (25)

The drawdown, EIRX;E, 2t the ni1"dle point between two adjacent
wells was obtained by odding all the ineremental drawdowna,
AEI‘,‘I' er,z ...... e, &Er’k; produced o%
that point after ench of tine inc:rements,&t‘, {;tg,uu.” ,{‘:.‘Gk,

M
EIR"{,;2 = ZASI‘,kF {26}
k=1

4

Ine total drawd-wn nt any point due %o mnping of m nunber
of sane capacity wells suojected to netual interfercnee wag
calculated by converting Egs. 12 and 1% into gallon-day-foot
systen of unit ag follows £88UNing every punp has sane heaa-cé.panity

relationgnin:

“:S(r'n £y = 114{’ e us] &7

and
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In this case the 1ift at the well after each time inecrement
increesed not only by the incremontal drawdown due to punping

of the well itself but also due to increnental drawdown contri-
butione from surrounding wells i.e,

4R = £1E" . + EE: et Ei Y (29)

in which A H, 18 the incrEWSP in head after incremental time
At s A8,y the incremsntal drawdown at the well due to pump-
ing of well 1tself after increncental time, ﬁltk, and ‘i‘si,k
the inerenental drewdown contribution frem the 1 th well after

lneremental tipe Py tk‘

Por the computation of drawdown at n well, the drawdown

contributiona frono surrounding cight wells wero congldored as

¢xplained in Figure 4 1.e,

DD = ”‘Hiﬁﬁ {_w'{'_u(rw,t)j + 9 [u{ V3R,t)] x4
+  [u(z,t)] x4 } (30}

For the computation of drawdown 7t the middle point between
two adjacent welle, the drawdown contribution frog eight surround-
ing wells as shown in Fimire 4 were consddernd 4.e,

L]

e i gl ad s s T
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DDp 7y = 11 EQ___jL wluir/e, )] x2 4w |_u(1 5R,t) | X 2
W VBSR4 ] x 4.} | (31)
Suzccessive ateps in conputing drawdown ag described earlier

15 explained with the flow chart shown in Figures 7 and 8§,

Detqgginagigg_pf Well Spoecing Allowing Interference

The spacing between two adjacent wells in squaro grid tubewel |
layout aliowing sone arnount ef interference was detormine=q satigly-

ing conditions outlined helow:

1t}  The drawdown, 9.+ 2% the production well ig equal to or lese
than o vnlue, DA-W, 80 that the 1ift at the well renaifie
equal 0 or less than the maxirmn allowahle 14F+ ag explnrines
in Pigurc 9,

2)  The drswdown Ipse 2t the niddle point between two adjzcont
wella is equal to or less than 2 selected value,

Dy-myar 28
€xXnipinzd in Fimure 10,

The first conditdion wili ensure2 thot the diécharge will not
decreame helow the design v=lue. The sceond conditlon will prevent
excesaive Tovaring of water toble 80 that adverse conditiom ie not

created within the aquifer.

The naxirum allowzble lifts whieh correspond o design dischea:
(898 gpn) of the well were cbtained fron head-capacity curves of

mmp a8 showio in Figure 6, They =zre 59.0 £%, 45.0 ft, and 33,5 £t
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for curvees (1), (2} mnd (3} respecuively. The allowalbile drawdosy.:

D at the well were obtaincd by subtracting static 1ifh, L.,

A—w?*
from maxinum allowable 1iTts as shodn in Plgure 9,

an iterative procedure wos developed to determlne spacing
between two adjacent wells aazlyliccily. An dinitial value of
spacing Ry = 100 feet was selected. Taen totald drawdowns a, and
Bp /2 at the well =znd at the middle po;nb of the spacing respoctiva-
1y were cooputed according to the procc-wirs collined previously.
Then it was checked whethr the comuvtzd dravdowus, £ and BR/J'
were greater or leszg than the respoctive allowahle values,
DA-W and Dﬂ—R/E' If any one wzg found rmrenter. then spaclng I
has been increased by an incremei.t £F = 25 feel. fpnd 2gain the
process was repeated. This repenict.on contimmed until conputed
drawdowna 8. and SRJE, were equal Lo er wer: thon respective
allowable values, Dn_W 2nd Dﬁ_sze 1 Vhis woy spocing corscsponi-
ing to various values of discherge; coefficienti of tranemislibilidl.
ty; storage coefficients s*%2tic 1ifu; time of pampingiallowallc
drawdownse; were deternined anolytically, Both variable dischorge
condition and conetont discherze -conditicn were congidered in
mutuel interference situation. 3uecessive steps in determining
spacing between two adjacent wells in aquere grid tuh:":ij LeiyQu

as described before is explnined with the flow choart shown in

Figure 1.
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Determination of Inzcinge allowing no Interference

In thig case alge sirilar iterative procedure wag Tollowed,
The noninterference spacing betweoen two wells ig congidered to
be equal to two times the rondius of influence of the well, The
oater-Most point of the radius af influence was agsuned to be
8t B distance whare drawdown was eauzld te o selected tolerance
value and it wag 0.3 inch. This iterative proﬁedure 13 similar to
DPreviousa one, But only the drawdown at the middle paint between
two wells wag conpared withlthe tolerance value as gshown in Figure

10, Constant digeharge condition woes considered in this case,

Conpmuter Programninge

Tterative procedure outlinead Previously for comnputation of
drawdovm and for deternining well Bpacing were solved with the
help of an IHM 360N-PO~479 3-6 digital econputer located at Buresn
of Jtatistics, Bangladesgh Plarning Commigsion, Jecretariate Zuiild.
ing, Dacea, Computer prograrmes were fornulated-using FORTRAN-TV

language as presented in Appendix ¢,

A Bub-routine wag made for the ecsleulation of 'well functinnp!

