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SIGN CONVENTION FOR

FORCES APPLIED TO THE DRILL STRING

Hq - The side force at the bit. This vector will be

considered to be the reaction force of the formation

against the bit. It will be positive when pointed

in the positive Y direction. For example, if

Hq > 0, as computed by the model, the bit will be

exerting an upward force against the formation at

X = 0 , Y = 0, which results in an increase in hole

inclination as drilling proceeds.

W - The weight on bit. This force vector will be con

sidered to be the reaction force of the formation

on the bit. It will always be positive and pointing

in the +X direction.

Hi - The side force at the stabilizer. This force will be

considered the reaction force of the formation on the

stabilizer. It will have a positive sign when pointing

in a negative Y direction. This means the computed

value for Hi is positive when the stabilizer exerts a

force on the low side of the hole.

(O- The moment applied in the clock-wise manner will be
considered positive.

D-2



SMi = El

Moments

+ WY

- HqX

X

+ / (c - X) p sin(a) d^I
+ I (n - Y) p cos (a) d?

rJo

Summing Moments:

_ El g =WY +HoX + / - X)p sin(a) + (n - Y)p cos(a)dC (D.-l)

d^Y
dX

Taking the derivative of (1) w/r to X

X

(? Y _ dY 3
" dX^ ~ ® dX _

f(^ - X)p sin(cx)+(ri - Y)p cos(a)dC (D-2)
L-'o -•

ax

Using Leibniz's Rule to take the derivative of the integral

Let part i = I sin(a)d^

.X

Let part ii = (n - Y)p cos(a )dC
0

For part i

rx
d (C - X)p sin(a)dC =y^-pX sin (a)

3X
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For part ii

frX - 1 fX
(n - Y)P cos(a)d5 = I - Y'P cos(a)dC = -Y'PX cos(a) (D.-4)

/o J 0

ax

Substituting (D-3) and (D-4) into (D-2)

- El = WY' - Ho - PX sin (a) - Y'PX cos (a)

El Y'" + Y' -W + PX cos (a) = - Ho - PX sin (a)

El Y'" + Y' W - PX cos(a) = Hq + PX sin (a) (D-5)

Dropping PX cos(a), (assume negligible effect)

El Y'" + Y'W = Ho + PX sin(a) (D-6)

Dimensionless Conversions

Three quantities must be converted into dimensionless form,

they are X, Y, h.

= y
X

' M2
= X

H
= h

L

Mz
^ = a

'dc = C dc
M-

y dX * dx ' dX

. dY 1
y = dX Ml

dx _ w . dy _ dY
" ' dX " dX Ml
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.. ^ d(dy/dx) ^ d(dy/dx) ^
dx d X dx

=<i St) =^ ^dX dX^ Ml

•••• _ d'Y M|
' dX Ml

y
,,, _ d(d^y/dSc) ."^VdX^ M,>/ . dX

dx dX dx

,,, d'Y Ml _ „ _ d'Y
y ^ 17

Dividing (D-6) by El P sin(a)

Y'" + ^ (D-7)
P sin(a) El P sin(a) El P sin(a) El

Y'" =^ y"' Ho =M3 h
M2

- fe '•

X = M^X

,, , 1 . ^ W ^ X „
y p sin(a) M2 El P sin(a) El P sin(a) El ^

1 W _ M, M, h W ^X WM2" (D-8)
y P sin(a) ^ y El P sin(a) El P sin(a) eI
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From (D-8)

_ El P sin(a) . » =-^/H
W2 ' "^2 ^ w

„ „ _ El P sin(a)
M2M3 f—

El P sin^ -Vf " >"'3 W

Substituting into M^, Mg , Mg into (D-8)

y" ' + y' = h + X (D-9)

Solution to the Differential Equation

Equation (D.-9) may be broken down such that there is an

homogenous, linear constant coefficient portion as follows:

let h + X = F(x)

y'" + y' =0

and the non-homogenous term is

h + X

The solution to the homogenous:

let y" ' = ; y' = M

M (M^ + 1) = 0

Mj= 0 root (1)

M2= +j root (2)

M3= -j root (3)
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y = c, [C2COs(bx)+ C3 sin(bx)]
c

where a = G- ; b = 1

y^, = Ci + [C2COs(x)+ CasinCx)]

The particular solution

From (D-9) F(x) = h + x

The uc = X ; the uc set is {x , 1}

Since the complimentary solution already has 1 as a term (c,e^^),
the uc set is multiplied by x which yields {x^,x}

The particular function is:

yp =
Ci X

II

2C3;x

y"p = 2C[

y"'p = 0

2Clx + = h + X

q = 1/2 ; C\ = h

yp = l/2x^ + hx

The solution to (D-9)

y = y + y^ = Ci + C2 cos(x)+ C3sin(x)+ l/2x^ + hx (D-10)
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B. C.

X = 0

X = 0

X ^ a

X = Jl

X = £

= 0

y"A = 0

VA = Cdo

y-A = 0

y"A = 0

NO STABILIZER PRESENT

(Slick String)

Segment A

Rewriting (D-10)

y = Ci + C2 cosCx)+ C3 sinOO+ 1/2 x^ + hx

D-8

(D-11)

(D-12)

(D-13)

(D-14)

(D-15)

(D-10)



Using (D-11) X = 0 0

0 — Ci, + C2 Ci = —c

Using (D-12) X = 0 y"^ = 0

0 = C2 + 1 C2 = 1 Ci = -1

Now

yA= -1 cos(x) + sin(x) + hoX + x (D-16)

Using (D-15) X - Z y"A = 0

0 = -cos(Jl) - C3A sin(jl) + 1

C3A sin(Jl) = [-cos(jl)+ 1]

^ ^ [l-cos(£;)] (D-17)
sin(£)

Using (D-14) X = Z 0

0 = - sin(£) + C3A cos(Jl) + hQ + £ (D-18)

Solving for ho

ho = sin(Jl) - C3A cos(Jl) -Z

ho = sin(£) - [1 - cos(£)] cot(£) - Z (D-19)

Using (D-13) X = Z

Cdc = -1 + cos(jli) + CsA sin(ili) + l/2ili^ + h© (D-20)

Putting (D-17) into (D-20)

C^c = -1 + cos(Jl) + [1 - cos(£)] + 1/2Z^ + ho

Cjic = l/2£^ + ho £ (D-21)
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Rearranging (D-19)

h = + cos'(il) _ .Mo -sinCJ!,) sinCl!,) "•

[ho + C'^)] = [sin^CJ.) - cos(Jl) + cos^(A)]

[ho + (A)] = HEbT

After rearrangements

ho - tan £/2 - £ (D-22)
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CLS
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

"Dh(iri) = ";DHiDH=DH/12
"0Ddc(in)=";0D{QD=0D/12
"IDdc(in)="riD:ID=ID/i2
"MW (ppg)=";MW
"aIfa(deg) ="j AAs AO=AA
"FORMATION DIP gamma(deg)=";GA
"WOB(i000's lb) = ";WsW='.y)N1000
"DRILL.ANISOTROPY INDEX a=";DAI

WJ = 3. (OD/2) •••2-(ID/2r"2))tJ489
C=(DH-0D)/2
SUML=0
AA=A0
P='»yui (l-fVl'^/55.4)
I=3.14>k(QD-4-ID-4)/64
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
INP'OI

"Dh (in)
"ODdc (in)
"IDdc (in)
"MW (ppg)
"ALPHA (deg)
"GAMA (deg)
"FAI
"WOB (Ib's)
"I (ft-4)
"P (Ib's/ft)

DO YOU WANT A HARD COPY i-YES, 2-NO ";HARD
IF (HARD=i) THEN GOSUB 1170
EI=4i76i^l0"bJi<I
XX=0
xx=xx+i
(:b=W "•2'MC/ (EI IN (AA/57.29))
GOSUB 330
LL=.liLH=2.5!L=(LL+LH)/2
LV=UT.AN(L/2)-L'-2/2
T=ABS((CD-LV)/2)
IF T<.00001 THEN GOTO 400
IF LV>CD GOTO 390
LL=LiL=(LL+LH)/2!G0T0 340
LH=LiL=(LL-fLH)/2!G0T0 340
FDD=2>KTAN(L/2)-L
FD= (SQR (EI) mSIN (AA/57. 29) 'MFDD) /
BA=57.29>KATN(FD)
H=TAN(L/2)-L
HH=H){?SQR (El/W) )kP>l<SIN (AA/57. 29)
LLL=^USQR(EI/W)
SUML=SUML+LLL
PF=LLL>KPJ^:SIN (AA/57.29)/2
FI=57.29>f{ATN(HH/W)+AA
AAN2=GA+57.23^f\TH ((1 -DA I) JKTAN (( F I -GA ) /57.29))
PRINT
CLS
PRINT " "
PRINT "CLEARANCE (ft) = "jC
PRINT "UNIT WEIGHt (lb/ft) = "jP

DHi|il2
nD>K12
IDJi^lS

AA
GAMA
FA I
W
I
P

'•••1.5)
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550 PRINT "MOMENT OF INERTIA = ")I
560 PRINT "STIFFNESS = "jEI
^70 PRINT " "
dB0 PRINT
590 PRINT "DIMENSIONLESS CLEARANCE = ")CD
600 PRINT
610 PRINT "TILT ANGLE, BETA = "jBA
6H@ PRINT

^30 PRINT "SIDE FORCE AT THE BIT = "iHH
640 PRINT
650 PRINT "DISTANCE TO THE TANGENCY POINT = ")LLL
550 PRINT
570 PRINT "PENDULIUM FORCE = "iPF
680 PRINT

^90 PRINT "RESULTANT FORCE ANGLE = ")FI
"00 PRINT
71« PRINT "NEW HOLE INCLINATION ANGLE, ITERATION # ";XX,'" ALPHA = "jAANH
7S0 PRINT
730 PRINT "TOTAL FOOTAGE DRILLED = "jSUML
740 DA=ABS(AA-AAN2)
7=10 AA=AAN3

"^760 IF (DA>.1) THEN GOTO 300
770 LPRINT"EG1UILIBRIUM ANGLE ALPHA = "iAA
780 LPRINT"FOOTAGE DRILLED = "iSUML
790 LPRINT"HO = "iHH
800 LPRMJT"# OF ITERATIONS = "iXX

