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ABSTRACT

Flowing wells are uncommon occurrences resulting from erratic geo-
logical process. The discharge of a flowing well depends on the difference bet-
ween the elevations of the piezometric head in the aquifer in the vicinity of
the flowing well and elevation of the flowing weil's threshold. As the flowing
well's discharge is derived from water stored in the aquifer the piezometric
head in the aquifer gradually declines and with it the flowing well's discharge
reduces.

Using discrete kernel approach an analytical solution bas been obtained
to determine temporal variation of discharge of ;1 flowing well in a confined
aquifer of finite areal extent. The quantities of water that remains in the aqu-
ifer storage at any time after the onset of flow,which will be subsequently
drained by the flowing well, have been quantitied. Type curves have been pre-
pared to enable determination of aquifer parameterssuch as 1 storage coefficient
transmissivity, distance of the no flow boundary from the flowing well and the

initial hydraulic bead.
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1.0 INTRODUCTION

When a permeable bed sandwitched in between impermeable strata is
warped into synclinal fold with the permeable bed exposed at the surface
along an out crop , conditions favourable for flowing well may develop. Recharge
due to precipitation to the aquifer may take place along the out crop and
the permeable layer may contain v‘aater under artesian condition. In such a
case when a well is sunk to the permeable bed a flowing well can be obtained.
Flowing wells are uncommon occurrence resulting from erratic geological
process. Discharge characteristics- of a flowing well and certain spring are
comparable. An artesian aquifer is drained by the flowing well, The discharge
of the flowing well depends on the difference between the elevations of the
piezometric head in the aquifer in the vicinity of the flowing well and the
elevation of the flowing well's threshold (point A in Fig.l). The flowing well's
discharge is derived from water stored in the aquifer. Hence piezometric
head in the aquifer gradually declines and with it the flowing well's discharge
reduces. If the aquifer bas finite areal extent the discharge of the flowing
well would reduce to zero.

In the present report a solution for temporal variation of discharge
of a flowing well in an'aquifer of finite areal extent has been presented. Using’
the solution it is possible to predict the time when the well discharge would

become insignificant.
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20 REVIEW v

Many investigators have analysed the unsteady flow associated with
a flowing well. Notable among them are Nicholson, Smith , Goldstein ,Carslaw
and  Jaeger(vide Glover, 1 %74). Assuming that upto a radial distance b from
the centre of the flowing well the excitation has not propagate;d,the solution

of the differential equation

Sy, 1 3s _ g s 1)
ar2 T Tr A T F a3

for the initial conditions 5=0 when t=0 for rr, ‘and for the boundary cordition:

359 atr=r_ for t 3 has been found to be (vide Glover,| 974)

2 2
n =o -k(BH)
s=5,0- 2 AU (B e — h) ALY 42
o] neo n 2
n=1 . ¢r w -

Zk ]
(B—n'B ) Uo(Bnl‘w)

where A = ‘ o - 3)
2 2. 2
[Uo (Snb}] -k [Uo(Bnrw)]

ard UO(B; ) = 3¢ Bnrw) Yo( Bnr) - Yo(Bnrw) 36 Ry
k = rw/b

.l‘ @

and ( Bb) are the roots of equation U ( 8 n) =0
N , o "n
diJ (B r)

)
_ n
where UO { Bnl') = W
Jo and Yo are respectively Bessel's function of first and second kind of zero order.

The flow from the weil is given by

QW) = 25 1 5,Gl @—) | wed(5)
w
where 2 2 S
=™ -k“( 8 b)
iteh, D s n 4 :
o U1tk L AnlRry) Ul Br e — 0 I e
w - T w



When the excitation propagates to the farthest boundary the above solution

will be no longer valid for aquifer of finite areal extent.

