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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

Referenceés 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 control 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 (cy) that is calculated as:

(1)

where (P,), is the calculated reduced pressure at kill rate,
and ¢; accounts for all modeling errors and unknown variables
disconsidered by the pressure loss equations. A

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 P, 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. : :

) (Pdﬂ)i = (Pdp)s + (Pas), + (API); - (APh)i (2)

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 cs. If ¢4 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:

r = 5.14050 (3)

4 = 1.703w (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 sqiare method, the best straight
line was fitted to the plot of log(r} and log(%) to determine
K (that is found in dynesec™/cm? 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:

o= —L
2.4484*

(5)

where:
v

q
d = pipe diameter [in]

velocity |ft/s]
flow rate |gal/min]

Mean velocity for the annulus:

q

T 2.448(d° - 4 (©)

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

89100pv2~") (0.0416d\"
Ng. =
R k 3+1 (@)
_109000pv2~") (0.0208(d, — d;)\"
Re k 2+i (8)

where:
Ng. = Reynolds number [d-less]
p = Drilling fluid density [Ib/gal]

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

forn < 0.2 (Ng)e = 4200

for 0.2 <n <045

(Np.)er = 5960 — 8800n

for n > 0.45 (Ng.).r = 2000

The turbulent criteria was such: When the Reynolds num-
ber exceeded the critical Reynolds number, turbulent flow was
assumed, otherwise laminar flow was assumed. In usingsuch 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

use Dodge and Metzner’s criteria described above.
The frictional pressure loss was then calculated as such [7]:
For laminar flow in pipes:

1
34-\n

n
kv (o_n‘.0416)

14400041*™

(45), -
dD P
For laminar flow in the annulus:

1
24 2y\n
n
ko™ | 50208

(),-
dD/,  144000(d; — d;)*+™

For turbulent flow in pipes:

dr

fov®
(E)i

~ 25.84

(11)

For turbulent flow in the annulus:

P, fovt
(Gp) = 21.1(d; — d) (12)
where f: is given by:
1 4.0 _= 0.395
\/;—: 075 IOQ(NRJ(I 2)) T2 (13)

INTERPRETATION OF THE CASING
SURFACE PRESSURE GAGE READINGS

The casing surface pressure measurement limitations for

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-

the highest pressure loss, nevertheless the authors prefered to

well control operations is qualitatively illustrated in Fig. 4.

drostatic change alone totals about 2660 psi if we consider the
replacement of a 10 1b/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 fuil
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-
lution.

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 drillpipe 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 1b/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 Ib/gal (that is still below the
kill mud weight suggested of 10.8 Ib/gal) that was introduced
after 400 strokes, and another one of 11.4 1b/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.

NOMENCLATURE
¢; = correction factor [d-less]
d = diameter [in]
D = depth [ft]
f = friction factor [d-less]
K = consistency index [eg-cp]
n = flow behavior index [d-less)
P = pressure |psi|
P; = hydrodynamic pressure loss [psi]
P, = hydrostatic pressure [psi
Py, = drillpipe pressure [psi]
P,, = drillsting pressure loss
(from the bit to the pump)
P, = reduced pressure [psi]
g = flow rate [gal/min]
v = mean velocity [ft/s]
4 = shear rate [s7!]
© = FANN deflection [deg.]
¢ = density [Ib/gal]
7 = shear stress [42%]
w = FANN speed [rpm]
subscripts
¢ = calculated
¢, = critical
f = hydrodynamic friction
1 = given stroke number
m = measured
s = shutin
er = critical
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Appendix.

/ /

lAd ./

/%  Progras module: Well Controal Sheet ¢ CTRLKICK.PRJ ) ./

/. L4

/7% Used to comptle the progam and prepare the graphics hard L 74

’” »/

/% By:By Fabio / Helio / Eric -~ DEP — UNICAMP */

7% »/

/# Date: 03/21/1990 »/

’e ./

/ 4

c:\te\lib\graphics. 1ib

e:\telega. oby

c:\tc\egavga. oby

c:\tc\herc. oby

c:\te\litt. oby

ctrlkick. c
/ n/
/. . . ./
/% Program modules Well Control Bheet ¢ PREPARE.BAT ) L4
4 L Y
/% Used to Input Information mnd calculation of pressure schedule LY
/n LY
/n Byt Fabio /7 Hellio / Eric = DEP =~ UNICAMP L
I L2
/. Dates 03/21/7199¢ LY
/% LY
4] L2
copy kickgrad. c ¢:\tc\include\kickgras. c
bgioby c:\tc\cga «¢:\tc\cga -
Bgioby c:\tc\egavga c:\tc\egavya
bgioby c:\tel\herc c:\tc\herc
bgsoby e:\te\lits c:\tehlitt

Z 4

/e -/

/¢ Program module: Well Contrcl Sheet { CTRLRICK. C ) -/

I4d L2

/6 Used to input information and calculation of pressure schedule L 74

/e -/

/% By:Bg Helie 7 Evic - DEP ~ UNICAMP’ “/

/0 -/

/% Date: 03/21/199%0 -/

/e -/

#include <math. h>
#include <stdia. hD>
#include <kickgraf.c>

void

.void

vaeid
void
void
void
void
void
void
void
void
void
void
void
void
void

HOLE_sections{);
CHOKE_LINE datal);
DRILLSTRING data();

BIT datal): -
SURFACE_PLUMBING data():
PUNP_datal);
CIRCULATING pressuresi);
BAFETY dataC)i
DIRECTIONAL data();
MUD_datal);

KICK datsl):
NEW_mud_wt();

VERTICAL _depth();
LOSSES_strokel);

BTROKES _sec():

LRSS _seci);

float LOSS_bit();
float LOSS_surs();
+loat INTERPOL())
float TOTAL_loss();

veid
vaid
void
void
void
void
void
void

CP_calcl):

Init_new_mud ()
PUMP_start();
DROP_string():
RE_prepar():

CHOKE _striup_schedulel))
PLEASE_WALIT();
POWER_LAW();

#loat PRESEURE €3
float FRICTION )i

char yes_nos

int ttl_strge, surf coef, kill_rate, stkstart. mud: ndata:
stations. stk_sréc, strokes, b_mud, sth_audf10], stk_c.
n_mud, stks. stk_last. stkmx[103, stk_scl10}, hole_sections

¢#loat C#, C#_chk, hole_lenld4ld, hole_diamf4], chk_diam. chk_len.
chk_frction. mdepthi®0l, inclination(301, vdepthISOl,
n2l_arvea; zevro = 0., strg_lenl10l, strg_indiaml1i0l,
strg_exdiaml10], rdc_pressure, csgburst, burstéct, brstambr,
aivgap, BOP_press. fracture, fracture_depth. pitgain,
mud_wt[103, Dropli00011, vol_surf., vol_stk, lossl103C101,
¢low. SICP, SIDPP. diallsl,rpmfsl, k[103.n[103,CSEL151);

main)

<

HOLE sections():
CHOKE_LINE datal},
DRILLETRING datal();

BI

T_data():

SURFACE_PLUMBING data():
PUMP_datal))

BAFETY_datel))

o1

RECTIONAL datal);

VERTICAL _depth():
STROKES sec():

>
3

<
CIRCULATING pressures()ds
mud = 0

MUD_datal);

KICK_datal):

NEW_mud_wt()i

PLEABE_WAIT():

POWER_LAW ( &ndata. &rpm. Sdial, &klmudd. &nlmvdl )
CHOKE _strtup_schedule();

LOUSE_sec(flow);

Cé#_calctds

do €

Init_new _mud();
PLEASE WAIT():
DROP _string();

Graph ({(float)(strokes+stks),
(float)(strokes~sthk _c~1), (Float)ntkstart):

arinté
yes_neo
yes_no

= getche ()i
= toupper ( yes_mo );
i { yes_no !'s ‘N’ ) RE_prepari):

b while ¢ yss_no !'= ‘N’ );

