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. Summary of Activities for March, 1976

The well stimulation program that was initiated last month has contin~
ued to appear quite favorable. The pro%;am was extended to include all injection
z; wells operating‘below 100 barrels per day.
- A total of 20;280 and 19,160 barrels of pretreatmént fluids were
injected into the Chesney and Hegberg pattern, respectively.

Work concerned with the quality of injection water has continued on
site and in the laboratory. Additional information has beenlreceived about the
formulation of the Shell system. Laboratory flow experiments, modeling and
oﬁher work directed toward questions raised.by study of this information has
been initiated.

Meetings were held with fepresentatives of Union and Witco to discuss
the blending and specifications for petroleum sulfonates used in ;he Union pro-
cess., Mobility was the topic of a joint meeting with Union and Shell. As a
result of the joint meeting, additional relative permeability work has been
undertaken. Many aspects of the Union design were reviewed in a Cities Service-
Union Oil meeting on March 24,

The streamline and front tracking model has been documented using
comment statements inserted within the program listing. A éopy of the program
is enclosed. This model has been used to compare sweep for various patterns

and operating conditions. Polymer slug simulation has continued.

Technilcal papers. Three technical papers relating to the El Dorado

project were presented at the Society of Petroleum Engineers of AIME Fourth

Symposium on Improved 0il Recovery on March 23. The papers report core

A

ana1y31s, performance prediction, and pressure transient work.
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. “ ENGINEERING AND OPERATIONS

Pattern Injectivity and Well Stimulation

The Xylene-HydrochloricAAcid- Hydroflquric Acid-~ Hydrochlbric Acid
treatment that was initiated last month has continued to appear favorable.
As a regultwof this treatment,vit was decided to acidize all the injection
wells operating below 100 barrels per déy. Below is a summary of the treatment

performed this month:

WELL BEFORE B/D  ° PRESSURE(PSI) AFTER PRESSURE(PSI)..S&T@EB/D éRESSURE(PéI)
w108 27 180 151 150 102 185
‘MPll0 63 195 165 60 158 80
MP118 12 185 138 185 52 185
MPL20 78 190 146 170 135 190
MP128 97 190 137 - 130 130 190
MP130 2 190 154 115 92 190
MP213-226 33 210 85 200 77 200
MP215 32 200 151 80 126 195
‘MP221 62 200 151 55 150 190
MP223 40 200 146 185 91 195
MP225 35 : 215 150 195 97 210

Work is continuing to stimulate additional wells,

In order to control the bacteria growing in the supply water, a chlorine
gas was introduced at the pump station; The Fresh Water Line and Plant Facilities
was initially slugged with a high chlorine concentration (20—3OPPM) Before
adjusting to 7 PPM at the pump station. Future plans will be to maintain a

chlorine residual between 0.15 - 0,25,



MONTHLY PRODUCTION REPORT

Well Monthly Volumes, Bbls. . Days . Cumul. Since Start Date
No. 0il . ‘Water Prod, 0il Water . Started
MP 112 37 1468 31 105 4958 11/17/175
MP 114 76 785 31 219 1999 !
MP 122 50 1113 31 109 3422 "
MP 124 _64 1984 31 156 6459 "
Chesney 227 5350 589 16838 :
MP 207 37 814 " 31 271 2390 o
MP 209 51 1326 31 102 4232 "
MP 217 38 1621 - 31 97 . 5047 "
MP 219 38 1469 31 103 4952 "

Hegberg 164 5230 573 16621

MONTHLY INJECTION REPORT (Pretreatment)

Well " Barrels - Injection ~ Days Cumulative Date
No. Injected Press. psig on Inj. bbls. Started

MP 106 1948 190 - 31 4395 11/17/75
MP 108 2693 190 30 5773 "
MP 110 1665 190 20 7847 n
MP 116 3544 190 "~ 31 - 6055 ‘ "
MP 118 1265 ) - 190 31 4765 - "
MP 120 - 2744 190 30 9507 "
MP 126 1513 190 25 7837 . om
MP 128 2761 190 28 6919 "
MP 130 2147 190 30 - 4043 "
Chesney 20,280 - ' ] 57,141

MP 201 1,571 200 26 8,494 "
MP 203 3,082 200 31 6,477 "
MP 205 3,314 200 31 6,058 : "
MP 211 1,383 v 200 .25 7,434 . "
MP 213-226 530 - 200 - 17 5,330 "
MP 215 2,575 _ 200 28 5,713 "
MP 221 2,927 . 200 29 7,366 ’ "
MP 223 1,549 : 200 25 5,892 "
MP 225 2,229 200 29 ' 6,156 "
Hegberg 19,160 A 58,920

Total _

Project 39,440 : : 116,061

MONTHLY PRODUCING WELL TEST REPORT

Well Actual Vol. Produced Hours Pump Stroke Strokes

No. 0il Water ' Tested Size - Length Per Min.
MP 112° Tr. 160 24 1% 42" 17.
MP 114 5. 65 : 24 1% 32" 13.5
MP 122 5. 160 24 1% 42" 16.
MP 124 0. . 250 24 : 1% 42" 14.5
MP 207 10. 80 24 1% 22" 13.5
MP 209 Tr. 145 24 1% 42" 16.5
MP 217 Tr. 95 24 13 42" 16.
MP 219 5. 150 24 1% 42" 15.




RESEARCH SUPPORT

Chemical Selection and Support

Water Quality. A considerable amognt of time was devoted to water

.quality during March. .In addition to the laboratory work, one ma& was.on

site for a week. The prime objective of the field work was to see if the

water quality could be improved by usipg sodium bentonite to flocculate the

particles in the water so that they are more readily filtered out.
lThe,experiment with bentonite hadvbeen tried in the Laboratory, but

the particle distribution had changed in the El Dorado water at the Léboratory.

It was found that most of tﬁe particles had increaséd to above 1.2 ¥ in size,

This iﬁcrease in particle siée is additional evidence that bacteria has been

a cause of the water qualit& problem,

; The field data are summarized in the table below. The water quality
standards for these tests were given in the monthly report for February in
the secfion on "Chemical Selection and Support.' Briefly, good quality water
should have an initial flow rate of about 10 ml/sec with a rate still above
4 ml/sec after three liters have passed through a 0.45 ¥ filter. The last
column in the tablé'lists‘volumes filtered; in some cases the filter plugged
so much that less than three liters were filtered. The most obvious con-
clusion is that treating.thé water with bentonite very definitely improved
the quality. Some comments on the various experiments follow.