W“[u],uaihg Eq. 3 and presented 4n Appendix O,

While using the equations in the annlytienl method developed
to determine well gpacing, 8implifying Lseunptions were made to

nake this solution rossible. However, thear aasumptions are found

o anl ke L L
L .



19

vallid ms Will be discussged later on, The zssumpltions are ad

follows:

1)} Bvery well in the layout is of seme capaclty.

2) Bffective radius o7 every well is equal to one foot as
surgested by Karim {1976).

T} Depth of every well is samoc.

4} Static wotcr table is horizontal before pamping.

5) Static 1lift at every well is same before punping.

6) Bvery punp starts at the scric insinnt and eentimuocs for sanme
time length. Although every punp nay not start at the stnc
instent and roy not continue for same duration, thig assunphi-..
takes care of worst posgsible combination.

7} Well less conponent of total dravdown at the well ia ﬁegligibl,

durl umping ;

8) The aguifer does not receive any rechargs Aotually some porh <o
of rainfall, if any, oond i?rigation woter will reach fthe grov
woter teble due Lo deep perenlation. Thisg will reduce she watl .-
table lowering as compared to conleulated valucs, However this

will rode the eanlculsted well sprei~g conservative.

gpacine Lo Eétiafy Water Recuirencnt

gpacing requlred in & square grid tubewell layout to aatiefy

1rrigetion water requirenent has baen enlenloted on the following |

hasis:

.h

__‘,HQKEDIGDD}I DX 30 X 12

Spacing (32) |

= 360\ D



where ¢ 13 ths well digchnrge in efsg; tp the dAaily punping hours;

and D 13 the peak monthly irrigntion water requirenent in inches/

month.,

Varianbkles

Variableg eonsidercd in this study are discharee: coefficicnt

0f tTrongmissibility: storzge coefficicnt: pumping tine; statie

1ift; maximun allowahle 14ft ot the well; maxirmam allowable

drawdown at the middlc point betwnon two adjneent wells nnd penk

nonthly irrigation water requirement. They ore presented in the

following table,

Table 1. Tist of Varinbles

Voriable

Ronze

Well discharze, §

1 cfe, to 4 cfs

Coefficicomt of Tramsnissibdility, ©  0.5%10° %o 5.5X10° gpd/ft,

Storuge cozffiecient, 5

Punping tine, tp
Static 1ift, LD

AMlowable 1ift ot the
variable discharge

AMlowable 1ift at the
congtnnt discharge

Mlowable drawdewn at

0.M to 0,20
8,16 hrafdny,1,14,28,& 42 dryn
10,20,30 feet.

well in :
conditiOn,Dﬂ_w* 30.5,45.0,59.0 feet

well in

condition,D 33.5,40,45,50,59,60,70 feet,

A-w
the nid.pt.

between to adjacent wclls,Dﬁ_sz 0.25,0,5,1.0,2,0,5,0 ft.

* Obtalned from head-caprcity eurves shown in Flgure 6.



The ol ' \ I.Pj

CH/.PTER IV

RESULYS LND DISCU3ISION

This gtudy shows thot much groafer spacings betwesn ndjacent
tubewalls arc required to keep water table lowering gequal to of
less than allowable value ot the middle voint between two nearsst
wella In square grid tubewell loyout thnan those reguired to ksep
the drawdown at the well equsl to or less than the maximum nllownble
vaelue, 3ome of results hnve been presented in Tnble 2 to show thiz,
This suggests that-the 2lleowable drawdown nt the middle point
between two adjrcent wells controls the deep tuhewell spacing

when some amount of interfercnce is allowed.

Equal values of well spacing has bsen obtained from both
variable discharge condition ﬁnd constant discharge condition whon
apacling is equal to or greater than 1200 Teet az geen Crom Tablo 2a
For ﬂpacings less than {1200 feet, variztions are mostly 25 to 50
Teet 1.e. 2.22% to T.14% with a paxirun of 100 feet 1.e. 18.18%
whioch can be neglected for practicnl purposes. This is becouse the
high initirl discharge corresponding to static 1ift in neeordnnes
wlth the head-cnpacity relotlonship of the purmp decrenses to the
vicinity of design discharge within short intervel of time ns
geen fron Figure 12 before 1t could produce aignificant effect at
dimtences for mway from the well, Hence 4t 1s not so important

for practical purposes to consgldér the variability of discharse

. T i " ~..I%_,.r
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due to inereasec in drawdoun at the vell with time ,

Bffect of formmation constants upen depth, shape and extent
of cone of depression ie shown in Figure 13, It shows that ¢row-
down at the well decreases signifjcnntly with the inersase in
tronemissibility. But chenge of storage coefficient has negligihbie
"effect on it. This fifure also shows that radiug of influence of a
well 1ncreas;s 0r decreases as transmissibility ineresses or
decrenses respectively, From Darcy's law it ie evident that, for
same discharge, aquifers with lower transmissibility value will
have higher hydraulic gradient than thesge with higher transrissi-
bility values. Hydrauliec gradient is dependent on difference of
head and length of flow path. Henece higher hydraulie gradient g
associated with large drawdown and smaller. radius of influence,
Thie 1a why, wilth the increasge in tranenissibility of an aquifer,
depth and extent of cone of depression decrease and increascs

reapectively.