Analysis of "unsteady flow to a well in an aquifer of finite
areal extent has been done by Muskat (1937) and Kuiper (1972}
Differential equation (1) has been solved for the following boundary

and initial conditions:

)
1= 0
r =a
3s .. Q
llmrF—- 5 and
r+0)
s{rs0) =0

in which 'a' is the radial distance to the imprermeable boundary,Q is the constant
pumping rate. The solution that appears in Muskat is

3 | 2 Tt
sc-5de (3 +In(5) -5 1G5

¢a’
b2 3 adle @23 (a Pexpl - (9D T2} D)
: zfnz{l m "o “m o %m 7 ) a2 -
(o3 values m=1, 23 ...  are zeros of 3;» the Bes®el's function of first kind

and of first order. { uma) values have been tabulated for values of m upto 20
(Abramowitz and Stegun, | 970)-ama values for higher values of m can be evaluated

using the following for mula of McMahon's expansions for large zeros:

: ' 2
(a2 B- pol W=D (7u-31) 32w -1 (83u° - W2u .y 3779

B %s8)> 1s(e8 )
66( u-1) (69491°> - 1538558 2 o 15857431 - 6277237) 8
' ws@ey

in which,

B={ms+1)T ;and
T



In case of 4 flowing well the discharge rate, Q svaries with time and

drawdown  at the well paint |s constant and equal to the di

fference between
the jnitial piezometric |eve)

and level of the tlowing well's threshoid. The



30 PROBLEM DEFINITION AND ME THODOLOGY,
3.4 Statement of the Problem

Figure | shows. & schematic cross section of e; ﬂowing well in a confined
aquifer 6f finit areal extent. The level of the flowing well's threshold is at
a height H, above the datum, Before the well waa:s sunk ., the pie?‘mnetrk_‘ level
was at a height H,. The time is reclzl.wned from the instant the well is sunk
and starts flowing. It is required to determine (i) discharge of the flowing
well at various time (i) terrporal and spatial variation of drawdown in piezo-
metric surface and (iii) quantities of watef that remain in the storage of the

aquifer.

3.2 Methodology
The following assumptions have been made in the analysis:

(i) The time parameter is discrete. Within each time step, the dischar'ge
of the flowing well is constant but it varies from ste: to step.

(ii) Though the aquifer near tht;_ outcrop is unconfined , the entire aquifer
has been assumed to be confined ard the position of the na flow bound-
ary is assumed to be fixed. ‘

The solution of differential equation (1) needs to satisfy the féllowing
initial and boundary conditions for the flowing well under consideration:

s{r,0)= o

s (rw,t} = HI-H2

g_ls"l rea - ©

Let K(t} be the drawdown in piezometric surface of a confined aquifer
of finite areal extent at a radial distance r from the flowing well due to a

unit step excitation. Eyxpression for K(t) can be obtained from equation(7)



response:

6N} = K(N) - K(N-1) ot
W

areal extent js obtained:

' 2
® (© J° 1N
_ N 1 Va2 m
&N = da TET rfr:{I( and Jo(uma‘} Jo(a mr)exp{ _——_—Q\ -}

6o i - 3 {ag? T
ey M o l1’ (o a) AL Jo(“mr).expfﬁ\. FoNe g
m= _ -

o a?
~410)
For N = 1,8 I,(1) is given by :
2
8 (1) =-577[%+1n(%)-12f(§ ) ﬂa
+2 zm=r!(°‘ma) I (“ma)}-2 Jo(amr).exp {—(Olm)z %}] LI

Let Qlv)sv=1, 1,23 ,.....0,be the discharges of the flowing well during varioys
time steps. The drawdown in Piezometric surface at the end of time step I at
any point in the aquifer is poverned by the discharges of the flowing well
upto time step [, The relation between drawdown at flowing well and the well

discharge s

| .
s(r,, D =Y=z[ Q(Y)eru.v + 1) ‘ «{12)

replacing r by L
Since the drawdown at the flowing well at any time step js H, - H,

7




therefore,

1
Hl-H2=w‘£;|Q(Y) &, (L-Y+D .413)
Equation (13) can be written as
-1 .
Hl - HZ = erl Q(Y)§ l,W(I-TH) + QD& (N

Thus , the discharge of the flowing well during time step I is given by '
1

I-
|
QA = 5y My -H2-$=l QAY)§ (- ¥+1)] oL 18)

Q1) can be found in succession starting friom time step 1.