INPUT "DO YOU WISH TO CONTINUE WITH ANOTER RUN ? 1-YES, 0-NO"jDECl
IF (DEC1=0) THEN GOTO 1150

830 PRINT
840 INPUT "WOULD YOU LIKE TO CHANGE ANY VARIABLES ? 1-YES, 0-NO"iDEC2
850 IF (DEC2=0) GOTO 110
860 CLS
870 PRINT "CODE # VARIABLE"

"^80 PRINT " "
890 PRINT " 1 Dh"
900 PRINT " 2 ODdc"
910 PRINT " 3 IDdc"
920 PRINT " 4 Wdc"
930 PRINT " 5 MW"

"^40 PRINT " 6 ALPHA"
950 PRINT " 7 GAMA"
950 PRINT " 8 WOB"
970 PRINT " 9 h"
980 PRINT
990 PRINT "INPUT THE CORRESPONDING CODE FOR THE VARIABLES YOU WISH TO CHANGE,

'^1000 PRINT "ENTER THEM ONE PER LINE ENTER 0 WHEN FINISHED"
1010 INPUT "CODE # = "iCN
1020 IF (CN=0)THEN GOTO 110
1030 IF (CN=1)THEN INPUT "Dh (in) = "jDH!DH=DH/12
1040 IF (CN=2) THEN INPUT "ODdc (in) = "iOD:0D=0D/12
1050 IF (CN=3) THEN INPUT "IDdc (in) = "jIDiID=ID/12

^1060 IF (CN=4) THEN INPUT "Wdc (in) = "jWU
1070 IF (CN=5) THEN INPUT "MW (ppg) = "iMW
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1080
1090
1100

1110
1120
1130
1140
1150
1160
il70
1180
1180
1200
1210
,1220
1230
1240
1250
1260
1270
1280

IF
IF
IF
IF
IF

(CN=6) THEN INPUT "ALPHA (deg) = "jAAiAO=AA
(CN=7) THEN INPUT "GAMA (deg) = "jGA
(CN=8) THEN INPUT "WOB (1000'S lbs) = "jWiW=1000:4:W
(CN=9) THEN INPUT " h = "jDAI
(CN<0)OR(CN>9) THEN QOTG 1140

GOTO 1010
PRINT "INPUT VALUE MUST BE BETWEEN 0 AND 8 INCLUSIVE"
GOTO 1010
END
REM mm HARD COPY OF INPUT DATA
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
RETURN

'Dh (in)
'ODdc (in)
'IDdc (in)
'MW (ppg)
'GAMA (deg)
'ALPHA (deg)
'FAI
'WOB (Ib-'sj
'I (ft-4)
'P (Ib's)

Vj/^ vl/ ^
^ /p /r. ^

Dm 12
Qom
lom
MW
GAMA
ALPHA
FAI
W
I
P
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APPENDIX E

ONE STABILIZER REAMER, CONTACT
POINT AND NO CONTACT POINT

CONSIDERED.

ip

P

'p Cos (_"<-)

FIGURE X

E-l
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Moments

+ WY

ZMj, =-EIY" = [WY - HqX + Hi(X-)li) + M ]

X

+ f [(? - X)p sin(a) + (n - Y) pcos(a)]dC (E-1)
-'o

- HqX

+ Hi(X-.£i)

+ Ml

+ (^ - X) p sin(a)

+ (n - Y) p cos(a) d^

Taking the derivative of the summation of moments to w/r

X yields:

^ XT ^ sf f[(^-X)psin(a)+(n-Y)pcos(a)]d.A+ ii 1 + -'0 -El Y"' = W¥• - Ho + Hi + n j^L ^ u-x (g_2)
3X

part i = (^ - X)psin(a)

part ii = (n - Y)pcos(a)

Liebnietz Rule for differentiation of integrals is:

L-uo(a)

.u i(a)
F[x,(a)]dx = F[ui,(a)] - F[Uo,(a)]

CF-31+ J Foe
Uo(ci)

let C = X [From formula (E-3)]

let X = a E-2



let F(?, X) = (C - X)Psin(a)

let F(C, X) = (n - Y)Pcos(a)

Fx(e, X) = - Psin(a)

Fx(C» X) = -Y' Pcos(a)

For part i

d

9x

-X

r (C - X)Psin(a) dC
L-'o

For part ii

part i

part ii

part i

part ii

=0-0+1 - Psin(a) dC
^0

_a_
9x

X

r(n- Y)Pcos(a)dC
^0

X

F(X,X)- 0 +f- Y'Pcos(a)d
0

(E-4)

-px sin(a)

(E-5)

-YPXcos(a)

' Substituting (E-4) and (E-5) into (E-2)

El Y'" = W Y' + (Hi - Hq) - Y' P X cos(a)-PX sin(a)

El Y»" + Y'[-W + PX cos(a)] = (Hi - Ho)-PX sin(a)

El Y*" - Y'[W - PX cos(a)] = (Hi - Ho)-PX sin(a)
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Ui

NO CONTACT POINT

LONG STABILIZER

Segment A

yA

B.C.

X = 0 Ya " 0

X = 0 = 0

FIGURE XI

= -1 + cos(x) + Cg^ sin(x) + 1/2x2+

Segment B

X = yB = Csti

X = I Yb =

X = i y'B " °

X ^ Z y"B = 0

produce same constants C^^^ and (E-6)

derived in point stabilizer case (E-7)

CiA ~ » ^2B ~ ^ ' ^A ~ ^o

hjg —(hi h,Q)

produce same constants Cbi»CB2>^B3

as derived in point stabilizer case

E-4

(E-8)

(E-9)

(E-10)
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m

Continuity Conditions

X = Jli

yA= yB= Cst,

Y'a = Y'b = 0

Segment A

Determination of Cg^ , Hq

using (E-7) X = £i; = ^st^ determine Cg^

Cg^^ = -1 + cos(ili) + C3A sin(£i) + + ho

using

3A

[Cstj + 1 - cos(£i)- 1/2 £1 -ho £1]
sin( £,1)

(E-13) X = ili; Y'a = 0 to determine h^

0 = sin(S.i) + CgACOsCili) + ili + ho

substituting (E-14) into (E-15)

0 = - sin(Jli) + •[Csti + 1 - cos(£i)-l/2 ii—hpZi]
s±n(i^)

(E-12)

(E-13)

(E-14)

(E-15)

cos(Jll>^-^'l+ho

= - sin (Jti) + [Csti + 1 " cos(£i) - 1/2 £1^ ]tan( Jli )-ho£i +5.i+hj

= sin (S.i)-[Csti+l-cos(£i)-l/2 jliMtan(£i)-5-i= ho[l- ilitan(£,i)]

sin(£i )-[Csti+l-^Qs(^i )-l/2 &i^]cot(£i)-ili
[1 - jliCOt(£i)]

E-5
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Segment B

CiB » C2B_and Cgg are obtained from the boundry conditions at

the point of tangency.

X = £1 y'B = y'A = 0
a = (£ + hB)

" ^iB ^2B + C3B sin(x) + 1/2 + h^x

0 = - [cos(5<) + a sin(£)]sin(£i) + [sin(Jl) - a cos(£)cos(£i )]+hB+5,i

= -cos(£)sin(ili)-a sin(5,)sin(£1 )+sin(£)cos( 5,1 )-a cos(£)cos(£)

+ h + 5,1

0 = +sin(£-5,i) - a cos(5,-5,i) + hB + 5,i

= + sin(£-£,i) - 5,cos(5, - 5,1) + hg[l - cos( 5, - 5,i) ] + 5,i

, _ + sin(£ -£1) - 5,cos(5, - 5,i) + £1
i^B " -[1 - cos(5, - 5,1)]

X - 5,1 yB ~ ^sti

Cg-I. = Ci + C2P1 cos( 5,1) +Cgpi sin(5,i) + hg5,i + 1/2 5,i2B 3B

(E-17)

= [cos(5,) + a sin(5,)cos(5,i)] +[sin(5,) - a cos(£)sin(£1)

+ hg (5,1 - 5,)

= cos( 5,)cos( 5,1) + a sin( 5,)cos( 5,1) + sin(S,) sin(5,i)

- a cos(5,) sin(5,) + h (5,i - 5,)
E-6



= cos(il - £i) + a sin(£ - £i) + hgC^i - £)

= cosCA - £i) + £ sin(jl - £i) + hgC^i-il - sin(£-£i)

M = - C^c + 1 - 1/2

0 =-M-l/2 + cosCa -£1)+ £sin(£ -£1 )+hB[ £1-il-sin( £-£1) ]

0 = M+1/2 cos(il -£i) - ilsinCJl - £1) - hg[£-£1 + sin(£-£i)] (E-18)
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CONTACT POINT

WITH LONG STABILIZER

0 < X < 5,,

FIGURE XII

'Segment A

Long Stabilizer

Boundry Conditions

X = 0 yA ~ ® (bit is centered in the bore hole) (E-19)

X = 0 y"A = 0 (no moment exists at the bit)

Continuity Conditions

X = 3?a = yB = Cdc

X = 5^'a = y'B = 0

From boundry condition (E-19, E-20) Ci = -1 , C2 = 1

E-8

(E-20)

(E-21)

(E-22)



= -1 + cos(x) + Cg^ sin(x) + 1/2 + ho x

y*A = - siTl(x) + cos(x) + x + h

using B.C. (E-21)

= -1 + cos(ilc) + sin(ilc) + l/2(£c^) +

C34 sin(Jlc) + ho S'C = 1 + C(jc - cos(J,c) - 1/2 i-c'

using (E-22)

C3A cos(£c) + ho = sin(Ac) "

ho = sin(ilc) - cos(£c)

(E-23)

(E-24)

substituting (E-24) into (E-23)

C3A sin(ilc) + [sin(jlc) " cos(£c)]^c =1+- cos(

^ ^ 1 + Cdc - GQs(^c) + siQ(^c)
^ [sin(£c) - cos(Jlc)]

substituting (E-25) into (E-24)

ho — sin(ilc) —Hn
1 + Cdc - cos(ilc) - l/2jlp^- ic sin(£c)

sin(ilc) - cos(ilc)

(E-25)

cos(

hA = sin^(ilc) - ^•c cos(Jlc) sin(Jlc) " "•c sin({,c) +''•c cosOlc)
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-cos(%)-Cdc cos(£c)-1/2 cos(JIq) + Jle sin(£c)cos(ilc) +

[sin(Jlc)-^c cos(£^,)]