Curves presented in Figures 14 to 17 show logardithmie plotting
cf sﬁacing againet coefficient of transnissibility for variocus
values of storage coefficient, Only four cémbinntions 0f discharge,
punpling time and hllowable drawdown ot the middle point of well
dpecing ars shown in these figures cut of 48 ecombinations studied
ag they are similar in nature. Thesc figures show that spaciné

at first increnses slowly with the inecrease in transmigsibility

w - ;
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value and reacies the nzximum for intermediate values of
trnnaﬁiqsihility. Then 1f again deereases showly with the inerease
in transmissibility. Lower tramsmisaibility value is assceiztod
with smndlcr radius of influence as gxplained earlicer, Hence, to
keep the interference nt the nid~le point between two adjacent
wells below the allowable limit, wells need not to be apaced guch
further apart ond spacing is snmaller, Now as transmissibility
Increases, influence arec enlorges. This causes considerable
anount of interference at the niddle point even with larger
distance between adjfacent wells, Hence greater spacinga are requlr-
od. If transmigsibility increases further, still radius of influs-
nce increases exponentially. But in this case drawdown i1s very
small as seen from Figure 13. Hence Ho produce given amount of
interference at the niddle point, lesser spacing betwsen wells

i1s required.

+

Ourves presented in Figures 14 to 17 also ghow that varict-
lon in ppacing due teo variation of storage coefficelent i1a more
rroncunced than those due to variation in tranamisaibilitj. Thie
ig because, emount of water table lowering depends onm the storage

coeffieient of the aquifer and not on transmisaibility walue..

Relationship between well aprcing and storage coefficient
are presented in Figures 18 to 20. These curves have beon drawn
by selecting naximum value of spacing from spacing versus trans—

misslbility pilotiings for each value of stornge cosffleient,

R T Rk el e e w3 -
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Ag the maxinmu- dlues of spacing ar: selected fron apacling versus
transmiseibility curves, this will siiminate +he effect of trans-
nissibility on spacing. Figures 18 to 20<how that gpneing inercraocs
with the decrease in storaze coefficient., This 1s becnuse, grenter
area is to be dewatered in cmse of ameller storage coeffleient for

same amount of punping.

Btorage coefficient isg nalnly dependent on the type of
aquifer material, It ean be estimat.:d reasonnly by eolleeting
smaples of aquifer materizl. Representative values of atorzgs
coefficlent in water table aquifers are listed in Table 4 for
various types of aquifer material. 3ut 1t is not so engy to
deternines coefficient of transmisgihility 1in the field ag it
requires tegt date from well. Hence. selection of storage cocffic-
ient asltha deciding faector in dete:mining well gpacing when
aquifer chara~t~viastics are conside-ed wlll make the proceas

ezaler fronm pracilecal congiderations,

RNoninterferance Epacing, which 13 two times the rmding of
influence, is plotted against transrissibility for verious values
of Btcragelcoefficient and pumping -“ime. Two gsets of them are
shown in Figures 2{ and 22 out of 2:: gets, In this cnge it ig
seen that both tranemisgibility nnd storage coefficient have
slgnificant effect orn radius of influence and it increases with
the incrense in transmissibllity bu’ decreases with the inerease in

atorage coefficient. This cen be sen alsce from Figure 13,
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Fron the conparison of spacings presented in Pable % 1%
1s seen that for the selected range of transmissibility and
ptorage coefficlent, spaclng varies between 875 to 5050 faet for
2~cTs discharge when interference from surrounding wells ia sllowed.
But with no interference, spacing varies between 1475 to 12,600
feat for 2-cfs discharge which is very hizh, Hence apacing between
edfecent wells without allowing some amount of interferense 1s

impracticabls.

This study alsco shows that the anmount of interfergnes Trom
surrounding elght wells in parcent of total drewdown a8t the well
1 botween 0.1% to 10% for the aélected range of aquifer cheranter=
iaties as can be eeen from Figure 23. It ia noted that inber-
ference ls higher for greater values of transmisaibility, This
1a beceuse of larger radius of influence for high values of

transmlssibility.,

Total drawdown at the well also 1B not very high as seen
from Figure 24 nnd the range 18 2.85 to 30 ft. when interferencae
fron surrounding welle is allowed. Whereas drawdown at ths well
wlthout interference varies from 2.6 to 29,% Ift, as can be seen
from Figure 21. This justifies that aceeptence of some amount of
interference 1in selecting deep tubeuell spacing will not be very
harmfull to aquifer condition.