In particular for time step 1,Q(1) = 'GTIT)_ [HI - HZ]' Once QD values are

known the drawdown at any point can be evaluated using the relation
I
seD =8 Q¥ 8 (I-y+D)
Y -1 r



4.0 RESULTS X

The discrete kernel coefficients 5r(l) are generated for r equal to
r, and for other radial distances at which drawdown calculations are sought,
for a known set of aquifer parameters T, ¢ and a. The large ieros (“ma)
of the Bessel function Jl(.) required for the evaluation of the discrete kernels
have been obtained making use of equation (8). The first one hundred zeros
{(m=100) have been considered for evaiuation: of the discrete kernels. A plot
of § (I) versus I is presented in Fig.2 for r equal to 0.1 0.5a andra.' Since the
discrete kernels are response of the aquifer to a unit withdrawal during the

first time period, and the aquifer has a finite radius equal to ‘a', at large time

step 1 48 r(I) tends to the limiting value ——lz—‘ After generating the discrete
mTa‘d

kernel coefficients , the discharges of the flowing well (I} have been solved
in succession starting from time step 1. The variation of dimsnsionless discharge
rate Q(t)/(T(HI-Hz)) with non dimensional time factor ¢ rwzlf&Tt is shown in
Fig.3 for a.lrW ranging from 0.5x10" to 5.0x10". It can be seen in the figure
~that at large ¢ rwzlftTt i-e. in the beginning when the well starts flpwing
the curves merge with each other indicating that the presence of no flow boun-
dary has not afiected the response. The discharge of the flowing well decreases
with increasing time and reduces to a negligible quantity. Larger the value
of 'a' longer is the life of the well. If a/rw increases from Ix10* to 2x10*
the non dimensional time &Tt/@ r‘zv corresponding Q(t)/(TIH]-HZ)):O.[ increases
from 3.6x10° to 15.8x10 ", 1f a/rw increases to i_xtou. the correspording non
dimensional time is %.2x10° The variation” of the dimensionless discharge with
the dimensionless time is shown in Fig.4 in a log-log paper.

The variation of s% with _q‘_urn is shown in Figs 5(a) and 5(b)
172 ‘

4 .
for afrw = 1.0x10" and 5.0x10° respectively for various values of r/a.
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%%:—i—t—)g can be regarded as the well function for a flowing: wellr in an _aquifer
of finife areal extent. The type curve presented in Figs.5(a) and 5(b) can be
used to find the parameters (H —Hz).a.T/(b and r_. If the drawdown in plezome-
tric surface recorded at an observation well is plotted in a log-log paper which
has the same scale as that of the type curve presented in Fig.5 and if this
graph could be matched with any of these curves i1 is possible to estlmate
the parame;ers HI—Hz.a.rw and T/\ If the discharge of the flowing well is
measured and its variation with time is plotted in a double log paper T and
@ can be estimated by matching th:s graph with the type curve presented in )
Fig.4.

The total quantity of water that can be drained by a flowing well
is equal toma Q‘ (H -Hz) In Fig.6 the variation of the ratio cumulative discharge
to total dlSChal'ge of the flowing well with time is presented. This . -graph aiso
presents the quantity of water that remains in the aquifer storage to be drained.

A computer program developed for predicting the discharge of the

flowing weil and drawdown at any point in the aquifer is given in Appendix-I.

15
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'5’.0 CONCLUSIONS

. - A ‘so-lutiqn of uiite;:iy.' flow to a ﬂoﬁrii?g well in a confined aquifer
of finite areal ehem has ‘been pbi_:ai"'r_led‘.'mlrg Muskat's basic solution of unst-
eady flow to a wei{ in a cofiimdquiter of finite areal extent. The solution
- has been obtm‘imed dhcrgtisit'g: the time s‘pan-an:l using tgchnéiogit:,al.funcﬁoqs.
The temporal varigtion of "t‘nie‘,-_.t;@wi:g"-"wequ_ discharge has been predicted.
Pertinent types curfes' ‘for prediction ofmﬁuiie; pa-am"et'ers,‘tl'e dista‘nce to
the no flow boundary, and the head différerice which- causes the flow have
been p-resgnted. The quantity of water that rern'aip;l in the aquifer storage

at any time has been assessed.
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APPENDIX It A PROGRAM FOR CALCULATION OF DISCHARGE OF A FLOWING
WELL AND DRAWDOWN AT ANY POINT IN. THE AQUIFER