, ^ 1 + l/2ilc^ cos(Jlf>) - cqs(£c) - Cdc cos(Jle)~^c sin(jlc)
"o

[sin(Jlc) - cosCHq)]

_ 1 - Hq sin(£c) + cos(ilc) [1/2 Zq- 1 - Cdcl

[sin(£c) - ^c cos(£c)3

E-10
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CONTACT POINT

, Segment B

Long Stabilizer

£c £ X < £1

Boundry Conditions

X = VB = Cdc (E-27)

X = V'b = ° (E-28)

Continuity Conditions

X = J.1 Vb = yc = <^sti (E-29)

X = y'B = y'c 0 {E-30)

' using (E-28) and (E-30)

0 =- Cjg sin(Jlc) + C3B cos( ^q) + (£c + ^B^ (E-31)

0 = - C^c sin(£i) + C3B cos( £1) + ( £1 + hg) (E-32)

multiply (E-32) by -sin(£c) (E-31) by sin(ili)

0 = - CgB sin(£c)sin(ill ) + C3B cos(Ae)sin(£i) + (£c^^B.)sin(£i)

0 = C2B sin(ilc)sin(ili) - C3B cos(ili )sin(ilc) - ()sin(ilc)

0 = C3b [-cos( Jlc)sin(ili) + cos(£i )sin( 5,q) ] + sin( ill) ( Ac"*"

-(ili+h) sin(ilc)

- C3b[cos( Jl(3)sin( ill) - cos( ill)sin(£(,)] = sin( ili ) (Jlc+hg) sin( ^

sin(ili)(ilf>. + hB>- sin(Jlc)(ili+ hB)

-[cos(ilc)sin(ili) - cos(ili)sin(ilc)]
E-11



c ^ sin(£i)(jlc +hs)- sin(Jlc)(ili +
[cos( ill )sin( £c) - sin( jli)cos(Jlc)]

_ sin(il^)(ili + hp) - sin(ili)(jlp. + hpi)
U3B ——

sin(ili - Jlc)
(E-33)

multiply (E-32) by cos(ilc) and (E-31) by cos(2.i)

0 = - C2B sin( jlc)cos(£1) + C3B cos(Jlc)cos(Jli) + (£c'*'^B^^os(5,i) (E-34)

0 =-- C2B sin(ili )cos(ilc) + CgB cos( ili )cos( ilc) + ( cos( Jlc) (E-35)

subtracting (E-34) from (E-35)

0 = C2B[sin( ill )cos( " sin( £c)cos( £1) ] + ( )

- (ill + hB)cos(ilc)

r. _ (ilc+hB)cos(ili) - (g,i4-hB)COS(ilc)
[sin( Jlc)cos(ili) - sin( 5,1 )cos( ilc) ]

_ (ile-HhT:^)cos(ili) - (ili+hR) cos(Jlc)

sin(Jli + Jlc)

^ _ (Jli +hB)cos(ilc) - (ilc +hB)cos( £1)
'2B sin(ili - 5,c)

E-12
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To solve for h, and C^gin Segment B, boundry conditions, (E-27)(E-29)

are used:

Csti = C1+C2 cos(ili)+C3 sin(£i) + 1/2£i2 + h Ai (E-37a)

•Cdc = -C1-C2 cos()!.c)-C3 sin(;ic) - 1/2£o - h (E-37b)

Cst - Cdc -C2 [cos(ii) - cos(llc)] + C3 [sinOli) - sinCJlc)

+ 1/2(41^ - Jlc^) + liCAi - He)

Cst " - ic^) = C2 (cosOli) - cos(!lc) + C3 [sin(J.i) - sin(S,c)
+ h (Hi- Ic) (E-38)

Expanding the terms in the numberator of the r.h.s. of equations

(E-37):
(E-38a)

^ jliCOs(«,p)cos(5,i) + h cos(ilc)cos(ili) - ilp cos(£i)-h cos^CJli)
C.oLcosC ill) J =

sin(Jli -

(E-38b)

n r /o M- -itiCOS^Cilc)-!^ CO^Jlc)+£c COS (£i )COS ( )+h COS (£ i)COS (ilc)C2BL "COSv. i6c ^ J—
sin (ii - Zq)

(E-38C)

jlisin(it^)sin(£i)+h sin(ilc)sin(ili)-(Jlc)sin^(Jli)-h sin^(Jli)C3B[sinai)]=_Ji —
sin(ili - Zq)

(E-38d)

. -ZiSin^(Zc)-h sin^ ( jlc)+ilc sin( £i )sin( sinai)sin(
^c^ J"" — —; ;;—r "

sin(iti - ^-c)

Adding similar terms in equation (E-38a,b,c,d) yields:
iE-38e)

-ilc[ cos^ (£1 )+sin^ (£1) ]-h[cos^ (£1)+ sin^ ( )]-h[cos^(]

-£i[cos^(£c)+sin^(£c)] +^i[cos(ilc)cos(Jli)+sin(Jlc)sin(£i)]
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Continuation of (E-38e)

+ 2h[cos(le)cos(Jli)+sin(Jlc)sin(ili)]+Ac[cos(ili)cos(ilc)+sin(ili)sin(ilc)

Simplifying (E~38e) and substituting back into Equation (E-38)

yields:

(E-39)

sin(£i - Iq)

isolating h on the r.h.s. of (E-38)

[Cst-Cdc-l/2(ili^-ilc )] sin(Jli-ilc)+(^c+^i)-cos(Jli-«,c)[^i+^c]

= h[(Jii-llc)sin(Jli- £c)+2cos(ili-ilc)-2]

solving for h:, which will be designated hg for the second segment
of the string.

_[Cst-Cdc-l/2()i,,^-£c )]sln(a,i-)i,c)+(te+A;)Il-c°s()ti-)tc)]
[2cos(ili-)lc)+('!'i-®'c)sin(!li-J!,o)-2]

multiplying (E-37a) by Ic (E-37b) by )li

Cst c=CiB«'C+C2B«'C cosa^+CaBi^c sin(Jli)+l/2)li^Jlc+hB'̂ i''•c

- CdcJ!'i=CiBS.i-C2BS'i cos(ilc)-C3B^iSin(l.c)-l/2{.c^)li-hB'''^®'c

adding the two equations above yields:

Cstitc-Cdci'i=CiB(Jtc-)li)+C2[«'C cos()li)-ili cos(ilc)]

+C3[ilc sin( 5,1 )-X.isin( £(,) ]+l/2i!.iS.£.( J.1 - i.c)

E-15
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solving for €3^3

CiB - Cdc ^i-Cgt ^'c'^CaL^'C cos( £,1 )-5,iCOs( £c) 1+^3 [ 5,c sin(£i)

-JlisinC^c)] + - Zq)

(E-42)

To solve for in Segments A and B, we use X = Zq Y"^ = Y"b

and solve for 0.

- cos(£c)-C3^ sin(5,c)=-C2B cos(£c)-C3B sin(£c)

0 = (Cg^ - C3B)sin(ilc») +(l-C2B)cos( £c) (E-43)
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THE INFLUENCE OF WOB

Dh - 12.25in. a = 25® OD^c = 8.25in. IDdc = 2.Sin.

MW = 10 ppg. Dj = 60 ft.

WOB X 1000 H, H: He

20 -1488 4927 20.7 0.006 -
-

30 -1476 4907 22.2 0.008 - -

40 -1463 4887 22.9 0.009 -
-

50 -1449 4869 23.3 0.011 - -

60 -1434 4850 23.6 0.012 - -

70 -1418 4834 23.8 0.013 - -

80 -1401 4818 24.0 0.015 - -

TABLE VI-E

THE INFLUENCE OF HOLE INCLINATION

Dh == 12.15 in. ODdc = 8.75 in. 10^^ = 2.5 in. MW = 10 ppg

WOB X 1000 =60 Di = 60 ft.

a H, H- H,

5 -296 1151 4.72 0.002 - -

10 -589 2167 9.43 0.005 -

15 -878 3113 14.2 0.007 - -

20 -1160 4006 18.9 0.010 - -

25 -1434 4850 23.6 0.012 - -

30 -1697 5647 28.4 0.014 - -

35 -1946 6394 33.1 0.016 — —

TABLE VII-E
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Dh

MW

THE INFLUENCE OF STABILIZER PLACEMENT

= 12.25 in. a = 25® ODdc =8.75 IDdc =2.5

= 10 ppg. W X 1000 = 60

D H. H H,

20 -501 3098 24.5 0.0004 - -

30 -747 3523 24.3 0.001 - -

40 -987 3955 24.1 0.003 - -

50 -1217 4396 23.9 0.006 - -

60 -1434 4850 23.6 0.012 - -

70 -1369 4859 23.7 0.471 0.947 727

80 -1178 4600 23.9 0.436 1.09 1848

TABLE VIII-E

THE INFLUENCE OF I

Dh = 12.25 in. a = 25® MW = 10 ppg. W x 1000 = 60

Di = 60 ft.

I

*10"^
H, H. $ H,

8.25 X 2.25
1.091 -1493 5,043 28.6 0.019 — -

8.5 X 2.5
1.226 -1579 5,298 28.5 0.016 - -

8.75 X 2.5
1.378 -1696 5,647 28.4 0.014 — -

9.25 X 2.25
1.727 -1967 6,447 28.1 0.011 - -

9.5 X 2.25
1.919 -2091 6,806 28.0 0.010 - -

10 X 2.5
2.358 -2318 7,434 27.8 0.007 - -

10.25 X 2.75

2.599 -2417 7,689 27.7 0.007 -
-

TABLE IX-E
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Standard Data

Dh = 12.25

OD(jc ~ 8.75

IDdc ~ 2•50

DRILL COMPARISON

MW = 10 ppg.

Y = 25®

a = 30°

WOB = 60,000

h = 0.15

Case 1 DI = 30 ft. (no contact point)

Case 2 DI = 90 ft. (contact point)

Case 3 DI = 0 (slick string)

Equil.
Angle

(a)
Footage
Drilled Ho

#of

iter

ations

Equil.
Angle

(a)

\ LA ^ 9 ^

Footage
Drilled Ho

#of

iter

ations

Case 1 21.7 1594 -655 19 21.9 1339 -662 16

Case 2 20.1 2898 -945 20 20.34 2309 -955 16

Case 3 20.2 814 -932 20 20.4 647 -943 16

TABLE X-E
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10
^20

30
40

50
50
70

.^30
30
100
110
120
130

^140
^150

160
170
1B0
190

REM
REM
REM
REM
REM CONTACT POINT BETWEEN BIT AND STABILIZER WILL BE CONSIDERED IF PRESENT
REM
REM THIS PROGRAM CALCULATES BETA, HO, HI, HC, PHI, LC FOR A SPECIFIED
REM
REM DISTANCE TO THE STABILIZER, WOB, AND MOMENT OF INERTIA.