¢ * \n\n\n Do you wish to pump & NEW MUD LY/N]1 ? =m==) *);

print# ¢ “\n\n\n Do you wish performe & new Kick ? CY/N] wwmd *},

yes_no = getchel()
yea_no = toupper ¢ yes_no ) i

while ¢ yes_no != 'N* )

void
<
cin
cl
pr
pr

scant

pr
pr
pT
to

b4

/% Input for well
/% configuration

HOLE_ssctions()}

€t

recr
inte
ints

(%1}

“\n\n\n HOLE BECTIONS DATA \nmi\n\n®);

“\n Total number of hole sections.........
"%d” + khole_sections )

"\n\n Note: *).

inté "\n Input the hole sections )i
ints “\n starting ¢from suréace . \n");
* ¢ 120 ; 1 < hole_sections ; ie+ )

prints C "\n\n Length of section [X143............
scant ( “%#" . &hole_lenlil):

printd ( “\n Diameter of section £X1d)..........
scant ( "AP" . shote_dlamtil)s

]
¢
<
intt (
<
]

(#t) wmmd

do <

]

printd
printt (

*\n\m\n Do you wish te change any™);

*\n hale section information ([Y/NI 2 > N

yes_nho = getche ()

yes_no = toupper ( yes _no )i

i# ( yas_mo == 'Y’ ) <
printf ("\n\n\n Data number
scan® ( “Ud* . &i )i

=

printf{"\n\n Length of section [%dd............
scant ( "Z¢" . khole_lenlild):

printf{"\n Diameter of sectionf%dl..........
scant ( %" , Khole diamlil),

¥
while { yes_no == ‘Y’ ),

i+l

-/
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b g

4

¢
vold CHOKE _LINE_detac)

<
clracr ()
printf
printf

printf
scanf 2 A
¥

7# Input. of Choke Line

/% data

¢ "\n\n\n CHOKE LINE DATA \n\n\n“};

t "\n Choke line diameter.............. (in) === ¥
scanf  “%f" , &chk _diam 3

¢ "\n Length of choke ldne.............. (ft) mma) *

<

&chk_len );

]

N

»/
»/

/
veid DRILLSTRING data()

<
int E TR B

clrser ()
printf
printé
scanf

“\n
"\n

printe
printé

Ing
sta

/
/% Input of Drill strinp i/

/% data

¢ "\n\n\n DRILLSTRING SECTIUONS DATA \n\n\n");
¢ "\n\n Total number of drillstring sections. . =m=md
£ “%d® ., Httl_strgs )

printf ( "\n\n Note: *
¢
¢

)i
ut the drillstring sections”);
rting from the surface. \n");

for € imtt]l _strgs -~ 13 1 >=0 ; i-=-) <«
3 = ttl_strgs - 1

printf
scanf %
scan¢ KE
prints
scanf “RET
do <
prince (
printf
yes_no =
yes_no =

T
<
printf ¢ *“\n I.D. o
¢
4
¢

s Ut

. ust

“\n 0.D. a

. kst

*“\n\n
"\n d
getch
toupp

*An\n Length of section C[%d)............ (€23}

rg_lenlid);

"

-— Y, g )

£ section CXdd.............. (in) mam)> 2, g )5

rg_indiamCil);

¥ section [Xd3.............. (in) === *, ;3 3;

rg_exdiamCil):

An Do you wish to. change any"))
rillstring infarmation L[Y/NI 7
e
er ( yes_no )i

LI 4

if ¢ yes_no == ‘Y’

printé (
scant

“an\n
¢ "%d

\n Section number . .................
LR TR

4 = ttl_strgs — 1
printf(“\n\n Length of section LAdI.............

scané

[4

nyg o

. &strg_lenlyl)

CPL) mmmd 1)

PTINEP(*\n 1.0, of section L¥A].. ... .v v o0 Cin) wmed o4y

scanf

{

nygn

. kstrg_indismf 3},

printf(™\n 0.D. of section LZ4d)............... {in) m==) ©, {);

scanf

¢

o pn

s+ &strg _exdiamf;1):

b4
}? while ( yes_no == ‘¥’ );

2

’
void BIT_date()

€
int ttl_nzls,

/% Input of

nxi_diamf101, i;

float PI = 3. 141392634,

clrscr ()

grintf ¢ "\n\n\n BIT DATA \n\n\n"):

printf ( “\n Total! number of nozzles............... v d

scanf ¢ "%d" .
nil_ares = 0.

ttl_nzls )

for ¢ im0 ; 1 < ttl nzls ; 4+ )
printé ( “\n\n Nozile(Xd] diameter.......... {1732 in) w==> ", 1+1);

scanf { “Xd"

» &Nz

1_diamfil);s

Bit dats

nrl_area = n:l_ares + PI % nzl_diam(il¥nzl_diamCil / 40%6&.;

>
b

»/

!

/
void SURFACE_PLUMBING_dats() /% Input of

<
int is)

clracr ()

/%

printf { "\n\n\n SURFACE PLUMBING DATA \n\n\n"};
printf { “\n Surface plumbing types tablen“);

printf “\n

Surface

*/

Fitting data %/

printf
printf
printf
printf "\n
printf “\n

{

(

{ "\n

{

[

¢
printf ¢ "\n

<

<

¢

<

¢

<

<

"\n

printf *\n
printf *\n
printf "\n
printf ¢ "\n
printf
scanf
switch is > ¢
case 1:
surf_coef
vol_surf
break:
case 2:
syrf_caef
vol_suré
break:
case 3:
surf_coef
val_suré
braak;:
case 4:

uaum.—l

“\n\n
"%d*, &ie)i

-

"\n fcase!

ile
ft

Swivel
len ID
(Ft) <in)

Tube
n ID
) (in)

.
len 1ID

2.0

cuaam

i
:
:
1
H
1 40 4.00
1

2
2
3
& vo

40 3.33!

")
13
"N
AT

19

= 30. 945672764;

surf_coef =

vol_suré
break;
case 3
printt
scanf

scant
break:
3>
>

7:
91. 29488019

4;
&3. 8

F796374;

i
77.88701788;

4 "\ Coef. of loss in the surface plumbing,

U V%At .
printé { “\n Surface plumbing volume.......... (pal} wmamd *);
¢ "%E

xsurf_coef i

tvol_suré )

——— "y

/

s
void PUMP_data()

€
char  ¢;
int i

float rod, Inr_sz, stk_.

clirser (N

/% Input of Pumps data

lgth, effic

printf  "\n\n\n PUMP DATA \n\n\n"):
printé ( “\n Pump Type

printf ( *\n

L D J Duplex <{(double acting).
£ T ) Triplex (single acting).

"3
? mmm> ");

L24

¢ = toupper ¢ getche () )

printf ( “\n\n\n Liner size. .. ........... {in) wm=> ©);
scanf { "%#* . &lInr_sz )

printf { "\n Btroke length........... (in) m==d %),
scant  { "Xf" , &stk_lgth );

i

rad = O;

vel_stk = 98 03944S5;
if ¢ c == 'D’ ) (
printf ¢ "\n Rod diameter............ {in) mm=d v},
scant ( “Ue#", rod )i
vel_stk = 147 099147
to= 2
bd
printf { "\n Pump efficiency.. (0 < ef < 1) =mmmd )
scanf  { "Xf" . Leffic )
val_stk = ( i # Inr_szelnr_sz -~ roderod ) # stk_lgth / vol_stk » wétic

¥

4
void CIRCULATING pressures()