P T v | T R



Pigure 15 shows the affect of rumnping time an spaocing vai
storage coefficient rélatimnships for 2-efs digcharge. The dpadiﬁg
Increages slowly with the increase in pumping time, For axampl o,
8paolng increases from 870 feet to0 1600 feet only when pumping |
time increeses from 8 hours to 24 hours for gtorage cnefficient:,

equel to 0,1, -

Figure 20 shows relntionehip betwesn spacing and gtorage
coeffloient for various values of diascharge, In this oame also
the epaoing increasesn slowly with the increage in dimcharze,
For example, it discharge 18 increased ffum 1 cfs to 4 eofs,
corresponding inerease in spacing is from 1140 Tt, to 2240 1+,
only for storage coefficlent equal to 0,1,

Ingtead of total irrigation water requirement, peak montly
irrigntion water requirement haeg been seleated &g parameter in
thig study, Because length of Arowing season is not same for all
types of crop and water requirenent varies with time during
growing period. Well apacings reguired in gquare grid tubewell
layout to. eatisfy irrigetion water requiremsnt 1a shown im

Pigures 25 and 26.

& ohnrt am presented in Flgure 27 has been prepared for the
6leetion of deep tubewell spaeing coneldering aguifer charnctorige
tio end ireigntion water rEquirement.lspacing eorrasponding to

storage coefficlent might result a maximm drewdown of 0.5 Tk,

| kar kgl T o
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only a¥ the middle point of twa nearest wells, if every well in
Bquare gx1d tubewell layout runa continuously for 24 hours, On
the other hand spacing corresponding te peak monthly lrrd zotion
¥ater requirement has been calculated on the basls of 18 hours of
sontinous pumping per day., Of the two spacings, based an storage
coefflolent and irrigation water requirement, greater ons 1e to
be melsctad. Because, if spacing Gorresponding to water require-
ment im larger, 1t 18 unnecesaary to select smaller spaoing,
But when spoeing corresponding to Btorage coefficient in larger,
1t might oause adverse effect within the aquifer by excesgive ”
lowering of wrter table, 1f snaller spacing ia Selected, In this

onse some portlon of the land rmight remain unserved,

Aquifers in Bangladesh are mostly water table typa.Ldthologi-
#al enalyesls shows that thiclmess of equifers are several thousand
Teet and these aquifers have no defined impermendle bottem.
Honce full thiclmesa of aquifers can not ba penatrated as required
by the essumption in ground water flow Egs. 1 1o 1% ond moreover
full penetration is not possible. Hence in this onse tha coceffie-~
ient of tronemimsidility is equal to the Product of msaturated
thicknesa of aquifer penetrated by the well and average permeebild-~
¥y of aquifer, is a result sams vmlue of tremamiseibiiity can not
be used for tubewolls of different dapth, even 1f amifer permen~
Y1lity does not vary with depth of equifer. it a glven lgecality
eooffintent of tranmmisstbility wil) vary elmoat directly with
the tubewell depth 1f permeability mesumed to remein conatant,

ey b e all g Sl
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M
. whed

¥or this reason, it has boen dafuned in this study that the

depth of every well in tho-laycu® i3 same, This asswaption will .-
not restrict the application of the design chnrt presented in
Flgure 27, while selecting spacing betwesm deep tubewolls of
different depth. Because, offect of tranemissibility on mpaeing
hag bewn elininated as discussed earlier in developing relation
ships between storege coefficilent aad well spacing presented in
Figurea 18 to 20. It is important t» mention here that same value
of trensmiselbiliiy can not he used while designing tubewalls of
d1fferent depth for a given locality,

Bffect of recharge during pumping perdicd is not considered
in thie study. Aetuslly some portion of rainfall, if any, ond

Y
L) - Vo

%ﬁhﬂ qﬁicula%hd well
‘ a’ vE

t0 esaloulated values, However this will ma

spaoing oconservative,

Well loas comporent of the total drawdown at tha well has beam
negleoted in this atudy. Well loss ip a function nf‘papacitr, siza,
oonatruction and condition of the woll. Aquifer performanse hes
o relation with it, Celculated values of water table lowering
in the aquifer whioh depsnd on fermation eonstants have not besn
affacted by this mgsumption, But calculated veluea of total 1ift
‘a% the well hnps hden amallef than the nctusl as the well loes
oomponent of the total drawdown at the well has been negleeted,

- e gt
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Thié no doubt g.:ve greatser valuea of discharge obtained frpm
head-capacity relationship in the variahle discharge éﬁpéi%#?g.
Howewer. pc th~ —wo=iaklX: Migcharg: coniitiosn does not cﬂnfrni
the apacing between desp Guserciis, -his assumption will mok

affect the result of this studr,

I¥ 15 assumed in thiu study thas; water table is horlzontal
vefore pumping etazrts. Thiz might no be the acturl aituation
in the fleld. Beceuse it 15 most 1ik:1y that there will be
natural ground water movement. But thils will not limit fhe
aprliceation of results of this study as natural ground water

veloclty is very small with very litle water table slope.

It is further assumed that stet.e 11t at every well is
same. This msy not be true as elevation of ground surface level
mlght differ at different rell, Diffcrence 1n static }ift willd
-cansaldifferent initlal discharge in different wellas. Put ms
the variabl. dizcnargs conaition doet not eontrol spaoing, thins

11l not affect the result of this wudy.