Experiments 1, 2, and 3 and Experiments 6, 7, and 8 were made to
determine particle size. It seemé that most particles not passing through
tﬁevo.és y filter were less than 1.2 1. Chlorination seems to be beneficial.
Comparison of Experiments 2 with 7 and 3 with 8, shows that chlorination

helped. Experiment 9 confirms that the water treated with bentonite is of



4

\

. !
excellent quality. As a consequence of these experiments, it was recommended
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to the Project Engineer that either different polymérs be tried to find one
which will work or that the Q;ter be treated with sodium bentonite.,
WATER QUALITY
All Water Samples Taken Just Downstream From the Sand Filter

 Before Chlorination March 15-17, 1976

Range of Flow Rate Total

) (m1/sec) Volume

' o - Initial Final Filtered

Treatment to Water : Filter 200 ml 200 m1  (Liters)
None _ 0.45 u 7.3 ©-0.91 0.8
None 0.8 n 28.6 1.7 2.4
None . 1.2 p 40.0 18.5 3.0
Filtered through 1.2 u _ 0.45 y 10.0 0.88 1.6
Bentonite, then 1.2 u filter 0.45 yu 9.8 3.3 3.0

After Chlorination March 18-19, 1976

‘None : . 0.45 u 11.2 0.98 2.2
None 0.8 u 37.0 14.7 - 3.0
None 1.2y 48.0 33.0 3.0
Bentonite, then 1.2 yu filter 0.45u 12.0 9.5 3.0

Shell process formulation. A supplementary report received from

Shell_during March was reviewed and discussed (see alsé the section "Performance
Prediction"). O0il recovery flow tests in native El Dorado cores are now being
éonducted to investigate the recovery as a function of surfactant slug size
(Shell formulation). One test was conducted with continuous chemical slug
injection. Two more tests were conducted using 50 percent and 10 percent

PV (pore volume) slug sizes. Another test is under way using a slug size

Al

of 25 percent PV. Preliminary results indicated that the chemical slug does
move the residual oil and recovery increases with increasing slug size. Final
results and evéluation should be available next month.

Mobility design. A méeting to discuss mobility design was held with

Y

representatives of Union and Shell. At that meeting it was decided to under-




take additional work on the determination of total relative mobility (see
also the section '"Coring and Core analyses'!).

El Dorado model for IPE. Laboratory personnel have been preparing

a physical model of the El Dorado Demonstration Flood so that it can be dis-

played at the International Petroleum Exposition in Tulsa this May. The model

is made of plexiglass and packed with sand. The model is approximately six
feet long by four feet wide by one-half inch thick. It is made approximately
to scale representing the part of the El Dorado Field that is included in the

demonstration test,

Other chemical work. A meeting was held with Union and Witco

personnel on March 22, Quality control and performance testing of Witco's
sulfonates were discussed.
Technical representatives from Union Oil Company and Cities Service

met to review the project status and the Union design. Topics discussed

included pore volume determination, oil recovery efficiency, chemical analysis,

and polymer concentration.

Work in March also included injection water analyses and an analysis
of water and solids swabbed from well MP-116. This work‘was part of the
evaluation of ihjection well stimulation treatments,

Coring and Core Analyses

A paper entitled "Core Analysis Study for the El Dorado Micellar-
Polymer Project' by W. H. Pusch was presented at the Soc;ety of Petroleum
Engineers of AIME Improved 0il Recovefy Symposium in Tulsa.

At a meeting to discuss fluid mobilities (as discussed earlier in

the section ''Chemical Selection and Support'), it was decided that additional

data should be obtained for high permeability core samples. Steady-state
J Y




relative permeability tests are now being run on native-state plugs from
well MP-124, El Dorado produced water and oil are being used in these tests.

Pressure Transient Tests

A paper "Interference Testing for Reservoir Definition--The State
of the Art" by S. C. Swift and L, P, Brown was presented at the SPE Improved

0il Recovery Symposium in Tulsa,

Performance Prediction

| A paper entitled '"Reservoir Simulation for the El Dorado Micellar-
folymer Project'" by D. F. Zetik was given at the SPE Improved Oil Recovery
Symposium in Tulsa.

Several days were spent in meetings with Cities Service, Shell,
and Union employees (see also the section '"Chemical Selection and Support').
The topics of primary concern to those working in performance prediction
were pore volume determination, chemical slug size determination, and

)

polymer slug concentration taper calculations,

Pattern sweep. The streamline and front tracking model has been

used to compare sweep for.various patterns and operating conditions against
the sweep within one five-spot in an infinite array of repeating five-spots.
An isolated five-spot with total injection rate equal to four times the
produétion rate has a sweep that closely resembles the sweep in the infinite
array. However, an isolated five-spot with total injection rate equal to
total production rate has sweep quite different from the sweep in the infinite
array. The sweep for the El Dorado Project with a two to one ratio of pro-
duction to injection rates also closely resembles the sweep in the infinite
array. The sweep for the project with our proposed well rates (overinjection
operating conditions)is much closer to theléweep in the infinite array than

to the "erroneous' sweep exhibited by an isolated five spot using the one to




one ratio. A two to one ratio of production to injection rates gives a

slightly better approximation to the sweep in the infinite array than the

proposed rates, However, this slight improvement does not justify the increased

project life and chemical requirements over the proposed operating conditions.

+ The difference between the sweep in the pfoject and sweep in/én
infinite array of five-spots may make the recovery from the project different
from the recovery for a field-wide expansion, However, these recovery
differences are expected to Be small and easily corrected for by mathematical
simulation. Use of the stream tube recovery model is planned to study the
differences in oil productioﬁ schedule between the El Dorado Projeét and an
infinite array of fiQe-spoté.

Polymer slug:rsimulation. A number of one-dimensional runs were

made with an Intercomp polymerflood simulator and with a second simulator
which accurately describes the displacement of a polymer slug with water,

The runs are necessary in order to determine what value to use

with the Intercomp simulator for the parameter which controls numerical

dispersion. Other questions concerning the way in which polymer concentration

and mobility are calculated with the Intercomp simulator also need to be
answered before a final evaluation is complete.

Program documented. The streamline and front tracking model was

documented by inserting comment statements in the program listing. These

statements explain the data entry and the purpose of various sections of
. (
code. A copy of this program is enclosed.
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_PROUGRAM SFPLBT » STREAMLINE AND FRONT PLOTS.

THIS PROGRAM PLETS FLOW STREAMLINES AND INJECTION SLUG FRONTS
FBR AN INFINTTEs HOMBGENEBOUS, CEONSTANT THICKNESS RESERVOIR

WITH ISBTREPIC PERMEABILITYe THE SLUG FRBNT CALCULATIBN ASSUMES
PISTON LIKE CISFLACEMENTe IMAGE WELLS MAY BE USED Tu SIMULATE

. BOUNDED RESERVEIRS?

WRITTEN.BY [+ Fe ZETIKs CITIES SERVICE ©IL CBMPANYs 1975=76

ALTHOUGH THIS PROUGRAM HAS HEEN TESTEpD BY CITIES SERVICEs A THROUGH
REVIEW HAS NBT BEEN ATTEMPTED, AND THEREFARE THE PRUGRAM IS MADE
AVAILABLE SUBJECT T8 THE UNDERSTANDING THAT cITIES SERVICE DBES
NOBT MAKE ANY WAKRANTYs» EXPRESSED 8R IMPLIEDs RESPECTING THIS
PROGRAM? INCLULLING BUT N8BT BY WAY OF LIMITATION, THE IMPLIED
WARRANTY €F MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPBSEY
AND SUBJECT TB THE UNDERSTANDING THAT cITIES SERVICE SHALL IN NO.
WAY BE LIARLE FOR INCIDENTAL BR CONSEQUENTIAL DAMAGES.