<
clrscr ()
printf ¢ "\n\n\n CIRCULATING PRESSURES \n\n\n");
printf ¢ “\n\n Note:");
printf ¢ "\n At Kill rate { through .nnulu: Y.\n");
printf ¢ "\n\n Reduced pressure. pEi) mmad P);
scanf ¢ "%f" , &rdc_pressure );
printf { “\n Kill rate................... (stk/min) m==d %),
scanf ¢ “Xd* , &kill ratc 3
flow = vol stk # kill_rate )
print? ¢ "\n Strokes to stad. the Kill rate.. {(stk) ==md> "),
scané ( "%d", stkstart );
print® ¢ "\n\n Note: ");
printf ( "\n For floating vessels. ")
printd ¢ "\n Enter ‘0’ for aothers. \n"):
printd ¢ "\n Choke line friction at Kill Rate (psi) ===> “);
scant ¢ “%f", &chk_#rction )
b4
7 /
void SAFETY _data()
<
clrscr <) .
printsd ¢ “\n\n\n BAFETY DATA \n\nin%);
prandd t *\n Caslng Burst Rating.............. tpsi) =ve)d V)
scanf ( “%F, csgburst )
prints ( “\n Burst safety factor............... CoL.. mmmD> M);
scanf { “Zf*, durstfct )i
print# ¢ “\n Casing top depth.................. (fPE) mmn) ");
scant ( “Xd",bratnmbr);
printf ( "\n\n Note: ");
printf ¢ "\n For floating vessels. ™);
printf ¢ “\n Enter ‘0’ foar others. \n");
prints ¢ “\n AfY Qap........... ... 0. 0., (ft) mmad "),
scanf ( "4f", airgap )
printf ( “\n Formation fracture pressure. w-med ")
scanf ( “%f°, fracture );
printf ( "\n At measured depth................ (Ft) wmmd V),
scané ( YA#%, fracture |
printf ( “\n BOP rating. =mmd ¥);
scanf ( "%€Y , LBOP_press )i
¥
I4 /
vaid DIRECTIONAL datal} /% Input directional *
/% data */
<
int FH
clrscr )
printf ( “\n\n\n DIRECTIONAL DATA \n\n\n " );
printf { “\n\n Note: “);
printf ( “\n The first station is the surface. ")
printé ( “\n The last ome is the bottaom hole. ™)
printf ¢ "\n Enter ‘0’ for verticall wells.
printf ¢ “\n\n\n Number of stations.................... - %)
scanf ( "%d" , Lstations );
i# ( stations == 0 ) {
mdepthl0]) = O ;
inclinatieonfQl) = O
inclination{l] = O
printf { “\n Total Vertical Depth .............. (#¢) mm=d )
scanf { *Xf", &mdepthC1] );
stations = 2,
b
eise {
for ( =m0 ; 3 < stations ; e+ ) <
printf ¢ “\n\n Measursd Depth [%d] LAAE) mmad Y, gel )
scand { “XP" , Umdepthl,d );
printf ¢ "\n Inclination CXdJ.............. (degrees) mmm> %, 41 );
scanf ( “X#" , &inclination{yl };
b4
>
do 1
printf ( “\n\n Do qnu wish to change .nq”h
printf ( "\n directional data C([Y/N} "
yes_no = getche ();
yes_nc = toupper ( yes_no )i
i ( yer_no == ‘Y’ )
grintf ¢ "\n\n\n Station number........................ mumd ")
i:.n’ { "4d® ., &g )i
pr!nti("\n\n Measured Depth [%d).................. (Ft) mmmd 7, g41);
scanf { “4&" , umdepthl gl )
printf ("\n Inclinatiom [%d)............... (degress) mswmmd *, y41);
scanf ¢ “4¢" , inclinatianlyl )i
>
} while ¢ yes_no == ‘v’ );
/ 4
voild MUD datar> /% Input of Pumps data s

<
int d
cleser ()
prints ( '\n\n\n MUD PROPERTIES DATA \n\n\n® )
prints ¢ "\n Mud welgth................... (lbs/gal) ===> *);
scand ¢ “%X#*, mud_wtlmuvdl )
printf ¢ “\n Rheology Data" );
printf ( “\n\n Nots: Readings #rom FANN VG METER 35 A");
printf ¢ "\n\n\n Number of experimstal data........ m—) ")
scanf ( "%d* ., &ndata >/

for ( =m0 1 5 < ndata ; ) £

print? ( "\n\n Speed [%d2. ... ... ... .. e (RFM) ===) *, j4+1

scant ( “%f" , &rpmijl )
printf ( "\n Deflection [%d)............... (degrees) mw=wd ", 541 );
scanf ( “%f" , &dialfyd )