ﬁmnunt of withdrawa: per vear for a ground wafer hagin
should not exceed the amount of rechrrge would oceur during
e year according to ﬂafe ¥ield conceit. Hence mazimum numher
of %ubewells possidble in & basin ie ¢ ependent on anmual recharge.
It requires extensaive study to determine the ground water

recharge due to withdrawal of water by tubswzlla, Snfe yield

iy, i e o R
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1g also dependent on the e€ztent of water table lowering, waté;
quality, cost of pumping, water righta, possibility of salina

water intrussion in coastal areas, etec. So, deyermination of

pafa yield itself 3o a highly complex problemg. It might so -
happen that agpacing between tubewells as limited by the maximum .
posslible number of tubewells in a baszin 1ies greater than the

spacing obtained from design chart. Hdenee this faector 1s also

to be considered in the finasl selectlion of deep tubewell spacing,
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CHAPTER V

CONCLUSIONS

The eonclusions that can be drawn from thig atudy are as

Tollows:

1.

2.

Je

4,

D

Atorage cosfflclent is the determining factor in Eelect{ng
deep tubewell apacing when aquifer chanactéfistics are
conagldered,

Jome amount of mutual interferesrce is allowable in selecting
deep tubewell mpacing and noninterference spacing 1is ro
always practiecabla.

Of the two spaeings, one conaidzring aqulfer characteriutics
and the other considering irrigition water requirement, the
greater value to be gelected from the design chart prepuared,
It 18 not of practical importance 4o coneider the variability
of well discharge due to increase in drawdown at the Héll
with time, - |

Varietion of gtorage coefficiens han negligible effect

on the amount of drawdown et the well.

Radiue of influence of 2 well enlarges with the decrease of
and increasse of storage coefficient and transmiseibility

ooefficient respectively.
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Table 2 Well fSzacing in Various Conditions |
Discharge of w."1, @ = 2 ¢fs !
Allowable drewdown &t the mid, pt. of spacing, D = 0.5 ft. |
Maximum allowsblz 1ift = 45 ft, A-R/2 X
Jtetiec 1lift, Ly = 30 ft. '
T 4. " ¥ Spacin; due to contro. of water levelhﬁaéiffaﬁ j
%35 g i 9~ Bf Fhe well I~ at the mid,pb. ,

gpd /£t htsog Eaf%agla B Canatant 8 Variable B Constant }
ycops{ft) 0 Q case(ftY 0 0 case(ft) 0 O cose(ftY |
16 - 950 2450 © 2450 |
0.01 24 - 1225 3025 3025 i
32 - - 3625 3625 !
16 TO0 650 950 875 !
0.50 0.10 2.4 125 700 1075 1025 }
52 500 g5 1200 1175 ‘

16 525 475 650 . 550

c.20 24 575 525 T50 T00

32 650 600 850 825

16 400 350 4100 4100

o,01 24 575 100 5000 5000

32 650 475 6100 6100

16 250 175 1300 1300

2,50 .10 24 275 200 1600 1600

32 325 250 1925 1925

16 200 150 1000 5925

0,20 2 225 200 1150 1125

e 300 250 1375 1375

16 225 150 3950 3950

0.0 24 300 150 4825 4825

52 350 175 5875 5375

16 150 100, 1275 1250

5 .00 0.10 24 175 125 1525 1525

Pt 200 126 1875 1675

ib 125 100 950 300

0.20 24 tH0 100 1125 1100,

LF2. 200 125 1325 1325 .

¥ = indicate allowzhle drowdown at the well excceeded by drawdown
due to pumping well itgelf only.
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Table 3 Comparison of Well Spacing Subjected to Interferopnce and
no-interference for 24 hours pumping of 2 cis Weldl,

T Spacing in feet ' )
ing 3 — —
10-" gpd /Tt allowing interference H without interference
0.01 3025 5700
0.50 0,05 1325 - 2550
0.10 1025 1825
0.15 875 1475
0.01 4175 TH00
0.05 1875 3300
1.00 0.10 1325 2350
0.45 1100 15900
0,01 4925 9500
Q.05 2200 4200
2.00 . 0,10 1575 2950
0.15 . 1275 2400
0,01 500 10900
0,05 2275 4550
3,00 0.10 1625 3350
. 0,15 1300 2775
0.01 4300 11500
0,05 2225 5100
4400 0.10 1575 3500
| 0.15 1275 2950 - '
.09 47hH0 12600
0.05% 2150 5600
5.50 0,10 1525 3850
0.19 12580 3175

s Sl
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Table 4, Eey&ﬁsqntatjvé Specifie Yield {Storage ahefficien

TR R a1 T e —r—

in water %able Aquifer) linnges Tor Scliected Rocks

= —

After Walton {1970)

—a —

Rocicg Specific yield
Clay 0.0t «~ 0,10
dand 0.10 ~ 0,30
Gravel : 0,15 - 0,30
9and and gravel 0.15 - 0,25
dandstone - 0.0% -~ 0,15
Shale 0,005~ 0,05
ILimestone 0, 05-0,05