COMMON/FSCALE/XPPARMI 4 )2 YPPARM(4)2XMINIXMAXs» YMINS YMAX2 SCALEY
2 WPLBT,FPLET '

COMMBN/WCATA/G(99) ) XW(99)sYWI99)sBTTIME(99))NWELLSICONSTIRISRISE

DIMENSIEN ATETAL(20),RBTUT(20)sBITOT(20),BTTRBAR(99Y)

DIMENSIEN FPTIME(20),ITITLE(40)

DIMENSIEN XFELD(121),YFOLD(121),0XDTB(1211),DYDTB(121)2KPOLD(121)

DIMENSIEN XFNEW(121)2YFNEW(121),DXDTN(121)sDYDTN(121)0KPNEW(121),
2 ANGLE(121)

"DIMENSIEN XcURVE(S04)s)YCURVE(504%)

DOUBLE PRECISION DSUMI

DATA PARM1/Ce05/,PARM2/145/,PARM3/20/,PARM4/440/

DATA DAMAX1/(C*D0/2DAMAX2/0¢50/2NFPTS/16/
PARM] IS USEC T8 CHBMPUTE Rl
THE PROGRAM ATTEMPTS T8 CHUOSE A DT FOBR A TIME STEP THAT WILL MAKE
THE POINT MEVE PARMZ2%RI. g
WHEN INTERFELATING SMBOTH CURVES FBR PLOTTING, DSMAX IS SET 70O
PARM3*RI ANC LCAMAX IS SET T8 DAMAX1e '
WHEN INTERFELATING NEW PDINTSs DSMAX IS SET T8 PARM4¥RI AND DAMAX

Al
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IS SET T8 CAMAXZ.
NFPTS IS THE NUMBER OF POIMTS INITIALLY USED T8 DEFINE THE FRONT-
THE PROGRAM WILL ADD MBRE PBINTS AS THEY ARE NEEVED FOR GBED
FRONT DEFINITIONs WE RECUMMENT NFPTS BE BETWEEN 12 AND 20.

CALL PLETS(U,Q)

CALL PLET( Cuegs 240, =3 )

¥xxxx  DATA ITEM NUMBER 1, ITITLE *xux»
"FBRMAT- 20A4,/,2004

LTITLE IS THE PLOT TITLE, UN TWB® CARDSs YBU MAY USE ALL EIGHTY
COLUMNS ON EACH HF THESE CARDS.

10 READ(IO ;1000;END=990)(ITITLE(I):I 1,20)
PRINT 101G, (ITITLE(I),1=1,20)
READ 1CQC,(ITITLE(I)s1=21,40)
PRINT 1€23, (ITITLE(I)»1=21,40)

¥xyxxx DATA ITEM NUMBER »» NWELLS: NTIME sxwsxx
PﬂRPbT 215

NWELLS 1S THE TETAL NUMBER ®OF WELLSs INCLUDING IMAGE WELLS IF ANY
ARE USEDe NWELLS MUST BE 1 THRBUGH 99 INCLUSIVE.

NTIME IS THE NyMBER OF PBOINTS IN TIME (DATES) AT WHICH THE FRUNT
LOCATIONS ARE TC BE PLOTTEV. NTIME MUST BE O THROUGH 20 INCLUSIVE.
IF NTIME IS ZERE, THE CALCULATION ANp PUBTTING BF THE FRONTS

WILL BE SKIPPED.

READ 1CCL1,NWELLSINTIME
PRINT 1C11,NWELLSINTIME

¥x¥xx  DATA ITEM NUMBER 3, QSLINE, Hs PHI #xxxx
FERMAT 3F10°0

WSLINE DETERMINES HOW MANY STREAMLINES WILL EMANATE FR8BM EACH
INJECTION WELL
IF QSLINE IS GREATER THAN (EROs THE NUMBER OF STREAMLINES FAR A

A2




OOCO0O0000OO0O0O00O0O0 0

OO0OO0O00O0O0O0O0O0O 00N

INJECTION wgll IS CALCULATED BY DIVIDING THg Wglb's Ratvg IN
BARRELS PER CAY BY QSLINE AND ROBUNDING THE RESULT TO THE NEAREST
INTEGERs hHEWEVER, NO INJECTION WELL WILL HAVE LESS THAN 10 OR
MBRE THAN 1CC STREAMLINES WHEN GSLINE IS POSITIVE.

IF GQSLINE 1S ZER8, THE CALCULATIUN AND PLOTTING OF STREAMLINES
WILL BE SKIPPEDS ' '
IF QSLINE 1S LESS THAN ZERU» THE SAME NUMBER BF STREAMLINES WILL
EMANATE FREM EVERY INJECTIUN WELLe+ - THE NUMBER 8F STREAMLINES PER
INJECTI®ON WELL WILL EQUAL ABS(QSLINE)e

H IS THE . FERMATION THICKNESS IN FEET,
PHI 1S THE FOBRMATION pBRHSITY EXPRESSED AS A FRACTIUN.

READ 1C02,GSLINE,H,PHI
CONST=S46146/(2¢0%314159xH¥PHI)
PRINT 1¢c152sGSLINEsSHsPHISCONST
PRINT 1¢c12

Ui=0+0

DO 20 IaisNWELLS

*xxxy  DATA ITEM NUMBER 4, XW(I)s YW(I)s» O(I)s I=1,NWE||S *¥xxx
NWELLS CARDSs ONE CARD FBR EACH WELLs FUORMAT 3F1040

XW(I) IS THE X LUBCATIGN OF WELL I. ANY CARTESIAN CUORDINATE
SYSTEM MAY RE USED T8 SPECIFy THE WELL LOCATIONS, THE UNITS
UF XW ARE FEET, '

Yw(l) IS THE Yy LBCATION OF WwELL I, IN FEET,

G(I) IS THE RATE 8F wWELL I, IN BARRELS PER DAY, POSITIVE g IS
PRUODUCTION, NEGATIVE @ IS INJECTION.

READ 10C2,XW(I)sYW(I)sQL(L)
PRINT 1013, Ioxwil),ywilnasQeld
BTTBAR(I)=Ce0

20 U1alUl1+Q¢(I)

PRINT 1c142U1

A3 .
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IFINTIMEWLE«Q)GE Te 22
PRINT 1C16

#»¥xx¥ DATA I1TEM NUMBER 5, FPTIME(1l), I=1,NTIME sx%¥xy
THIS ITEM wIL BE SKIPPED IF NTIME IS 7ER8. FURMAT 8F10.0

FPTIME sPECIFIEs WHEN THE FRONT |_OCATIOBNS ARE T8 BE PLOTTEp.
THE UNITS 8F FPTIME ARE DAYS AFTER THE START BF INJECTION.
FPTIME(I+1) MUST BE GREATER THAN FPTIME(I) FBR ALL I«

READ 1CC2, (FPTIME(ITIME))ITIME=1,NTIME)
PRINT 1G17,(FPTIME(LTIME), ITIME=1,NTIME)
DO 21 ITIME=1,NTIME

ATUTAL(ITIME) 2040

BITOT (ITIME)=0.0

21 RBTOT (IVIME)=0Q.0

*¥¥%xx  DATA ITEr 6s XLEFTs XRIGHT, YLBWER, YUPPER, SCALE, RI #x%x
FBRMAT 6F1040

XLEFTs, XRIGKT, YLOWER, AND YUPPER SPECIFY THE REGION TO BE PLBTTED.
THEY HAVE UNITS OF FEET AND REFER T8 THE COHROINATE SYSTEM USED To
SPECIFY WELL LECATIONSes THE LEFT EDGE BF THE PLOT 1S LOCATED AT