CLS
DEFDBL F,L,X,N
DIM Y(450),YD(450),YDD(450)

ONE STABILIZER

ZERO CLEARANCE

INPUT "DISTANCE TO STABILIZER 1 (ft) ! "jDll
INPUT "Dh="!DHjDH=DH/12
INPUT "ODdc(i n) =";ODIOD=OD/12
INPUT "IDdc(in) = ",' ID; ID=ID/12
INPUT "MW(ppg)="jMW
INPUT "Hole inclination ALFA(deg)="jAA

WOB(1000 lb) = "]W:W=1000>HWINPUT
DST1=DH
REM
CLS

PRINT INPUT DATA
220
230 PRINT II D1 (ft)= ",'Dli
240 PRINT II Dh (in) = ";DH:=fil2
250 PRIW

II ODdc (in) = ";0D>H12
^260 PRINT II IDdc (in) = ID>K12

270 PRINT II ODst (in) = "{DH>|J12
230 PRINT II MW (ppg) = " j MW
290 PRINT II ALPHA (deg) = "jAA
300 PRINT II WOB rib's) = ";W
310
320
330
340

350
360
370
3B0

^390
400
410
420
430
440

^450
460
470
430
490

^500
^510

520
530
540
550
560

m,

INPUT "DO YOU WANT A HARD COPY,
IF (HARD=1) THEN GOSUB 3570
REM mmmm solves for distance
L=D1+.01
POSl=i
COUNT=0
XTERM= CD-CSTl~l+.5>k-Dr-2
H=(SIN(L-Dl)-DHCOS(L-Dl)+D1)/(COS(

REM calculate dimensionless ouantities
WU=3. i41595K( (OD/2) •••2-nD/2) •"2)>H439
C=(DH-0D)/2
CSTl=(DH-DSTn/2
P=WUJKCl-MW/65.4)
I=3.14>H(0D"4-ID*'-4)/64
PRINT "P ilb's/ft ) = ",'P
PRINT "I ift-4) = "jl
PRINT I PRINT
EI=4176>!<10-6>k'I
Di=(DllJf{SQR(W/EI))
CD= (W - 2>NC) / (EI >kP>KS IN (AA/ 57.29))

DIMENSIONLESS CONVERSION FACTORS
Ml=EI5HP)KSINfAA/57.29)/(W-2)
M2=S0R(EI/W)
M3=SQR (El /W) J^!P)KSIN (AA/57.29)

CST1= (W'"2>J{CST1) / (EI>KP>KSIN (AA/57. 29))
1- YES, 2-N0";HARD

TO TANGENCY POINT

L-D1)-1)
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570 F=XTERM-. 5)K L- 2+COS (L-D1) +L>KS IN (L-D1) +H>k (D1- L+SIN (L-D1))
580 IF F<0 THEN P0S1=2

^590 DX=.l
600 ITER =1
510 LPR=L
620 L=LPR+DX
630 IF L>i5 THEN 890
640 XTERM=CD-CSTl-i + .5>KDl"2

^ 650 H= (SIN (L-Dl) -UCOS (L-Dl) +Di) / (COS fL-Dl) -i)
660 F=XTERM-. 5>KL - 2+COS (L-D 1) rltS IN (L-D 1) +H:^;- (D1 -L+SIN i L-D i))
670 IF F<0 THEN 700
680 P0S2=1
690 GOTO 710
700 P0S2=2

^710 IF P0S2<>PaSl THEN 740
720 LPR=L
730 GOTO 620
740 IF ITER=1 THEN 790
750 IF ITER=2 THEN 810
760 IF ITER=3 THEN 830

^770 IF ITER=4 THEN 850
780 IF ITER=5 THEN 870
790 DX=.01{ ITER=2
800 GOTO 620
810 DX=.00is ITER=3
820 GOTO. 620

^830 DX=.0001!ITER=4
840 GOTO 620
850 DX=.00001;ITER=5
860 GOTO 620
870 LPR=L J P0S1=P0S2 s DX=.l 5ITER=1 i C0UNT=C0UNT+1 ; ROOT(COUNT)=LPR
880 GOTO 620

^890 FOR 1=1 TO COUNT
900 PRINT-"ROOTC'j Ij ") = "j ROOT (I)
910 NEXT I
920 REM DETERMINATION OF BETA, PHI, HO, AND HI
930 1=0
940 L=R00T(1)

^950 PRINT "L= ",'L
960 1=1+2
970 DX=D1/I
980 IF(DX>.025)THEN GOTO 960
990 H= (SIN (L-D 1) -DI^-COS (L-Dl) +01) / (COS f L-Dl) -1)
1000 H0=(SIN(Dl)-(CSTl + l-C0S(Dl)-.5)HDr-2)>}il/TAN(Dl)-Dl)/(i-Dl>Hl/TAN(Dl) )

^1010 H1=H0-H
1020 C3A= (CST1 +1 -COS (D1) -. 5:^Dr- 2-H0?j<D 1) /SIN (D1 j
1030 Y (0) = (C3A+H0) >KSG)R (W/EI) Jl^Ml /M2
1040 88=57,29>kATN (Y (0))
1050 H0U=H0>KM3!H1U=H1>KM3
1060 PHI = 57.29>k(ATN((SQR(EI/W)>KP>KSIN(AA/57.29):4iH0)/W))+AA
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1070
1080
1090

^ 1100
1110
1120
1130
1U0
1150

^ ilb0
1170
1180
1190
1200
1210
1220
1230
1240
1250
1250
1270
1280
1290
1300
1310
1320
1330

^ 1340
1350
1350
1370
1380
1390

^ 1400
1410
1420
1430
1440
1450
1450
1470
1480
1490
1500
1510

^ 1520
1530
1540
1550
1550
1570

PRINT
REM determines if point gf contact is present
PRINT
I=-l s DX=.01;-X=0
1=1+1
Yd) =-l+COS (X) +C3A>KSIN iX) +HO^|(X+. 5)kX-2
X=X+DX
IF (Y(I)>CD) OR (Y(I)=CD) THEN GOTO 2380
IF (X<D1) THEN GOTO 1110
IF (HARD=1) THEN GOSUB 3700
INPUT"DO YOU WANT A HARD COPY
PRINT"BETA (deq) =
PRINTTHI (deg)
PRINT"H0 (Ib's
NN=D1/.01
FOR 1=0 TO NN
Y(I)=0
NEXT I
REM SOLVE FOR 0 SLOPE POINT BETWEEN BIT AND TANGENCY
X=0;POSl=i!COUNT=0
F=-SIN (X) +C3AJKC0S (X) +X+HO
IF (F<0) THEN P0Sl=2iDX=.l
ITER=1
XPR=X
X=XPR+DX
F=-SIN (X) +C3A;KC0S (X) +X+HO
IF -(F<0) THEN 1350
P0S2=i
GOTO 1370
P0S2=2
IF (P0S2<>P0Sn THEN 140©
XPR=X
GOTO 1310
IF (ITER =1) THEN 1440
IF (ITER =2) THEN 1450
IF (ITER =3) THEN 1450
IF (ITER=4) THEN 1470
DX=.01iITER=2jGOTO 1310
DX=.00l! ITER=3: goto 1310
DX=.000l! ITER=4{ GOTO 1310
SLP0=XiDX1=SLP0/55DX2=(D1-SLP0)/5
REUmm DETERMINE VALUE OF Y, SLOPE,

X=0!J=0
FOR -1=0 TO 5
Y (J) = (-1+C0S (X) +C3A>fiSIN (X) +H05iiX+. 5>KX-2) :=KM1
YD (J) = (-SIN (X) +C3AJNC0S (X) +HO+X) mi/U2
YDD(J)=-EI>f?(-C0S(X)-C3A>l<SIN(X)+n)l<Ml/(M2-2)
X=X+DXliLSJ=J
NEXT J
REM DETERMINE VALUES OF Y, SLOPE, MOMENT FOR 0 SLOPE TO STABl
X=SLP0+DX2i LSJ=LSJ+i

OF Y, SLOPE, MOMENT Vs X, 1-YES, 2-N0";HC
"; 88
"jPHI
" j H0>KM3

MOMENT FOR BIT TO 0 SLOPE POI NT"
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1580
1590
1600
1610
1620
1630
1640
1650

^^1660
1570
1680
1690
1700
1710

^^1720
1730
1740
1750
1760
1770

^1780
1730
1800
1810
1820
1830

^^1840
1850
1860
1870
1880
1890

^1900
1910
1920
1930
1940
1950

^1960
1970
1980
1990
2000
2010

-^2020
2030
2040
2050
2060
2070
2080
2090
2100
2110

FOR K=LSJ TO 10
Y(K) = (-1+COS (X) +C3AJKSIN (X) +HO>f«X+. 5>i<X"2) mi
YD (k) = (-SIN (X) +C3AJKC0S (X) +HD+X) mi/U2
YDD(k) = (-EI>k(-C0SfX)-C3A)l<SIM(X)+l) )>KMl/(M2*-2)
X=X+DX2
NEXT K
PRINT
PRINT"

X Y SLOPE MOMENT "

