
··'! 

I-AW 
SPE 
Society of Pelrolet.m Engineers 

SPE 20327 

General Computerized Well Control Kill Sheet for Drilling 
Operations With Graphical Display Capabilities 
H.C.F. Leitao Jr. and E.E. Maidla, Unicamp; A.T. Bourgoyne, Louisiana State U.; and 
A.F. Negrao, Petrobras 

SPE Members 

Copyright 1990, Society of Petroleum Engineers, Inc. 

This paper was prepared for presentation at the Fifth SPE Petroleum Computer Conference held in Denver, Colorado, June 25-28, 1990. 

This paper was selected for presentation by an SPE Program Committee following review of information contained in an abstract submitted by the author(s). Contents of the paper, 
as presented, have not been reviewed by the Society of Petroleum Engineers and are subject to correction by the author(s). The material, as presented, does not necessarily reflect 
any position of the Society of Petroleum Engineers, its officers, or members. Papers presented at SPE meetings are subject to publication review by Editorial Committees of the Society 
of Petroleum Engineers. Permission to copy is restricted to an abstract of not more than 300 words. Illustrations may not be copied. The abstract should contain conspicuous acknowledgment 
of where and by whom the paper is presented. Write Publications Manager, SPE, P.O. Box 833836, Richardson, TX 75083-3836 U.S.A. Telex, 730989 SPEDAL. 

ABSTRACT 

A rigorous method of pressure calculations was used in a 
general well control procedure for drilling operations with the 
drillbit on bottom. A computer program was developed to 
handle the calculations and graphics interactively to allow 
speed and flexibility of choices throughout a kick situation. 
A well control procedure was developed to handle from ver
tical to horizontal wells for many drilling situations. All per
tinent equations are presented and unlike other publications 
the computer source code is given in the Appendix. 

INTRODUCTION 

Although the vast majority of kicks are controlled, much 
research is still to be done to investigate the different scenarios 
of kick occurrence and the flow behavior while pumping it out, 
considering the different fluids in the well (while taking the 
kick) and its spatial configuration. 

In particular, for drilling, two are the commonly accepted 
methods for well control operations: the Driller's Method and 
the Wait and Weight Method [1]. 

The Driller's Method consists in circulating out the kick be
fore weighting up the drilling fluid while the Wait and Weight 
Method consists in circulating out the kick after weighting it 
up. Simultaneous circulating and weighting up the drilling 
fluid have also been studied but it is not of common use due 
to the additional accounting required. A qualitative example 
for the drillpipe pressure schedules for all three methods are 
shown in Fig. 1. 

To aid the rig personnel, several kill sheets have been de
veloped [2, 3], most of which consider a vertical well, a uni
form distribution of pressure loss within the drillstring (from 

References and illustrations at end of paper 

the bit, throughout the drillstring to the pump) and that the 
pressure loss changes, after weighting up the drilling fluid, are 
solely dependent upon its final density. Furthermore, it is a 
common practice in the industry today to periodically train 
the rig personal on well controi practices (this is particularly 
true for offshore operations) that include among other train
ing, to fill out correctly the kill sheets to avoid incorrect cal
culations during actual well control operations. This training 
to fill out the kill sheets could take a day or two depending on 
the different scenarios investigated (land rigs, floating vessels, 
etc). 
The objective of this work was to develop a general and rig
orous method of well control that can be easily used for any 
king of rig during drilling operations with the bit on bottom, 
and to automate the calculations through the use of a com
puter program that also handles interactive graphics with all 
necessary information for circulating out the kick. 

RIGOROUS METHOD 

This method considers all the information for usual well 
control operations (reduced circulating pressures, borehole and 
pipe geometries, mud properties, etc.) and also makes use of 
the rheological properties of the new drilling fluid, and the 
directional survey data to determine the true vertical depths 
(see tables 1 through 3 for details). 

The method is based on the following procedure: 
First the mud properties (rheology and density), borehole 

and pipe geometry, and flow rates are used to calculate the 
pressure loss through the surface equipment [4] (that lies af
ter the surface pressure gage), the drillstring ( drillpipe, heavy 
weight, collars, etc.), the bit, and throughout the different 
annular sections for the old mud in the well (Fig. 2). 

Then the circulating pressure at the kill rate (P,),,. mea
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sured prior to taking the kick, is used to determine a correction 
factor (c1) that is calculated as: 

(1) 

where (P,)
0 

is the calculated reduced pressure at kill rate, 
and c1 accounts for all modeling errors and unknown variables 
disconsidered by the pressure loss equations. 

This correction factor is used to calculate the pressure loss 
for the new drilling fluid. 

A hydrostatic pressure schedule is then calculated for each 
stroke for both old and new drilling fluids using the average 
angle method to calculate the vertical depths (reason wy the 
azimuth readings are not neede, as seen in table 4). 

The drillpipe pressure schedule Pdp is then calculated for 
killing the well by correcting the shut in drillpipe pressure 
reading for pressure loss (due to changes in drilling fluid rhe
ology) and hydrostatic pressure changes (due to drilling fluid 
density changes), Fig. 3. 

The next step is to display the results in graphic and table 
form as will be shown in the numerical examples. 

The procedure outlined above showed that the well was 
subdivided into sections and each one studied separately as 
regards to pressure changes due to hydrostatic and frictional 
effects. A quantitative measure of the quality of the pressure 
predictions can be made by comparing calculated pressure loss 
to the reduced circulating pressure measured at kill rate and 
calculate c1. If Cf is close to unity, this means that good pre
dictions were achieved. Evidently this implies in good pressure 
loss predictions and this can only be obtained through the use 
of good rheological models used appropriately. 

PRESSURE LOSS CALCULATIONS 

The Power-Law rheological model was used for pressure 
loss calculations because it can easily handle from two to six 
readings of the FANN viscometer 35-A commonly used in the 
field. 

The calculations where performed according to the follow
ing: 

1) FANN readings of rotational speed and angular deflec
tions were transformed to shear stress and shear rate using 
the following relationships: 

T = 5.14050 (3) 

~ = l.703w (4) 

Although the above relationships were derived for Newto
nian fluids, they show to be acceptable approximations for 

some Non-Newtonian fluids also. Just to illustrate this point, 
the FANN viscometer data of Table 4, for the old mud, was 
used and the shear rate was calculated using the above equa
tions and the ones suggested by Yang and Krieger [5]. The 
results showed that the shear rate errors were: 5.29%, 3.45%, 
1.30%, 2.10%, 2.60%, 3.42% for w values of 3, 6, 100, 200, 
300, 600 rpm, respectively. These errors didn't however pro
duce great differences in the calculations of K and n. 

2) Using the minimum square method, the best straight 
line was fitted to the plot of log(r) and logb) to determine 
K (that is found in dynesecn / cm2 and is mutliplied by 100 to 
obtain eq-cp) and n. . 

3) Based on the pipe of annulus geometry, and flow rate, 
the average velocity was calculated: 

Mean velocity for the pipe: 

v = q 
2.448d2 (5) 

where: 
v = velocity [ft/s] 
q = fl.ow rate [gal/min] 

d =pipe diameter [in] 

Mean velocity for the annulus: 

(6)

Based on Dodge and Metzner's [6] work the following tur
bulence flow correlation criteria was used: 

q 
v = 2 2

2.448(d2 - d1 ) 

_ 89100pv(2-nl (0.0416d) n 

NRe - k 3+ 1 
n 

N = 109000pv(2-n) (0.0208(d2 - d1))n 
Re k 2 + 1 

n 

where: 
NRe = Reynolds number [cl-less] 
p = Drilling fluid density [lb/gal] 

(7) 

(8) 

The critical Reynolds number was obtained from Dodge 
and Metzner correlation and simplified to the following val
ues: 

for n < 0.2 (NRe)cr = 4200 

for 0.2 :S: n :S: 0.45 (NRe)cr = 5960 - 8800n 

for n > 0.45 (NRe)cr = 2000 

The turbulent criteria was such: When the Reynolds num
ber exceeded the critical Reynolds number, turbulent flow was 
assumed, otherwise laminar fl.ow was assumed. In using such a 
criteria to distinguish laminar from turbulent flow, there will 
be a discontinuity in the pressure loss calculations as immedi
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atly before the critical Reynolds number one set of equations 
are used, and immediatly after, another set are used. This can 
be observed during the drillpipe start up schedule when tur
bulent flow is achieved: first there is a linear pressure increase 
(for vertical wells), corresponding to the laminar flow equa
tions, followed by a discontinuity in pressure and a quadratic 
pressure response corresponding to the turbulent flow equa
tions. Obviously this discontinuity could be eliminated by 
changing the laminar to turbulent flow criteria, by calculating 
the pressure loss using both equations and always selecting 
the highest pressure loss, nevertheless the authors prefered to 
use Dodge and Metzner's criteria described above. 

The frictional pressure loss was then calculated as such [7]: 
For laminar flow in pipes: 

( 
3+.!)n 

( 
dP) kvn D.04fu 
dD 

1 
= 144000d(i+n) 

where f is given by: 

(9) 

(10) 

{11) 

(12) 

(13) 

The casing surface pressure measurement limitations for 
well control operations is qualitatively illustrated in Fig. 4. 
To avoid exceeding the burst rating pressure at point A, the 
kill line pressure surface gage should be used as the choke line 
could be full of drilling fluid, gas and drilling fluid, or only gas, 
and therefore a maximum allowable choke line pressure would 
not be an accurate estimate of the pressure at point A, as it 
depends on these fluids and their contribution to hydrostatic 
and frictional pressure loss. Just as an illustration, at 5118 ft 
water depth (which has already been drilled in Brazil) the hy

For laminar flow in the annulus: 

For turbulent flow in pipes: 

For turbulent flow in the annulus: 

dP fpv 2 

(dD)J = 21.l(d2 - d1) 

fl_ 4.0 I (N J(i-~J) _ 0.395yj - n0.75 og Re nl.2 

INTERPRETATION OF THE CASING 
SURFACE PRESSURE GAGE READINGS 

drostatic change alone totals about 2660 psi if we consider the 
replacement of a 10 lb/gal mud by gas and disconsidered the 
hydrostatic contribution of the gas column. In this situation, 
if the choke operator would have the information of maximum 
allowable surface choke pressure calculated with the drilling 
fluid in the choke line, he could open unnecessarily the choke 
while gas enters the choke line and allow for further kicks. The 
same logic applies to the choke operator that was given a max
imum allowable casing gage pressure base on the choke line full 
of gas and therefore could burst the casing while pumping out 
the kick with the choke line full of drilling fluid. 

A similar problem, but much harder to solve, is the knowl
edge of the casing surface pressure that should not be exceeded 
to avoid fracturing the weakest formation below the casing 
shoe. Again the scenarios are similar, but this time there is 
no static column of liquid to measure the pressure at that 
point. 

COMPUTER PROGRAM 

A computer program was written in Turbo C to handle all 
the calculations and display the necessary ·information in an 
interactive graphic mode. The C language was chosen basi
cally because of its graphic capabilities allowing the user to 
run the executable files on any Pc, under DOS, with all com
monly used graphic cards (Hercules and compatible, CGA, 
EGA, VGA). 

A listing of the source code is given in Appendix A. 
Similar to any kill sheet, the program will start by request

ing all pre-kick information as listed in Table 1. It can handle a 
variety of different situations. A pre-kick information diagram 
is shown in Figs 5 and 6, for land rigs and deep water floating 
vessels respectively. Although both diagrams appear vertically 
all depths shown refer to measured depths. Some of the data 
requested is not used by the main program as is the case of 
the formation pressure and its respective depth, as to use this 
to calculate a maximum allowable surface gage pressure could 
be quite erroneous as discussed previously. Nevertheless, it is 
on file to be used in the future. 

For the next step the program requests kick information as 
shown in table 2, after which it calls for the new mud proper
ties as shown in table 3. 