T ——— P — —r—— —— | —

i wh ik b s s
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1111
1112
276

64

DETERNINATICH OY¥ SPLGING BETWERN WELLS

Toseo o TRAFMSMISUIBILTTY Il GPD/PT. o1D BOULT, TO TT MULTITLI
BT A0 0
O. ... TORAGE COEFFICTENT
DELTT. . ...IECHWEIIT OF STORAGT CORTFICITHD
SPG! " e IBP-}'GII‘-G II'I F'Ta
DELZFC. ... JINCR HENT OF 3PACING ITF FT.
ATSFC. .., JINITIAL STACING IN FT, (0MICULITION STARTED WITE
THIS SPACING THEU INCREASED BY TRLSPC SUCORSHTT-
R¥W. ... ..ETFECTIVE R.DIOUS 0% YR w=II TN TT,
TP, ... .PIMPINIG TIME IM DNLYS
DD, ., ... .DRA¥FTIOWT TIH FT.
STLIFT.....8TTIC LIFT IW FT,
‘I!’ERE;L- - o_qF..E_'II"_ nER I'IEI.L ILT ."-.CHE-S
TOTDD.....TOTLL DD AT THF V3LT I FT.
Diuay JdINTLRFERENCE AT TIE VELL T1F % OF TOTDD
DIITZF, , .+ » . DD CONTRITWITIOCN 10 TOTDD DU3 TO INTERFEREWNCT OF
SUZEGINTDING WELLS OHLY IN FT.
Hlooo. JHELD I T, DUE TO PUMPING UELL IT3FLF OHLY
Heawo o tTOUAL LIFE INW FT. WERE SLATIC LITT, AQUTFER LO3S INiF
TO PUMPIHG VELL ITSELF ilD AQUITER LOSSES LUE TO
IFTERFERING WELLS LRE /ADDED,
TIMETH. , . .STLRETING TTHE INCRELEDT IN DAYS (CALOCULATION
STAATED WITH PHTS TTWE INCREMENT}
DGDISC, ... .DESTGI DISCHLROE I GFM,
DGHE{D.,..,.LIFT IN FI. CORRESPOHDING TO DESTGE DISCHWRGE
Qo LI Y fDISUHJ!:LRGE I!T GPI'I
Wi., ... WBLL FULCTION IW THEIS SOLUTION

WRITE{3,1111)

FORMAI{1H},'WELT SPLJOTHG FOR V.RIABLE DISCHARGE CONDITIONt /'
WRITE(3,1112)

FORIAT(3X, 'RESUITS W0 SQUIRE GRID!//)

WRITR(3,276)

FORMAT(5X, 2HTT, 9%, 1HS, 8%, 6HYTLIFI, 5X, 2HTP, 9X, 318PC, TX,
24HARSA, TX, SHTOTDD, 8X, 1HD, BX, 6:[DDSPCL, 2X, SHDAHEAD)
DGTISE=898,

ANSFC=100,

RW=1.,

DGHD L D=45.

P=1,5

HT=11

o



M
gre

‘8828
535

256
BIT

831
B53
852

g
©999

Ha=3

ST4RTT=6,0
DEL353=0.0%
TIMETII=0, 001
TT=ST:RTT

HEN=NT+1

DO B4 I-1,NIN
IF(¥-TI)qi11,912,912
CALL EXIT
DELTT=0.5
TT=TT-DELTT
IF{T7T)911,911,68886
T-TT*1,0EO5
KEE=IT5+1

DO 84 J=1,KEX
I1¥{J-13555,555,556
53=0,01

GO TO 557

99J=J-1
93=DELSS*33J

5=33

Do 84 1=10,30,10
STLIFT=L

DO B4 KPTT=8,32,8
PTT=KPT
TF{PIT-24,)651,851,852
IT{PTT-8.)853,853, 22
BPC=ANEPC

GO TO 22

Z=TIMEIH

}.[ZD-

H1=STLIFT

H=8TLIFT

T=X+2

i=H*0.2-4,0
U1=U-1.

U2=U_2 »

U3=U~3,

U4=0-4,

B e T4

P T N T YA TR

65

Q=1550, =97 AT=4.5*T* U1 ~0, BET*U*TT{ ¥Up=0, 375 URU{ #U2%1T3

2+0, 0667+ U #U2*T3# T4
TIME=TP-X
RR=RW

CALL VELFCH{S,T,YI¥E,ER,WU)

W1=WU



P B — —

21
51

17,
" DIHC1=ABS{ETMDD1 )

951
952
he
122
16

2222

RR=SPC
CALL WELFCH{3,T,TIME,RR,WU)
W2=WJ

RR=1.41421#3PC

CALL WELFCN(3,T,TIME,RR,WU)
W2i=WU

W=+ Wand s Wai#g,

IF(TP-7)3,3,5

TIME=TP_Y

RR=RW , ‘
CALL WELFCN{S3,T,TIME,RR, WU}
W5=WU

RR=SPC

CALL WELFCH{3,T,TIME,RR,WU)
Wo=1710

HR=1.41421#3PC

CALL WELFCH(S,T,TIVE,RR, W)
W=

Wi=Wo+W6* 4. 4WG1+4,

GO TO 14
. lnlr'-'?':':'l' o
IF(H)Y17,17,7

EEMDD=(1{14.6%Q* (W3-WT7}) /T
DINC=ATIS(EIMDD)

H=1+DIHQ
ELMDDI={114. 60~ {W1-¥5)) /T

Hi=H1+DINC1
=Y

Z=Z*P

IF{TP»X}EE, 3%, 9
IFéHi—DGHEﬂD 122,593,553
IF{I-DGHEAD)16,16, 308
DINTP=H-H]

TOTDD=H-SPLIFT
D=({DINTF*1 00, ) /TOTDD

AREL={ SPC*#2) /43560,
TIME=TD .
RR=SP(*1.5

CALL WELFCN(S,T,TIME,RR,WU)
Wit =wu

RR=9PC+0,5

CALL WELFCN(S,T,TIINRE,RR, W)

'Wi02=yUJ

RR=5PC*2.25016
CALL WELFCH({3,T,TIME,RR,WU)
W103=WU _
W105=W101#2,+WI02*2, 4+ W1 03+ 4,

- T T T M R S P
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23
308
23

54
a4

&7

DLEPCM=(114.6%0*W105) /T

WRIT§(q(23)TT,5,3TL1FT,TFESPG,1 B4, TOTDD, D, DDSECH, GEHEAT
ESILE'L_{ET-B“iFB'er{d-KsH-s}!E EK!‘E!}}13(41FF7‘3}!3}:I}5'1‘)
DELSPC=¢5.