SPE 20327
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do < stk_srfc = vol_suré/vol_sths
printé "\n\n\n Do you wish to change anyg"}; stk_¢ = stk_srfe;
printf “\n mud property LY/NY .2 “ ), for ( Qw0 ; i<ttl_strgs ; i+ ) €
yes_neo qetche () stk _sclils strg_lenli) # strg_indiamCil » strg_indiamlid » PY/
yes_no toupper { yes_no )i 77. / vol_stki
if ( yes _no == ‘'Y’ ) ( stk _c = stk_c + stk_sclids
printé ¢ "\n\n\n Data number.................. ... unn mand Y);
scand ( "4d" . &) ) b
I =i
printd < “\n\n Speed {%dd................ ... .0 (RPM) mmmd> %, y+1)) 7 7
scand  ( "%F* , rpmiyd ) float LOBS_bitimud, #low) /% losses et bit .7
printf ¢ “\n Deflection {Xd)............... (degrees) wmmd *, 4t ); /% calculation -/
scand  ( "X, kdiallyl )i int mud;
¥ float flows
> while ( yes_no ww ‘v’ ),
<
3 return (flow # flow # mud_wtimudl /7 10858 7/ nzl_areads
void KICK_datal) /% Input of kick date »/ b 4
<
clrser () / /
prints ¢ "\n\n\n KICK INFORMATION \n\n\n"); float LOSES_surfimud, flow’ /% losses at surface ¢it.#/
printf ( "\n Pit gadn. ... ... ... .. ... ... 0. (bhl) mmmd v); /% calculation */
scanf ( *Xé0, &pitgain ); int nud; .
prints ( *\n Shut~in drill pipe pressure SIDPP(psi) mmmd %); float #low;
scanf ( “%#", &SIDPP ),
printd { "\n Bhut—in casing pressure SICP. ... (psi) mmmd ), <
scant { “X¢#“, &SICP ) Teturn (sur? _coef # pow ( flow.1.B35543 } # 1. O2B%29E-5 »
3 mud_wtimudl);
/ / b
vaid NEW_mud_wt(! 7 - /
. float TOTAL loss(} /% total losses »/
< /% calcylation */
{loat nmuts <
nmwt = mud_wtCO] + SIDPP / vdepthistations—1] # 19.23; int i, §
clrecr{); -
printf ( “\n\n\n KILL mMUD WEIQTH BUGCEBTED" ) float total_lo s, prof. auxstr, auxwsll, Drop:
print® ( "\n ( No safety margin considered ) === %¢", nmwt); .
printt ( "\n\n\n\n\n\n\n\n\n Press any ey to continue wmad "); total _lasses = LOSS_bitimud. flow);
while ( tkbhi¢()) total _losses = total losses + LOSS_suré(mud. #low);
> far ¢ 1=0 5 § < ttl_strgs | i+s )
7 / total_losses = total losses + losslmudlfil & strg_lenCili
void VERTICAL _depth()} /% vertical depth L 74 J = hol ections - 1
/+ calculatian ./ prof = mdepth [ stations - § 1;
{ auxstr = strg_len € O 1;
int i auxwell = hole_len [ hole_sections - 1 )
for ( im0 ;5 § < tEl_strgs 5 44+ )
viepth(0) = mdepthlO); if { (prof - auxstr) > {(prof - auxwell) ) £
for €3 w1 4K stptiom § iee ) proé = peof - auxstr;
vdeptalid = vdepthTi=13 + { mdepthlld - wdeptnll-11 ) ¥ auxuell = auxwell — auxstrs
cos {{ inclinationlil + Inclinationli-13) 7/ 114 3591339); Drop = PRESSURE ¢ &¥low; &mud_wt{0l.," &kCO3, &nlOI,
> &h _diaml ], &strg_exdiamlid );
total_losses = total_los + auxstr # Drop;
4 avzstr = strg_len Li-12y
flost INTERPOL (md) /% linear interpolation &/
/# calculation L 74 ¥
float md; else o
< prof = prof -~ auxwell;
int¢ i: . | auxstr = auvxstr - aurwell;
Drop = PRESSURE ( &flow. &mud_wtl01, &kIOY. &nlO1,
if ¢ md <= mdepth[O] ) return vdepth[0l: &hole_diam{ gy, %strg_exdiamlil );
for { t =1 ; i < stations ; i4++ ) ( total _losses = total_losses + auxwell » Drap;
it ( md <= mdepthCid ) < J==
md = (md ~ mdepthli=11)/(mdepthiil-mdepthii-12)# auxwell = hole_len [y2:
(vdepthlil~vdepthCi~13) + vdepthli-1}s
return md; N >
b3 return total_losses;
return vdepthlstations~12;
/ 4
¥, ./ void CHDKE_strtup_schedule()
void LOSSES_stroke() /% losseas calculation fore/
/% each stroke */ 1
{ int i
int i=0, 4. stkmvud, sthsc; float qstart;
float base. length: vlength;
base = mdepth [ statians - 1 2 if ( chk_len == 0 (! chk_diaem == il stkstart = O ) return ;
Droplstrokes) = 0 . if { chk_fretion wm O ) Cf _chk = 1 ;
1¢ ¢ SICP < chk_frection ) Droplstrokesd = chk_frction — SICP; else <
Droplstrokes]l = Droplstrokes) + BIDPP + LOSS_bit(b_mud. flow) # C#
4 = b_mud; Cf_chk = chk_frction / chk_len /
it ( stk _mudly) =m 0 ) 4+ PRESSURE ( &flow: &mud _wt[O03, %k[O0J, &n[0J, &chk_diam. &zero )i
sthkmud = stk_mud(32;
sthsc = stk_sclili 3
do £ cs¢ t 0 = §ICP;
if ¢ stkmud > stkec ) < #or (4 = 1 1 Cm stketart ;i i+ ) L
length = strg_lenlil#(floatistksc/¢Float)stk_sclil; qstart = flow # (float)i / (Ploat)stkstart:
viength = INTERPIK.(base) ~ INTERPOL(base—length); €80 L1 =5ICP~chk_len#Cf _chk#PRESSURE ( kqstart, &mud_wt[03. &k[OJ,
DropCstrokesl=Dropletrokesd + &nl03, &kchk_giam: &rero )i
loss[JI[i3 # length  C¢ - if { CSGLi) < © ) CBSGL13I = O ;
(mud _wtl jI~mud_wtlOl) # viength / 15.25;
base = bass - length: chk_#frctionwPRESSURE ( &flow., &mud_wt{0], &k[O3, &nlOJ, kchk_diam, %zero »
stkmud = stkmud - stksc . . # Cf_chk # chik_len ;
i+ b
sthsc = stk_sclids
¥
else < .
length = strg_lenlil#(floatistkmud/(float)stk_sclil; /" /
viength = INTERPOL (base) INTERPOL.Cba angth}: void LDSS_seci{flow} /# losses per section -/
DropCstrokesI=Droplstrokesl + /% calculation L2
lossCJIL1) & length # C¢ - float flow:
(mud_wtl3l=-mud_wtl[O03) # viength / 19.23;
base = base - length; <
stkse = sthsc - stkmud; . . int i
if ¢ !sthsc ) < . .
144 for { 1=0 3 1 < ttl_strgs 5 i++ )
stksc = stk_sclil; .
b losslmud3li] = PRESSURE ( &flow. &mud _wtlmudl, &kfmudl, &nimudd,
J+e &strg_indiamlil, Lzervo );
stkmud = stk_mudl i . .
¥
¥ while (1 € ttl_strgs ) E b
’
L atk.madth mudrn.mud-11<sth.srfe) voia C¥_caleld
broptstroresd = DroplscroxesItl{flosddsix_mud Imudl/(float)sik_srfcs
LOSS_surf(aud, flow)+ <
((float)stk_sréc—(float)stk_mudimudl) / i¥ ( !rdec_pressure ) {
(float)stk_sréfce LOBS_surfimud~1. flow)) » C¢ , Cf = 15
b4
else . . else <
Orop{strokesl = DropCstrokesl + LOSE_suréi{mud, flow) # C¢ ; Cf = vrdc_pressure / TOTAL_ loss(};
3
strokes =0 i
> Droplestrokes? = BIDPP
/ - - /. strokes++ i
void STROKES_sec() /# strokes / section ./ b_mud - 3
. . /# calculation . -/ sth_mud {b_mudl = stk_c—1;
< ) n_mud = i
int i B stkmx Cb_mud] = gtk _c
stk_mud £ 1 2 - 3
float PI = 3. 141592634; stkmx 11 = stk _c
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GENERAL COHPUTEﬁ‘“’D WELL CONTROL KILL SBEET FOR Dk. .LING OPERATIONS SPE 20327
WITH GRAPHICAL DISPLAY CAPABILITIES