The main program then calculates two pressure schedules: 
one for the drill pipe pressure, and one for the casing pres
sure (for start up operations that can become critical for well 
control in deep waters). It then displays this information in 
a graphic form as shown in Fig. 7. At this point, there are 
several options for the user that can: 

a) follow through with the kill procedure using the default 
graph shown on the screen. This graph displays the drillpipe 
pressure against the number of strokes. Many times the table 
form is easier to use and therefore is shown on the right hand 
side of the screen. 

b) zoom in on part of the graph (Fig. 7) for a better reso
lu tion. 

c) display the casing pressure schedule that will be neces
sary for starting up the pump while controlling a kick on a 
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floating vessel. 
d) select the drill pipe pressure schedule graph with the com

plete history of all drilling fluids used to control the well (for 
the case of a simultaneous well control procedures). 

NUMERICAL EXAMPLE 

A horizontal well drilled from a floating vessel was chosen, 
as the numerical example, to illustrate the drillpipe pressure 
behavior in horizontal wells. 

The data used in this example is shown in Tables 4 and 5 
and Fig. 08, that also includes the number of strokes necessary 
to pump the drilling fluid through each drillstring section, to 
help the interpretation of the graphs. 

The first step was to feed in all data up to the properties 
of the old mud. The program then informed that the kill mud 
weight would have to be at least 10.8 lb/gal (with no safety 
margin included). 

A weight of 9.5 lb/gal was then selected to illustrate the 
simplicity of choosing a simultaneous well control method since 
the computer program handles all accounting easily. 

The drillpipe pressure schedule for this situation is shown 
in Fig 09. Notice that the program provides a numerical table 
besides the graphic display; furthermore it informs the number 
of strokes to reach the bit and provides several other display 
possibilities through a menu listing at the bottom of the graph. 
Analyzing the graph itself, the following can be observed: 

a) To achieve the steady state stroke rate of 40 spm, the 
pump took 80 strokes (that was an input to the program) or 2 
minutes, for which the drillpipe pressure schedule went from 
810 to 1466 psi. 

b) A pressure decline is observed from 80 to about 940 
strokes after which pressure starts increasing due to the effect · 
of the new mud entering the horizontal section that produces 
higher pressure loss than the old mud being displaced. This 
effect can be better observed while zooming in on strokes 80 
to 1200 as shown in Fig. 10. This behavior is characteristic 
of horizontal wells and is quite different from the conventional 
experience with vertical systems. 

c) While the new drilling fluid approaches the bit, there are 
several gradient changes and one discontinuity shown on the 
graph (better seen in Fig. 10), that show clearly the effect 
of the new mud entering the heavy weight drillpipe (after ~ 
888 stokes), the drill collars (after ~ 998 strokes), the other 
heavy weight drillpipe (after ~ 1021 strokes), the directional 
equipment (after ~ 1167 strokes) and the bit, these last two 
can only be seen in Fig. 11 that zoom's in on 1153 to 1177 
strokes. 

d)The start up schedule for the surface pressure gage (Fig. 
12)shows a discontinuity due to the change of laminar to tur
bulant flow equations as previouly discussed. 

In addition two this drilling fluid, two other drillings fluids 
where also used: one of 10.5 lb/gal (that is still below the 
kill mud weight suggested of 10.8 lb/gal) that was introduced 
after 400 strokes, and another one of 11.4 lb/gal introduced 
after 800 strokes. 

The combined effect of all three drilling fluids is shown in 
Figs 13 and 14. Again a rather unusual drillpipe pressure 
schedule is displayed due to the directional nature of the well 
and the drillstring sections. 

CONCLUSIONS 

The computer program showed to be adequate and flexi
ble allowing to monitor many scenarios quite easily, and that 
unusual results were obtained for horizontal wells showing the 
need of including the directional profile in the well control pro
cedure. 
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NOMENCLATURE 

CJ 
d 
D 

f 
K 

Pr 
q 

v 

1 
e 
p 

r 

w 

= correction factor [cl-less] 
=diameter [in] 
=depth [ft] 
= friction factor [d-Iess] 
= consistency index [eq-cp] 
= flow behavior index [d-less] 
= pressure [psi] 
= hydrodynamic pressure loss [psi] 
= hydrostatic pressure [psi] 
= drillpipe pressure [psi] 
= drillsting pressure loss 
(from the bit to the pump) 
= reduced pressure [psi] 
= flow rate [gal/min] 
= mean velocity [ft/s] 
= shear rate [s- 1 ] 

= FANN deflection [deg.] 
= density [lb/gal] 
= shear stress [~]cm2 

= FANN speed [rpm] 

subscripts 

c = calculated 
Cr = critical 
f = hydrodynamic friction 
i = given stroke number 
m =measured 
s =shut in 
er = critical 
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Appendix. 
l••·-----•--••-•••---••••••••••••••-••••--••••••-•••••••I 
H H 
I• PP09N•• Mocluh: Wdl Contral Sh••t < CTRL.KICt\. PR.J ) •/
H H 
I• U••d to co•plle th• pro1•• ancl pT'•P•"• the Sl"•Phics h•1'cl •I 
H H 
,. av:Bv F•biO I H•lio I Eric - DEP - VNICAf'tP •I 
I• •I 
I* O..te: 03/2111'990 •I 
H H 
l•-----•••-••••--••••••-••-••-••••••-••••••-••••••••••••-•••I 
c: \tc\lU\tr•phic•. lib 
c: \f:c\cg•. ObJ 
C! \tc\eg•VI•· ObJ 
c: \tc\herc. obJ 
c: \tc\litt. ObJ 
ctf'lUct. c 

l••·······································································•J 
PP"DIP"I.• Modul•i Wet 1 Contro1 ah... t C·PREPARE, BAT l 

.,.,
U•cd to Input lnf'or•at ton and calcutat ton ol preaaur1t achcdl.l.le 

.,.,.,
Bv• Fabio I H•llO I E•lc - DEP - UNlCAHP .,., 
Date• t3/21/l99t .,., 


~··········································································" CDP\I Ucklf'•f. c c: \tc\includ•\Ud9raf. c 
lligiobJ c: \tc\c1• c: \tc\ct• 
ttfiObJ c: \tc\egavg• c: \tc\eg•v1• 
ttgiolfJ c:\U\herc c: \tc\he1"c 
ltgioitJ c: \tc\litt c: \tc\litt 

l••---··--••••-•••••••--••••--••••-••-••-••••-••••..•-••I 
H 	 H 
I• ~f'Off'•• •odule: W•ll Cont1"Dl Sh••t ( CTRL.KlCK. c ) •I 
ff H 
I• Ut•d •o :Lnpvt infa,...tion •nd t•lcul•tian of p1"•StUTe •chedul• •I 
ff H 
I• l1i1: 89 HeUo I £f'iC - D£P - UNJCAl'IP' ., 
ff H 
I• Dab: 03/:Zt./1990 •I 
ff H 
l•--••••----•-•••••-•••••••-••••••••••••••-•••••••••••••••••••I 
•include <••th. ti> 
linclud• <•tdia. h> 
Unclude <Hcttf'•f. c> 

void HOLE_••ction•( ); 
. void CHOKE_LIHE_d•t•t >; 
void DRILLSTRINO_d•t•< )J 

void BIT_d•t•<» 
void SURFACE.J'LUl'IBINO_d•t•< )1 
void PlmP_d•t•l>; 
void CtRCUL.ATINQ_pf'e••uTH-( }; 
void SAFETY d•t•<>1 
void DIRECTiaNAL_d•t• ( ) I 
void KUD_d•t•I ); 
void KICK_d•t•l>1 
void NEW_•ud_wt<>1 
void YERTICAL._depth()J 
void L.OSSES stroUI ); 
vo:id STRDK£i ••c <) 1 

void L.DSS_s.Cc l1 
flo•t LDSS_Ute>1 
flo•t L.OSS_surfC >1 
flo•t INTERPOL.< >1 
llo•t TOTAL._los9()1 
void Cf_c•lc (Ji 

void Init_n•w-•ud ()1 

void PVl'IP_•t•Tt( >1 
voU DROP_string o 1 

void RE_p1"•p•r()1 
void CHDKE_strtup_sch•dulet >i 
void PL.EASE WAIT<> 1 

void POWER_L"AW< >1 
flo•t PRESSURE ( l 1 

llo•t FRICTION 01 

ch•r 	 1i1•s_na1 
lnt 	 ttl_•tT'g•• suT"f_co•f· kill_,.•t•• stllst•1"t. 111ud1 nd•t•• 


st•tions. •tt_s,.fc, stT"o~••• b_f!lud1 stll_•udClOJ, stt_c. 

n_oaud, stlls, stll_l••t• att1u ClOl, stll_•cC 1011 bal•-••ctian• 1 


flo•t 	Cf, Cf_cbll. hole_l•nt4J, hoh_di••C4l, chll_cll••• chll_hn. 

cht_f,.ction. 11depthC~J. inclinationC,Ol. vdeptht~Ol. 


nzl_•,.••· z•'f'o • a.• strg_l•nClOl. stT"g_indi••t10J, 

st'f'g_•ldi••ClOJ, T"dcJT'•t•U1"•• ctgbu!"st. bu1"stfct. bT"stneb,., 

•i1"Sl•P• BOP_p,.•••· f1"•CtU1"•1 fT'actu1"•-d•pth. pitgaint 
•ud_wtClOl, 1>1"opC10001J, vol_turf, vol_ttll1 lostC10lC10l1 

fla•· SJCP. SU>PP. di•lC6l1'f'p•C6J.11c101.nc101.csoc15tJ; 


..in<> 

HOLE ••ietionsr>i 

GHQ~E_LINE_li•t• CI, 

DRIL.L.STRlNO_d•ta ( ); 

BIT_d•t•<>; 

61.MFllCE.J'L.UfGlNO_d•t• ()I 

PUl"P_tl•tat )J 


SAFETY_data<>J 

DIRECTIONAL._d•t• C >; 

VERTICM._deptb( ); 

STROKE:s_••c () J 

•• 	 < 
ClRCUL.llTlNQ_pl"HtUf'•• <) J 


aud • O 1 


l'IUD_dat•C l1 

Jil.IClt'._d•t•( JI 

NEW_.ud_wt< J 1 


PL.EASE WAIT< Ji 

POWER_l:Aw t ltnd•t•• ltl"Pftl• 1cdi•l• ltkC111udJ, ltnC11udl h 

CHOKE_ttT'tup_sch•duh< >1 


L.OSS t•c<flaw>i 

Cf_ca1c <> 1 


•• 	 < 

In i t_new_•ud <>; 

PL.EASE_WllIT<) I 

DROP_stf'ing< J1 

Or•ph tlfloatl<stT"oket+stlrsJ, 
CflD•t J <tt1"otH-stk_c-1 ), Cflo•t>at:11sta1"t> 1 

p1"intf C " \n\n\n Do \IOU with to pullp • NEW"""° CY/NJ ? -> "); 
1i1•s_no • g•tcb• <»i 
1i1••-no • touppeT' < 11•s_no >1 

f.f < v•t_no !• 'N' I 

prf.ntf ( "'\n\n\n Do \IOU w:Lah pe1"fDT'fH • new Kicll ? CV/NJ •••> ")1 

V•S_na • g•tch•() I 

'l••-nD • toupp•1" ( 9es_no ) I 

void 
/•--------------------------------------------------•!