DIMENSEON ALFNA(100) s DELRW(500)+DELRA(S00) »HRW (500} s HRALS0O0) »
1URE{S00)  URA(S00) rWFRACS00) s WFRW(300) s Q(500)»RA(500)»8GR({500)
2|DELR1(500!|DELR2($OO)cDELRS(SOO)tDELRd(SOO)9UFR1(500)1UFR2(500)
TsWFR3(500) »MFRA(500) 1 HR1{500) s HRZ(500) rHRI(S00) 4 HRA(300) »UR1(500)
Ay UR2(500) sUR3(3500) rUR4 (300} ]
OPEN(UNIT=1,FILE=/FLOW10.DAT’sSTATUS='0LD")
OPENCUNIT=2:FILE=‘FLOR1O,0UT»STATUS= "NEW" )

READC(191)sHOsRWIRAs T+PHIINTINE

FORMAT(SF10,5:,13)

HO=H1-KH2

RW=RADIUS OF THE WELL

RAsRADIAL DISTANCE TO THE NO FLOW BOUNDARY

T=TRANSHISSIVITY OF THE AQUIFER

PHI=STORAGE COEFFICIENT

NTIME=NUMBER OF TIME STEP UP TO WHICH CALULATION ARE TO BE MADE
WRITE(2:,3)
FORHQT(?X:‘HO‘!10X1'Rﬂ'rlSX"Rﬂ'!lSX:’T'tiSXr‘PHI'!ISX&‘NTIHE')
MRITE(2,2)»HOsRHsRA!T+PHI'NTINE

FORHMAT(SEL6.7:8Xs1I%)

PAI=3,14159245

CHECKING OF SUBROUTINE FOR BESSEL’'S FUNCTICN

X=uQ,

calLl JO{X:VALUE)
TYPE®» X9 VALUE
X=1,

CALL JO(X»VALUE)
TYPE®: XsVALUE
X=id,9

CALL JOCXsVALYE)
TYPER 1 Xs VALUE ~

GENERATIGN OF DISCRETE KERNEL IS BEINO DONE

ALFNA(1)=3,83171

ALFNA(Z)=7,0135%

ALFNA(3)=10,17347
ALFNA(4)=13,32369
ALFNA(S)=146.47043
ALFNA(S)=19,613584
ALFNA(7)=22,74008
ALFNA(B)=25,90347

I-ivii



OO0 O00O0NO00

ALFNA(?)=29,045683
ALFNAC10)=32,18948
ALFNA(11)=35,33231
ALFNA{12)=38.47477
ALFNA{13)=41.41709
ALFNA{14)=44,75932
ALFNA(LIS)=47.90144
ALFNA(16)=51.04354
ALFNAL{17)=54,18555
ALFNAC18)=57,32733
ALFNA(1P)I=40. 46746

"ALFNA(20)=83,41136

CHECKING OF ZEROS OF BESSEL ‘S FUNCTION OF 18Y ORDER $18T KIND

8=20,
CALL ZERD(B)RES)
TYPEX+8sRES ¢ ALFNAT20)

ALFMNA(21) TO ALFNAX100) ARE BENERATED

DO 25 I=21,100
8=1

CALL ZEROD(SsRES)
ALFNACI)=RES

DD 200 N=1,NTIME
AN=N

SUNRW=0 .
SUNRA=0,

. SUNR1=0.
‘BUMR2=0,

SUNR3=0.

SUNR4=0,

BO 100 H=1,100
X=ALFNA(H) /RAZRY

CALL JO(XsVALUE)
TERN1=YALUE

X=ALFNATH)

CALL JO(XsVALUE)
TERNA=ALFNA (M) XX2SVALUE
TERM2={VALUESALFNACH) YE22
X=ALFNA(M) .1

CALL JO(XsVALUE)
TERNR1=VALUE
X=ALFNA (M) XK. 25

I-/vi



100

200

24

CALL JO(XsVALUE)
TERMR2=VALUE

XaALFNACHIR,S

CALL JO(XsVALUE)

TERMR3=VALUE

X=ALFNA(H)X,.75

CALL J8(XsVALUE)