- X = XLEFT ANC THE RIGHT EDGE IS AT X = XRIGHTs THE B0ITOM EDGE OF

THE PLBT IS AT Y = YLBWER AND THE TUP EDGE IS AT Y = YUPPER. XLEFT
MUST NBT EQUAL XRIGHTe XLEFT GREATER THAN XRIGHT 1S 0«Ke YLBWER
MUST N8BT EGULAL YUPPERe YLUWER GREATER THAN YUPPER IS B8+Ke HNLY
THESE PURTIENS EF FRANTS AND STREAMLINES THAT ARE INSIDE THE pLOT
REGIUN ARE FLETTEDs HOWEVER, ALL OF THE WELLS ARE USED IN THE
CALCULATIEN E€F THE FRONTS AND STREAMLINES, THE FRONTS AND STREAM=
LINES THAT EMANATE FROM WELLS THAT ARE BUTSIpDE AF THE pLOAT REGIBN
ARE NOBT PLETTEC EVEN WHEN PORTIBNS OBF THESE FRONTS AND STREAMLINES
LIE INSIDE TFE pPLET REGIONS

SCALE IS THE PLCT\SCALE IN FEET BF REGION PER INCH OF PLBT. THE
PLBT WILL BE ABS(XRIGHT=XLEFT)/SCALE INCHES WIDEe IT WILL BE
ABS(YUPPERaYLUWER)SCALE INCHES HIGH,

A4
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RI IS THE DISTANCE USED BY THE PrOGRAM FUr A SMALL DISPLACEMENT
IN THE RESERVEIRe RI IS IN FEETe IF RI IS INPUT AS ZER®, THE

PRUGRAM WILL CALCULATE THE DISTANCE BETWEEN THE CLUSEST PAIR BF
WELLS* RI IS THEN SET TO V025 8F THIS DISTANCE® - THIS DEFAULT
VALUE SEEMS TE WHORK WELL®

OO0 00

22 READ 1CC2sXLEFTIXRIGHTIs»YLOWER2 YUPPERSSCALEIR]
PRINT 1C18sXLEFTsSXRIGHTSYLOWERs YUPPERISCALEIRI
" XMIN=AMIN{(XLEFT)XRIGHT)
XMAX=AMAXL (XLEFTsXRIGHT)
YMIN=AMINI(YLEWER, YUPPER)
YMAX=AMAXY (Y EWER, YYUPPER)
SCALE=AMAXL(( (XMAX=XMIN)/S52¢0)s ((YMAX=YMIN)/26¢0)sSCALE)
WPLOT=(XMAX=XMIN)/SCALE
HPLOTa (YMAX=YMIN)/SCALE
IF(RI«GT+CeC)IGO T8 g0
ULs (XMAXaXMIN) %324+ (YMAXaYMIN) #%2
- DB 40 I=1sNWELLS
XBAR=XW{I1) ~
IF((XBARWLToXMIN) ¢8R (XBAR:GT4XMAX))GO T8 4o
YBAR=YW(])
IF((YBAROLTsYMIN)eBRs (YBAR«GT+YMAX))GS TO 40
08 30 J=l1sNWELLS
- IF{JeEQ+I)GE T8 30
U1=AMIN1(((Xh(J)-XBAR)¥¥3+(YN(J)-YBAR)¥¥2)1U1)
30 CONTINUE
40 cONTINUE
RIﬂPARM1¥SGRT(U1) , ,
50 IF(RI-LE *Ce05%SCALE)GE TU 990
RISQG=RI¥RI
XPPARM(1)aXLEFT
XPPARM(2)sSCALE
IF(XRIGKT e TeX EFT)XPPARMI{2)=aSCALE
XPPARM(3)=XMIN
XPPARM(4)=XMAX
YPPARM(1)=YLEWER
YPPARM(Z)=SCALE




~

IF(YUPPERLT*YLHWER)YPPARM(2)=SCALE ‘
- YPPARM(2)=YMIN
YPPARM(4)sYMAX
DSMAX1=FARMg*RI
DSMAXZ2aPARMUXR]
CALL PLET(WFLET, 040, 2 )
CALL PLET(WFLET,HPLET, 2 )
CALL PLET( 040, HPLOBT, 2 )
CALL PLET( Qe¢C, OQe0y» 2 )
UL=HPLBT+Ce42
CALL SYMREL( Ce02 Uls» O*14s ITITLE, Qe0s» 80 )
Ul=yl=0.28 '
CALL -SYvBEL( Ce0s Uly Qel4, ITITLE(21)s 0+0, 80 )
00 400 I=1,NWELLS
XBAR=XW(I)
CIF((XBARCLTeXMIN)+BRs (XBARSGT ¢ XMAX) ) GO TO 400
YBAR=YW(1)-
CIF((YBARWLT, YMIN)-GR-(YBAR.GT-YMAX))GU T 400
Ul=({XBAReXMIN)/SCALE
- U2=(YBAR=YMIN)/SCALE
_CALL SYMBEL(U1,U2s 0072 15 0405 =1} .
IF(U(I)eGTeCeC)ICALL SYMBOBL(ylsy2s 04075 11, 040, =1) ‘
- IF((NTINMEJEGeC)+ANDs (QSLINE«EQe0+0))CALL NUMBER(U1+04+1, ua+o 1
- 2 0*142Q(I)sgegep)
IF(Q(I)sGEWCeC)IGY TO 400
Ui=U1+0.07
U2=U2+0,07
CALL PLET(UL2Lps3)
Ul=yl=Csl4
U2%U2=0414
CALL PLET(UlsL2, 2 )
TZERBO=wRISG/(2+0%Q(I)*CONST)
IF(NTIME,LE.Q)GD TH 300
- DB 100 J=1,NwELLS
100 BTTIME (J)=CeC
OTHETA=6¢283185/FLBATINFPTS)
THETA=0«S%CTFETA
DO 110 K=1sNFPTS



110

120

130
140

KPBLD(K)=Q

XFULD(K)=XBAK+RI*CBS(THETA)
YFBLD(K)=YBAR‘+R1¥SIN(THETA)

CALL PTRACK(O-OiXFGLD(K)'YFGLD(K))DXDTG(K))DYDTG(K))KPGLD(K))

THETA=TFETA+CTHETA

PRINT 1€2C:1

NFPUOLD=NFFTS

DB 290 ITIME=4sNTIME

NN=0O

DB 190 K=1»NFFOLD
KPROD=KFELD(K) -
XBAR=XFELC(K)

YBAReYFELC (K}

DXDT=DXCTE(K)

PYDT=0YCTE(K)

IF(KPRBC.LT«0)GB TO 160
TIME=TZERSE
IF(ITIME«+GTe1)TIME=FPTIME(ITIME=])
DT=PARM2¥RI/SCGRT(DXDT**2+DYDT*¥2)
Ula(FPTIME (ITIME)=TIME)/UT
IF(UL*GE*1+61G8 TB 140
IF(ULeGTele1)CO TO 130
DT=pPTINME(ITIME)=TIME

GO TO 140

DT=0+85%x (FPTIME(ITIME)I=TIME)
Ul=XBAR

U2=YBAR

- CALL PTRACK(DT;XBAR:YBARIDXDT:DYDT)KPRUD)