HDLE_s•tttona() 	 I• Input fo1" w•ll •I 
I• conf1gu1"•tian •I 

int 11 

C11"SC1" ()I 

prtntf C "\n\n\n HCLE SECTIONS DATA \n\n\n"l1 

pT"intf C •\n Tat•l nuflb•1' of hole aectf.on•..... -> "11 

•can# < "Xd" , lthol•-••ctiona >1 

pr:Lntf ( '"\n\n Not•: "J; 

pr:Lntf ( "\n Input th• ltol• tections "l1 

printf t •\n •t•rttng froni tuT"f•t• \n">1 

fof' I t-0 1 :L < bol•-••ctiont 1 i++ > < 


p1"intf "\n\n L.•ngth of ••ction CXldl.... tftl -> •, f.+1>1 
•c•nf "'Xf"' , &ihal•_JenCil)l 
pTintf "\n Di•••te,. of ••ctton CXtdl.... <in> •-> "• 1+1l1 
9C.""' "~f'" r ""'oh_d1""'UJ)I 

•• p1"intf < "'\n\n\n Do vou wish ta chent• •nv• J 1 

p1"intf < "\n bol• aection infof'1Ution CY/Nl ? " Ii 

\l•S_na • g•tche C)1 

\l••-na • toupp•l" ( V•t_no ) ; 

if 

·-· 
c 1i1e•_na •• •v• ) < 


p1"tntf("'\n\n\n 0.t• nu•b•l" .............. , . . . -•> ")1 

•c•nf < "'Xd" , lti J1 

printfl"\n\n L.ength of section C'Xdl.. tftl •••> •, t+tl1 
tc•nf I "'XI" • lchole_hnCilh 
p1"1ntff"'\n Di•"'•t•,. af ••ctionC'Xdl... <in> •••> "• l+ll1 
sc•nf < "Xf" , lchol•_di••C:il>1 

> 
) 	 while < v••-no - •y• >1 
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WITH GRAPHICAL DISPLAY CAPABILITIES 

I•-------------------------------------------------------------• I 
void CHOKE_LINE_data<) /* Input of Chok• Line •I 

I* dat• •I 

clr•cr < ); 
prlntf < "'\n\n\n CHOKE LINE DATA \n\n\n"); 
printf t •\n Choice line di•m•t•r. . ... (in> •-) 11 >1 
scanf < ·~f" , &chk_diam >; 
printf < "\n Length of choke line. . .... (ft) •••> ")1 

sc•nf < "'Zf" , Stchk_l•n ); 
)1----------------------------------------------------------•1 
void DAIL..LSTRINQ_data() I• Input of Drill StT'ing *I 

I• data •I 

tnt :t,, J J 

ClT'SCT 01 
printfl C "\n\n\n DRILLSTRJNO SECTIONS DATA \n\n\n" >1 
p1'intf < 11 \n\n Total numb•" of d1'1llst1'ing sections. •••> "'); 
scanf .< "X.d" , &ttl_strgs ); 
printf C "'\n\n Note: • >; 
pT"intf C "'\n Input the drillstT"ing sections"); 
pT'intf ( "\n staT't::lng from the •UT'f•c•. \n"J1 

fOT' ( i•ttl_•tT"gs - 1 I i >""0 I i- ) { 
J • ttl_strgs - i; 
pT"intf < .. \n\n Length of section CXdl. 
sc•nf < "'Xf" • lrstrg_l•nCil>1 

Cftl •-> "• J )J 

printf < .. \n I. D. af Hction C'Xdl ... 
sc•nf ( .. 'Xf" • lrstT"g_indi•111CiJJ1 
printf ( "\n D. D. af sectian C'Xdl. 
•c•nf < ""'f" • &strg_e•di•m[i]J1 

Cin> •••> "'• J 11 

Cini •••> "'• J I; 

do < 
prtntf < "\n\n\n Do 11au wish to change •nv">1 
pT'intf < "\n drillstT'ing infar...uon CY/NJ ? 
., ..._no • g•tche 01 
11••-no • toupper < ves_no J 1 

ifl ( v••-no •• •y• l < 
printf C "\n\n\n S•cttan number 

> 

sc•nf C .. Xd" , lei >1 
J • ttl_StT'gS - 1 I 

pT'intf ( "\n\n L•ngth of s•ction CXd l .. 
sc•nf < "'Xf" • lrstT"9_l•n[JJ>1 
pT'intf(•\n 1. ~. of 't'tt1oP'. C.'Ul .. , 
s~•nf ( ":(f• t &i>t.1·~_rnd.L.u~!.jJ;, 
pf'tntfC"\n O.D. of s•ctton CXdl. 
scanf < '"'Xf" • lc•trg_••di•mtJl); 

> whil• < ves_flo •• •v• >1 

.. )j 

-•>"JI 

(ft> •••> .. , i); 

Chi)-•> 0 ,i>; 

Cin> •••> "•:i.>1 

!•----------------------------------------------------------------•/
void BIT_d•t•<> I* Input of Bit dat• •I 

int ttl_n.tls. nzl_diam[lOJ, i; 

clrscr <>1 
prtntf < •\n\n\n BIT DATA \n\n\n"J; 
printf < "'\n Total number of nozzles. -=-> "J; 
scanf ( "Xd" , &:ttl nzls ); 
nzl_area • o. 1 -

tor C t•O ; i < ttl_nzh ; i++ I < 
pT'intf ( "\n\n NauleCXdl di•m•ter. Cl/32 inJ -·> "• i+1); 
scanf C "Xd" , lrnzl diam[iJJ1 
nzl_a,.•a • nzl_ar·ea +PI • nzl_diamC:l.l•nzl_di•mCil I 4096.; 

/+-------------------------------------------------------------------•/
void SURFACE_PLUl'1BINQ_data<> /* Input of Surface •/ 

> 

I• Fitting dat• *I 

int ,., 

'"( "\n\n\n SURFACE PLUMBINQ DATA \n\n\n" J; 
C '"\n Surfac• plumbing tvpes table\n">i 

ClT'SCf' 
pT"intf 
prtntf 
printf 
printf 
printf 
printf 
printf 
printf 
printf 
printf 
printf 
printf 
printf 
printf 
scanf 
n1itch 

( '"\n -------------------"' ( "\n I case: Tube I Hose I Swival Kelli, "J 
< "\n : len ID I len ID I len ID l•n IO ") 
( "\n :cft> CinJ/Cft> <in>l<ft> Cinl:Cft> Ctn) ">( "\n : __, ____, ____, ____, ____ ") 

( "\n I l I 40 3.0l 45 2.01 4 2.0 l 40 2.25 ") 
( '"\n 2 I 40 3.5! !5!5 2.Sl 5 2.!5 I 40 3.25 "> 
C "\n: 3 I 40 4.0: !!i5 3.0l 5 2.!I I 40 3.35 "> 

"\n I 4: 45 4.0: 55 3.0l 6 3.0: 40 4.00 •1 
"\n 5 : oth•f' c•s•: input coef. &c valutn• •) 

=~~'"-- ----------.••-.-----,..-,-,- ., 
"Xd",&:is); 
is ) < 

case 1: 
suT''_coef • 191 
vo l_surf • 30. 946727441 
break1

c••• 2: 
suT'f_co•f • 71 
vol_surf • 51. 254880151 

case 3: 
surf_coef = 4; 
vo l_surf • 65. 897Cj11M,94; 
brealr1 

cas• 4: 
surf_col'f • 3; 
vo l_suf'f • 77. 88701788; 
bre•ll; 

case 5: 
prlntf 
tiC•nf 
printf 
•c•n' 
bre•lr:J 

.. ,,., Corf. oof To" 1n ttir 9;UT~~ct (>l\l~btn3. 
"'l..d" , &i;urf coaf )l 

"\n Surf•c• Plumbing volu••· ......... <gal> 
"Xf" , S.vol_•urf )J 

---> "); 

!•---------------------------------------------------------•/
void PU11P_dataC > I• Input of Pu•P• d•ta •I 

ch•" 
int i1 
flo•t rod, lnr_sz, stk_lgth. affic 1 

clr•Cr ()1 

printf ( "\n\n\n PUMP DATA \n\n\n"J; 
printf < "\n Pump T14pe C O l Duplex <doubt• acting)."); 
printf C •\n C T l Triplex <stngl• acting>. ? •••> "11 

c • toupper ( getche <I > 1 
printf < "\n\n\n Liner siz•.............. <in> -•> "J; 
sc•nf ( "'Xf" , Sclnr_sz I; 
printf ( "\n StT'ok• l•ngth. .. . . . . , (in> •••> •11 
sc•nf < "'Xf" , Sc•tk_lgth I; 

i - 1• 
T'Od • 01 
val_stk • 98. 039445; 
if ( c •• 'D' I { 

) 

printf < "\n Rod di•••hr. 
sc•nf < "':<f", &rod I; 
vol_stlr: • 147. 0591071 
I. • iii!; 

Cini·-> "11 

printf ( "\n Pu111p effici•ncv .. CO < ef < l> •••> ">1 
•c•nf < "'Xf" , lreffic ); 
vol_stlr: • ( i • ln'I"_sz•lnT' _tz - T'Od•T'od > • atll_lgth I val_stk • •ffic• 

!•-----------------------------------------------------------•! 
vo.td ClRCULATINOJressur•s (I 

ClT'SCr 
printf 
printf 
printf 
printf 
sc•nf 
printf 
sc•nf 
fla111 
printf 
sc•nf 
printf 
printf 
pT'intf 
pT'intf 
scanf 

'" < "\n\n\n CIRCULATrNO PRESSURES \n\n\n" J; 
( .. \n\n Nate:"); 
< "\n At Kill T•t• < thT'augh annulus >. \n"); 
< "\n\n Reduced pT'essuT'e.,.. . .. (psi) •••> 11 )1 

( "'Xf" 1 l.T'dCJretiSUTe ); 
< "\n Kill T"•te ................... <stk/min> -•> 11 >1 
< '"Xd" , &llill_rate ); 
• vol_stk • kill_T'ah 1 

< 00 \n Stroll•• to st•b. th• Kill Tat•.. (stt> -> ">1 
C '"Xllf", &sttst•T't >• 
C "\n\n Nate: "J; 
< "\n For fla•ting vessels. 11 )1 
< ..,n Ent•r '0 • far others. \n'" >t 

( "\n Choke lin• f1'1ct:Lan •t Kill R•te <psi> m) .. ,, 
< "Xf .. , &chlr:_fT'ction >1 

!•-----------------------------------------------------•/
void SAFETY_dat•< J 

ClT'S Cr 
printf 
pr 1n~i 
sc•nf 
pr:l.ntf 
sc•nf 
print' 
sc•nf 
printf 
pf'intf 
pT'intf 
printf 
sc•nf 
printf 
•c•nf 
pT'intf 
scanf 
pTintf 
sc.anf 

"'( "\n\n\n SAF'E'TV DATA \n\n\n"' 11 
.. \n ea~ln9 &1.1rs:t A.ai.i.ng. Cp~d •-=-) ~·); 
"'Xf", csgburst J; 
"\n BuT"st saf•tv f•ctof'... -> ">• 
•xf•. burst,ct >1 
"\n C•sing top deptti. <ft> -•> ">1 
•xd", brstn11bT"l1 
"\n\n Note: "I; 
"\n Far floating v•ssels. "J; 
"\n Ent•r '0' for others. \n"); 
"\n Air Cilap... . . <ftl -> ".» 
"Xf", •iT'l•P ); 
'"\n Formation fr•cture pr•ssura..... Cpsi> •••> "); 
•x,.., fr•ctuT'e >; 
"\n At m•asured dapth. . . (ft> •••> ">1 
"Xf", fr.acture_dapth ); 
"\n BOP rating... CpsiJ ·-> "J1 
"Xf"' • &BOP_press >1 

/*---------------------------------------------------------------•!
void DlRECTIONAL_d•ta< J I• Input diT'ectianal •I 

) 

I• d•ta •I 

int Jl 

ClT'SCr ( }; 
printf ( "\n\n\n DIRECTIONAL. DATA \n\n\n " >; 
printf ( "\n\n Not•; •>1 
prtntf ( "\n The fir'lt station is the surfl•ee. ")1 

printf ( "\n Th• l•st one is th• bottom hole. ">1 
printf < "\n Ent•r '0' for vertic.all wells. "I; 
printf < "\n\n\n Number of stations. -•> •11 
scanf < "Xd" , &stations Ji 
if < stations •• 0 > 

indepth[OJ • 0 ; 
inelination[Ol • 0 ; 
inclinatianClJ • 0 ; 
printf ( "'\n Total Vertical D•pth ..... <ft>.•••> ">1 
scanf < •xf•, lrmdapthCll ); 
st.ati.ons • 2; 

> 
•l•e < 

flor C J-0 1 J < st•tions 1 J++ l 
printf < "\n\n f'laa'lur•d Depth ['r.dl.. . .... <ft) -·> u, J+l >i 
•c•nf < "Xf" • limdepth[Jl ); 
pT'intf < "\n Inclin•tion CXdl. . ..... <degrees> -•> "• J+1 )1 

scanf < "~f" , lcinclinationCJl )1 
) 

do 
printf •\n\n Do vou wish to change an11"J; 
printf "\n directional d•t• [Y/Nl ? " Ji 
ves_no • getch• <); 
ve•_na - toupper { 11••-no ); 
if t v••-no - •v• > < 

prtntf < "\n\n\n Station number. 
scanf < "'Xd" , &J J; 
J--1 
printf("\n\n Measurad Depth [Xdl. 