DIMX=.000001
FOR 1=0 TO 5
PRINT " "jDIMXj" "jYdij" . "jYDiI);" ";YDD(I)
DIMX=DIMX+DXi>kM2
NEXT I
DIMX=SLP0>}{M2
FOR 1=6 TO 10
DIMX=DIMX+DX2::|=:M2
PRINT " "5DIMXj" "sYCD,'" " j YD (I) i " " j YDD (I)
NEXT I
IF iHC^D THEN GOSUB 3760
REM tmsm DETERMINE Y, SLOPE, MOMENT FOR SEGMENT 8 "mtn.
ClB=CD-HJl<L".5>KL-2"i
C2B=C0S(L) + (L+H))|;'SIN(L)
C3B=SIN(L)-(L+H))I<C0S(L)
DX3=(L-Dn/10;X=Di
FPR 1= 11 TO 21
Y(n = (C1B+C2BJKC0S (X) +C3BJ}<S IN (X) +H>KX+. - 2) >kM 1
YD (!') = (-C2B>KSIN (X) +C3B>liCQS (X) +H+X) m 1 /M2
YDD ( h = (-EI >k (-C2B>};C0S (X) -C3Bj^S IN (X) +1)) 'MM 1/ (M2 -2 j
X=X+DX3
NEXT I
PRINT
DIMX=D1>}?M2
PRINT!PRINT "SEGMENT B PRINT
PRINT" X Y SLOPE MOMENT"
PRINT"
FOR 1=11 TO 21
PRINT" "iDIMXi" ";Y(I)j" ";YD(I)j" "jYDDd
DIMX=DIMX+DX3>I=:M2
NEXT I
IF (HC=r)THEN GOSUB 3910
INPUT "DO YOU WISH TO CONTINUE WITH ANOTHER RUN ? 1-YES, 0-NO";DECl
IF (DEC1=0) THEN GOTO 3560
PRINT
INPUT "WOULD YOU LIKE TO CHANGE ANY VARIABLES ? 1-YES, 0-NO"iDEC2
IF (DEC2=0) GOTO 220
REM DATA CHANGE SECTION
CLS
PRINT "CODE # VARIABLE"
PRINT " "
PRINT " 1 Dh"
PRINT " 2 ODdc"
PRINT " 3 IDdc"
PRINT " 4 Wdc"
PRINT " 5 MW"
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2120
2130

^ 2U0
2150
2160
2170
2180
2190

^ 2200
2210
2220
2230
2240
2250

^ 2250
2270
2280
2290
2300
2310

^ 2320
2330
2340
2350
2360
2370

^ 2380
2390
•Mm"
2400
2410
2420

^ 2430
2440

2450
2460
2470
2480

^ 2490
2500
2510
2520
2530
2540

^ 2550
2550
2570
2580
2590
2500

^ 2510
2620
2530
2540
2550
2550

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
INPUT
IF
IF
IF

' 5 ALPHA"
' 7 GAMA"
' S _ WOB"
' 9 h"
' 10 ODst"
I a Qstl "

'INPUT THE CORRESPONDING CODE FOR THE VARIABLES YOU WISH TO CHANGE,"
'ENTER THEM ONE PER LINE ENTER 0 WHEN FINISHED"
'CODE # = ";CN

(CN=0)THEN GOTO 220
(CN=1)THEN INPUT "jDH{DH=DH/12

= "j0D{0D=0D/12
= "jID!ID=ID/12IF

IF
IF
IF
IF
IF
IF
IF
IF
IF

(CN=2)
(CN=3i
{CN=4j
(CN=5)
(CN=6)
(CN=7)
i:CN=3)
{CN=9)

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

(CN=10)THEN INPUT
(CN^il) THEN INPUT "
(CN<0)bR(CN>ll) THEN

GOTO 2210
PRINT "INPUT VALUE MUST BE BETWEEN 0 AND 10 INCLUSIVE"
G8tO 2210
L=.01
IF (HARD=1) THEN LPRINT"mm CONTACT POINT BETWEEN BIT AND STABILIZER

IF(HARD=n THEN LPRINTiLPRINT
PRINT CONTACT POINT BETWEEN THE BIT AND STABILIZER
GOSUB 2900
P0S1=1
COUNT=0
IF F<0 THEN P0S1=2
DX=. 1
ITER =1
LPR=L
L=LPR+DX
IF (L>D1) GOTO 2790
GOSUB 2900
IF F<0 THEN 2550
P0S2=1
GOTO 2550
P0S2=2
IF P0S2OP0S1 THEN 2590
LPR=L
GOTO 2490
IF ITER=1 THEN 2550
IF ITER=2 THEN 258©
IF ITER=3 THEN 2700
IF ITER=4 THEN GOTO 2720
IF ITER=5 THEN GOTO 2740
IF ITER=6 THEN GOTO 2750
IF ITER=7 THEN 2780 E-24
DX=.0l! ITER=2

Dh (in)
"ODdc (inj =
"IDdc (in) = "
"Wdc (in) = "1
"MW (ppg) :=
"ALPHA (deg) =
"GAMA (deq) =

";AA!A0=AA
,'GA

'WOB (1000'S lbs) =
' h = "jDAI
• ODst(in) =
" Dstl(ft) =

GOTO 2350

jDSTl
"iDll

"jW5W=1000N=:W

DSTl=DSTi/12



2670
^2530
'^2590

2700
2710
2720
2730
2740

"^2750
2750
2770
2730
2790
2300

^^2310
2320
2330
2840
2850
2860

"^2870
2380
2890
2900
2910

2940
2950
2950
2970
2930

^2990
3000
3010
3020
3030
3040

^3050
3050
3070
3080
3090
3100

'^3110
3120
3130
3140
3150

GOTO 2490
DX=.00is ITER=3
GOTO 2490
DX=.0001 j ITER = -
GOTO 2490
DX=.0000i{ITER=5
GOTO 2490
DX=.00000i5ITER=5
GOTO 2490
DX=.0000001!ITER=7
GOTO 2490
LFR=L 5 P03i=P0S2
FOR 1=1 TO COUNT
PRINT "CONTACT POINT = "jROOTd)
NEXT I
REM DETERMINES HO,
L=ROOT(1)
X=0
N3A= (1+CD-COS (L) +. 5.^L - 2-DKSIN f L) ) / (SIN (L) -Li'KCOS (L))
H0=SIN(L)-L~N3A^:C03(L)
YD (0) = (-31N (X) -^-HSmCQS (X) +X+HO) )KM 1 /M2
BB=57.29:^ATN(YD(0))
GOTO 3000
REM UM'UU.t FUNCTION FOR CONTACT POINT BETWEEN BIT AND STABILIZER 'mmrM
N^= (1+CD-COS (L) +. mL-E-imINI L)) / fSIN (L) -LJl^COS i L))

2920 ((CST1/-CD-. 5)i< (D1 - 2- L 2)) :^SIN fD1- L) + (L+D1) (i -COS (D1 - L)))
^2930 DEN0M=(2>HC0S(Dl-L) + (Dl-L)>k3IN(Di-L)-2)

HB=NUMER/DENOM
X=0

N3B=( (Dl+HB))KSINfL)-rL+HB)5|iSIN(Dl) )/SIN(Di-L)
N2B= ((Dl+HB) >KCOS (L) - (L+HB) ^HCOS I'Dl) j / (SIN (Dl-L •)
F=COS iD'Mii -N2B) +31N f L) >!=; i N3A-N3B)
RETURN
X=0

NUMER=( i:CSTl-CD-.5)j<(Dr-2-L-2)) ^:SIN(Dl-L) + (L+Di) (1-COS (Di-L)))
DEN= (25fiCOS (D1~L) + (Di-L) 't:SIN (Dl-L) -2)
HB=NUMER/DEN
HC=HO-HB
PRINT "BETA (deg) = ";BB
PHI =57.29>tJATN ((SQR (EI / W) IN (AA/ 57.29) JKHO ) / W) +AA
PRINT "PHI fdeq) = ";PHI
PRINT "H0 (lb'5) = "jH0>kM3
PRINT "HC (Ib's) = "jHC^M3
IF (HARD=1) THEN GOTO 3120
GOTO 3150
LPRINT " CONTACT POINT PRESENT AT X = ";X/Ml!LPRINT?LPRINT
GOSUB 3700
REM DETERMINE Y, SLOPE, MOMENT
PRINT" X Y

OMENT"
^3150 PRINT"

DX=.i !lTER=l ! C0UNT=C0UMT+1 i RDQT(COUNT)=LPR

Hc, Hi, BETA, PHI mmrn'M

FOR SEGMENT A
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317©
3180
3190
3200

-^3210
3220
3230
3240
3250
3260

-^3270
3280
3290
3300
3310
3320

^ 3330
3340
3350
3360
3370
3380
3390

DXA=(L/5)sI=0!X=0
FDR Q=0 TO 5
Y (Q) = (- i +COS (X) +N3AJl^S IN (X) +HQ>HX+. "• 2) m i
YD (Q) = ( -SIN (X) +N3A)KC0S (X) +HO-f'X) m 1 /M2
YDD (Q) = {-Em-GOS (X) -N3A)KSIN (X) +1)) mi/ (M2"2:
X=X+DXA
LSTX=X
NEXT Q
DIIVIX=0
FOR 1 =
PRINT"

0 TO 5
"'DIMX'"

DIMX=DIMX+DXA:^M2
NEXT I
PRINT!PRINT
X=L
N2B= ((01 -fHB) -^COS (D-i L+HB) -^.COS (D1) i /SIN (D1 -L)
N3B=( (Dl+HB)>HSIN(L)-a+HB)-^i3IN(Di) )/SIN(Dl-L)
N1 = (CST 1 L-CD.^D 1) +. 5>K (L - 2.%'D 1-D1 2^1) +N2B>fi (D1 ^I^COS (L) -COS (D1))
N2=N3BJli (01 >KS IN (L) -L:=^:S IN (D1) )
DEN=iL-Dl)
Nie=(Nl+N2)/DEN :
DXB=(Dl-L)/5
PRINT" X Y SLOPE

Y (I) JYD(I)

3400 PRINT"

1=6

YTH = (N1B+N2BJi=:C0S (X) +N3B>I<S IN (X) +H8>KX+. 5:={<X - 2) m 1
YD ( n = f-N2B>KSIN (X) +N3BJKC0S (X) +HB+X) m 1 / M2
YDD {-N2BJ|iC0S i X) -NSB^HS IN (X) +1) 1 / (M2 2)
X=X+DXB!1=1+1
IF (I<12) GOTO 3420
DIMX=U-M2
FOR 1= 6 TO 11
PRINT" "jDIMXj" "jY(I)!" "jYDdij"
DIMX=DIMX4-DXB?I^M2
NEXT I
INPUT "DO YOU WANT A HARD COPY OF Y, SLOPE, MOMENT Vs Xj l-YES,2-NO"JCH
IF (CH=1) THEN GOSUB 4010
GG3UB 4130
GOTO 1980
END
REM hard copy of input data mmmsm-m.mt
LPRINT " D1 (ft) =
LPRINT " DH (in) =
LPRINT " ODdc (in) =
LPRINT " IDdc (in) =
LPRINT " Dh (in) =
LPRINT " m (ppg) =
LPRINT " ALPHA (deg) =
LPRINT " WOB (Ib-'s) =
LPRINT " P (Ib's/ft in
LPRINT " I (in-4) =
LPRINTiLPRINT
RETURN
REM

fluid) =

jDll
lOmiZ
;0D'^12
i ID;=kl2
jDH>K12
I MW
; AA
jW
iP
;i

";YDD (I)