bd > -
/ b4
void Init_new_mud () / /
veid PLEASE MWAIT()
<
<
aud+es cirscrt)
MUD_datal): printé ¢ "An\ninin\ninininininin PLEASE WAIT "}
POWER_LAW { &ndata, Srpm, &dial, &klmudl, %nCmud) > >
LOSB, c{flow) 7 /
stks = 3 void POWER_LAW( ndats. rpm, diasl, & n )
b int *ndatai
/
’
void PUMP_start() £loat #rpm, #dial, #k. en
<
int i=0, J, stkmud, stkscs <
float 10ssfRIL101, qstart, chk_frction. base. length. viength, int i
base = mdepth C stations - 1 1 . float 81 = 0, sy = 0, sxy = O, sxx = O
qutart = flow # (float) strok / (float)sntkstart for ( § =m0 ; 4§ < endata / 4+ ) <(
chi_¢rction = PRESSURE ( kgstart, &mud_wtlO). &k[O0), 4niO). &chk_diam, rpm [i) = log ( 1.703 « rpalid )
&zevre ) # C¢ cnk * chk_len . dialli) = log ¢ 3. 1403 » dialCil )i
for ¢ g =01 g < ttl_strgs ;i e ) < s = gx + vpm (1)s
losslOIL 4 = PRESSURE ( kqstart, tmud_wtfOl. %k(0), &ntol, L) = oy <+ diallids
sstrg_indiamlyl, &zero ) sxy = sxy + vpm (i) » dialfilds
loss{11C 4] = PRESSURE ( &qstart, Smud _wtl1l, k(1. “nt1ld, sxx = gxx + vpm (L) « rpa {idy
sstrg_indiamCyl, Szera ) >
b3 #n = ( sxy = sy # sx /7 #ndata ) / ( sxx - ax # sx / #ndata )
Droptatrokes) = O ; #k = @xg ( ( sy ~ #n & $x ) / wndata ) * 100
it ( BICP < chk_¢#rction ) propCstrokes] = chk_frction - SICP; b
Droplstrokes] = "SIDPP + LOSS _bit{b_mud, qstars) # ¥ / /
3 = b_auvds float PRESSURE ¢ flow, mud _wt, k. n. OD:, ID )
1€ ( 1tl_nuﬂt,‘: == Q) e
stkmud = stk_mudlgd; float #flow. #mud_wt. #k, #n, #0D, &ID:
stkec = stk _sclids <
da < ¢tloat Reynolds, vel, NRec = 2000 ;
if ( stumud > stksc ) < Reynolds = #mud_wt / #k;
length = strg_lenfidecfloat)stisc/(flaat)ssk _sclid: vel = aflow / 2. 440;
viength = INTERPOL.(base) ~ INTERPOL{base-length): if ¢ #10 ) <«
Droplstrokesl=Droplstrokes) + vel = vel 7/ { s0D & #0D -~ #ID & «ID );
loss[yICil & length # Cf - Reynolds » 109000 # Reynolds # pow ( vel, 2 = &n );
(mud _wtl )-mud_wtl02) & viength / 19.29; Reynolds =Reynclds # pow ( .0208 # ( 40D ~ #ID)/(2+1/ #n), #n);
base - ba - lengthi 3
sthkmud = stkmud - stkeci slse <
FL gt vel = vel / #0D / #0D
sthac = stk_sclids Reynolds = 89100 # Reynolds # pow ( vel., 2 ~ #n )
> Reynolds = Reynolde # pow { 0814 & 80D / ( 3+ 1 / #n ), en )y
L] <
e length = strg_Lenlide(f1oat) stknudA¢1 atdIsex_scLil; if ( wn O= 2 &k #n € .45 )  NRec = 3950 - 86800 ¢ on;
viength = INTERPOL (base) ~ INTERPOL(b ~length); it ( on < .2 NRec = 4200 B
Droplstrokes)=Draplistrakes] + it ¢ Reynolds < NRec ) <«
loss{y3Ci] # length # Cf - vel = @k & pow ( vel, on ) / 144000;
(-u‘ wtl jl~mud_wt{01) & viength 7/ 19.25% t¢ ( #ID )
- thi return vel ® pow! (2+1/ ®n)/.0208:; #n)/pow! a0D~ #ID., 1+ en)
sthec - ltl-ult el
R thse ) < return vel # pow( (3+1/ #n)/. 0416, #n)/pow( 0D . 1 + #nd:
* >
stkec = atk_sclid: else <
b4 vel = FRICTION ( &Reynclds, &#n ) & »aud_wt * vel # vel;
edd it { #ID )
s sthaud = stk_mudl 2 return vel / 21.1 / ( #0D - ID )
else
> while ¢ i < ttl_strgs ) return vel / 25 8 / «0D ;
. b4
i? ¢ stk_mudCb_muden_mud—13<stk_sréc) < b
D‘ronntrnhu = DropCstrokesI+((flcat)stk_mudlmudl/
(Float)stk_srece LOSS_surfimud,qetart)+ / /
((none)ltk_n-!c-(ﬂnat)gtl.ﬂu“u\ud]) / #loat FRICTIDN ( Reynolds:. n )
(Floatlstk_srécalOSS_surfimud-1.qstart))is Cé&
} #loat #Reynalds, #n;
else
Droplstrokes) = DropCstrotes] + LOSS_surfimud. qstart) & C¢ €
> int i=13
74 #loat ¢ = 001, swap, ¢inal ;
void DROP_string()
de €
swap = 4 / pow { ®n, .73 )
int 1; swap = swap # loglD ( #Reynolds # pow ¢ & 1 ~ #n/2 } )
sSwap = swap - .39%5 / pow ( #n, 1.2 )
do £ B final = § / swap / swap
if ( fabs¢ final ~ ¢ ) <=, 00001 )
1# ¢ strokes < stkstart ) i=0;
PUMP_start(): else
else ¢ = final;
LOSSES stroke(); ¥ while ()
strokes++; return final
sthat+; 3
stk_mud [ b_mud J--;
if (st mud [ b _mud 3 <0 ¢ re 7
b_mud++;
stk _mud {d_mudl-—; ,
s n_mud-—; . ;. o
1€ (sthk_mudld_mud+n_mud—1Jlesgtkmx(b _mud+n_mud-11) ;: Program module: Well Control Sheet :;
n_mud+d;
2Ek_mud Lb_mudsn_mud=1144s ;: Used to output graphic informstion from the main program. :;
Y while ¢ stks <= stk ool ); 7e By: Fabio de Andrade Netto - DEP - UNICAMP .
'eroto-—;l 7% */
sths = * stk_c) .
For ( iml s i Cm stks 5 4+ ) 7 Dete: 03/21/19%0 b
Droplstrokes + {1 = Droplstrokes]s 7 /
3 ; Winclude cconio, L
- nclude <graphics.
veid RE_prepari) #include <alloc. h>
¢ Mne:ud <math. h>
#include <stdarg. hd>
int i elfa Winclude <stdio. h>
#include <stdlib. h>
printf { “\n\n\n Beginning at stroke number ? wmad ®);
scant ( *%d", Walfs )i #include <string. hD>
:::::‘;_mmon aud=11 = alfa ~ strokes + stk_c - 1 4 #define ESC Oxtib /% Define the escape key -/
sthamud L6 mud ? nomud - 1 3 = stkmeCh.pud+n.mud-11; ::::i:: g 3:3: /¢ Define the function keys o
strokes = alfa
aire Tt L etk - stimaCh_mvatn_mue-13 - 1 Sdefine F3 0x3d
n_eud =nmud *+ 1 Wdefine F4 0x3e¢
sthar € b_l;l + neud - 1 1= gtk c i Wdefine UP Ox48 /% Define navigation keys -/
sth_oud [ b_aud ¢+ n_aud - ¢ 3 =1 #define DOWN 0x30
gor € 4 = 3 51 dee d L #define POUP Ox49
#define PCON 0x31
i¢ ¢ sthmx C b_mud + n_mud « £ 1 D= alfa ) < #define TRUE 3 /# Dafine some handy constants &/
bmud » b_mud - 1 7 wdefine FALSE © /% Define some handy constants #/
n:qu - n:lwd + 1 #define PRECISION S /% Define some handy canstants #/
stk _mud £ b_mud 1 = alta ;
break; int GraphDriver: /# Oraphics device driver L 74
b int Graghtode; /% Graphics mode value »/
else < int MaxColors: /% The ximum # of colors available »/
b_mud = b _mud -~ 1 int ErrorCode; /# Reports any graphics erraors L 14
n_mud = n_mud + 1 int MaxSizeX, MaxSizeY: /% @ of pizels to draw the picture “/
stk mud L b mud + n_mud - i 3 = stkmx [ b_mud + n_mud - i 1; div_t Ras /» Struct for int divisions L 74
alfa = alfa - stkmx L b mud + n_mud - i 3 char key! /% Holds a key code «f
float MinX, MaxX, MinY, MaxY: /# The limits of the sheet */
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float Steps /% Table division ./ setcolor(WHITE?) /% Bet current color to white -/
void “dutter: /¢ Image pointer L ¥4 tyle(BOLID_LINE, O, NORM_WIDTH);
int First_Times /¢ Define some handy variables ./ ttings(hview):
" Control, Escape; /# Define some handy variables »/ rectanglel. O, visw. right=view left. view bottom-view. top);
float MinXHist, MaxXCSQ: ?
extern float Droplds
ertern fleoat C8GCL) ’ ’
extern int stk_ci Iad DRAWAXIS: Used to draw XY graphics whers parametsrs are ./
i sent to the program by the user. ./
/ Y /
lAd Funttion prototypes -/