150

160

TIME=TINME+DT

IF (KPREC«I.Te0)GO TO 150

IF((FPTIME(ITIME)=TIME) +GT+(0+01%DT))GY TO 120
JBAR=1

Gp T9 170

KBAR==KFRED

IF(BTTIME (KEAR)+NE+0+0)GO TO 160

BTTIME (KBAR)=TIME

PRINT 1021sKBAR,TIME
IF((NNoGT-G)oANO-(KPNEW(NN-i)oEﬁlKPRSD))Gﬂ T6 190




\/

JBARa=Z
170 CBONTINUE
p8 180 J=i,uJuBAR
IF(NNeLTe121)GD TO 172
PRINT 1Cl1S,NN»I,FPTIME(ITIME),K
CALL EXIT
172 NN=NN+1
XENEW{NN)aXBAR
YFNEWINN)aYBAR
DXDTN(NN)=CXCT
DYDTN(NN)=CYDT
180 KPNEW(NN)aKFRED
190 CONTINUE
IF(KPNEW(1)GE0)GD TH 210
200 IF(KPNEW(NN) NE KPNEW(1))GO T8O 210
NN=NNe1 :
IF(NNsGT«2)CGE TO 200
210 IF(NNsLE«Z2)GE TO 300
NFPNEwaNN4 1
XFNEW(NFPNEW)aXFNEW(1)
YFNEWINFPNEW)=YFNEW(L)
KBAR=aNN
DO 2,0 KailsNhN .
- 1IF K IS EGuAL TE 1, KBAR=NNes IF K IS GREATER THAN 1, KBAR=sKal.
ANGLE (K)2ATANZ ( (YFNEW(K+1)=YFNEW(KBAR) ) s (XFNEW(K+1)=XFNEW(KBAR)))
220 KBAR=K
ANGLE(NFPNEW)=ANGLE (1)
CALL CURVIT(NFPNEW,XFNEW,YFNEW,»ANG| E»DSMAX1sDAMAX12500sNCYRVE,
2 XCURVE,YCURVE)
DB 230 K=1,4
XCURVE (NCURVE+K)=zXPPARM(K)
230 YCURVE(NCLRVE+K)=YPPARM(K)
' CALL LINEZ{(XCURVE,YCURVE,NCURVE)
- DSuM1=0.C
KBARaNCURVE=1
, D8 240 k=1,KRAR ' :
- 240 DSUM1=(CSLUNM1+XCURVE(K)¥YCURVE(K+1))=XCURVE (K+4 ) xYCURVE(K)
© AREA=0+SExpSUM1/4356040




R R

RESBBLno~5¥DSUM1¥H¥PHI/5'6146
BBLINJ=-FPTIPE(ITIME)¥O(l)

PRINT 1C22:FPTIME(ITIME))BBLIN
ATBTAL(ITIPE)=ATOTAL(IT1ME)+AR

RBTOT(ITIPE):RBTGT(ITIME)+RESB

e

BITUT(ITIPE)=EIT6T(ITIME)+BBLI
caLL CURVIT(hFPNEW;XFNENIYFNEw
XFULDsYFELE)

NFPBLL=NFFELC®1

- NN=1

2590

260
290

292
300
310

3490
330

D8 260 K=1sNFPOLD ,
IF((XFGLC(K)OEG-XFNEW(NN))'AND
CALL PTRACK (040, XFOLD(K) s YFOLD
Ge T8 260 ‘
OXDTB(K)=CXCTN(NN)
DYDTB(K)=CYCTN(NN)

KPBLD (K)=kPNEW (NN)

NN=NN+1

IF (NNsGToNFFNEWINN=1

CBNTINUE

CONTINUE :

Ve 292 J=1sNWELL
IF(BTTINE(J)eEQeDs0) GO 18 292
IF(BTTBAR(J)+GT+0e¢0)BTTBAR(J)=
IF(BTTBAR(J) «EQ.00)BTTBAR(J)=
CONTINUE :
IF(GSLINE)320,400,310
NSLINE=IFIX(Ce5=Q(I)/QSLINE)
IF(NSLINE.LT.lo)NSLINE=1u

Gg Te 33C
NSLINE=IFIX{Cs01=QSLINE]
IF(NSLINE\GT01OO)NSLINE=100
DTHETA=6.283185/FL6AT(NSLINE)
THETA=05%CTHETA

D8 3950 ISLINE=1,NSLINE
XBAR=Xw(I)+RI¥COS(THETA)
YBAR-YW(I)+R1431N(THETA)
KPRUD=Q

Js I)AREA,RESBBL

EA

BL

NJ .
:ANGLE)DSMAXEJDAMAXEJ121:NFP6LD)

O(YFGLD(K)OEQlYFNEW(NN)))GO Te 250
(K):DXDTU(K):DYDTG(K);KPOLD(K))

AMINL (BTTBAR(J),BTTIME(J))
BTTIME(J)




340

359

360

370

38y

390
400

500

CALL PTRACK(Q+0sXBAR,YBAR,DXDTsDYDTskPRED)
NN=O _

NN=NN+1

XFNEW{NN)=XBAR

YFNEW(NN)=YBAK

ANGLE(NN)=ATANZ(DYDT,DXDT)
IF((XBARGLTWXMIN) 4OR, (XBAR,GT,XMAX))GO TO 370
IF({YBARCLTeYMIN)«ORe (YBARSGToYMAX)eBRe (NNeGE«361))G8 TH 370
DT=PARM2¥RI/SGRT (DXDT**2+DYDTx*2)

CALL PTRACKI(DT2XBAR2YBAR/DXDTsDYDTIKPRHAD)
IF(KPROC.GE«C)GB TO 340
u1=(xFNEwtnn)-xaAR)¥4?+<YFNEw(NN)-yaAR)¥¥2'
IF(UL.GT.RISC)GO TO 360

NN=NN=1

GO T8 350

UL=RI/SGRT(UL)

NN=NN+1 .

XFNEWI(NN)eXBAR+L1#* (XFNEW(NNw1)=XBAR)

YFNEW (NN YBAR+UL % (YFNEW(NNwl)=aYBAR)

CALL PTRACK(getgs XFNEW(INN)»YFNEW({NN)2DXDT2DYDT,»KPROD)

ANGLE(NN)3ATANZ2(DYDT,DXDT)
CONTINYE
NFPNEWaNN

CaLt LURVIT(hFPNEW;XFNtw:YFth:ANGLE;RI:PARMS;bOO:NCURVE»XCURVE;
2 YCURVE)

LB 380 -K=1,4

XCURVE {NCLRVE+K ) =XPPARM(K)
YCURVE(NCURVE4K)=YPPARM(K)

CALL LINEZ1(XCURVE, YCURVE,NCURVE)
THETA=THETA+CTHETA

CONTINUE

PRINT 1C41

PRINT 104C, (FPTIME(I1)sATOTAL(I),RBTOT(I1),BITOT(I)21I=1sNTIME)

DB 500 J=1sNWE S
IF(BTTBAR(J)+EQe0+0)GO TH 500
PRINT 1C21sJsBTTBAR(J)
CONTINUE

ULsWP_ BT+44C
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CALL PLET(Ul, 0,0, «3 )
GO TO 10
990 CALL PLET( w3e5, «2¢0s 999 )
PRINT 1¢3cC
CALL EXIT
1000 FBRMAT(2CA4)
1001 FORMAT(1glg)
11002 FORMATI(EF1C0)
1010 FBRMAT(1H1,9%X,20A4)
1011 FORMAT(1HCsSXsBHNWELLS =215,/,10%Xs7HNTIME =215)