MOMENT

" j YDD(I)

3410
3420

^3430
3440
3450
3460
3470
3480

^3490
3500
3510
3520
3530
3540

^ 3550
3560
3570
3580
3590
3600

^ 3610
3620
3630
3640
3650
3660

^ 3670
3680
3690
3700 HARD COPY OF HO, BETA, HC, PHI
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3710 LPRINT "BETA (deg) = "jBB
37S0 LPRINT "HO (Ib's) = ";H0*M3
3730 LPRINT "HC (Ib's) = ")HCW3
3740 LPRINT "PHI (deg) = ")PHI

'*>3750 RETURN
37S0 REM iKJK#*)!:**)!!*)!!* HARD COPY SEGMENT A NO CONTACT POINT
3770 LPRINTiLPRINT" SEGMENT A BIT TO STABILIZER "
3780 LPRINT" >: Y SLOPE

MOMENT"
3790 LPRINTII

3800 DIMX=.000001
3Bi0 FOR K=0 TO 5
3820 LPRINT" "iDIMX)" "jY(K)i" "iYD(K))" "iYDD(K)
3830 DIMX=DIMX+DK1*M2
3840 NEXT K

'•.3350 DIMX=SLP0)t:M2
38S0 FOR -1=5 TO 10
3870 DIMX=DIMX+DX2*M2 ^
3880 LPRINT" "jDIMXi" ")Y(J)i" ";YD(J)i" "iYDDiJJ
3890 NEXT J
3900 RETURN ^ ^

-^3910 REM HARD COPY OF SEGMENT B NO CONTACT PRESENT JKiKiKiloKiK******
3920 LPRINTiLPRINT" SEGMENT B STABILIZER TO TANGENCY POINT "
3930 LPRINT" X Y SLOPE M
OMENT"
3940 LPRINT"

tf _

^3950 DIMX=Di>KM2
396© FOR I = ii TO 21
3970 LPRINT" "jDIMXj" "jY(I)j" ";YD(I);" ";YDD(I)
39S0 DIMX=DIMX+DX3:<<M2
3990 NEXT I
il000 RETURN

^4010 REM hard copy of segment a and B contact point present
4020 LPRINTiLPRINT
4030 LPRINT"SEGMENT A AND B (BIT TO STABILIZER)";LPRINT
4040 DIMX=0
4050 LPRINT " X Y SLOPE

MOMENT"
^4050 LPRINT "

II

4070 FOR J=0 TO 5
40S0 LPRINT " ";DIMX;" ";Y(J)j" "iYD(J);"
YDD(J)
4090 DIMX=DIMX+DXA>KM2

^4100 NEXT J
4110 DIMX=L>I<M2

4120 FOR 1= 6 TO 11 .. wr^,T^ ..
4130 LPRINT " "jDIMXj" ";Y(I);" ,'YD(I); ;
YDD(I)
4140 DIMX=DIMX+DXB5KM2
4150 NEXT I
4160 RETURN

4180 REM THIS SECTION CALCULATES THE DISTANCE TO TANGENCY CONTACT POINT PRESENT
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419©
4300
4210

^ 4220
4230
4240
4250
4260
4270

^ 4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390

^ 4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660

FDR 1= 1 TO COUNT
ROOT(I)=0
NEXT I
POS1=1jL=D1+.0T
COUNT =0
NUMC= (COS (L-D1) + L;I<S IN i L-D1) -. 5JKL •" 2- (CST1 -. 5>KD T" 2~CD+1))
DENC=(L-Dl-SIN(L-Di))
HC=NUMC/DENC
C1C=-HC#L-.5>KL-2^0-1
C2C=C0S(L) + (L+HC)>kSIN(L)
C3C=S IN (L) - (L+HC) >HCOS (L)
F=-C2C^S IN f D1) +C3C>I=:CQS (D1) +D1+HC
IF F<0 THEN POSl=2
DX=. 1
ITER =1
LPR=L
L=LPR+DX
IF L>i2 THEN 4620
NUMC=COS (L-D 1) + LJKSIN (L~D 1) -. 5>k L- 2- (CST 1-. 5>i<D 1 - 2-CD+1)
DENC=L-D1-SIN(L-D1)
HC=NUMC/DENC
C2C=C0S (L) + (HC+L) )i=:S IN (L)
C3C=S IN (L) - (HC+L) )KCQS (L)
F=-C2C>KSIN (Dl) +C3C>HC0S (Dl) +D1+HC
IF F<0 THEN 4460
PiDS2=l
GOTO 4470
P0S2=2
IF P0S2OP0S1 THEN 4500
LPR=L
GOTO 4350
IF ITER=1 THEN 4540
IF ITER=2 THEN 4560
IF I.TER=3 THEN 4580
IF ITER=4 THEN 4600
DX=.0l! ITER=2
GOTO 4350
DX=.00l5 ITER=3
GOTO 4350
DX=.0001iITER=4
GOTO 4350
LPR=L I P0S1=P0S2
GOTO 4350
FOR 1=1 TO COUNT
PRINT "ROOTC'jIj") = "j ROOT (I)
NEXT I
L=RQOT(1)
DXC=(L-D1)/10

DX=.l !lTER=l ! C0UNT=C0UNT+1 i ROOT(COUNT)=LPR
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4S70 NUMC=C0S(L-Dl)fL)f(SIN(L-Dl)-.5*L"a-(CSTl-,5*Dl"2-CD+l)
4680 DENC=L-D1-3IN(L-D1)
4690 HC=NUMC/DENC
4700 ClC=-HC!t:L-.5:|!L"2+CD-l
4710 C2C=CDS(L)+(L+HC)*SIN(L)
4720 C3C=SIf\l(L)-(L+HC)*C0S(L)
4730 X=D1
4740 FOR J=12 TO 22
4750 Y(J)=Ml!l!(ClC+C2C)tfC0S(X)+C3C>l!SIN(X) + ,5!l<X"2+HCS|iX)
47S0 YD (J) =M 1/M2* (-C2C)|!SI N(X) +C3C!XC0S (X) +HC+X)
4770 YDD(J)=-EI*M1/(M2-2)*(-C2C*C0S(X)-C3C!|!SIN(X)+1)
4730 X=X+DXC

•^4790 NEXT J
4300 PRINT I PRINT
4810 PRINT " SEGMENT C STABILIZER TO TANGENCY POINT(CONTACT POINT PRESENT)"
4820 DIMX=D1*'M2
4830 PRINT X Y SLOPE MOME
NT"

"^4840 PRINT "
I'

4850 FOR 1=12 TO 22
4860 PRINT" "jDIMK;" ";Y(I)j" "jYD(I)j" ";YDD(I

4870 DrMX=DIMX+DXDKM2
^^4830 NEXT I

4830 IF (CH=1) THEN GOTO 4910
4900 GOTO 5000
4910 LPRINTiLPRINT
4920 LPRINT" SEGMENT C STABILIZER TO TANGENCY POINT(CONTACT POINT PRESENT)"sLPRI
NT

^^4930 LPRINT " X Y SLOPE MOME
NT"
4940 LPRINT "

4950 DIMX=Di>k-M2
4960 FOR 1= 12 TO 22

'̂ 4970 LPRINT " "jDIMX;" "jY(Ijj" "jYDH);" "{YDD(I)
4980 DIMX=DIMX+DXC>kM2 ' '
4990 NEXT I
5000 RETURN
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REM THIS PROGRAM WILL DRILL A HOLE BASED ON FORCES PRESENT AT THE BIT,
REM
REM WHICH IN TURN IS DEPENDENT UPON PLACEMENT OF THE ZERO CLEARANCE
REM
REM STABILIZER.
REM
REM FIRST, THE PROGRAM CALCULATES L, HO, BETA, PHI, THEN PSI, WHICH IS
REM
REM THE NEW TRAJECTORY OF THE BORE HOLE. CONVERGENCE TO THE EQUILIBRIUM
REM
REM ANGLE IS REACHED WHEN DELTA ALPHA IS LESS THAN .01 deg.

CLS
DEFDBL F,L,X,N
DIM Y(450),YD(450),YDD(450)
INPUT "DISTANCE TO STABILIZER i (ft) ; ";D11
INPUT "Dh=";DH!DH=DH/i2
INPUT "ODdc(i n) =";OD!OD=OD/12
INPUT "IDdc(in)="iID!ID=ID/12
INPUT "MW(ppq)="jMW
INPUT "HOLE INCLINATION (deg)= ",'AA
INPUT "FORMATION DIP GAMA(deg)="jGAMA
INPUT "FORMATION ANISOTROPY INDEX, FAI="jFAI
INPUT "WOB(1000 lb) = "jWjW=1000>t?W
DSTi=DH
REM print input data
CLS

^30 PRINT II D1 (ft)= ";Dii
240 PRINT II Dh (in) = "jDH.^12
250 PRINT II ODdc (in) = ";0D?Ki2
260 PRINT II

IDdc (in) = "!lD>^i2
270 PRINT II ODst (in) =
as0
r90

PRINT 11 MW (ppg) = "; MW
PRINT « ALPHA (deg) = ";AA

300 PRINT II WOB (Ib's) = " 1W
REM calculate dimensionless quantities
XX=i
WU=3.14159^((OD/2)-2-(ID/2)
C=(DH~aD)/2
CSTi=(DH-DSTi)/2
P=WU>f;(l-MW/65.4)
I=3.14^mD-4-ID-4)/64
PRINT "P (Ib's/ft ) =
PRINT "I (ft-4) =
PRINT;PRINT
EI=4176)Ki©-65^Jl
Di=(Dll>KSQR(W/EI) )
INPUT "DO YOU WANT A HARD COPY,
IF (HARD=1) THEN GOSUB 3570
CD= (W '•2)f;C) / (EIWPMSIN (AA/57. 23) )