. .... •••> ")1 

. .. (ft) •••> .. , J+l)J 
•c•nf < "Xf'" • •md•pth[Jl )1 

printf ("\n Inclination CXdl. 
scanf < "'Xf"' , &:incl ination[Jl >• 

. .. CdegT"ees) -•> "• J+l)I 

> 
} while ( V••-no •• 'V' ); 

/•------------------------------------------------------•!
vo'd MUO d•t•' l '* l"put of: Pu•I'• d.at• •/ 

< 
int JJ 

ClT'SCT ()I 

printf ( "\n\n\n f1UD PROPERTIES DATA \n\n\n" ); 
pf'intf ( •\n l'lud weigth....... , . <lbs/galJ -•> "); 
sc•nf ( "'Xf .. , &111ud_wtCn1udl ); 
printf < "\n Rheologv Data" ); 
pT'intf ( "\n\n Not•: R•adings .,,.om FANN VC METER 35 A•)1 
printf ( 11 \n\n\n Nu•ber of expef'i111•tal data. -> " >1 
•canf C ":Cd" , &:ndata >; 
flor ( J-0 1 J < nd•t:• 1 J++ > < 

pf'intf < "\n\n Speed t'Xdl. . ... , .. CRPMI •••> "• J+l >1 
sc•nf < "Xf" , •rpm[Jl )1 
printf < "'\n D•fllaction tXdl. . .. , ... (degr•••> •-> "• J+l ); 
scanf < '"Xf" , &dialCJl J; 
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> 

•• < 

> 

p1"intf < "\n\n\n Do i.tou whh to chant• •nv" )J 

P1'·intf C "\n lftud prOpeTtV CY/Nl ? "' );
u••_na • o•tch• <J 1 

t.1••-no • toupp•1' ( i.i••-no )1 

ti < v••-no •• 'Y' > < 
printf ( "\n\n\n D•t• nutnbeT. 
•c•nf c "'X.d" , lfJ ); 
J--1 

-·> ")J 

printf 
sc•nf 
printf 
scanf 

"\n\n Sp111d CXdl .•.....•••...•.•••.•.••• <RPl'IJ •-> "• J+l)J 
"~f" • lirpM[J] )1 
"\n D•'1•ction CXdl. . .. (d11gr11es> •••> "• J+l ); 
"Xf" , lidi•lCJl ); 

> whil• ( v•s_no - •y• >1 

!•---------------------------------------------------------•/
void KICK_dat•< J I• Input of kick dah •I 
< 

> 

C lT'SCT' ()1 

pT':int' < •\n\n\n KICK lNFORt1ATION \n\n\n .. >1 
pr:intf ( •\n Pit gain... Ubll •-> H>; 
sc•n' c •x.,H, •p:ltg•in ); 
PT'intf C •\n Shut-in dt'ill pip• pr•t1t1ur• SIDPPCpsi) -> 1t)1 

•c•nf < •i:f•, •stDPP >i 
pT'intf < •\n Shut-in c•sing PT'••Sur• SICP..... <psi> •••.:? .. ,, 
•canf < •xf•, •SICP J 1 

!•----------------------------------------------------•! 
void NEW_.ud_wtc J 

> 

float nlhft1 
hlltlll't - MUd_-..tCOl + SIDPP I vd•pthC•tation•-ll • ·~· 2S; 
tlT'scrC )1 

pT'intf C •\n\n\n KIL.L. t1UD WElOTH SUOOESTED•J1 
printf ( "\n C No safl•t1i1 fllargin consid•T'•d ) -> 'Xf", nra1111t)1 
printf < "\n\n\n\n\n\n\n\n\n PT'••• an1i1 t•v to continu• •••> H)1 
while ( !ttlh:it<J>;

1•----------------------------------------------1 
void VERTJCAL._d•pthc> /+ 11•rtic•l depth +I 

I• calculation •I 

int ii 

vd•pth[Ol • •d•pthCOJ; 
fin,. t i • 1 1 i < .1tet1 o,.., I ~++ ) 

vdapUaCil • vdapU\(i-1') .+ ( mdeythCl'J - ~fp lhCJ.-ll ) "f 
co• C< incUno11tionCiJ + incl:inat1onC:i-1J> I 114. 5915591; 

/•------------------------------------------------•!
float JNTERPDL<•d J I• lin••r int•1'pol•i1on •I 

I• C•lculat1on •I 
float •d; 

> 

:tnt 11 

if C md <• md•pthCOJ J retu'tn vdepthCOJ; 
for < t • 1 ; i < st•tion• ; t++ ) < 

> 

if < 111d <• mdothtiJ > < 
md • <•d - md•ptht i-13 >I <md•pthtt. J-11d•pth t1-1 l>• 

Cvd•pth[iJ-vd9pthCi-1J) + vd•pthCi-1]1 
r•turn md; 

r•tu1'n vdeptftCstations-1J; 

!•-------------------------------------------------------------~! 
void LOSSES stT'ot•<) /• lo•••• c•lcul•t:ion for•/ 

- I• ••ch strok11 +I 

int 1 • 0 , J• stk•ud. •tksc; 
float b•••• l•ngth• vl•n11th1 
b••• • md•pth C stations - 1 li 
Df'op [stroll:•• J • O 1 

if ( SICP < cht_flf'Ction ) DT'opCstroh•l • cht_frctian - SICP1 
0T'apt'lt1"0li::Hl • DropCstrokHl + SJDPP + LOSS_b1t(b_111ud, flaw) * Cf l 

J • b_111ud1 
if < •tk_111udCJl •• O > J++1 
t1tll:11ud • stk_Mud[Jl; 
stll:sc • stk_sct:t Ji 
•• < 

if < stk111ud > stksc I < 
length • stT'g_hnC t l•< fla•t htk•cl< 'loat) stk_sc Ci.l• 
vhngth • INTERPOL<b•s•> - INTERPOl..<b•S•-hngth ); 
DropC•t,.olcHl•Dropt•trokHl + 

lonCJltil • hngth • C' -
<mud_wtCJJ-111iud_111tcOJ) * vhngtti I 19.251 

b••• • b••• - l•ng th; 
stk•ud • stll:Mud - stksc1 
:i++1 
stksc • stk_t1cCil1 

•l•• { 

> 

length • stT'g_l •nC i J•< flo•t htkmud/Ulo•t >stk_sct1 J; 
vhngth • INTERPOL<b•••> - INTERPDL..Cb•H-hngthJ; 
D1'optstT'ok••l•D,.opCstT'ok••l + 

1onCJlC1l • l•ntth • Cf -
<mud_111tcJl-11ud_wtCOl> • vlength I 19. 25;II••• • lta•• - hngth1 

stksc • •tksc - 1tkmud1 
if < ! stksc > < 

:I++; 
stll:sc • t1tk_1ctil; 

J+•; 
stk1111ud • stk_11ud( Jli 

> whil• < 1 < ttl_strgs >1 

•• l t+k ...dt.b.,.•d•n.....d'-ll(•'~-nf•l < 
i.lf'opCstT'ons.l & Or op Curo us.)+< H loo\ )-a t.,IC"_fl•i.J (tl\loldl.l(fJ.ooi.'i.)'iik...5f"t'~2 

LOSS_t1u1"f <niucf, flo-..H 

>
•l•• 

C<llo•t htt_s1"fc-Cflo•t Jstk_mudCmud l > I 
Cflloat>stk_sT'fc• LOSS_surf(mud-1. flo-..>J •Cf 1 

DT'apt'ltT'ok••l • DT'optstrok••l + L.OSS_surf(•ud1 flow> • Cf 1 

!•-----------------------------------------------------------•!. 
void STRDKES ... sec<> I• StT'ok•• I ••c-tion •I 

I• co11lcul•tion •I 

int ii 

float PI • 3. 1415926,4; 

stk_'lrfc • vol_su.,f/vol_•tlt1 
stlr:_c • stk_srfc; 
f01"' ( i-0 I i<ttl_'lt1'f'I I i++ ) { 

'ltk_sctiJ• strg_hnCJ.J * •trg_indi•MCiJ • stf•g_indi•mCiJ •PI/ 
77. I vol_st111 

stlr_c • stk_c + stlc_scCili 

I+-------------------------------------------------------------•I 
flo•t LDBS_tiitlmud, flow> I• los1111 •t bit +/ 

int caud1 
flo•t flo11u 

I* calculation •I 

!•---------------------------------------------------------•! 
floo11t UlSS_•uT'f(•ud, flow> /* lo•••• •t sur.f:•c• fit.•/ 

I* co11lculo11tion •I 
int fllUdJ 
flo•t flowi 

T•turn <surf_co•f • pow ( flo•• 1. 85,43 » • 1. 029'2,E-!5 • 
•ud_wtC111udJ)1 

!•---------------------------------------------------------/
flo•t TOTAL....lou< > I• tot•l lo••n •I 

I• t•lcul•t:ion •I 

int i, J I 

tot•l_los••• • LOSS ... btt<mud. flow)1 
tot•l_lo•••• • tot•l_lossn + LOSS...t1uT'f(111ud1 flowb 
fa,. ( i•O J i < ttl_stT'gtl 1 i++ ) 

toto111_1os••• • tot•l ...lo•••• • los•C•udlCiJ • stT'g_lenCiJ; 
J • hole ...••ction• - 1 1 

prof • •d•pth t •t•tions - 1 Ji 
•uutr • st,.g_len C O li 
•us••ll • hol• ...l•n C hol•...••ctions - 1 ]l 
for < :i•O 1 :I. < ttl_strgs i 1++ > < 

> 

if C CpT'of - •untT'> > <prof - •u1welU ) < 
prff • pr()f - ~u'tstr; 

> 

•u•w•ll • •uxw•ll - •uxt1t't1 
Df'Of) • PRESSURE ( •now. ••ud_wtCol. &d1CQJ, &cnCQ], 

lchal•...di••CJl• lcstrg_exd1•m[i:J ); 
tot•l_lo•••• • tot•l ...lo•••• + •Ul'ltf' • OT'OPI 
auxstr • strg_len ti-1l• 

•l•• { 
pT'of • p1'of - •u•w•ll; 
•u1str • •uxstT' - •urw•ll; 
DT'op • PRESSURE < ltflow. &:mud_wtCOl· lttCOJ, ltnCOJ, 

lchol•_di•mCJJ• &strg_e1di•mCil ); 
tot•l ...la•••• • tot•l ...lo•••• + •u•w•ll • DT'ap1 
J--1 
•u•w•l l • hol•_l•n C"Jli 

r•tuT'n tot•l_lo••••• 

!•-------------------------------------------------------------------•! 
void CHDKE_stT"tup_sch•duh ( > 

int i; 
float q_staT't1 

i' ( chk ...l•n •• 0 l: chk_diatn •• 0 : l stkstart - 0 > retuT'n ; 
i' < cht_,rction •• 0 > Cf_cht • l ;
•l•• < 

C_,_chk • chll:_frction I chic l•n I 
PRESSURE < &f:lo111, -S.mud_wtCOJ, UCO], &:nCOJ, S.c:hll:_di.lm. &t.-ra Ji 

> 
CSG C 0 J ,.,. SICP; 
f01" ( i • 1 I i <• stlc-tt.lt't ; 1++ ) { 

> 

qstart •flow* (flo•t)i I (llo•t>sttst•1'ti 
CSQ Cil •SICP-chk_hn•Cf_chlr:•PRESSURE C lcqstart, &mud_wtCOJ, llr.lcCOJ, 

•nCOl. •chll_d1•m• &t•ro )1 
if ( CSQCiJ < 0 I CSQC1J • 0 ; 

chll:_ft'ction.PRESSVRE C &flo111, &:mud_wtCOJ, &lcCOJ, &nCOJ, •chk_di••• &UT'"O ) 
• Cf_chit • c.ht_l•n 1 

!•-------------------------------------------------------------------•! 
void LOSS_s•cCflaw> /+ lot1••• p•r ••ctian •I 

> 

I* c•lculatian •I 

int ii 

flo-r < i•O 1 i < ttl_t1tT'9• ; i++ > 

lossCmudlCil •PRESSURE < &flow. &•ud_wtCinudJ, ltll:CtnudJ, ltn[mudl. 
&strg_1ndio11111Cil, •z•T'o ); 