4 4 void DrawAzis(float XLeft. float XRight. float YBottom: float YTop
int Arrows. int Lines, char #Xarisname; char eVarisname
char sHeader)
void Sraph(flost MaxBtrokes, fioat MinDefasult. flost MaxCasing)
void Initialize(veoid); <
void MainWindow(char sheader): int dordisp, verdisp
void MenuLine({char #asg); int width, numtickshor., numticksver. ., i
void DrawBorder(void)) tnt tickspace = 40
void DrawAzis{float XLeft, float XRight. float YBottom: +lcat YTop. char numprintCiol)
int Arroes, 1nt Lines; cher aXarisname; cher SYaxisneme: froat tncrher; tncrvar, horvegw v"re’u]
char »Header struct viewportype views
vaid Function(float XLeft, Oloat XRight. +loat YBottom. float YTop., int CPS):
void Base_ficreen(void); getviswsettings(kview):
t MinXVect)s hovrdisp view. right=visw left; /# Bize in pizels to draw the axis @/
verdisp w view. battom—view. top:
'(OIuac MinXvect, float MaxXVect. char #YS8ig¢s. int CPS); horrequ = XRight ~ XLe#t: /» Real size of the axis #/
Flul Conkrallvold); verrequ = YTop = YBottom:
veoid CPB(void)) 1ine(310: verdisp-10. hordisp-30, verdisp~10);
#loat Search_fax Drop(éloat MinXvVect, ¢float MaxXVect): 1inet10. 10, 10, verdisp-10)
float Seavch_Min _Drop(float MinXVect. #loat MaxXVect) if (Arrows) -
float Hearch _Max_CBC(void)s line(hordisp=~15. verdisp-10, hordisp—-15: verdisp-7);
float Search_Min_CSG(void); linethordisp—15, verdisp~7. hordisp-10. verdisp~10);
1ine(10. 10. 7. 13)
. N line(7, 1% 10, 13);
/e ORAPH: Function called by the main program. L sotusercharsize(1,1,1.1);
’ 4 settextstyle (SMALL_FONT, HORIZ DIR. USER_CHAR_BIZE))
sattext justify(LEFT_TEXT, BOTTOM_TEXT):
void Graph(float MaxStrokes, float MinDefavlt, float MaxCasing) width = textwidth(Xaxisname):
setcolor (LIGHTRED);
< outtextxyihardisp~width~3, verdisp=12, Xaxisname);
Inttialize(): /% Bet system inte Qraphics mode -/ outtextxy(1d, 10, Yarisname);
F Yime = TRUE) color {YELLOW)
Step = 10; ttext ustity (CENTER_TEXT, BQTTOM_TEXT):
Mink = O/ setusercharseize(3.2.2.2);
Miny = 0 settextstyle(SMALL _FONT, HORIZ_DIR, USER_CHAR_SIZE):
MarX = MaxStrokes: outtextzylhordisp/2, 15, Header);
Max¥ = (Gearch_Max_Drop(MinX, ManXd)i setcolor{WHITE);
MinXHist = MinDefavlt: o divithordisp—40), tickspacel); numtickshar = Res.quot
MazXC8G = MaxCasing, = diviiverdisp-40), tickspace); numticksver = R quot
Flur_Controlt): mxau-x = numtickshoretickspaces
closegrapht) MaxSizeY = numticksverstickspaces
2 1if (Lines) ¢
setcolor (RED))
/ 4 setlinestyle(DOTTED_LINE. 1.0);
Ie INITIALIZE: Initializes the graphics system anéd reports ./ ¥
’e any errors which occured. 7 for(inl; iCmnumtickshor; i++) {
k4 4 line(intickspace+10, verdisp-11, iwtickspace+10, verdisp-9);
if (Lines)
void Initislizelvold) linelietickspace+10, verdisp~il, iwtickspecer1O: verdisp-MaxSizeY-10);
>
< tor(iwls iCmnumticksver: {+e) ¢
if (registerbgidriveriCOA driver) < 0) exit(i); 1ine(9, verdisp-is#tickspace-10, 131, verdisp-istickspace~10);
if (registerdgidriver(EQAVOA_driver) < 0) exit{l) if CLines) <
it (registerbpidriver(Herc driver) < 0) exitil); line(il, verdisp—istickspace~10, MaxBizeX+10. verdisp-istickepace~10);
i¢ (registerdbgifontismall_tont) < O) exiti(l};
GraphDriver = DETECT: /4 Reguest avto-detectian L Y4 Y
initgre %OvaphDriver, WOraphMode: ““); setcolor (LIGHTOREEN):
Errordo graphresult(y /¢ Resd result of initializatione/ setlinestyle(SOLID_LINE. 1, 1);
it(ErrorCode != grOk){ /7% Eevor occured during init -/ incrhor = (double) horrequ/numtickshor
printe(” Graphics System Errvor: Xs\n", grapherrormeg( Errorlode ) ) inerver & (double) verrsqu/numticksver,
oxitil); setsextstyle(SMALL FONT, HORIZ_DIR, USER_CHAR_SIZE);
> tyustify (LEFT_TEXT, BOTTOM_TEXT):
Mai1Colors = getmaxcolor() « 1; /¢ Read manimum number of colores/ setusercharsize(1B, 19. 4. 7))
? width = textwideh(*H");
tor( im0 iCmnumtickshor; i++) &
/ 4 gevt(XLetteincrhorni, PRECIBION: numprint)s
A MAINWINDOW: Estsdblish the main window for the ovtput and set L 74 outtestxylietickspace+10, verdisp-2. nueprint);
74 & viswport. -/
4 ’ teextstyle(BMALL_FONT, VERT_DIR, UBER_CHAR_SI1ZE}:
ttext ustity (CENTER_TEXT, BOTTOM_TEXT):
void MainWindow{char eheader) width = tertwidi¥hi(“H");
foriindi iConumticksver; i++) (
< geve(YBottamstncrversai, PRECISION, numprint):
int height: outtentny(d, verdipp-istichspace=10, numprint);
setcosoriwtie)} /» Get curtent colar to whike &/ >
tertstyln (DEFAULT_FONT. HORIZ_DIR, 1) >
xtjustify( CENTER_TEXT, TOP_TYEXT):
’ht ® gexsheight{“H™ ) /# Get basic text height -/ Y’ ’
ors(0, O, getasxi(), heightes, 1) /" FUNCTION: Ussd to draw XY functions where parsmeters are LY
/8 Clear graphics screen ./ " sent to the program by the vser, ./
DrawBorder(); / ’
ovttextxylgetmaxz(1/2: 3. header);
"tvu-nvﬂo- height+d, getmaxx(), getmaxy()-C(height+4), 1)) void Fuhction({flost Xi.eft, float XRight. float YBottom, floet YTop,
DrawBorder() int cP8)
setvie vt(l. height+3, getmaxx()=1, gatmary(l~(height+3), 1);
clearviswport(): <
? int verdisp, hordisp., 4
#loat incrhaor., incrver: horrequ: Verrequi
’ ’ ¢#loat x, y/
¢ MENVL.INE: Display & menu line at the bottom of the screen. LU
7 . / struct viswporttype view:
void MenulLine(char smsg) getviewsettings(dview)
verdisp ® view. bottom~view. top;
< horrequ = XRight -~ XLeft: /# Real size of the function «/
int heights varrequ = YTop - YBottom:
setcolor {GREEN))
setcolor (WHITE); /# 8st current color to white #/ setviewport(view. left, view. top, view right—10. view. bottom=10. 1)
settextstyle(DEFAULY_FONT., HORIZ_DIR, 1) setlinestyle(SOLID_LINE, 1. 1))
settertjustify (CENTER_TEXT, TOP_TEXT)) incrhor = (double) MaxSizeX/horrequ
setlinestyle(SOLID_LINE, O, NORM_WIDTH}; incrver = ouble) MazGizeY/verrequi
2etPil1style(EMPTY_FILL, 0); forlimfloor(XLeft); i<=flaor(XRight); ie+) &
height = teatheight(™n"); /% Detemine current height ./ - i=(doublie) incrhor#{i-XLeft)+10.
setviewport(O, getmany(l-={height+4), getmazx(), getmaxy(), 1)} 18 (CPS) ¢mCBOLLY;
DrawBorder{ ) else y=Droptily
outtextxylgetmaxx()/72. 3 msp); yeverdisp={y-YBottom)#incrver=10
setviewport(l, height+S, getmaxx{)-i, getmaxyll-thaight+d), 1); feiimmsloor(Xilaft)) <
b4 putpixel{floorix), flooriy), 24
moveto(floorix), ¢looriyl);
/
b4
/e DRAWBORDER: Draw a solid single line around the current -/ elss lineto(floor(x}, flooriyd)
’” viswport. ./ »
’ / b3
void Drawdorder(void) 7 4
- FLUX_CONTROL: Control the user choices. »/