TERMR4=VALUE

TERHEHEXP(-ALFNA(H)ttZtTtAN/(PHI*RA*Rﬁ))
SUMRW=SUMRW+TERM1/TERH2XTERHZ

SUNRA=SUNRA+TERM3/TERM4

SUMRL=SUMRI+TERMR1/TERM2XTERNS

SUMR2=SUMR24 TERMR2/TERMZATERNS
SUHRB'SUHR31TERMR3/TERH2*TERH3
SUNRA=SUNRA+TERMR4/TERNZKTERNI

CONTINUE
HRU(N}H-7S+ﬂLUB(RU/Rﬂ)--5*((RU/RQ)**2+4.fﬂNtT/(PHItRﬂtRA))
1#2.%SUMRW
HR!(N)’.?5+“LOG(.T)--St(-11'2+4otﬁN‘TltPHItRﬁtRﬁ))+2-#SUNRI
HR2(N)-.75+QLOB(-253—.53(.233#2+4.*ANtT/(PNItRﬂ*RA))+2olBUHR2
HR3(N)--?S+ALDB(.5)*.5*(-5*12*4.*AN3T/(PHI¥RQIRQJ)+2-¥8UMR3
HR!(N)=.75§QLOG(>75)*o5l(-73#*2+4.tﬂNtT/(PHI*RhtRAJ)+2-tSUHR4
Ti=ALOG(,75)

T2=.5$(n75**2+4.tﬁN*T/(PHI!RA*Rh)}

T3=2.85UNR4

HRW{N)=-HRUWINY /(2. ¥PATET)

HRI(N)=-HRL(N) /(2. %PATRT)

HR2UN)=-HR2(N) /(2. ¥PATST}

HR3(N)=-HR3(N)/ (2. ¥PAIRT)

HRACN) E-HRA(N) /(2. 2PAT¥T)

URMW(N) =RWERWKPHI/ (4. 2TEAN)

URAIN)=RAXRAXPHI/ (4,XTXAN)

URI(N)=(Rﬁt-1)#t2¥PHI/(4o*TtﬁN3

URZ N} = (RAX . 25)XX2EPHI/ (4, XTXAN?
UR3(N)-(RA*.5)!*2*PHI/(4.!T*AN)
UR4A(N)=({RAZ,75)¥R2KFHI/ (4. $TRAN)
HR#(N)=.75~.5*(1-+4-tnNtT/(PHI*RﬂtRAJ)+2.tSUHRﬁ
Ti=4.XANKT/{FHIXRAZRA}

HRA(NY=~HRA(N) /(2. XFATET)

CONTINUE

DELRA(1)=HRA(1)

IF. (BELRA(1).LT,0.) GG TQ 26

60 To 27

DELRA(1)=0,

CONTINUE

DELR1{(1)=HR1(1)

DELR2(1)=HR2(1)

DELR3I(1)=HR3(1)

BELR4(1)=HR4(1)

DELRW(1)=HRW (1}

-V



300

b}

400

-

0ooOOO00x

onDanon

301

oo ﬂﬂg
-]

DO 300 I=2,NTIME

DELRA(IY=HRACI)-HRA(I~1)

DELRM(I)=HRW(I)-HRW{I~-1)

BELR1(I)=HR1(I)-HR1{(I-11}

DELR2(IY®HR2{I)-HR2(I-1)

DELR3I(I)=HRI(I)-HRI(I-1)

DELRA(I)Y=HR4A(I)-HR4(I~1}

CONTINUE

MRITE(2s11)
FURHRT(4X-’BELRH(N)‘r2!v'0£LRl(N)’r2Xl'DELRZ(N)‘-?Xv‘DELRS(N)"
liZXr'DELR4(N)'DZXn'DELRQ?!SX:‘URN(N)':SX!'URI(N)':‘Xp*UR2(N)‘
2r5Xl‘UR3iN)'v4X0'UR4(N)'-4X:’URA(N)':4X|'N‘J

DO 400 Nwi:20
URITE(2:10)DELRH(N)vDELRl(N)vDELRZ(N)tDELR3(N)IDELR4(N)sDELRA(N)
1oURN{NY sUR1 (NI sURZ (M YIS URB(N) s URA(NI s URACN) » N
FORMAT(2X»12E10.3+1I5)

GENERATION OF DISCRETE KERNEL IS OVER

DICHARGE OF FLOWINGE WELL IS BEING CALCULATEDR

@4{1)y=HQ/DELRE(1)
GR(1)Y=Q(1)/{HOET)
saec1)y=aad1)

QQ(J) IS DIHMENSIONLESS DICHARGE DURING TIME STEP J
SaG(J) 15 CUMULATIVE DIMENSIONLESS DICHARGE UF TO TIHE STEF J

D0 500 N=2+NTINE

ASUN=O0.