,____________________________________________________________________ ,, 
Ct-'_c.a!cO 

if C ! T'dc_pr•ssu'te > < 
Cf • 1• 

>
•l•• < 

Cf • rdc_pT'•ssur• I TOTAL._lo••C ); 
> 
StT'okes 
DropCstT'ok••"l 
strok•s++ 
b_•ud 
•tt_111ud Cb_niudl 
n_mud 
•tk1u Cb_inudl 
stlr:_mud C 1 l 
stt11111 C 1 l 

- 0 
• SIDPP 1 

• 0 ' 
• stk c-11 
- 2 -
• stt_c 
• I 
• stk_c 
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WITH GRAPHICAL DISPLAY CAPABILITIES 

!+----------------------------------------------------•/) 

volid Init_n••-•ud C> 

•ud++1 

PND_d•t•< >1 

PDWER_LAW t •ndeta. lcT'P•• lcdi•l• •1tt111udl· •nt•udl >1 

LOSB_s.c<flow>1 

st•s • 1 I 

l•----------------------------------------------.1 )

void PUf'IP_st•1"t( > 
{ 

int i•O, J• stkflud, at1r:u1 
floet lossC2Jt10l, ct•t•T"t• chk_f,.ction. ••••• length, vhn1ttu 
b••• • 1t1depth C st.Uans - 1 J; 
qtt•rt • flo1111 • <float> •tf'ok•• I Cflo•thtkstaT't1 
chlt_ff'cUon • PRESSURE C lcq,start. ••ud_wtcOl, liUOl. •ntOJ, •chlt_di••• 

•u.,.o > • Cf_ctill • chll_hn 
< < 


1 · 


foT' c J • o 1 J tu_st1'gs 1 J++ > 
louCO:JCJl • PRESSURE C •q,staf't. liMucl_111tcOJ, •HOJ, linCOJ, 


liatrg_indiaftl[JJ1 liHf'O )J 


lossttlCJl •PRESSURE c •q,stu•t, ldaud_wtcu. ltUU. ltnUJ. 

liatl"g_indi••CJl• •nl"a )1 


) 


D1"ophtT'oltesl • 0 ; 

if ( SICP < cU_f1"cUon I D1"opCatT'ohal • chlc_f'T'ction • SICP; 

t>T'optatT'OkHl 

.. 
• SIDPP + LOSS_bU:O_.ud, q,st•1't) • Cf 1 


J • b_•ud1 

if < stlc_•udCJl - 0 > J++1 

•.U•ud • 1t1c_1WudCJl; 

atlrsc • 1tlr_1cCil;


{ 

U < •H•ud > atksc > < 

hngth • 1t1'g_ltnUJ•Cfla•t>1Uac/C flci•thU_sc Cil1 

vl•ntth • INTERPOL.Oas•> - JNTERPOL<b•••-hngth)1 

Drop C•trolc••l•D'l"OP C•t1"Dlt••l + 


loHCJltil • hn9th • Cf 

ti••• 
<mud_wttJl-•uo_wtCOl> 
-

• vhngtll I 19. 25; 
lt••• • l•ngth1 
atlt•ud • atlr•ud - 1tllsc1 

i++1 

stltec • 1tlc_1cCil1 


> 
9

•l e. t.!9 u, • ,~r9_untl..l•{-f).O•t)st11.1nv.d/CH~.at'ls-t:k_~r:.ti.'l; 
vhngth • INTERPO&..Oasa> - INTERPOLCbas•-l•ngtft>; 
DT'opCltf'Oll••l•D'l"optstf'Olr:••l + 

losaCJJtil • l•n1tt1 • Cf 

b••• • •••• -
Caud_•tCJl-eud_wttOJ) • vhn9th I 19. ;251

ltngth1
1tk1c • stltec - 1tll•ud1 

tf < !•the > < 


i++; 

•Ute • 	 stt_tcttli 

J++1 

stlt•ud • 1tk_•udCJl1 


) 

> 	 tllhil• ( i < ttl_ltf'gt )1 

if C atk_8udClt_mud+n.Jftud-1 l<stk_srfc > < 
01'optstrohsl • 	 Di'opCttroll•sl+C Cfloat>stlc_mudCmudl/ 

Cflo•thtlt_srfc• LDSS_surfCniud. q,st•rt>+ 
<<float >t1tk_s,.fc-Cfloat>t1tll_fttudC11ludJ > I 
Cflo•t Jst11_11"flC•LOSS_1uT'f Cirnud-11 q_t1t•rtl >• Cf I 

•
)

l•• 

!•--------------------------------------------------•/
DTopCatroll••l • Di'opCstT"o•••l + LOSS_•uf'f<•ud. ct•t•T't) • Cf 1 

) 

vo:l.d 

.. 
DROP_at'T'ing< > 

int i1 

{ 

if 	< atrolr•• < •tUt•'l"t I 


•h• 
P\R'IP_startC );


LIJ99£S_•tT'Olre( I 1 


strokes++; 

•tll•++1 

1u_111ud c 1>_111uo l--; 

if <stk_•ud C l>_•ud l < O > < 


b_•uil++; 
•tll-•ud 0_111udl--1 

n_111ud-; 


) 

1 f 	 <t1tll_•ud Ctl_aud+n_111ud-l l-•t111111 tti_•ud+n_tnud-1 l I 

n_•ud++1 

•tk_111ud Clt_11ud+n_niud-1 l+-+1 


> while < 1th <• sttt_c+t lo 


•stro•••-•
t•• 
C 
• . a • 1t•_c1 

.for i•l 1 i <• •tit• ; i++ > 

DropCatroll•• + 1l • OrapC•t1"okesl1 


1•-------------------------------------------------) ..-~-·1 
Yo id RE_pr•P•1"( > 

printfl ( 11 \n\n\n B•ginning at •t!'ok• nuntber ? •••> ">1 
•c•nf < *'Id", .. lf=• 11 
•1'•+-+; 

1tlr:•1Cb_.ud+n_•ud-ll • alfa - st,..ok•• + atll_c - 1 1 


~1'1t-tNotd U ..lffCtel 't "1~1Rw.i - S. l • 'tt~db.111~d:-tn ..1P1u:i-111 

StT'OKe5 * •lf• } 
•lfa • stk_c - stkM1 Cb_1111ud+n...•ud-1 l - l 1 


n ... •ud • n_•ud + 1 1 


1tll•1 ( tt_•ud + n_.ud - l J • •tll_c i 


t1tk_•ud t b_•ud + n ... •ud - 1 :I • 1 1 


f01" ( i • 3 I I i++ ) ( 


if C atluu C b_•utl + n ... tnud - i :I >• alfa ) ( 

b_•ud • b_19ud - 1 

n_•ud • n_inud + 1 ; 

stk...•ud C ~-•ud l • alfa 

ltr••k1 


•
)

11• < 
lt_Mud • b ... mud - 1 1 
n_Mud • n_111ud + 1 1 
1tk_1nud C b_1nud + n ...11ud - i l • atll111 C b ...tnud + n-"'ud - i. ]; 
alfla • alfla - •tknu: C b_.ud + n_mud - i J 1 





,.,_) _________________________________...___________, 
void PLEASE_WAtT< > 

,.,_
Clf'WC'l"OI 

p'T'intfl C "\n\n\n\n\n\n\n\n\n\n\n PLEASE WAIT "); 


) _______________________________________, 
void POWER...LAWI nd•t•• rp11110 di•l• Ir, n ) 

int •nd•t•1 

int 11 

float •1 • o. •v • o. s11i1 • o. 111 • 01 

for < i • O ; i < •nd•ta 1 1+-+ > < 


rp• CU • log < 1. '103 • 1'pf1Cil >1 

di•ltil • log < 5. 1405 • dialCll >1 

•• • •1 + rp11 Clls 

•v 	 • •u + di•1Cll1 
nu 	 • nu + rp• Cil • dialCils


• •11 + rpt1 Cil • rp• Cil1 


+n • < •1u - •u • s1: I •ndat• > I ( •II - •1 • s1 I *ftdata >1 

!•------------------------------------------•/
•II • •IP ( ( •u ... •n ••• I I •nd•t• ) • 100 J 

float PRESSURE C flow. •ud_wt. •• n. OD, ID > 

fllo•t •flCHll• ••ud_wt. •II. •n. •OD, •!Di 
{ 

flo•t R•unold•• vwl. NR•c • 2000 1 

R•.,noU• • ••ud_wt I •II; 

v•l • •flow I 2. 4481 

ii C •ID ) < 


vd • vel I C •OD • •OD - •ID P•• • •ID >1 

Re1,i1nold• • 109000 • R•unold• • C v•l• a - •n )1 
R•1,i1noldt1 -R•1,i1nold• • pow C . 0208 • ( *OD - •ID>IC2+1/ •n>. *n)1 

•
)

1•• < 
v•l • v1tl I •OD I *DD 1 

R•vnolds • 89100 • R•1i1nolds • pow c v•l• 2 - •n Ji 


.,._ R•,nolda • R•'f"eldc • pow ( .0416 • .OD I C 3 + 1 I •n ), •n )1 


if C •n >• . 2 •• •n < . 4S ) NR•C • 5960 - 8800 • •n; 

U C •n < . 2 > NR•c • 4200 

if C ft•vnold• < NR•c > < 


v•I • •Ir • pow C v•l• •n > I 1440001 
if < *ID > 

•1•• 
,.•tu'f'n v•l • pow( <2+1/ •nJ/. 02081 •n)lpo•< •OD- •ID. 1+ •n>i

1"•turn vel • pow< {3+1/ •n>/. 04J6, •n>lpow( •OD • 1 + •n>i 

•
)

l•• < 
v•l • FRICTION < lrR•vnold•• ••n > • ••ud_wt • vel • v•l• 

" c •to > 


•••• 
1"1ttuf'n vel I 21. 1 I < •OD - •ID >1 

r•tu•n vel I 2~. S I •DD 1 

float 
l•----------------------------------------------------------•I 

FRICTION < R•vnolda. n ) 

.. int i • 1 1 


fllo•t fl • . 001, •W•P• fin•l ; 


{ 

H11ap • 4 I pow C •n. . 75 > ; 

...., • •w•p • log10 C •R•vnolda • pow C f, 1 ... •n/2 > )1 

•w•p • •••P - . HS I pow ( •n. 1. 2 )I 

final • I I ...... , I • ..,., l 


if 	C flabs< final - fl > <• . 00001 l 


•l•• 
i Iii: 01


fl • final; 

> whih U>i 

r•tu,.n finat1 


/•----------------------------------------------------------•/
1---·-··-···--········-··-····---··---····---·······-··•1H W 
I• P1'0gf'a• llOduh: Well Cont'T'Ol Sh••t ., 
H W 
1• U••d to output t'"•phie infoT>••tlon fro• th• ..1n pf'Dlf'a1111. •I 

,. 	
H W 
I• 81,i1: Fabio de AndT'•de Nitto - DEP - UNICAPP •I., 
I• D•te: 03/21/1990 	 ., 
I• ., 
/••••••••••••••••••••••••••••••••••••••·----••••-••••••-••••••-•••• / 

•tnc lud• <con lo. 