SPC=3PC+DELSEC

@ To 22

WRITE(3,54)TT,S,STLIFT,PT,H1

FORMAT 20X, 4{2%,F7.3),2X, 11I0 SPACING HEAD='FT7.3)
CONTINUR

END

——fr
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58

DETERMIMATION 0F WELL SPACTIG (COUNST/VT DISCHARGE)

b

Pev.a o TRANSMISSIRILITY IN GPD/FT.

DELTD., .., IHMREMERT OF TRAISHMISSIDILITY

9. ... 3TORAGE COEFFICIERT

DELSS, ., ... INCATRHRHT OF STORAGE COEFFTCITNT

9PC.....3PAOTNG TH TP,

DELSPC, .. .. IUCREENT OF SPACING IN FT.

AMEPC, ... IUTITIAT SPACING IN FT, {(CATQUTATION STARTED WITH
THIS STLCING THAYN INCREASE AY DELAFC SUCCEISIVELY ]

Qs seee DISCHARGE OT THE WELL I GPM

BW....,BEFFECTIYE RADIOUS OF TIE WELL I FT,

TPeu... FUMPIHG TIME IN DAYS

SILIrT....,3T7.TIC LIFT IN FT,

D}, ..., .DRAWDOW TN ¥T.

DDSPCM.....DD TN ¥T, AT THE MID., PT. OF TWO ADJACENT WELLS

D.....I0TERFERLCICE AT THE WELL IN ¢ OF TOTDD

AiB4.....ARES FER WELL IN ALCRES

DINTF....,DD CONTRIDUTION TC TOTDD LR TO INTERFERENCE OF
SURROMMIDING WELLS ONLY IN FD,

DOW,,...DD INFT.DUE TO PUMPING WELL ITSELF ONLY

JPCAP.....8PECIFIC CAPACITY IN OFM/FT,

TOLERs v« +  ALTOWARLE DD AT THE MID. PT. OF SCACING

¥WU,.....YELL FULCTION I THEIS SOLUTION

MISPC=100,

STLIFT=10.

erll-I:-l -

No=T

NT=11

5= '
STARNE=D.,

STARTT=6,0

DEL558=0,05

WRITE{Z,1111)
1111 IﬂﬁmnT[1H1,fWELL SPLCINGS POR CONSTANT DISCHARGE CONDTTIC™" !
WRITE(3,1112)
1142 FORMAT(3X, 'RESUT.TS FOR SOUARE GRID'//)
WRITE(%,1117%)
1113 FORUAT(3X, '"MID SPAGING DRAWDOW Cont MOT /)
WRITE(3, 276}
276 FORAAT{TX, tn', BX,'IT', 9Y,'s',10¥ 'TP',7X,'TOIER',0X, 'SFC',
210X, ARELT, 6%, 'Tninn' BX, 1D, 8%, "Hpedpy, 10%, D1V /7Y
NH Q—H 3+
DO 84 RK(=1,KNQ
TF(NQ-EN)911,910,910
911 CALL BXIT



910
963
91 2

8685

851

604

60",
604

2222

i KQ
7-5TARQ224.5% ( GH+1. )
VIUTT=0.5%

s B4 3=t ,NT

I T=T

TP START P =Dy D T
IF{9T}c 1,911,£888
Y=TT*1{..805

EEE=N3+1

DJ 84 J-i,EEE
IF{J~53555,555,556

Ty

GO TG 557

L3 Tad -1

S55=IEL35#38J

H=53

L) B4 KPTT=8,32,0

LR RKEPT

TP RER ST,

TIME=TT

SFC=ANYEC

DO 54 KTOLER=1, 4
TOLENK=KTOLER

IF(TOLERK-2, 601,601,602
TOTLER=2,0/T0LERK

G TO 604

TOLER~0.5/ (TOLERK~2,0)
RH-_—_SPG;E -

CATL WELFCN{S,T,TINE,ER,WU)
W1 02=W0

HR=SEC*¥1.5

CALL WELFCH(3,T,TIMX,RR, W)
W10i=yU

RR=CPBC*2,23016

JALL WELFCKH(S,T,TTMRE, RN, WU)
Wi 03=U1
W105:=W101%#2, 410242 41 034,
DLSPCH=(114.6%0%17105) /T

IF{ DISPCM-TOLERY &R, 83, 301
AREA=(SPC*#2) /43560,

RR=RW o

CALL WELFCHN{S,T, TIIE,RR, W)
Wi=WTJ

ALW=(114.6+0eY¥{) /T

RR=3PrC

CALL WELFCN(S,T,TIHE,RR,WU)
W2=YIT -

RR=5P0%*14 41421

E?}mmﬂ Eo4 ST PLTINE, Rt )