DO 501 NGAMA=1>N-1
ASUM=ASUM+R (NGANA) XCELRU(N-NBANA+1}
Q(N)OHOIDELRU{I)-nSUH/BELRHCI)
QGR{NY=Q(N)Y/ (HOXT)
SQO(N)=SRR{N-1)+RA(N)

CALCULATION OF FLOWING WELL'S DICHARBE IS OVER

DRANDONN AND MELL FUNCTION ARE BEING CALCULATED

DD 306 N=1,NTINE
SBWFRi=0.,
SWFR2=0.
SWFR3=0.,

l-Iv/vit



307

303
S14

3135

Jlé

303

13
16
17

SWFR4=0,

SWFRUW=0,

SWFRA=0 .

DO 307 NGAMA=1,N

SWFRW=SWFRU+DELRW (N-NGANA+1)XQ{NGAHA)
SWFRI1=SHWFRLI+DELRI(N-NGAMA+L ) KQ(NGAMA)
SWFR2=SWFR24BELR2 (N-NDAMA41 )30 (NGANA)
BWFR3I=SWFRIVDELRI{N-NGAMA+ 1) XD {NGAMA)
SWFRA=SNFRA+DELRA (N-NGAMA+1) X0 {NGANKA)
SWFRASSUFRA+DELRA(N-NGAMA+1) X0 (NGANA)
CONTINUE

WFRW{N)=SWFRW/HO

WFR1{(N)=SWFR1/HO

NFR2(N)=GSWFR2/HO

WFRI(N)=SWFR3/HO

WFR4{N)aSWFR4/HO

MFRA{N)=SWFRA/HO

CONTINUE

CALCULATION OF DRAWDOWN AND WELL FUNCTION ISVDUER

WRITE(Zr14)

FORMAT(PXr "GINY " v 9y ‘ROCNI 510Xy "SRAINI 310X+ “WFRW(N) *sBXs ' N’ ¢
15X *URWIN) * 5 10Xs *WFRAIN) ' s 9Xs *URACN) *)

DD S14¢N=20sNTIMEs20
WRITE(2y503)sQ(NY s URIN) s BAQ(N) rWFRW{ND) e Nr URMOIN) s WFRAIND sURALND
FORMAT(4ELS.79I5+3E16.7)

CONTINUE

WRITE(2551%) .

FORMAT(BXs "WFRICN) " s8Xs "URIIN) " 10Xs "HFR2C(NY * 3 8Xs *URZIN) ' » 10X s
1°WFRICNDY "2 10X s "URI(ND‘ p 10X "RFR4(N) *» 10X "URAC(N) * }

DO SO0SrN=20sNTIME,20
WRITE(2r516)vWFRL(N) sURLI(NYsNFRZ{(N) sUR2(N) sWFRI (NI sURI(N) s WFRACNY 5
1URACN)

FORHAT(2X¢BEL1&.7)

CONTINUE

VOLUME=TOTAL QUANTITY OF WATER THAT WILL FLOW FROM THE AQUIFER
SUMS= TOTAL GUANTITY DICHARGEDR- AT THE END GF NTIME
VOLUME=PAISRAXRAXHORPHI :

SUNS=0, .