DIMENSIONLESS CONVERSION FACTORS
Ml=EI}J(P#SIN(AA/57.29)/(W-2)
M2=SQR(EI/W)
M3=3QR (El / W) ;i-PJt(SIN (AA/57.29)
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470 REW
4B0 CSf 1= (W ••• E^CST 1) / (EI ^P'MS IN (AA/ 57.29))
510 REM SOLVES FOR DISTANCE TO TANGENCY POINT
^20 L=D1+.01
530 P0S1=1
540 COUNT=0
550 XTERM= CD-CSTl-l + .5>KDl-2
550 H= (SIN (L-Di) -UCOS (L-Dl) +D1) / (COS (L-Di) -i)
570 F=XTERM-. 55JiL-2+COS (L-Dl) + L)fiSIN (L-Dl) +H>k (Di-L+SIN (L-Di))
^0 IF F<© THEN P0Si=2
590 DX=.l
600 ITER =1
610 LPR=L
620 L=LPR+DX
530 IF L>15 THEN S90
'^40 XTERM=CD-CSTl-l + .5;4:Dr-2
650 H= (SIN (L-D1) -LJKCOS (L-D1) +D1) / (COS (L-D1) -1)
660 F=XTERM-. 5^L-2+COS (L-D 1) + ItS IN (L-D i) +H>K (D1 -L+SIN (L-D i))
570 IF F<0 THEN 700
580 P0S2=1
590 GOTO 710
-^00 P0S2=2
710 IF P0S2<>P0Si THEN 740
720 LPR=L
730 GOTO 620
740 IF ITER=i THEN 790
750 IF n-ER=2 THEN 810

IF ITER=3 THEN 830
770 IF ITER=4 THEN 850
780 IF ITER=5 THEN 870
790 DX=.01: ITER=2
800 GOTO 620
810 DX=.00l! ITER=3

^^20 GOTO 620
330 DX=.000l5ITER=4
340 GOTO 620
350 DX=.0000l!lTER=5
360 GOTO 620
870 LPR=L ; Pnsl=P032 ; DX=.l 5ITER=1 ! COUNT=COUNT-f 1 : ROOT (COUNT) =LPR

-^80 GOTO 620
390 FOR 1=1 TO COUNT
900 PRINT "ROOTC'jIj") = "]ROOT(D
^10 NEXT I
920 REM DETERMINATION OF BETA,PHI, HO, AND HI
930 1=0

<^40 L=R00T(1)
950 PRINT "L= "jL
960 1=1+2
970 DX=D1/I
980 IF(DX>.025)THEN GOTO 960
990 H=(SIN(L-Dn-LJl<COS(L-Dl)+DD / (COS (L-Dl)-1)

^000 HO=(SIN(Dr)-(CSTl-M-COS(Dl)-.5JKDr-2)5i';i/TAN(Dl)-Dl)/(l-Dl>k:l/TAN(Dl) )
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C3A= (CSTl + l-COS (D1) -. 5))<D1 •"2-H0>HDl) /SIN (D1)
Y (0) = (C3A+H0) )KSQR (W/EI) mi/UZ
BB=57.29^ATN(Y(07)
H0U=H0>^M3!H1U=H1>KM3
PHI=57.29>kATN (HOU/W) + AA
PRINT
REM determines if point of contact is present
PRINT
I=-l ! DX=.0i5X=0
1 = 1 + 1
Y(I) =-1+COS (X) +C3A>KS IN (X) +HO>KX+. - 2
X=X+DX
IF (yVi)>CD) OR (Y(I)=CD) THEN GOTO 2380
IF (X<D1) THEN GOTO 1110
PRINT"BETA (deg) = "jBB
PRINT"PHI (deg) = ";PHI
PRINT"H0 (Ib'sj = ";H0>KM3
NN=D1/.01
FOR 1=0 TO NN
Y(I)=0
NEXT I
PSI=GAMA+57. 29>HATN ((l-FAI) >kTAN ((PHI-GAMA) /57. 29))
PRINT "PSI = "jPSI
PRINT "ITERATION # ";XX
DA=ABS(PSI-AA)
AA=PSI
XX=XX+1
SUML=L+SUML
PRINT "FOOTAGE DRILLED = ";SUMLJKM2
PRINT;PRINT
IF (DA>.n THEN GOTO 420
PRINT;PRINT
PRINT."EQULIBIUM ANGLE REACHED AT ALPHA = "jAA
PRINT "FOOTAGE DRILLED = ";SUMLJKM2
PRINT "HO = ":H0>KM3
PRINT "# OF ITERATIONS = "jXX-l
GOTO 4731
INPUT "DO YOU WISH TO CONTINUE WITH ANOTHER RUN ? l-YES, 0-NO";DECl
IF (DECi=0) THEN GOTO 4740
PRINT
INPUT "WOULD YOU LIKE TO CHANGE ANY VARIABLES ? l-YES, 0-NO"jDEC2
IF (DEC2=0) GOTO 220
REM data change section
CLS
PRINT "CODE # VARIABLE"
PRINT " "
PRINT " 1 Dh"
PRINT " 2 ODdc"
PRINT " 3 IDdc"
PRINT " 4 Wdc"
PRINT " 5 MW"
PRINT " 6 ALPHA"
PRINT " 7 QAMA"
PRINT " 8 WOB"
PRINT " 9 h" E-32
PRINT » 10 ODst"
PRINT " 11 Dstl "



PRINT
PRINT "INPUT THE CDRRESPONDING CODE FOR THE VARIABLES YOU WISH TO CHANGE,
PRINT "ENTER THEI^ ONE PER LINE ENTER 0 WHEN FINISHED"
INPUT "CODE # = "jCN
IF (CN=0)THEN GOTO 220

(CN=1)THEN INPUT "Dh (in) = "jDHiDH=DH/i2
{CN=2) THEN INPUT "ODdc (in) = "j0D5 0D=0D/i2

"IDdc (in) = "jIDiID=ID/12
"Wdc (in) = ";WU
"MW (ppg) = "jMW
"ALPHA (deg) = "jAA!AO=AA
"GAMA (deg) = ";GA
"WOB (i000'S lbs) = "i WjW=i©00Jf:W
" h = ";DAI

jD3Ti!DSTi=D3Ti/12
";Dii

l6S0
2690
2700

IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF

(CN=3)
(CN=4)
(CN=5)
(CN=6)
(CN=7)
(CN=a)
(CN=9)

THEN
THEN
THEN
THEN
THEN
THEN
THEN

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

i'CN=10)THEN INPUT
(CN=il) THEN INPUT "
(CN<0)OR(CN>11) THEN

GOTO 2210
PRINT "INPUT
GOTO 2210
L=,01
IF (HARD=1) THEN LPRINT

QDst(in) =
Dstl(ft) =
GOTO 2360

VALUE MUST BE BETWEEN 0 AND 10 INCLUSIVE"

-mm CONTACT POINT BETWEEN BIT AND STABILIZER %%%

IF(HARD=1) THEN LPRINTjLPRINT
PRINT contact point between the bit and STABILIZER
G0.5US 2900
POSi=l
COUNT=0
IF F<0 then P0S1=2
DX=.i
ITER =1
LPR=L
L=LPR+DK
IF (L>Dn GOTO 2790
GOSUB 2900
IF F<0 THEN 2550
P0S2=1
GOTO 2560
P0S2=2
IF P0S2OP0S1 THEN 2590
LPR=L
GOTO 2490
IF ITER=1 THEN 2660
IF ITER=2 THEN 2680
IF ITER=3 THEN 2700
IF ITER=4 THEN GOTO 2720
IF ITER=5 THEN GOTO 2740
IF ITER=6 THEN GOTO 2760
IF ITER=7 THEN 2780
DX=.01{ ITER=2
GOTO 2490
DX=.001s ITER=3
GOTO 2490
DX=.0001 I ITER = 4
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GOTO 2490
DX=.0000i!lTER=5
GOTO 2490
DX=.000001 j ITER=_6
GOTO 2490
DX=.0000001.' ITER=7
GOTO 2490
LPR=L ! P0S1=P0S2 I DX=.l {ITER=1 ; CnUNT=COUNT+i ; ROOT(COUNT)=LPR
FOR 1=1 TO COUNT
PRINT "CONTACT POINT = ";R00T(1)
NEXT I
REM DETERMINES HO, HC, Hi, BETA, PHI
L=ROOT(1)
X=0
N3A= (1+CD-COS (L) +. L•" 2-LJl^SIN (L)) / (SIN (L) -L>KCQS (L))
HO=SIN (L) -L-NSAJkCOS (L)
YD (0) = (-SIN (X) +N3A>KCQS i X) +X+HO) 1 /M2
BB=57.29>KATN{YD(0))
GOTO 3000
REM FUNCTION FOR CONTACT POINT BETWEEN BIT AND STABILIZER
N3A= (1+CD-COS (L) +. 5.^L-2-L^f^SIN (L) ) / (31N (L) -L>KCOS (L))
NUMER= ((C3T i -CD-. (D1 - 2- L- 2)) >i<S IN (D1 - L) + (L+D !):*:(! -COS (D1 - L)))
DEN0M=(2iHC0S(Dl-L) + (Dl-L)^:SINfDl-L)-2)
HB=NUMER/DENOM
X= 0
N3B= ((D1+HB) JKSIN (L) - (L+HB) >f^31N fD1)) / SIN fD1 - L)
N2Br=.( (Di+HB)>KCOS(L)-(L+HB)>HCOS(Di) )/fSIN(Di-L))
F=COS (L) (1-N2B )iSlHiL)ti N3A-N3B)
RETURN
X=0
NUMER= ( (CST1 -CD-. (D1 -2-L -2) ) >I=:S IN (D1 -L) + (L+D1) (1-COS (D1 -L) ) )
DEN=!:2Jj<CQS(Di-L) + (Dl-L)){iSIN(Di-L)-2)
HB=NUMER/DEN
HC=HO-HB
PRINTi-PRINT
PRINT "BETA (dsg) = "jBB
PHI =57. 29^KATN ((SQR (El/ W) WMSIH (AA/57. 29) mO) /W) +AA
PRINT "PHI (deg) = "jPHI
PRINT "H0 (Ib's) = "iHO^f'MS
PRINT "HC (lb'5) = "jHC;}iM3
GOTO 4130
REM HARD COPY OF INPUT DATA
LPRINT " D1 (ft) = "iDll
LPRINT " DH (in) = ";DH>K12
LPRINT " ODdc (in) = "jOD:=!=:l2
LPRINT " IDdc (in) = "ilDU2
LPRINT " Dh (in) = " lUmiE
LPRINT " MW (ppg) = "iMW
LPRINT " ALPHA (deg) = ";AA
LPRINT " WOB (Ib's) = ";W
LPRINT " P (Ib's/ft in fluid) = ";P
LPRINT " I (in-4) = ";I
LPRINT;LPRINT
RETURN
REM hard copy of ho, beta, HC, phi
LPRINT "BETA (deg) = "jBB
LPRINT "HO (Ib's) = ";H0^M3
LPRINT "HC (Ib's) = " j HOI^MS
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LPRINT "PHI (deg) = "jPHI
RETURN
REM THIS SECTION CALCULATES THE DISTANCE TO TANGENCY CONTACT POINT PRESENT
FOR 1= 1 TO COUNT
ROOT(I)=0
NEXT I
POSl=iiL=Di+.0i
COUNT =0
NUMC= (COS (L-D1) + L?KS IN (L-Di) -. 5>KL - 2- (CSTi-. 5>KD 1 -2-CD+1))
DENC=(L-Di-3IN(L-Dl))
HC=NUMC/DENC
ClC=-HC>{«L-.5J}<L-2+CD-i
C2C=C0S (L) + (L+HC) >t5S IN (L)
C3C=S IN (L) - (L+HC) ^KCOS (L)
F=-C2C^.S IN (D1) +C3OKC0S (D1) +D1+HC
IF F<0 THEN P0S1=2
DK=.i
ITER =i
LPR=L
L=LPR+DX
IF L>12 THEN 4620
NUMC=COS (L-D1) + L>HSIN {L-D1) -. SiKL - 2- (CST1 -. 5W i - 2-CD+ i )
DENC=L-Dl-SIN(L-Di:)
HC=NUMC/DENC
C2C=C0S {L) + (HC+L) JKSIN (L)
C3C=SIN(L)-(HC+L)tCQS(L)
F=-C2C5f;S IN (D i) iCSCtCDS (D1) +D i +HC
IF F<0 THEN 4460
P0S2=i
GOTO 4470
P0S2=2
IF P0S2OPQS1 THEN 4500
LPR=L
GOTO 4350
IF ITER=i THEN 4540
IF ITER=2 THEN 4560
IF ITER=3 THEN 4580
IF ITER=4 THEN 4500
DX=.0ij ITER=2
GOTO 4350
DX=.00l! ITER=3
GOTO 4350
DX=.000i!lTER=4
GOTO 4350
LPR=L ! P0S1=P0S2 ! DX=.l iITER=i i COUNT=COUNT+i ; ROOT(COUNT)=LPR
GOTO 4350
FOR 1=1 TO COUNT
PRINT "ROOTC'ili") = "j ROOT (I)
NEXT I
L=ROOT (1)
PSI=GAMA+57.29>i;ATN( (l-FAi:)>I^TAN( (PHI-GAMA)/57.29))
PRINT"PSI = "jPSI
PRINT "ITERATION # ";XX
XX=XX+1
SUML=L+SUML
PRINT "FOOTAGE DRILLED = ";3UML>KM2
PRINT 5PRINT
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4690
4700
4710
4720