70

WA=W2#* 4 ,0+W3*4,0
DINTF=(114.6%0*44) /T
TOTDD=ATMETTNTP
D={ DINTF«4 00, ) /TOTDD
SPCAP=0Q/TOTDD
_ WRITE(3,2%)G,TT,3,TP,TOLER, SPC, AREA, TOTDD, D, SPCAP
23 FORMAT{F13.2,3%, Fh3,3(4%, 77,35, 2(3%, F10.5)  3(4X, 77.3) )
G0 T £4 ‘
301 DELSEC=25,
301 SPC=SPC+DELIPG
G0 TO 604
84 CONTINUE
END



s RRTIGC THL Hm“ﬂm

T

DETERMINATTION OF NHON-INTERFEREMCE SPiOTNG LETWEEN WELLA

Ty.us  TRANSMISSIBILITY IN GTD/¥T,
.. DELIT4 s 4 o ILLEENEIT OF TialSHTISSIBITITY
DELSS. ... INCREMEIIT OF STOR.LGE COEFFICIENT
q- aw IDISGHJ..LRGE ar THE T*TELL IIx GPI"I
DD.....DRAWDOWE IN PFT,
IP,....PUMPING TINE IN D.YS
J.‘i.RE;LI - B -iJﬁL-ElEJ:rL PER .!IrirEIJII III JI'ILGR.ES
3FC.....3P.0ING IN FT.
DELSPC.....,INCRENENT OF SPACING IN FT.
ENSTC. ., JINITILL SPACIHG IN FT.{CALCULATION STARTED WITH
THIS SPILCING THAY INCREASED BY DELSPC SUCCESITVED.
DEL,....LIFT IN FT. CORKRESPONDING TO DRSIGN DISCHARGE
DELIDL, ... .INCREMENT OF LIFT IN FT,
SPC/P.. ... 3PBOIC CLEBACTTY I GPM/FD.
TOLER....,ALLOW.BLE DD AT THE MID.PT.OF STACTING
WU.,...WBLL FUNCTION TN THIES SOLUTION ‘

Lo aCcACQACAACOaQACooooa

WRITE{3,1111}
1111 FORMAT(1H1Y , AX, 'NONIGTORTERENGE WELT, SPLOINGST/ /)
WRITE(=, 278) :
276 FonnaTE{ﬁx,!TT-,gx,'s*,103.'TP-,71,'TDLER',QX,*HPG',11X,_
2V AREAY, 10X, YALW? ,TX, 'SPCATY)
0=898,
i‘JIISPU=i DC'.
k=1,
NT=11
NS_3
STLRTT=0,
LELTT-0D.5
DELS3=0,05
HHN=1T+1
DO g4 X=1,NH .
IF(ET-I)g911,912,912
911 CALL BXIT
G12 TTI=I
IT=STA\RTT+ DELTT* TTT
T=TT*1 -{}EGB r
KHR-13+1
0 B4 J=1,KEK -
IF(J.-4)555,555,556
555 88=0.01
G0 TO 557
556 33J=J-1
83=DELS3#33J !
557 5=53

Raadat e o



851

832
LT

601

602

6073
604

88

23

308
310

84

Y T

DO 84 KPTT=8,32,8 .
PTT=KPTT

IF({PTT-32. 851,852,652
PT=PTT

PE=PT/24.

G0 TO 77

TP=14.0

9PC=ANSEC

TT#E=TP

DD 84 ETOLER=1,3
TOLERE=KTOLER
IF{2.0--TOLERK) 601, 602,603
TOLER=0. 04

GO TO 604

TOLFR=0.04

GO TO 604

TOLER=0.1

RR=8PC/2.

oAl WELFGN{S,T,TTHE,RR,%WU)

CWi=WU

DD={114.6%Q*W1)/T

DIPCH=DD*2,0

IF{DSBCM-TOLER) 88,888,308

LREA={gPC**2) /43560

RR--3W - .

CAYY, WELFCN(d,T, TI1TE, R, WU,

Wt O2utHT :

ALV=(114. 6%+ 02} /T

SPOLP=0/ATW

WRITE( %, 23)PT, 9, TP, FOLER, ST, AREL, ALM, SPCAP
FDHMLT(F9¢3,3E4I,FT.3},2{¢K,F11.35,2{¢I,F7.3]}
GO TO 84 :

IRLSPC=29,

SPC=SPC+DELS.

GO TO 604 ¢

COHTINUE

EED
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0 .

Q0

TTTT
333

444

CALCULATION OF WELL FULICTION

SUBROUTINA WELFCH(S T,TIME
UU={1.B87*(RP**2}*5) /{2%TIR
ERROR=0,005%

TOG=ALOG( NI}

H.U':""Ol 5 - TT E_TUG
IF(UU.0.0%) 444, 444,TTTT
G"G=+‘1 -D '

M=0

NII=N+1

AL=TN

GG=(Ga*[_TU) ) /14

VV=GG/LA

BE=ABI{VV)

WIWU+VV

ITF{BB-ERROR) 444,444,333
RETURH

END

‘L_ e’ o

RR

b

,WU)

e I BELE B J

AU

T3



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085