DO 15 I=1,NTIME

SURI=BUNSHOLI)

WRITE(2,14)

FORMAT(10Xs “VOLUME " » 10Xy TOTAL OUTFLOW’ s *NTIME’)
WRITEC2y17) ¢ VOLUMNE » SUMS s NTINE

FORMAT(EL6.795X+1E186.7515)

8TOP

END

l-v/ivil



BUBROUTINE JOC(X»VALUE)
IF(%X.6T7.3.) 680G 7O 190
VALUE®]L , =2, 2499997K(X/3, Y RE2+1,246T54208K(X /3. ) XXA~, 31 63DE6R(X/3. 1884
14.04444798(X/3,1%88=.003FA448( X/ 3. 128104.000210(%/3.)0812
a0 ToO 200

100 THETA=X-.783378148-.041843978(3,/X)~,00003734%(3, /X1 ¥82+4,00262573
12¢3. /%3823~ . 000541 250(3./XIRE4~,00029333K(3.,/X)%25+.00013558%
2(3./7X) kK6 .
FO= ,79788456~,0000007278(3./X)~,00532740%(3./X)242~.,00009512%
(3. /XIRRT4,00137237%( 2+ /7X)EX4~ . Q0072803 8(3,/X)585+4.000144756%
2(3./7X)%xé
VALUE=XS&k(~,5)SFOXCOS(THETA)

200 CONTINUE
RETURN
END
SUBROUTINE ZERD{(S,RES}
U=g,
PAI=3.14159265
B=(8+.25)¥PA]
RESsB=(U~-1.)/(B.¥B)-4.¥(U-1.28{7.,%kU~-31.)/(3.£(B8. 2B)X%3)~
132.8(U-1.)%(B3, XUKU-PB2.2U#3779.)/(15. k(8. XB) XS )~ .
264.8(U-1,.1R(574P.BURXI-153BIT . RUKR241783743 . 8U-6277237,)7¢(103.:%
3(B.¥BIXET)
RETURN
END

‘ Lviiv



W (2] RA T PHI WTINE

0,10000006401 0. 1000000E400 0. 1000000E404  0.B00000CEH2  0.1000000E-02 100

BELRUGH) DELRIGH PELRZUN) DEL:IIND DELR4IN) BELRA URW(N) URLMN}  UR2INY LRI - URAIN)  LRAOND
0. 145801 0. 290602 0 124E02 9, 320E0F 0,72026-04 0,234E-04 0.313E-07 0.313E-01 0.19SE400 9.7B1E100 0,178E401 0.312E401
0.47X-03 0,477E-03 0.404E-03 0,407E-03 0.2406-03 0, 1BOE-03 0.134E-07 0, 1356-01 0.977E-01 0,JPIE400 0.B79EH00 §.134E401
0,4296-03 0. 475E~03 0.A0SE-03 0.J4BE-03 0,295E-03 0,274E-03 0.104E-07 0.104E-01 0.451E-08 G4 2606400 0.3B5E400 0.104E401
0, 352603 0,391E-03 0,3456-03 0,328£~03 0.311E-03 0,303E-03 0.7BIE-0B 0. 7826-02 0.488€-01 0.1EH00 0. 43FEH0 0, TBIEHN
0. 32903 0,3286-03 0.327E-43 0.321E-03 0,314E-03 0.314E-03 0,425E-08 0,625E-02 0. 391E-01 0.136E400 03326400 0525400
0,3226-03 9.321E-03 0,321E-03 ¢, 319E-03 0,318E-03 0.3¢7E~03 0.521€-08 0.521E-02 0,326E-01 0,130EH00 0.293E+00 &.521E400
0.319E-03 0.319E-03 0. 319E-03 0.315E-03 9. J10E-03 0,160 0.444E-08 0.445E-02 0.279E-01 0.2126400 0,251E400 0. HSEHOC
0.3196-03 0,319E-03 0,319E-03 0,31SE~03 0,310E-03 €.318E-03 0,391E-08 0.3PIE-02 0, 244E-01 0.977€-01 0. 2206400 0.391E+00
0,3186-03 0.31BE-03 0.31BE-03 §.318E-03 9. 31BE-03 0.318E-03 O0uATE-0D 0.347E-02 0,217€-01 0.84BE-01 0.1FSEH0 0. HTEHN
0.3t0E-03 0, 318€-03 0.3166-03 0.318E-03 0.318F-03 0.31BE-0F 0.313E-08 0.31IE-02 0.195E-01 0.7B1E-01 Qu174E+00 0.313E100
0,316E-03 0,318E-03 0,316E-03 0.3136-03 &, 31BE-D3 0,318E-03 0,2B4E-08 0,284E-02 0,178E-01 0.7106~01 0,150E400 ©.2B4E40
0.316E-03 0,316E-03 0,316E-03 0.315€-03 0.318E-03 6.316€-03 0.2606-08 0,240E-02 0.143E-01 0.551E-01 0.144EH0G 0, 2600+
0.3186-03 0.3186-02 0,316E-03 0.3126-03 8. 318603 0, 318607 0. 2406-08 0,200E-02 0,150E-01 02401601 0.1356400 0.2406400
¢.3106-03 0, 318E-03 0.318€-03 0.319E-03 0.318€-03 0.318E-03 0,2236-08 0,2236-02 9,140E-01 O.358E-0L 0.126E400 9,223E400
0,318€-03 0, J18E-03 0,31BE-03 ¢, 3156-03 0.318E-07 0,318E-03 0,208E-08 0.2006~02 0.130€E-01 O.521E-01 0.117E400 0.268E+00
¢, 318E-03 0.318€-03 0,316€-03 0.3136-03 0, 31BE-03 0. 3186-03 0,193E-08 0,1936-02 §,1226-01 0.4886-01 0.110E400 0.195E400
0, 8E-03 0, 318€-03 0,316€-03 0,315E-03 0.318E-03 0.318E-03 0.1B4E-08 0. 18AE-G2 0.115E-01 0.460E~01 0.103EH00 0.184E400
¢.3166-03 0.318E-03 0.319E-03 0.31SE~03 0.318£-03 0, J18E-03 0,174E-08 0.174E-02 9,169€-01 0,434E-0t 0.977€-01 0.174E400
0,3186-03 0,316€-03 0,318E-03 0,318E-07 0,318£-03 0.3186-03 0.144E-08 0.184E-02 0.103E-01 0,411E-01 0,925E-01 0. 164E400
0,3186-03 0,31BE-03 ¢.31BE-03 0.318L-03 0,31BE-03 0.316E-03 0. 134E-08 0,106E-02 0.977E-02 €.392E-01 0.B79E-01 0.1T4EH00