struct viewporttype view:
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WITH GRAPHICAL DISPLAY CAPAILITIES

void Flux_Control(void?

€
Escape = FALSE;
if (First_Time) Ba Screen();
MenuLine{“Fi—~Main F2-Last Mud F3-Zoom F4-Casing ESC-Exit"),
while(!Escape) {
switch(key) <
< F1 . Base_Screen(); break;
Hist(MinXHist); break:
Zoom(); break:
case ¥4 CPE(); breaks
case €5C : Escape = TRUE; break;
defavlt key = Oi break;
>
}
3
/
il TABLE: Constructs an information table containing dats »/
. about the graphic, : »/

void Table(float MinXVect., float MaxXVect. char #¥YSide, int CPS)

<
int i, sup_lim
float XInfi
char numprintC101:

setcolor C(LIGHTCYAN),

setviswportigetmaxx()=110, 15, getmaxx{)-1, 14% 0);

sttextstyle(SMALL_FONT, HORIZ DIR, 4):

toxtjustify(LEFT_TEXT, EDTTDH TEXT);

€ rviewport():

rectengle(O, O, 106, 110

line(33, 0O, 53. 110N

for(i=0; i<m10i i++) line(O, i#10, 106, i#10);

outtextry(12, & “#Strk");

outtextxy (70, 8, YSide);

euttextxy (40, 120, "KEYS: “);

outtextxy (O, 130, "Scroli: UP & DOWN®}):

guttextxy (0, 140, “Step: PgUP & PgDN");

if (First_Time) {
buffer = malloc(imagesize(0. O, 106, 110));
getimage(O0, 0, 106, 110, buffar);
First_Time = FALSE: .

>
XIni = MinXVect;
Cantrol = FALSE;
geve(XIni, PRECISION. numprint);
outtextiy(4, 18, numprint);
if (CPS) geve(CBGIXIni), PRECISION., numprint):
slse gevt(DroplXInil, PRECISION, numprint);
cuttextxy(S7,. 1B, numprint);
do €
key = getch();
switch(key) <
case UP : XIni += Step; break:
XIni == Step; break;
Btap #= 10.; break;
Step /= 10.1 breaks

b
if({keymuF]1) '(Ilnu--le PilkeymaF3) i (kay=nFa) ) | {key==ESC)) Conerol-TRUE,
else if((keymmUP):!(keym=DOWN) !l (key=sPGUP) ! (keym=PQDN)) <
if (Stepll) Sup-l: .
if (XIni<MinXVect) XIni = MinXVect:
sup_lim = 1;
while (((XIni+sup_limsStep)<=MaxXVectIa&h{sup_1im<101) sup _lim+s
putimage(O. 0. bufter, COPY_PUTH
foriim0; idsup_lim; i++) {
i? (XIni<=MaxXVect?{ B N
gevE(XIni+Stepsi, PRECISION, numprint),
outtextxy(4, 18+10#%i, numprint)s
i# (CPS) gcvt(CECCXIni+floor{Step#il)l, PRECISION. numprint);
else geveiDroplXIni+floor(Step#idl, PRECISION. numprint);
outtextxy (37, 1B+10#i, numpring);

else {
gevt(XIni, PRECISION, numprint):
outtextxy(4, 1B. numprint);
auttextxy (87, 1B, "?????")
3
b4

bd
} while{!Caontrol):

4 /
’» BASE_SCREEN: Perform the graphic output of the program. -/
/

void Base_Screen(void)

<
int i;
float MaxYBase;
char numprintC10l;

struct viewporttype view

#MainWindow("Well Control Sheet - DEP UNICAMP — MAIN BCREEN"):
getviewssttings{&view):
setviewport(view left, view top, getmaxx()—100, view bottom. 0);
MaxYBase = 1. 145 ch_Max_DropiMinX, MaxX): )
DrawAxis{(MinX, MaxX, MinY., MaxYBase, 1, 1., “#Strk".
“Drill Pipe Pressure Schedule“);

Function(MinX, MaxX. MinY, MaxYBase, 0);
setcolar(getmaxcolor()))
setusercharsire(l,1.1.1);
settextetyle(SMALL_FONT, HORIZ_DIR. USER_CHAR _SIZE):
geveistk_c. PRECISION, numprint),
outtextxy(MaxSizeX/2-%5, 28, “Strokes to bit:*);
outtextryi{MaxSizeX/2+35, 2B, numprint):
if (First Time)

, Menuline("F1-Main F2-Last Mud F3-Zoom Fa-Casing
Table(MinX. MaxX. “DPP"., 0);

3

“DPP (psid".’

ESC-Exit™);

/
A MUD HISTORY: Shows the last mud informatian. . */
4 4

void Hist{float MinXVect)
<
int i;
#icat MaxYHist, MinYHist. Delta:

. float Search_Max_CSG(void)

struct viewporttype views

MainWindow("Well Control Sheet — DEP UNICAMP — LAST MUD");

getviewsettings{bview):

setviewportivieuw. left, view top, getmaxx()>-100. view bottom: O0);

MaxYHist = Search_Max_Drop(MinXVect., MaxX}i

MinYHist = Search_Min_Drop(MinXVect. MaxX):

Delta = (MaxYHist-MinYHist>/10i

MaxYHist += Delta;

MinYHist —= Delta; : :

DrawAxis{MinXVect. MaxX, MinYHist. /#Droplfloor(MinYHist)1#/ MaxYHist,
1. t, "#S¢trk", “DPP {(psi)"”, "Drill Pipe Pressure Schedule"};

Function{MinXVect. MaxX, MinYHist. MaxYHist, 0}

Table{MinXVect. MaxX, “DPP“, O

b4
/ - 73
74 Z0OM: Gets a portion of the scraen and enlarge it. B ¥
14 /
vold Zoom (wvoid)
int 1
tloat MinXZoom, MaxXZoom, MinYZoom, MaxYZoom, Delta, Temp;
struct viswporttype view:
Testorecrimode(};
clrserd(); ,
printf("Please enter the Golmﬂng data: \n\nlnnul Stroke #:. %),
scanf ("XF", &MinXZoom):
printf("\n\nFinal Stroke #: ")
scanf(“4f", WMaxXZoom):
if (MinX2oom > MaxXZoom) {
Temp = MinXZoom:
MinXZoom = MaxXZoom;
MarXZoom = Temp:
> .
{#{MinXZoom<CMinX) MinXZoom = MinX)
"i®(MaxXZoom>DMaxX) MaxXZoom = MaxX:
MinYZoom = Search_Min_Drop(MinXZoom: MaxXZoem)i
MaxYZoem = Gearch_Max_Drop(MinXZoom. MaxXZoom):
Delta = (Max¥Zoom-MinYZoom}/10:
MaxY2com += Delta;
HinYZocom -= Delta;
setgraphmode(GraphMode):
HMainWindow("Well Control Shaet - DEP UNICAMP - ZOOM"); |
getvisusettings(Wview); .
setviswport(view left, view top, getmaxx()-100, view bottom. 0);
DrawAxis(MinXZoom: MaxXZoom MinYZoom: MaxYZeom. 1. 1. “#Strk",
“DPP (psi}”, “Drill Pipe Pr ure Schedule™);
Function(MinXZoom, MaxXZoom, MinYZoom, MaxYZoom. O0);
MenuLine{“Fi1-Main F2-Last Mud F3-2oom F4-Casing ESC-Exit"),
Table({MinXZcoom: MaxXZoom: “DPP“, 03;
/ /.
lad CPS: Shows ths casing pressure schedule. ./
/

void CPSvoid)

€
int 4 .
float MinYCPS, MaxYCPS, Delta; o

struct viewporttype views

MainWindow{"Well Control Sheet - DEP UNICAMP - START UP");
gatviawsettings(bkview); setviewport(view. left, view top,
getmaxx(>=100, view bottom, O);

MinYCPS = Search _Min _CS5G{();

MaxYCPS = Search _Max_CSG():

Delta = (MaxYCPS-MinYCPS)/10;

MaxYCPS += Delta:

MinYCPS —= Delta:

DrawAxis (O, MaxXC8C, MinYCPS. MaxYCPS. 1., 1., "#Birk",
“Casing Pressure Schedule*):

Function(D, MaxXCBC. MinYCPS. MaxYCPS, 1) .