...
ft) 

#includ• <gr•phics. h> 
#lnelude <alloc. h) 
linclude <1a.tt1. h> 
•tnclud• <•tda1'9. h> 
*include <•tdio. h> 
•includ• <•tdlU. h> 
•includ• <•trin9. ti> 

aoefl in• ESC Ox lb I• Def ln• th• ••C•P• ..... ., 
•d•fl ine Ft Ot:3b I• Dttflin• th• function k•1i1• *' 
ld•fin• F2 013c 
ld•f in• F3 013d 
•d•f ln• F4 Oa3e 
adefl in1t UP Oir:4S 
•define DOWN 01SO 
adef in• POUP 0149 
•defin• PODN 	 0151 
•d1flin1t TRUE 	 l I• D•f ln• soin• u~nllv constant• •I 
•defin• F...usE 	 0 I• D•fln• •o•• handv con•tant• •I 
•d1hn• PRECISION 5 I• D•fin• •a•• handv constant• •/ 

i.nt Or•phD1-ivn1 I* Or•phicw device df'i.Ye'T' •I 
int Qr•phf''fode1 I• Gr•phics •ode value •I 
int "•1C:olort11 I• Th• 1111at:iMUM * of colof'S av•Uat1l1 •1 
int ErroTCod•1 ,. RepoTt• an.., gT•Phi.c• .,..T'GT'I •I 
int "a1Sh•X• tla1Sl z•V1 I• • of piHl• to dr•w th• pictun •I 
div_t Rl'61 I• Struct fo'I' int divi•ions •I 
char lr•v• I• Holds a ll•t eod• •I 
lloat "'"x tt.ir:X. "lnY. Pfa•Y1 I• Th• li•lt• of tll• 'lhelt •I
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flo.t Step1 I• Table divi•ton ., 
vou •lluff•"' I• 1..,. point•,. •I 
tnt Fl1"st_Ti••• I• Define n•• "•nd11 vart•bl•• •I 
int Cont:1'o1. E•t•P•• I• Defino ao.. hand" v•riabhw •I 
flMt "inXHtat. P1,uXCS01 
Hte1'n _____________________________________flo•t °"opCJ1

••t•T'n ,e1te1"n flo•t CBOC l 1 

int wo_c; , 

1--------------------------------------------•1 I• Function pPotot:9pH •I

void OT'•P"Cfloot "-ir8t1'ollH• fio•t: "inDtf•uU. flaat rte1Cadn1>i 
void Initi•UroCvo:lO; 
YOU ... inWlndowCCll•T" •h••dtT')I 
void "•nuL.l,.•Cehat' ••11>1 
void Jho•wl01"d•f'(voi01 
void Df'•.,.•HCfla•t XLeft, flo•t )(Right. flo•t YlottHi. 

!:!/':=.~ri~t Ltne.s1 ~her ·~••t!IMMf dl•r 
•loet VTop. 

•la•ff""""' 
void FuncttonUlo•t XL•ft• fl••t XRi9ht. flo•t Y8otto•• flo•t VTop. int CPS>• 
void ••••-Scr••n<voidJ; 
voU Hh"flo•t "'nXY•ct>1 
YOU Zoa•(Yai01 
YOU T•U•Cflo•t "'nXVect. flo•t ....xv.ct. cb•f' •VSUe. Int CftSJ; 
void Flu1_ContrOUvoU>; 
void CP8<voUJ1 
flo•t •••HhJ'lia_Df'opU1H1: PUnXV.ct. fla.t ... IXYect>1 
flo•t ••••Cfl-"Sn_l),.opCflH1: "'nXYect. float ,....xvect>1 
flNt •••f'ChJ'll•_CSOCvoid)I 
u ..t •••"c"-"sn_caocvolO; 

1-----------------------------------------•1 
I• l•---------------------------------------•I GRAPH: Function C•ll•d b'I th• ••irt p'l"Ol'l"•lft. •I

ln1'i•liH()I I• S•t •'l•t•M into 01"•phlc• •ode •I 
Fif'9t_Ti•• • TAUE1 
Step • 101 
"inl • 01 

.... 
"inV 

x 
• 
• 

O;
tte1Btrokes; 

Ple1V • <Se•1'Ch-"••-Df'op<•UnX1 ...11))1 
"'nXHist • "inD1f•ult1 
Ple.XC80 • Ple1C•ein91 
Flua_Contf'ol C>1 

,._
clo••tt"•PhC __________________________________________)1 , 

!•-----------------------------------------
I• lNITIALUE: lnitiillUu• 11h• lf'•phic• •v•t•• •n• ••POf'h ., 
,. •n1i1 •1"1'"0f'9 which OCCU1'•d. ..______.,, 
void lniti•li1•<vold) 

if C"tlh't•f'btid'l"lvef'tCOA_d,.iv•f') < O> e1lt(1)1 
if (T'egh•eT"lttid'l"iYet'<f!OAYOA_df'1Yef') < O> exU:U>1 
if C1'egh••t'lt.idT'iveMHe,.c_dt'ivet') < O> e1UCU1 
lf Ct'egist•,.lttifontC.HU_font> < O> HitCU1 
01'••hlh-ive1" • DETECT1 I• Request auto-detection •I 
init9t'aphC~aphDT"ivef'1 l!Of'aph..Oile1 ••)1 
Ef'1"0f'COlll• • ll"•P""••ult01 I• R••d •••ult of 1niti•liaauon•/ 
ifCEf'•Of'Coil• !• t•flk>< ,. l!t"f01' OCCUf'ed du,.:lng :ln:it ., 

P1'intfC• Gf'apf'lic• 81i1•t•• Ef'f'O'I": X•\n•, l"•Ph•'l"1"of'••1< En·of'Cod• J ,, 
e1itUJ1 

> 
tta1Col0"• • t•••••col01'( > + 11 

I 
I• MIHWINDOW: E•t•lllhh 

----------------------/ 
•h• .. in wlndow fof' 

--------------.1 
the outl'Ut and e•t •I 

,_____ I• a vt..,o"t. •I 

int h•ltltiti 
..~cuor(WNlll!.)1 ,/.,,. &•t. C•tHteR'C. color to W"-t.l& •/ 
••t••••••vh<DEFAULTJONT. HORUJ>JR. 1>; 
··••••tJu•tifv' CENTD_TEXT. TOP_TEXT>1 
hei9f'lt • t•:.:tf'leitlltC •ff• » I• Oet ll•eic teat height •I 
••tvie.,.,.t<o, o, 1•t..11:( ), height+4, 1 >1 
cl••"rview,o1"tC)' I• Clee1' 91"epllica H1'eeft •I 
D1'•wlo1"ileTC J1 
out••1t:svc1et.as1<>12, 3, fll••••,.>1 
11tv:l9•pof'tCO. hettft_.4, t•t•u<>. t•t•••v<>-<h•itftt+4>. 1>1 
DT"aw80t"llllet"C >1 
••tvh••o•tct. h•itht+5. 1•t..uo-1. 1•t:..1vo-ne1911t+s>. 1>1 
ClM'l"YU-.ott()1 

1..-------------------------------------•I ,,. _______________.tet«A..INE: DUpl.1v ..."" __________________Un• •• th• •ottHI of th• SCf'••n. ..._______
•I
, 

••tcoloT'CWHIT1>1 I• Set cuf',.ent colof' to white •I 
••tte:.:tatvle<DEFAUL.T_FOHT. HCIRIZ_DtR. 1>1 
••tto•tJUStifv CCENTD_TEXT. TOP_TEXT>• 
••tlitt•••vl•<IOL.ID.J-INE. o. NOR"_wtDTH>1 
setftlletvleCIDPTV_FIU.o 0); 
h•igllt • tHth•ithtc•H">i ,. D•t••in• CUt"f'ent h•igftt ., . 
HtYl••,01't<O......... ( >-Ch•i1ht+4>1 ....... c ,, t•tu•v< ,, 1>1 
Df'••of'd91'()1 
outto•hv«1••••••«>12. 3...,,, 
Htvt.ewpof'tct. h•itht+51 1•••11<>-1. 1•t•••v<>-<h•i1ht•4>. 1>1 

I• 
l•----------------------·--------·--------•I, DllllAWIDltDClt: Dr•• • solU single Un• ef'ound th• CUf',.ent •I 
I• 
_________________________________________

YiewpoT"t. •I
, 

••tc:Olo1'0IHITE>1 , •••, CU""*"' colo1" to whit• •I 
att:Untst:vle<SOL.Jl>_LINE1 o, NOR"_WIDTHl1 
t•tviowsettingsC•vtow> 1 

'l'octangloCO. o. vl•w. 1'ight-.,:low. left:, view. bot:toM-vi•"'· top> 1 

,____________________________...______...__...____...______, 
I• DRAWAXIS: UHd to d1"•W XV gf'aphie• Wflle1"• P•"•••tef'• aT'e •I 
,. ••nt to tfll• P1'og••• b" tit• U'H1'. .,
,_________________________________________________, 
void 1>1'.twA1hCflo•t 1CL.eft, Ua.t XAight• flo•t Vlotto11111 flo•t VTap. 

int A,.T'o••· :int Lin••• ch•,. •X••i•n•••• ch•f' •V••i•n•••• 
chef' *H••d•1') 

int bOT'diSp1 Yef'di•p1 
int w:ldth1 nu•ticllahof'. nu•1:lck•Y•"• :1.. Ji 
int t:lck•••c• • 401 
cfll•1' nu•p1'lntt10l1:!:::t ':::!::~t::::"::~w~Of'~Ptt11 "ffT'tf'I/ 

1•tvi••••tt:ln1• <•vt..J' 
bOT'dhpi • vie1111. tigfllt-vi•w. hft1 I• Siu in pil•h to d1'•1111 the ••h •I 
ve1'tUap • vi ... •otto.-vhw. top1 
hOf'f'.,U • IRitht - XL.oftl ,. At•l Siu of th• ....., 
Y01'1'•1f.U • YTop - Ylottoe1 
linecso. vef'dUp-10, hof'dU11-l01 ve.,disp-lOJ; 
linauo. 10. 10. ve,.Oap-10>1 · 
if Utif'f'OW•) (. 

linefbot"dUp-15. vef'dhp-10. ho9'dUp-1$. ve,.dUp-7t1 
line <ho1'd i•p-1 !5, vef'd isp-7• hof'd isp-10. .,..,..d hp-10 >; 
lineuo. 10. 7. 1~>1 
lineC7o US. 10• 15)1 

> 
••tu••,..ch•f'•i1•c1.1.1.1>j 
Htte1Utyle<Sl'MU._FDNT, HDlillZ_DIA. USER_CHAR_SIZE>1 
utt.. tJUU:lfv CL.EFT_TE1CT. 8DTTDf1_TEXT> I 
width • tntwldthlX•1hn•ee>J 
••t:colOf' CL.IOHTREDJ; 
outte1t1qChof'd isp-wldttt-s. ve,.disp-12. X••••n••• >1 
outte1tavu3, 10, V••hn•••>s 
Htcolo,.CYEL..L.OWJ I 
••1:te1'tJUltifV CCENTER_TEXT. 80TT°"_t£1CT>; 
••1:use,.ch•,.•i 1•C3. 2. 3, 2>; 
••tte1tat11l•<SMLL_P'CIN"r, HDRIZ_Dlfl, US&:A_CHAR_SIZEJ1 
autt•1t1v<bo,.d:i•pt2. 15, H••d•T'); 
setcolo,.OIHIT£)1 
Re•• dtv<U.o1'disp-40>. Uchpace>1 nueUcll1hot' • R••.4,uot1 
Ru • d:iv<tvndUp-40>• tid1pece>1 nu1ftticll•v•f' •RH. 'uot1 
"•1:Si10JC • nu•t:1.Cksho,.•ticll1pece1 
f'l••Bil•V • nuet:ick•v•,.•Uchp•c•1 
if CL.in••> < 

••tcolot" <RED> 1 
••tlinHtvl•CDOTTED_L..INE. 1. O>i 

> 
fOt"(l.•11 i<•nv•Ucll'lhOf'I i+•J < 

> 

ltn•< i•tlc••P•C•+IO. vet"dhp-11. :i•Uc••P•C••l01 Yef'dhp-9); 
if u.. in••> 

t in•C i•tic ll•p•ca+10. VeTdi•p-t 1. t•tt.cll•P•C•""lO. v•,.d1•p-"••Si ..v-101 I 

fof'U•t1 i<•nu11tt.ctiav•f'1 1++1 < 
Uno<•• ve1"dhp-i•t:ickspece-10, u. v•,.dhp•t.•Uck•p•c•-10); 
if CL.in••> ( ' 

line< 11. vet"dOp-i•Uchp•c•-10. ,..•Bi HX+IO. ve1'disp-:l•Uchp•ce-l0>1 

> 
Htcolaf'CL.IQHTOREEN>1 
utline•t'll•<SOLID_L.JNE. lo 111 
incf'hor • <double> hof'req,u/nu11UC11sho,., 
tnc,.ve,. • <dou•l•> ve""•'v/nu•ticllsver1 
••t:•e1t•t11teCSMLLJONT. HORIZJ>IR1 IAER_CHNt_SIZE)1 
Ht:t•• tJu•t:iff CLO°T_ttxr. BOTT°"'_ TEXT); 
••tusef'ch•f'•i1•< 181 191 o. 7> 1 
1111idth • tut1111idtht•H•J; 
fot"Ci•01 1<-nu•Uchho,.; i++> < 

gcvt<XL.•ft+inc,.hof'•i• PR£CISZON. nulllpf':int)1 
outte1trvc i•Uclt•p•c•+l01 vef'dhp-2. nu•p1'lnt); 

> 
••t1le1utvl•CSl'IALL._FONT. VERT_DIR1 UIER_CHAR_SUE>1 
1ette1tJuetifV(CENTEft_TEXT, BOTTClfl_TEX'f) 1 

width • •••twidtt1c•H•>J 
fo1'Ci•01 i<•nu•tick•ve,.J i++> < 

gcv*CVBotto.+tncf'vef'•i• PRECISION, nu•p,.inU1 
outt•11t•5C31 tte'f4f rp-t•tt d.tp•ee-10, 11t1•p.. int); 
> 

l•--------------------------------·------•I
I• FUNCTION: UHd to •f'•• IV funcUone whore l'•f'•••te1"a •"* •I 
I• ••nt to tfll• pf'otf'•• •v tfll• u•••· •I1•-------------------------------------1 
YOid Funcuon<flo•t XL.eft. floet: XR:lgbt. flo•t VlotU•• floet VTop. 