1012 FBRMAT(48KC WELL X Lec Y LecC RATEs /s
2 48H ' ND FEET FEET ~ RBPD)
1013 FsRMAT(IlE;EFl?o’)FlaoE) -
1014 FORMAT(18FC Q@ TUTAL =,F12.2)
1015 FORMAT(1HCsSX,8HASLINE =sF12¢5,9H BBLS/DAY, /510X, 8HH =,
2 Fl2e5,8K FEET,/»10Xs8HPHI =,F12¢5,11H (FRACTION),/,10X,
3 8HCONST =sF1pes) ' _
1016 FURMAT(S5KC FPTIME VECTBR (TIMES FBR P_BTTING FRONTS, IN 4
2 SHDAYS)) :

1017 FURMAT(EX,8F1C.2)
1018 FORMAT (1HC,SX) 7HXLEFT =,F7,0,5X,8HXRIGHT =,F7,0,5X,8HYLOWER =,
2 F7904s5X,8HYUPPER =sF7 015X, 7THSCALE =sF7¢2,5%X,4HR]I =,£7¢2)
1019 FBRMAT(S3HC#*¥%» FATAL ERRUR, THE NUMBER BF POINTS BN THE FRUONT
© 2 46HEXCEECED AVAILABLE STOBRAGE WHILE cBMPUTING THEs/,
3 .53H *xxxx LECATION BF THE FRONT SURRBUNDING WELL NUMBER,I4,
4 11K FER TIME =sF8e2,12H DAYSe (K =s14s6Hs NN =214s1H))
1020 FORMAT(g1K1 CALCULATIBN UF THE FRONT SURROUNDING THE ,
2 32HFLYIDS INJECTED INTO WELL NyMBER,I4)
1021 FBRMAT(SCKC "~ THE FRONT BROKE THROBUGH INTE WELL NUMBER,I4,
@ 3H ATJF842,6KH DAYSe) , _
1022 FORMAT(1gK(C AFTER,F8+.2,17H DAYS, A TOTAL UF,F10.1,
2 44H BARRELS WAVE BEEN INJECTED INTY WELL NUMBER, I4s1Hes/,
3 10X,32HAT THIS TIME, THE FRONT INCLOSES,F104¢3,13H ACRES WHICH .
4 7HCONTAIN,F1Ce1,19H RESERVEBIR BARRELS.)
1023 FORMAT(10x,2CA4, )
1024 FORMAT(1HCs»IXs21HDEFAULT VALUE OF RI =sF12e5s5H FEET)
1030 FORMAT(20FC END OF RyN)
1040 FORMAT (TS, FBe2 T25,F10012T44sF1001,T635F10e17/)

All




1041 FORMAT(1HL1,T1Ca"TIME s 1292 ' 70TAL ARgA'sT40, 'TBTAL RESgRVOIR'Y, 760,

(@]

1\

OO0 O0O00000O0000 000000000000 000

2 'TOTAL IthCTED':/:Tloi'DAYS':TES;'ACRES':T#S:‘BARRELS':Teqa'BARR
2ELS'/) : .

END v
SUBROUTINE CURVIT(NN,X,»Y»ANGLESDSMAX,DAMAX,NIMAXSNINT,XINT,YINT)

SUBROUTINE CUKRVIT INTERPOLATES A SMOBOTH CURVE THRHUGH A SERIES OF
POINTSe. CURVIT REQUIRES THE TANGENT DIRECTIONS AT THE DATA PUINTS.

INPUT PARAMETERS!

NN = NUMBER EF CATA POINTS»

X IS THE ARRAY CBNTAINING THE ABCISSAS BF THE DATA POINTS.

Y IS THE ARRAY CONTAINING THE OROINATES OF THE DATA PUINTSs

ANGLE IS THE ARRAY CONTAINING THE TANGENT DIRECTIONS 8F THE CURVE

({IN RADIANS) AT THE DATA POINTSe wuxxx WARNINGs» ANGLE(I) MUST
PBINT IN THE UIRECTION BF THE CURVE SEGMENT GOING TOWARD THE I+1

 DATA POINT. BN ERROR BF Pl RApDIANS (180 pEGREES) FUR ANGLE(I)

WILL MAKE IT PEINT TOWARD THE I=1 DATA POINT. #xxxx THE ANGLE
UF THE CHERC BETWEEN THE I=1 AND THE I+1 DATA PBINTS 1S BFTEN A
GOOD APPREXIMATION TO THE TANGENT DIRECTIBN AT POINT Ies IeEs
ANGLE(I)mATANCIY(I+L)=Y (1™l ))a(X(I+1)aX(I=1)))

USMAX IS THE MAXIMUM PERMISSIBLE SEPARATIBN BETWEEN Tw® ADJACENT
INTERPOLATEC FEINTS, DSMAX HAS THE SAME UNITS AS X AND Y.

DAMAX IS THE MAXIMUM PERMISSIgLE CHANGE IN TANGENT OIRECTIOGH
BETWEEN Tw€ ACJUACENT INTERPOLATED POINTS, ODOSMAx IS IN RADIANS,
THIS DAMAX CRITERIUN MAY NOT BE MEET IF TwO® ADJACENT DATA POINTS
ARE CLBSER THAN DSMAX AND THE CHANGE IN TANGENT DIRECTIUN BETWEEN
THESE POINTS IS LARGER THAN DAMAX,

NIMAX IS THE MAXIMUM ALLOWABLE NUMBER 0? POINTS UN THE SMOOTH
CURVEs NIMAX SHOULD BE LESS THAN B8R EQUAL T6 THE DIMENSION OF THE

Al2
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XINT AND YINT ARRAYS, THIS WILL PREVEMT BVERSTORING IF THE INPUT
VALUES OF DSMAX AND DAMAX RESULT IN TO8 MANY INTERPULATED POINTS

OBUTPUT PARAMETERS]

NINT = NUMBER EF POBINTS IN THE @UTPUT SMBBTH CURVEs ALL INPUT DATA
PBINTS wWILL BE €N THIS CURVE« IN ADDITION, CURVIT WlLL INTERPOL~
ATE BETWEEN INPLT DATA PHINTS WHENEVER NECESSARY T8 MEET THE DSMAX
AND DAMAX REGUIREMENTS. IF NIMAX IS EXCEEDEDs AN ERROR MESSAGE
WILL BE PRINTED AND NINT WILL BE SET T8O NIMAX + 1. HOWEVER, ONLY
NIMAX PBINTS wWILL BE RETURNED IN XINT AND YINT.

XINT 1S AN ARRAY BF ABCISSAS BF POINTS ON THE. SMUBTH CURVE
YINT ISvAh ARRAY ©F ORDINATES OF PHINTS ON THE SMOOTH CURVE®

BETWEEN EACH ACJACENT PAIR OF DATA POINTS, CURVIT APPROXIMATES X AS
AN HERMITE CLBIC IN ARC LENGTH S IT APPROXIMATES Y AS A SECEBND
INDEPENDENT HERMITE CUBIC IN S IT APPROXIMATES ARC LENGTH AS THE
CHBRD LENGTH BETWEEN THE DATA POINTS. COMMENT CARDS INDICATE THE
CHANGES THAT ARE REQUIRED T8 BBTAIN A MURE ACCURATE APPRUXIMATION
FOR ARC LENGTHe THESE REFINMENTS GIVE SLIGHTLY BETTER CURVES AT,
THE EXPENSE BF CONSIDERABLE ADDITIONAL COMPUTATION.