a Qi) SOaIN) VFRE(D L] UREOKY WFRAGH LRALN)
0, 40768206402  0.509B333E400  0,122B898E402  0,1000000E421 20  0.1542500E-08  0,2923492E400  €.1342300E40C
0,2005066E402  0,3506333E400  D.07IZFFEHG2  0.1000000E401 40 0.7B12501E-0%  £.5133524E400  0.7812501E-01
0.1929063E402 0. MIIIDAEHN0  0.1650832E402  0.0000000E4G1 60 0.5208334E-09  0.443325E100  0.520833E-01
0,13254586402 0, 14850322E400  0.104P159E402  O,1000000E401 B0  0.30S2TLE-0F  0.749839BEHO0  §,3P04230E-01
0PI2363LEH0]  0.1340454E400  0,332343IEH02  O.1000000EHO1 100 ¢»3125001E-09  0.9417157E400  0.31250006-01
WRLON UR1ENY WFR2(N) 24D ¥FRIOD UR3(N) WFRA(N} URAON)

C.A3904B4E400  0,1562500E-02 0, 367S134E400  0.9743826E-07  0.31655826400  0.3904I50E-0f  0.29B0s6BEHN0  0.E8789D43E-01

0,414775T 7000  0.7812500E-03  0.5450302E400  0.4882B13£-02 0, SIINAFPEH00  O.1RSIIZGE-01  0.5172707E400  0.4IMIIIE-01

0. 73507416400  0,52003]4E-03 0, 700BS53EH00 0. 320520BE-02  0.47771546400  0.1302083E-01  0.64BO202EH00 €, 2929488E-0f

0.8178079E400  0.J9042S0E-03  0,794200BEH00  0.2841406E-02  0.7703ALIEH00  O.97454266-02  0.7714928E400  0.2197288E-01

0.67470406400  0,3173000E-03  0.8583241E400  ¢.19331256-02  0.BATSPS0EH00  0.7BI2301E-02  0.B429PO2E+0C  0.1757813E-0t

VoLUmE TOTAL OUTFLONNTINE

& 3HA15YIEHOA 0. 2658740E4C4 100
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