Int CPS> 

int vet'dhp, bot'disp. l• 
float inCf'hot'. tncf'v•T'• borteq,u. vef't"e1t.u1 
float •• v1 

stt"uct viewpof'tto• v:lew1 

••tvlew••t:t:ing• <•view> 1 
vef'dhp • view. llottort-v:iew. top1 
hOf'T'eq,u • XRight - XL..eft1 I• R••l s:lu of tfll• •unctUn •I 
YOT'f'eq,u • YTop - YBotto•1 
utcolof'COAE£N>1 
Htv:lewpo,.t<vi••· hft. view. top1 vi••· "'1ht-10. view. botto.-10, l )1 
eetlin••t'll•CSOL.ID_LJNE, 1.1 )1 
lnc1'bOf' • <double> "81Si,1eX/hof'f'•itUJ 
:lnCf'Yef' • Cdouble> "8rSiHVlv•""*41.Ul 
fat"<t•flaof'CXL..eft>1 :i<•floof'fXRig"t>; i•+> < 

1•CdouU•> :incT'h01'•Ci-XL.•ftJ+IO. 1 
if CCPS> t-CSOCi l1 

elH v•Df'optt.J1 
v•vet•d :l1p-c v-V&otto• > • t nc,.v•T"-101 
:lfCS-flOOf'CXL.eftJ) < 

putp:lHICflooTh>1 floor<">. 211 
•ovet0Cf100,.<1J1 floo1'(9))1 

> 
•h• Unet0Cfloo't"C1), floof'CV>>1 

l•--------------------------------------------1 
~=---~~~~~:.-~~:_~!..!!!:.~!!-·----------------=~ 
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10 GENERAL COMPUTER~~BD WELL CONTROL KILL SHEET FOR D~-~LING OPERATIONS SPE 20327 

WITH GRAPHICAL DISPLAY CAPAILITIES 

void Flu1_Cant't'ol<void) 

Esc•p• • FAL.SE1 
if (Fil"st_Tim•> Bas•_Scr•en( )1 

1'1enuLin•<"Fl-l"lain F2-L.ast Mud F3-Zoom F4-Casing ESC-Elit"J; 

1.11hil•C !Escape> < 


swUch<ll:•~ > < 
c••• Fl a•••_scr••n< )I braelr:1 

case F2 HistCPUnXHi'lt)1 b'C"e•lr:1 

c••• F3 ZoomC >• bT"•alu 

case F4 CPSl); bT"eak1 

case ESC Escape • TRUE1 brealo 

default ••9 ., 0; brealn 


!•--------------------------------------------------------------•/
I• TABLE: Constructs an in,or~tion tabla containing data •I 

~:------~~~~-~~~-!~~~~~-------------------------------------------:~ 

int i. tivp_li•; 

float XIni1 

char nuMp1'intC10li 


s•tcolor CLIQtrTCVAN>1 

setviawpo1'tC9ahia11Cl-UO. Hi, getmaxx()-lr 145. 0); 

settuht9hCSJ1AL.L_FDNT, HORIZ_DIR. 4); 

•uttutJU'ltifv (LEFT_TEXT. BOTTOM_ TEXT>; 

cl••T"Yiewpart< )1 


r•ct•ngl•<O. o, 1oc. 110); 

1:1.neC53, O. 53, 110>1 

far<i•Di t<•tD1 i++> lineco. i•to. 106. i•lO>• 

outtex trv ( 12. a. "*6t1"k" ); 

auttextxv (70, a, YSide)i 

outtextx1i1C40, 120, "KEYS: u); 


outt•rtrv co. 130. "Sct"all ~ VP & DOWN" )1 

outt•xtx1i1CO, 140. "Step: PgUP Se PgDN">; 

if <Fif'st_Time> < 


buff•r • m•lloc<im•gHizl'(O, o. 106. 110)); 

g•timegeco, o, 106. uo. buffer>1 

Fif'st_Ti1H • FALSEi 


> 
Xln:i • t1inXYect1 

Cantf'al • FALSE; 

gcvt<Xlnt. PRECISION. numprint); 

outtextx1i1 t4. 18, numpT"int >; 

if CCPS> gcvtCCSOCXJnil. PRECISION. numprintl1 


else gcvtCDY'aptXlnil• PRECISION. numprint)1 

auttexta:1i1<57. 18• nu1nprintJ1 

do < 


11•'1 • getch ( >i 

swUch<h9I < 


cete UP XIni +• Stl'pl br••k1 

Ce'le DOWN Xlni -• St•p1 brHdo 

C•s• POUP 6t•p •• 10. 1 bre•lr1 

c••• PODN St•p /• 10. I bre•lr1 


> 
ii( ( hv••F1) I: ( lr•v••F2J I: ( tev••F3l: I ( hv••F4l l f { ••v--ESC)) Cantral•TRUE; 

•h• 	if( (t•1i1••UPl:: <k•v••DOWNJ 11Chv••POUPJ11 <hi.t..PGDNJ) < 
if CShp<t J Step•l 1 

if (Xlni<t1inXVect> XIni • fllinXVect1 
sup_lim • 1; 
whi h t ( CXInl+sup_lim•Bt•p ><•MHXY•ct l&t&C sup_l tm<10J > sup_l i1n++1 
puti1Ug•CO. O, bu,hr. COPV_PUTli 
far<i•01 i<sup_lini; i++) { 

if <Xlni<•f1•1XYectH 
gcvt<XIni+Shp•i• PRECISION, nuMprint)1 
outt••trvc4, 18+10•1• nu1np,.int>1 
H CCPSJ gcvt<CSOCXIni+floarCSt•p•i>l• PRECISION, numprint>1 

elH gcvt<DropCXlni+flaar <Step•i) J, PRECISION, nump'l'int J 1 

outteitrvcs7, 18+10.i, numprtnt>1 

•>1•• < 
gcvt CXIni, PRECISION, nump'l'int >1 

outteita:1i1<4, 1s•. numprint>i 

outteitxv<57. 18, "?????"'>1 


> 
> whihC !Control >i 

!•------------------------------------------------------------•! 
!•--------------------------------------------------------------•/ I• BASE_SCREEN: Pe-rfGY'fll th• gT'•Jlh ic output af the P"051r•m. •I

void a...._scr••n<vaidJ 

int l; 

flo•t l'IAxVBase; 

ch•Y' numprintClOJ; 


11•1nWlndowC"Well Cont'l'ol Sheet - DEP UNICAMP - MAI~ SCREEN,.); 
getvi•w••tting• C&ivlew> 1 

setviewport(vie111. left, vi•iu. top. gtt1n.x1<>-lOO. vi•111. bottom. 0); 

11•xVB•t• • 1. l•S••rch_f'lax_DT'op (l'linX. "'-•X>i 

Dr•wAa::l.sCl'linX, l'l•xX, MtnY, f1.a1YB•••• 1. 1. "•Str.k", "DPP (psi)", 


"'Drill Pipe Pr•ssure Scheduh''J 1 

Functian<fllinX. 1'1.axX. t1inV, '1a1YB•••• 0); 

s•tcolarCgetana1cala1't l >1 

setuserch•r•ia:eC1, 1, 1.1>; 

s•th1tst9lelSt'IAL.L_FQNT, HDRIZ_DtR, USER_CHAR_SIZE>; 

gcvt<st•_c. PRECISION, numprint>1 

outt•1txv<M•1Siux12-~. 2s. •stroke• to bit:">; 

outtexh¥<f1•1S:l.zeX/2+55. 28. numpY'int>; 

if <First_Tim•> 


t'lenuLtne<"Fl-11•in F2-L41'1t Mud F3-Zoam F4-C•sing ESC-E1it .. J; 

Teb1eo11nx. rt.ix. "DPP". 0>1 


!•------------------------------------------------------------/
!•----------------------------------------------------------•! I• l'IUD HISTORV: Shautt th• l•st mud infarm•tian. •I

void Hi'ltCfla•t 11inXVectl 

:int i• 

flo•t r'l•a:YHist. 11inVHht. O•lt•1 


struct viewparttyp• vie.,1 

M•inWindo111("Well Control She•t - DEP UNICAMP - L~T l'1UD">1 
g•tvie1oett tng s < Seview> 1 

tetvi•wpot"ttview. l•ft, view. tap. t•t111•xx<>-lOO, vl•w. bottom. 0)1 
M•xVHist • Se•rch_l'1•x_Drap<MinXVect. MexX>1 
MinVHist • Beerch_f1in_Drap<l'1inXVect. tterX>1 
Delt• • <fll•1YHist-11lnVHist>/10; 
M•xYHist +• Delt•; 
MinVHist -• Oeltai; 
Dr•111A1is<l'linXYect, H•1X, MinYHist. l•DY'opCfloar<MinVHist>J•/ f'l•1YHist. 

1,' 1, "IStrlr"• "DPP (psil"• "Drill Pipe Pressure Sch•dule"J; 
FunctionO'llnXYect, ,.,_1X, MinVHi•t, M•xYHi'lt• Oli 
T•bl•11'1inXYect. "41XX• "DPP", O>i 

!•------------------------------------------------------------•! 
!•-------------------------------------------------------•! I• ZOOt1: Qets • partian af th• screen •nd enl•rge it. •I

void ZoaM CvoidJ 

<
int ii 

flo•t l"linXZoain. ,...xXZoam. l'linVZoa1n1 M•a:YZooai. Delt.a. T•mp; 


reeta1'ecrh1odel 11 

clrscrO; 

printf'<"Pl•••• ente"r th• falawlnt d•t•:\n\nlnltial Strate•: *)J 


•c•nf(":C.f", &:11:inXZoaMI; 

printf("\n\nFin.al StT'ok• •: "); 

•c•nf< ..Xf", &ll'1••XZaoml; 
if 	<MinXZaom > M•1XZaam) < 


Temp • HinXZaami 

MinXZoam • f1•1XZoa111; 

1'1.a•XZOol'I • Te111p1 


> 
if <f'linXZoam<:MtnX l 11inXZaam • Min Xi 

ifll1•1XZoom>tt.xXJ l1.a1XZoam • M•xX1 

MinVZoom • Se•f'ch_f1in_DY'ap<1'1inXZoom, l1•xXZoomJ1 

K.w1VZ00111 • S••rch_f'l••_DY'apC1'1inXZoam. 11•xXZoam>i 

D•lt• • lM•rYZaom-MtnYZoamJ/10; 

M•1VZaam +• Delt•1 

HlnYZaam -• Delta; 

••tgr•ph1nod• tOr•phHoct• l 1 

'1•inWlnctou.1< 11 Wl1Pll Cant'l'ol Sheet - OEP UNlCAMP - ZOOM">; 

g•tviews•ttings(,vi•w>; 

setvi•wportCvt.ew. l•ft, vie111. tap. getm.ix<>-100. vie111.battom. Ol; 