WRITTEN BY Ce+ Fe ZETIKs CITIES SERVICE 6IL COMPANY. APRIL.1975°

DIMENSIEN X(J)lY(i)IANGLE(l)IXINT(i):YINT(l)
IF(NN.GT.0)GC TO 10

NINT= 0

RETURN

10 K=0

JMAX=0 -

po 40 I=1,NN
Xd=X (1)
Yn=yY(I)
PDXLUSE=COS (ANGLE(I))
DYDSR=SIN(ANGLE(I))
IF(1,EG.1)G0U TO 30

Al3



ILESS1=1~1 ' .

DELTAS=SQART( (XBaXA}¥¥2+ (YBaYA)*42)

OANGLE=ABS (ANGLE(I)=ANGLE(ILESSy))

IF(DAAGLE.GT.a.141593)DANGLE=6.233185-DANGLE

U=CELTAS/DSMAX

IF(UeLTele0)UMAX=TIFIX (Ux(L1¢0+DANGLE/DAMAX))

IFILeGEC1+0) UMAX=IFIX(U+DANGLE /DAMAX)

IF(JMAXSEQ.0)GE TB 30

15 CX1=DELTAS4DXDSA

CY1=DELTAS*DYDSA
CXg=2+0%(XB=XA)=DELTAS®(2+0%DXDSA+DXDSB)
CYZ=3+0%(YB=YA)=pE| TAS*(2+0%pYpSA+pYpSB) -
CX3%u2e04(XBaXA)+DELTASx (DXDSA+DXDSB) -
CY3==2,0#(YB=YA)+DELTAS#(DYDSA+DYDSB)
CELTAU=1¢0/FLBAT({JMAX+1)

UsCELTAU
c CSCLC=DELTAS
C CELTAS=040
L=K
0E 20 J=1,JMAX
Lel+

IF(L+GTsNIMAX)GO T8 50
XINT(L)=XA+U¥(CX1+U¥(CX2+U¥CX3))
YINT(L)=YA+UX(CYL1+Ux(CY2+UXCY3))
C DELTAS=DELTAS+SART ((XINT(L)=XINT(L=1))**2
c 2 FOYINT(L)mYINT (Lal))*22 :
_ ~ U=U+DELTAU
20 CENTINUE _ '
C CELTAS=DELTAS+SURT((XB-XINT(L))*¥2+(Y8-YINT(L))¥¥2)
c IF(ABS(1oO-DELTAS/DSULD)bGToO-Ol)GS TO 1Y
30 KaeK+JrMax+l ’
IF.(KOGT.NIMAX)GU 70 60
XINT(K)=XB"
YINT(K)=YE
XA=X8
YA=YH
DXDSA=DXDSEB
DYDCSA=LYDSB




40 CGNTINUE
NINT=K
RETURN
50 K=l
60 NINTaK
I=a]| £ESS1+1
PRINT 1COC,NIMAX,ILESS1,1I
RETURN _ o ) , o _
1000 FORMAT(43kCxxxxy FERREBR IN SUBROBUTINE CURVIT, NIMAX =sI12,4H WAS,
’ 2 9K EXCEECEDs/s42H *xx»» WHILE INTERPOLATING BETWEEN POINTS»I 129
3 44 ANC»s»11227) : .

END
C

SUBROUTINE LINEZ1(XARRAYJIYARRAYINPTS)
SUBRBUTINE LIAEZI PLBTS A SERIES 6F PBINTS COBNNECTEp BY | INE SEGE-
MENTS IT IS SIMILAR TO CALCHMPS SUBROUTINE LINE EXCEPT IT CHECKS
AGAINST LIMITS AND ONLY PLUTS PBINTS AND THE PARTS oF LINE SEGEMENTS
THAT ARE WITHIN THE LIMITS®
WRITTEN BY Ce Fe ZETIKs CITIES SERVICE BIL CHMPANYs APRILs 1975,

00000000

DIMENSIEN XARRAY(1,sYARRAY 1,
XFIRST=XARRAY{NPTS+1)
DELTAX=XARRAY(NPTS+2) _
ul =(XARRAY(NPTS+3)=XFIRST)/DELTAX
va = (XARRAY(NPTS+4)uXFIRST)/DELTAX
XPLEFT=AMINL(U1sU2)
XPRGHT=AMAXL (1) u2)
YFIRST=YARRAY(NPTS+1)
DELTAY=YARRAY(NPTS+2)
Ut = (YARRAY(NPTS+3)=«YFIRST)/DELTAY
Uz 2 (YARRAY(NPTS+4)aYFIRST)/DELTAY
YPBTTM=AMINI (L1,UZ2)
YPTUP=AMAX 4 (Ly2U2)
c FIND (XPLET,YFLET), THE CUKRENT LBCATION 8fF THE PEN.
CALL WHERE(XFLOT,YPLOBTLDUMMY) '
C DETERMINE WHICHK END BF THE LINE IS CLOSER TO (XPLOT,YPLUOT).

AlS
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]
Uls (XPLETe (XARRAY(1)=XFIKST)/DELTAX)#¥%2+ : |
2 (YPLOTa(YARRAY(1)aYFIRST)/DELTAY)4x2 : S
V2= (XPLETa (XARRAY(NPTS)XFIRST)/DELTAX ) *%2+
2 (YPLOTe(YARRAY(NPTS)=YFLIRST)/DELTAY)*%2
Kmyg
KSTEP-'i
IF (U2 Teyl)KeNPTS
IF(U2¢LTeULIKSTEP=u1 ,
C IF IPeNe=2, TFE PLOTTER PEN IS OBWNe IF IPEN=3, THE PEN.IS UP.
IPEN=g
D8 90 I=1sNPTS
XPLOT=(XARRAY(K)wXFIRST)/pELTAX
YPLET=(YARRAY{K)=YFIRST)/DELTAY
IF(IXPLET LT eXPLEFT)oURs (XPLBT+GT+XPRGHT))IGO TH 10
IF((YPLETeLToYPBTTM) ¢URs (YPLOT+GT«YPTBP))IGO TH 10
IF((T EGs1).OR, (IPEN,EQ,2))GB TO 70
C POINT K IS INSICE THE PLET AREA, PBINT KLAST IS 8, TSIDE.
' XBAR= (XARRAY (KLAST)=XFIRST)/DELTAX
YBAR= (YARRAY (KLAST)=YFIRST)/DELTAY

G® T€ 2o
10 IF(IPENSEG3)GB TB 8O0
C POINT K IS EUTSIDE THE PLUT AREAs PBINT KLAST IS INSIDE.
XBARaXFLET
YBAR=YFLET

XPLOT= (XARRAY(KLAST)=XFIRST)/DELTAX
YPLOT=(YARRAY(KLAST )mYFIRST)/DELTAY

C  CONNECT A STRAIGHT LINE BETWEEN THE PUINT (XBAR,YBAR), WHICH IS ‘ |
C OUTSIDE THE FLET AREAs» AND THE POINT (XPLBT,YPLAT)s WHICH IS INSIDE : |
C THE PLBT AREAs REPLACE (XBAR,YBAR) WITH THE PBINT WHERE THIS ' ]
C  STRAIGHT LINE INTERSECTS THE BURDER BF THE PLOT AREA.
20 IF(XBARJGEWXPLEFT)GE TH 30
YBAR= (YBAR® (XPLOTaXPLEFT ) +YPLUT#(XPLEFT.XBAR) )/ (XPLOT=XBAR)
XBAR=XFLEFT
- GO Te 40
30 IF(XBARsLE+XPRGHT)GE TO 40
YBAR= (YBAR* (XPRGHT= XPLOT)+YPLUT¥(XBAR =XPRGHT ) )/ (XBAR=XPLOT)
XBAR=XPRGHT