Table(O, MaxXCSG, “CS6“, 1)

“C8C (psidn,

>
I4 4
~ SEARCH_MAX_DROP: Searches the largest drop value. ./
7
/ S
#1nat Ssarch Max Drog(#lnat MinXVact, #loat MarXVect)
<
int
flost MaxYVect;
MaxYVect = O;
tor({imfloor{MinXVectl; iCwfloor(MaxXVect): i++)
if (Droplil > Max¥YVect) MarYVect = Droplils
Teturn(MaxYVect);
I BEARCH_MIN_DRCOP: Searches the smallest drop value: ’ »/
/
’ /
#loat Bearch_Min_Drop(float MinXVect. float MaxXVect)
<
int §;
#loat MinYVect:
MinYVect = Droplfloor(MinXVect)Ds
for(imfloor(MinXVect); i<=floor(MaxXVect): i++)
it (Droplfi) < MinYVect) MinYVect = Droplil:
if(MinYVect<0) returniMinYVect):
#lse TeturniMinYVect);
bl
/ - 7/
rid SEARCH_MAX_CSG: Searches the largest CSG value. */

<
int 4
float MaxYVect:

MaxYVect = O;
for(im0; iC=flooT(MaxXCSC); 1++) if (CSQLi) > MaxYVect) MaxYVect = CSQL1il;

returniMazYVect}:
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}
Zu SEARCH_MIN_CS6: Searches the smallest CSG value. -2

float Search_Min _(S@(void)

<
int i
#loat MinYVect:

MinYVect = CSOLO:
fortimO) i<=floor(MaxXCSGlI; i++) if (CSQLi3 < MinYVect) MinYVect = CBRLIYs

if{MinYVect<O) returni{MinYvVect):
2lse Teturn(MinYVect):
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TABLE 1

PRE-KICK INFORMATION

ITEN

DESCRIPTION

UNITS

HOLE SECTIONS
« LENGTH
. DIAMETER

DRILLSTRING SECTIONS
. LENGTH

. OD

. ID

BIT DATA
- NOZZLE SIZES

SURFACE PLUMBING
. MENU SELECTION (SCREEN)

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

CIRCULATING PRESSURES

. AT KILL RATE (THROUGH ANNULUS)
«« REDUCED PRESSURE

++ KILL RATE

CHOKE LINE FRICTION AT KILL RATE
{for floating vessels)

SAFETY DATA

- CASING BURST RATING

- CASING HOLE SECTION NUMBER
(item 1)

AIR GAP

(for fleoating vessels)
FORMATION FRACTURE PRESSURE
. FORMATION DEPTH

. BOP RATING

DIRECTIONAL DATA
- MEASURED DEPTH
« INCLINATION

ft
in

ft
in
in

1/32 in

psi
spm

psi

psi
d-less

psi
£t
psi

fe
Deg.

MuUD PROPERTIES
oLD NEW NEW NEW
MUD MUD MUD MUD
1 2 3
MUD
WEIGHT 8.6 9.5 10.5 11.4
{1b/Gal)
FANN VISCOMETER DATA
SPEED DIAL READINGS
{RPM) { Deg. )
oLD NEW NEW NEW
MUD MUD MUD MUD
1 2 3
3 1,0 1.0 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 53,0
600 56,0 67,0 81,0 88,0

KICK INFORMATION DIRECTIONAL DATA
MEASURED | INCLINATION
ITEM DESCRIPTION URITS
DEPTH (Deg)
(£t)
1 ~ MUD PROPERTIES
o 0
. MUD WEIGHT 1b/GAL 4200 [}
. PANN READINGS 4400 4
SPEED RPM 4600 8
. 4800 12
.. DEFLECTION Deg. 5000 16
2 - PIT GAIN bbl 5200 20
5400 24
3 - SHUT IN PRESSURES
5600 28
. CASING (SICP) psi 5800 32
. DRILLPIPE (SIDPP) psi 6000 36
6200 40
6400 44
6600 48
6800 52
7000 56
7200 60
TABLE 3 7400 64
7600 68
NEW MUD PROPERTIES
7800 72
ITEM DESCRIPTION UNITS 8000 76
8200 78
1 ~ MUD WEIGHT 15/GAL
8400 82
- FANN READINGS 8600 86
.. SPBED RPM 8800 90
10000 90
.. DEFLECTION Deg.
PP
tpsil
ORILLER'S METHOO
WAIT AND WEIGHT METHOD
% STROKES

FIG.01: DRILLPIPE PRESSURE SCHEDULES FOR VERTICAL WELLS IN

SURFACE EQUIPMENT

COMMON USE.
FRICTION
PRESSURE
L0SS
DRILL
COLLARS _; PRLLPIE, PIPE
GPEN HOLE | OPEN RISER
HOLE
R
KLk
LINE
T it
o
## STROKES
ORILL PIPE
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F16. 02 FRICTION PRESSURE LOSSES CONSIDED IN THE

RIGOROUS METHOD



PRESSURE
Papls
HIDROSTATIC PRESSURE
£KiLL MUD)
HIDROSTATIC PRESSURE
{OL.D MUD)
{aPy)i
air
NEW MUD
PRESSURE LOSS |
CORRECTED BY C¢,

##STROKES

45"?0&!

F16. 03: THE DIFFERENT COMPONENTS CONSIOERED IN THE
. CALCULATIONS OF THE DRILL PIPE PRESSURE SCHEDULE

=
’
KILL LINE w)
vaue ‘%e 5 S8 ft
2 § 1560 M
3 i~
A o0
RRIRFFZTTT I8
© o olO
008
4 h
FRACTURE

FlG.o4: PRESSURE MEASUREMENT LIMITATIONS FOR WELL
CONTROL OPERATIONS IN DEEP WATERS.

DRILLSTRING 19
SECTION 158
(DRILL PIPE) zlaS
oiwg
512
252
DRILL STRING HEH
SECTION -I.
. (HEAVY WEIGHT) e mmE————-
i ; ENLARGED
DRILL STRING MEASURED DEPTH
SECTION HOLE SECTION
[DRILL COLLARS) o GAGED
i MEASURED DEPTH HOLE
D BURST PRESSURE RATING AT HOLE SECTION 1
F16.05: PRE~KICK INFORMATION DIAGRAM FOR LAND RIGS
; -
] e T
S e HOLE SFCTION i
. RISER Iz
DRILL STRING N
: 1
s:cg)lon == " g asumen oseH o W'E
t o«
W v MOLE SECTION CASING E:§
(DRILL PIPE) MEASURED OEPTH: : - 212
£
zs
HOLE SECTION LINER sy
3 g2
MEASURED DEPTH B
DRILL STRING SECTION (2) R &
Rk N B P HOLE SECTION o~ — ... HOLE —
ENLARGED
MEASURED DEPTH
ORILL STRING SECTION ® HOLE SECTION GAGED
{DRILL COLLARS) ® HOLE
L] MEASURED DEPTH i
[ BURST PRESSURE RATING AT HOLE SECTION 2

F16.06: PRE - KICK INFORMATION DIAGRAM FOR FLOATING VESSELS
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Well Control Sheet - DEP INICHP - 2004

Drill Ppe Presure Schedule

Fi-fain F2-Last Ml Fi-Toon FA-Casing ESC-Ewit

W (i

--L3

_Kall Control Sheat - DEP INICAHP - MALH SCREEN

s obit 17

[rill Pipe Pressire Schedule
l

(P )

= W~ )

Fickan F-Cst B Fi-oon Fhlasing BBt

FIG.10: 200M ON 80 TO 1200 STROKES FOR THE PIRST

FIG.09: DRILLPIPE PRESSURE SCHEDULE FOR THE FIRST

DRILLING FLUID OF 9.5 1lb/gal.

DRILLING FLUID OF 9.5 1b/gal.

kel Contrl Sheet - DEP LICAP - START P

Fl-tain Fa-Last Nod F3-Zoow Fd-Casing ESC-Eit
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FIG.12: CASING PRESSURE SCHEDULE FOR THE FIRST

FIG.11: PRESSURE CHANGES AT THE BIT FOR THE FIRST

DRILLING FLUID OF 9.5 lb/gal

DRILLING FLUID OF 9.5 lb/gal.
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FIG. 14: ZOOM ON 80 TO 2000 STROKES FOR ALL THE
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FIG.13: DRILLPIPE PRESSURE SCHEDULE FOR ALL THE

DRILLING FLUIDS.

DRILLING FLUIDS SHOWN IN TABLE 5 (400 STRORES

APART.