Dr•1111A1is(f'llnXZaani. l1•1XZaom, MinYZaam. f1ea:VZoom. 1. 1, "IStrlr"• 


"DPP <psil", "Drill Pip• Pr•s•u-re Schedul•"l1 

Functlontf'linXZoom, ,....xXZoom, '1inVZaam. Mi1xVZoom. 0); 


f'l•nuLlne<"F1-t1•in F2-L••t Mud F3-Zoom F4-C••ing ESC-E1it 11 )1 


T•ble(f1inXZaom, f1.a1XZaom. "DPP", OJ; 


!•-----------------------------------------------------------------•/.
I• /•-------------------------------------------------------------------•/ CPS: Shows th• c•ting preseur• schedule. 	 •I

va.td CPS<void> 

int ii 

flaet l1inVCPS. t1axVCPS, Del t•; 


MeinWindow<"Well Control Sheet - DEP UNICAt'IP - START UP"l; 

getviewsettings<&iview>i s•tvie1111port<view. l•ft, vie.,, tap, 


getl'IMIXX(l-100, vi•"'· bottom, 0)1 
HinVCPS • B••rch_'1in_CSG< )1 

'1•xVCPS • Se•rch_f'l•1_CSO< l1 
Delte • CHexVCPS-MlnYCPSJ/101 
f1•xVCPS +• Del t•1 
MinVCPS- -• D•lt•i 
Dr•wAxhCO, .... xXCSQ, f1inVCPS, 11axVCPS. 11 1, "•Strk"', "CSO Cpsil"• 

"C•eing Pr•s•ure Schedul•">1 

Function CO, ,...xXCSQ, t1lnVCPS, .... 1YCPS, l l1 

T•bl•CO, rt.xXCSQ, "CSO", 1>1 


!•--------------------------------------------------------•! 
!•---------------------------------------------------•! I• SEARCH_f1AX_DROP: Se•T'ChH th• l•rg•st d'f"OP v•lue. •I

int iJ 

flo•t ,..xVY•ctJ 


"•rYVect • 01 

for<i•f1aaf'(f'linXYect>1 t.<•floorC,...•XYectli i++l 


if <Drap[iJ > 11.axVVectl ,..1YVect • D1'opCiJ1 


,.
retuf'n 

______________________________
Cl"l.a1VV•ct> 1 


..;__________________"'.'_____, 
!•-------------------------------------------------------------+! I• SEARCH_MIN_DROP: B••"ches the sin•llest d'l'ap v•lue. •I

int i; 

flo•t P'llnYVect; 


11inVVect • DropCfloorCf'linXY•ct>li 

far(i•flaar<HinXV•ct)i i<•flaarC,.,.ilCVect>1 i++> 


if CI>rapCiJ <: t1inYVectl 11inYVect • Dt"aptili 

lfCP'linYYect<OI return<HinYYect); 


els• r•turn<MinYVect>; 


!•----------------------------------------------------~----------•! 

!•---------------------------------------------------------------•! I• SEjii,RCH_l1A.X_CSO: S••rchu the hrgett CSO V•lue. 4/

. fla.. t SHl"Ch_l'lu_CSO<void) 

int :i1 

flo•t l1•1YVect1 


'1•1YVect • 01 
fo'l'Ci•O; t<•flooTC.... rXCSOJ; l++) if CCSOCil ) ,.,_a:YYect> 11.9x,VVect • CS0[1J; 
Y'eturn CKAxYYect) 1 

26 

http:setvi�wportCvt.ew
http:printf("\n\nFin.al


11 

n 

SPE 20327 e. F. LEITAO Jr., E. E. MAIDLA, A. T. BOURGOYNE, A. F. NEGRlO 

!•-----------------------------------------------------------•/ 
,. SEMCH_f1lN_CSQ: St•1'ChH tl'I• ••n.lhst CSQ Y•lu•. •I!•--------------------------------------------------------•/ 

int iJ 

flo•t f"linVYect1 


r1inVVect • CSOCOJ1 
fDT'(i•01 1<•'1oort~aXCSCU; i++) if CCSOCil < f'finYY•ct> MinYY•ct • CSQ:til1 
ilCf'finV\l.ct<O> r•tUT'ft(f'linYY•ct>t•1•• T'•i:UT'ft(f'U.nYV•ct>1 
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TABLE 1 TABLE 2 TABLE 4 

PRE-KICK INFORMATION 

ITEM DESCRIPTION UNITS 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

... 

-

-

-

-

-

-

-

HOLE SECTIONS 
• LENGTH 

DIAMETER 

ORILLSTRING SECTIONS 
LENGTH 

• OD 
ID 

BIT DATA 
• NOZZLE SIZES 

SURFACE PLUMBING 
.. MENU SELECTION (SCREEN) 

PUMP DATA 
TYPE. (MENU) 
LINER SIZE 
STROKE LENGTH 
ROD DIAMETER 
(Double Actiricj pumps only) 
PUMP EFFICIENCY 

CIRCULATING PRESSURES 
AT KILL RATE (THROUGH ANNULUS) 
.. • REDOCED PRESSURE 
... KILL RATE 
CHOKE LINE FRICTION AT KILL RATE 
(for floating vessels) 

SAFETY DATA 
CASING BURST RATING 
CASING HOLE SECTION NUPIBER 
(item 1) 
AIR GAP 
(for floating vessels) 
FORMATION FRACTURE PRESSURE 
FORMATION DEPTH 
BOP RATING 

DIRECTIONAL DATA 
MEASURED DEPTH 
INCLINATION 

ft 
in 

ft 
in 
in 

1/32 in 

in 
in 
in 

d-less 

psi 
spm 

psi 

psi 
d-less 

psi 
ft 
psi 

ft 
Deg. 

TABLE 5 
MU I> P R 0 p B RT 1 B S 

OLD NEii NEii NEii 

MUD MUD MUD MUD 

MUD 

l 2 3 

WEIGHT 8.6 9.5 10.5 11.4 

(lb/Gal) 

FAN N V I S C. 0 M E T E R DAT A 

SPEED DIAL READINGS 

(RPM) ( Deg. ) 

OLD NEii NEii NEii 

MUD MUD MUD MUD 

3 

1 2 3 

1,0 l,O 1,5 1,5 

6 1,5 2,0 2,0 3,0 

100 15,0 18,0 22,0 24,0 

200 26,0 31,0 37,0 39,5 

300 35,0 41,0 50,0 53,o 

600 56,0 67,0 81,0 88,0 

KICK INFORMATION 

ITEM DESCRIPTION UNITS 

l - MUD PROPERTIES 

MUD WEIGHT lb/GAL 

FANN READINGS 

.. SPEED RPM 

.. DEFLECTION Deg .. 

2 - PIT GAIN bbl 

3 - SHUT IN PRESSURES 

CASING (SICP) psi 

DRILLPIPE (SIDPP) psi 

DIRECTIONAL DATA 

MEASURED INCLINATION 

DEPTH (Deg) 
(ft) 

0 0 

4200 0 

4400 4 

4600 8 

4800 12 

5000 16 

5200 20 

5400 24 

5600 28 

5800 32 

6000 36 

6200 40 

6400 44 

6600 48 

6800 52 

7000 56 

7200 60 

7400 64 

7600 68 

7800 72 

8000 76 

8200 78 

8400 82 

8600 86 

8800 90 

10000 90 

TABLE 3 

NEii MUD PROPERTIES 

ITEM 

l 

DESCRIPTION 

- MUD WEIGHT 

- FANN READINGS 

.. 

.. 
SPEED 

DEFLECTION 

UNITS 

11$/GAL 

RPM 

De9 .. 

OPP 
(pslJ 

# STROKES 

FIG.01' DRILLPIPE PRESSURE SCHEDULES FOR VERTICAL WELLS IN 
CCMMON USE. 

FRICTION 
PRESSUR£ 
LOSS 

FIG. 02: FRICTION PRESSURE LOSSES CONSIDED IN THE 
RIGOROUS METHOD 
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HIDROSTATIC PRESSURE 
I KILL MUOI 

ith STROKE 

PRESSUllf. 

FIG. 03: 	THE DIFFERENT COMPONENTS CONSIDERED IN THE 
CALCULATIONS OF THE DRILL PIPE PRESSURE SCHEDULE 

FRACTURE 

FIG.04' 	 PRESSURE MEASUREMENT LIMITATIONS FOR WELL 
CONTROL OPERATIONS IN DEEP WATERS. 

.· 


#STllOKES 

DRILLSTAING 
SECTION © 
(DRILL PIPE] 

DRILL STRING 
SECTION @ 
(HEAVY WEIGHTI 

DRILL STRING 
SECTION @ 
(DRILLCOLLARSI 

HOLE 
SEffi CASING 

MEASURED DEPTH Y 
HOLEtECTION 

@ LINER 

MEASURED DEPTH l 
<! - -HOUliEeriON- -----HOi..E 

IS) ENLARGED 

I MEASURED DEPTH 
I 

HOLE SECTION 

MEASURED DEPTH q> 
GAGED 
HOLE 

!!) BURST PRESSURE RATING AT HOLE SECTION I 

I:Ji i!: 
Zif~ 
~:~~ 
; 1~= 
ere;~ 

_____ _i 

FIG.OS: PRE-KICK INFORMATION DIAGRAM FOR LAND RIGS 

DRILL STRING 
SECTION 

© 
(DRILL PIPE l 

l 
I 

DRILL STRING SECTION 
!DRILL COLLARS] 

AIRGAP 
11-~-~~~-__t_ 

T-------T 
HOt.E SFCTION RISER :

<D 11!'.l I~ 
m~~~~~,,.=~'------,.-¥. .. --- xd ~ 

HOLE SECTION CASING ~I § 
___,M,,E.,,A"'su.,R,.E.,D'-'D.,E,.Pci.TH,,_·-~-®=-i•'-- ·-·-- ·--- !;ii ..t ~:~ 

HOLE SfCTION ~I ~ (3) LINER ~I ~ 

MEASURED DEPTH i i I :J 
t ~:1 

<)------- HOLESECTION _ -····"· HOLE _____1_ 
MEASURED DEfTH@J, ENLARGED 

I 
HOLE SECTION 

@ 
MEASURED QEPTH I 

BURST PRESSURE RATING AT HOLE SECTION 2 

GAGED 
HOLE 

FIG.06:PRE-KICK INFORMATION DIAGRAM FOR FLOATING VESSELS 
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~ 

~m 

#STK 

_..,..__....., 

SURFACE EQUIPMENT• CASE 1 

_j_ 
50 ft 

~ 

TRIPLEX 

12·. 6~J 
I97% Efficiency 

CHOKE LINE FRICTION )
AT Kill RATE• 73 psi 
PIT GAIN• 20 bbl 

BOP WORKING PRESSURE• 10000 psi 
Kill RAtE •40 spm 
REDUCED PRESSURE .~75 psi 
FORMATION INTEGRATI TEST• 7000 psi 

8.000 ft 
musurtd 
using depth 

95t1•x 8.835" N80 16890 psi BURST RATING) 

""=========:::::::::::::========::::=::::::::;~·~·~ BIT 

10.000 
measured 
depth 

100 
21hz" sstk 

NOZZLES 

HEAVY 
WEIGHT 

2000 ft 
146 stk 23 stk 

">< "><4 

HEAVY DRILL 
 .)WEIGHT PIPE 
1500ft 5950ft 
110 stk 886stk 

stk= strokes 
FIG.07 INFORMATION FLOW CHART 

FIG.OB:INPUT DATA FOR CASE STUDY #1 

.; 
. 

. . 




Nell Cootrol Sheet - tEP llllClll' - MIN SllEll 
[W(psi) ~ill ~~e Pressure Scheaule 

I 
Str~estoblt: unri 

1" .........,.....-.,.-....,..........-......,.........,.........,.........,.....-...............-.............. 
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FIG.10: ZOOM ON 80 TO 1200 STROKES FOR THE FIRST 

DRILLING FLU~D OF 9.5 lb/gal. 

Fl·llain F2-Last lbl F3·Zwl F4-Casing ESC-Exit 
FIG.11: PRESSURE CHANGES AT THE BIT FOR THE FIRST 

DRILLING FLUID OF 9.5 lb/gal. 

FIG.12: CASING PRESSURE SCHEDULE FOR THE FIRST 

DRILLING FLUID OF 9.5 lb/gal 
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