40 IF(YBARGEYPBTTM)GH TB 50




(@]

a0 o0

OO0

OO0 00

50

60

70

80

90

xBAR=(xEAR*(YPLST-YPBTTM)+xPLBT¥(YP8TTM-YBAR))/(YPLOT'YBAR)
YBAR=YPBTTM i . ~ -
GO Te 606 :
IF{YRBARWLE+YPTOP)GOD TU 60
XBAR#(XBAR;(YPT6P~YPLUT)+XPL6T4(YBAR-YPTOP))/(YBAR-YPLGT)
YBAR=YFTBP
‘CALL PLET(XBARsYBAR,IPEN)
IPENaS<IFEN ,
IF(IPENSEG«3)GH TH &0
CALL PLBT(XPLOTSYPLOT2IPEN)
IPENaE ) :
KLASTr:K
K=K+KSTEP
CONTINUE
RETURN
END

SUBROUTINE PTRACK(DTs»XVALsYVAL»DXDT2DYDT,»KPROD)

SUBRBUTINE FTRACK TRACKS A POINT IN THE FLUID WITHIN A HOMOGENEOBUS,
ISUTR@PIC: CENSTANT THICKNESS RESERVEBIR. '

WRITTEN BY Ds Fo ZETIK, CifIES SERVICE ©IL CBMPANY, APRIL, 1375

CGMMEN/hDAfEYG(99))XN(99)lYN(SS))BTTIME(99)JNNELLSICUNSTJRIJRISQ
DIMENSIEN XK(4),YK(4),BB(4)

. DATA BB/0+166666710¢3333333,0¢3333333,001666667/

DBUBLE PRECISION DSUM1,DSUM2

xxxyx PART 1, TIME STEP MUDIFICATION *¥xxx

IF(DT*EGeCc*QICO TO 30 ,
IF((KPRCD.LEoO).ﬁRc(U(KPRUD)oLE.O-O))Ga T8 30 _
ASSUME RADIAL FLEBW INTO WELL KPRBD AND NEGLECT THE EFFECTS
8F ALL ETHER WELLSe CALCULATE TTPROD, THE TIME REQUIRED
FER THE POINT TO REACH WELL KPRBDe Ul IS THE SGUARE OF THE
DISTANCE TO WELL KPRBD. RISQ IS THE SQUARE BF RI' ‘
U1=(Xh(KPRGD)“XVAL)¥¥2+(YW(KPRGD)-YVAL)¥¥2

Al7Z
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TTPREC=U1/(240%0(KPRD I xCgNST). o
IFIUL+GT+RISQIGO TU 20 ‘
IF(DT+LT«TTPRODIGH TO 10

c THE DISTANCE FROM THE POINT TO WELL KPROD IS LESS
C THAN RI AND VTPRUD ‘IS LESS THAN OT. SET DT = TTPROD
c AND PRODUCE THE POINT FREM WELL KPROD '
DT=TTPRYD - '
XVAL=XW(KPROD)
YVAL=YW(KPRBD)
CxDT=0.0
CYDT=040 , _
KPROp==KPROY ' o
RETURN '
c THE DISTANCE FROBM THE POUINT Ta WELL KPROD IS LESS
C THAN RI BUT TTPRUD IS GREATER THAN DTe* ASSUME RADIAL
C FLOW INTO WELL KPROD AND NEGLECT THE EFFECTS OF aLL
o ETHER WELLS 10 CALCULATE THE PESITION OF THE POINT"
.C AT THE END 8F THE TIME STEP. :
10 CUl=(leQ=DT/TTPRED)®*2 _
- XVAL=XW(KPROU ) +ULl* (XVAL=XW(KPRBD))
YVAL=YW(KPRGU)*U1*(YVAL-YW(KPRBD))
GE TE& 90
C THE pISTANCE FROM THE POINT T8 WE_L KPREp IS GREATER THAN : |
C . RI+ IF DT IS GREATER THAN Q«5%*TTPRBD, REDUCE DT THE |
o CALLING PROGRAM MAY REWUIRE POINT LBCATIONS AT SPECIFIED }
C TIMES® THUSs» THE NEXT VALUE OF DT MAY EGQUAL THE PRESENT ‘
(o RECLCTIEN IN DTe BY MAKING THE REDUCTIGON IN DT AT LEAST |
C 33+3 PERCENT, WE ELIMINATE A POSSIBLE CAUSE OF VERY SMALL |
c TIME STEPSe |
20 IF(TTPRED LT (20%UT ) )I0OT=AMIN((Q°SXxTTPRED)I (Qs667%xDT))
(o : ,
¢ ¥xxxx  PART 2, RUNGE-KUTTA INTEGRATIOBN OF POINT1S TRAJECTORY suxxas
C

30 XK(1)=CXCT#DT
YK(1)=sCYCT«DT
DO 7C ISTEP=2,4 S , '
IF(ISTEPCEQe4)GO TO 40 ' A }
XBAREXVAL+0+D4XK(ISTEPwl) ' 1
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YRAR=YVAL+0¢S5%xYK(ISTEP=1)

Ge 18 5C
40 XBAR=XVAL+XK(ISTEPA1)
. YRARmYVAL+YK(ISTEP=1)
50 CeymlisCQ

pDSUMEw=0e0

DE &0 I=1,NWELLS
Ug=GI)/Z0(XW(I)"XBAR)¥%2+(YW(I]1=YBAR)**2)
DSUM1=DSUMLI+(XW(I)=XBAR)*U1
DSyMZ=DSyME+ (YW (1 )=YBAR) ¥yl

60 "~ CENTINUE ' ‘
‘ XK(ISTEP)=CONST*DSUML*DT
YK(ISTEP)=CONST¥DSUM2*0DT
70 CONTINGE '
REPLACE INPyUT POINT [UCATIBN WITH THE COMPUTEp LOCATIGN
AFTER TIME INTERVAL OTe
Do RC 1STEP=1,4
XVAL=XVAL+BB(ISTEP)#XK(ISTEP)
. YVAL=YVAL+BB(ISTEP)*YK(ISTEP)
" B0 CONTINLE '

sxxxxx  PART 3» COMPUTE pXDT AND DYDTs THE PBINT'S VELOCITY #xwxx
VECTER CEMPONENTSe ALSY COMPUTE KPROD, THE INDEX OF
THE PREDUCTION WELL THAT EXERTS THE GREATEST INFLUENCE
UN THE PEINTe . s

90 KPROD=0
TEST=0+C -
pSUM1=0.0
DSUM2=040
DB 140 I=1,NWELLS
Up=Q (1) /7 ((XW(I)=XVAL)*¥p+ (YW(T)=YVAL) ¥xp)
IF(UL+GT<TEST)KPROD=1
IF(Y1+GTeTESTITEST=y1
DSUM1=D0SUML+{XW(I)=XVAL)4U1L
DSUMZ=DSUM2+(YW(I)mYVAL)*U1
140 CONTINUE
DXOT=COBNST¥CSUML
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DYDT=CONSTxDEUM2
RETURN
END

»STOPx ¢