^730
4731
4732
4733
4734
4735

'^740

DA=ABS(PSI-AA)
AA=PSI
IF (DA>.i) THEN GOTO 420
PRINT "EQUILIBRIUM ANGLE REACHED AT ALPHA = ";AA
PRINT "FOOTAGE DRILLED = "iSmimZ
LPRINT "EQUILIBRIUM ANGLE REACHED AT ALPHA = ";AA
LPRINT "FOOTAGE DRILLED = ";8UML>I<M2
LPRINT "HO = "{HQ^M3
LPRINT "# OF ITERATIONS = "jXX-1
GOTO 1930
END
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APPENDIX F

ONE POINT STABILIZER SINGLE
SEGMENT BOREHOLE, NO CONTACT v
POINT

Segment A Range: 0£x<£i ; h^=ho

B.C. X = 0 Ya = 0 centered in hole C^^

X = 0 y"A =0 no moment at bit Cg^

Segment B

B.C. X

X

X

X

Range; li ± ^ ±

^ yB = Cdc

^ y'B = 0

y"B = 0

; hB = h - ^o

hB

CiB

CzB

CsB

y = Ci + C2 cos(x) + C3 sin(x) + i + hx

y« = _ C2 sin(x) + C3 cos(x) + X + h

y" = - C2 cos(x) - C3 sin(x) + 1

F-1

(F-1)

(F-2)

(F-3)

(F-4)

(F-5)

(F-6)



€. ^

Segment A

X = 0 Ya = 0

0 — + C2 — "" C2

X = 0 y"A= 0

0 = -C2+l C2=l Ci=-1

We now have

= -1 + cos(x) + CgA sin(x) + ^ + ho x (F-7)

Segment B

X == y"B= 0

0 = - C2B cos(Jl) - C3B sin(£) + 1

C^B = - C,R sin(£) + 1 ^ C,B s±n(Z) - 1
- cos(Ji) cos(Jl)

X = il y'b= 0

0 - - C2B Sin(jl) + C3B cos(Jl) + 5, + h

^ - C,R sin(jl) + (£ + h) ^ -(& + h) + C,r sin(£)
- COS(£) COS(JI)

Substituting (F-9) into (F-8)

= r-C?B sinOl) + a] ^ l/cos(il)
COS^(Jl)

F-2



C2B cos^(il) = - C2b Sin^()2.) + (Jl+ hB)sin(jl) + cos(5,)

CzR = cos(£) + (A + hg) sin(il)

substituting (F-10) into (F-9)

n - (-cos(£)-(Jl + h)sin(il) sin(Jl) + (1 + hg)
^3g ~ —

- cos(iJ,)

- Cag cos(5,) = - cos(il)sin(il)-a sin^(Jl) + (Jl + hg)

Cog = sin(£) - (Jl+hb) cos(il)

X - 5, yg -

Cdc = +[cos( ^,)+( + hg)sin(£)]cos(£)+[sin(Jl)-(£+hB)

cos(il)] sin(5,) + + h-oi

X = yg = Cst

+[sin(Jl)-(il+hg)cos(Jl)]sin(+hg £i

F-3
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(Cst - Cdc + 1 + - cos(Jl) cos(£i)+

+ (£ + hB) cos(Jli)sin(Jl) + sin(il) sin(£i) - (£ + hg)

cos(Jl) sin(ili) + hg(S,i - Z)

[Cgt - ^dc + 1 + ^ = cos(£ - £i) + (Jl + hg)
sin(il - Jli) + hg(£,i-£)

Cst.-Cdn+l+iCil^-ili )-cos(£-ili )-il sin( £-£i)
hg = —

[(£i-il) + sin(£-Jli)]

Continuity Conditions

X =

X = ii

X = ill

YA = B = Cst

y 'a = y'B

y"A = y"B

X - £-1 yA ~ ^st

Cst = - 1 + cosai) + CaA sin()li) + + ho Hi

3A

^ [1 + Cst - hli - cos( )-ho &i3
sin(£i)

X = Jli y"A = y"B

cos(£i) + CaA sin(ili) + 1 = [cos(£) + (£ + hg) sin(Jl)]

cos(ili) + [sin(£) - (il + hg)cos(£)] sin(ili) + 1

F-4
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(F-14)

(F-15)

(F-16)
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CsA sin(ili) = cos(5,)cos(5,1) + (£, + hg) sin(£) sin(5,i)

+ sin(Jl) sin(jli) - (S, + hg) cos(£) sin( ) - cos( Jli)

-hoili = - Cst - l) + cos(Jl - ili) + (Jl + hg)sin(Jl - Hi)

h = )-cos(g, -£i )-(£ + hR)sin( Jl - Jli) (F-18)

X = £i y-A = y'B

~sin(ili) + cos(£i) + ili + ho = - [cos(il) +(£ + hB)sin(5,)]

sin(5,i) + [sin(il) - (5, + hB)cos( Jl)]cos(£i) +li + hB

Solving for 0 on the l.h.s.

0 = - C2b sln(Jli) + CsB cos(Jli) + h - ho - C3A cos (5,i)

+ sin(Jli)

0 = (1 - C2B)sin(ili) + (C3B - C3a)cos(5,i) + hB - ho (F-19)
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NUMBERIC VERIFICATION OF RESULTS

FOR THE SINGLE SEGMENT POINT STABILIZER MODEL

Starting with the simplified differential equation for bending.

El Y'" + W Y' = H + XP sin(a) (F-20)

Integrating (F-20)

El Y" + WY HqX + X^P sln(a)
0^0

Y"(0) =00 X = 0 Y(di) = Cst

Y (0) = 0 X = di

El Y"(di) + WCst = Ho di + P^sin(a) (F-21)

Integrating (F-20) from di to L

El Y" + WY HiX + X^P sin(a)

Y"(il) = 0 Y( ) = Cdc

Y'(£) = 0 Y(di) = Cst

- El Y"(di) + W(Cdc - Cst) Hi(Jl - di)+-^ sin(a) (F-22)

Adding F-21) and (F-22)

WCdc = Hodi+ Hi(L - di)+ sin(a) (F-23)

Hi = Hn - Hi
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El Y"' + WY' = H + XP sin(a) (F-24)

Integratiirg (F-24) using B.C. for the slick assembly

El Y" +WY]q =HX+ sxn(a)

Y(0) = 0 Y(L) = Cdc

Y'(0) = 0 Y"(L) = 0

+WC<jc =HL+ L'P (F-25)

Callas's data (1 - pt. stabilizer) From (F-23)

Di = 10 ft. 2084 lb/ft = 6930 - 65233

^dc 0.1042 ft. + 60351

Ho = 693 lb. 2084 lb/ft = 2048 lb/ft

Hi 2694 lb. 1.75% difference

a = 41.48 ft.

p 76.8 lb/ft.

a
= 60°

W — 20 m Ib's
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Slick string data From (F-25)

^dc = 0.1Q42 ft. 2,084 = -15,572 + 17,650

P = 76.8 lb/ft. 2084 = 2078 lb/ft.

Ho = -513.6 0.29 % difference

a = 30®

W = 20 m Ib's

i = 30.32 ft.

^st = 0 (1 - pt. Stabilizer) From (F-23)

Di 20 ft. +3646 = 1,480 - 36,440 +

a = 15® + 38,560

W = 35 m Ib's
3646 = 3600

P = 76.815
1.28% difference

Ho z= 74.0 lb.

Hi = 934 lb.

Cdc = 0.1042
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10 REM ONE STABILIZER
20 REM
30 REM POINT SUPPORT
40 REM
50 REM A CONTACT POINT BETWEEN BIT AND STABILIZER IS NOT CONSIDERED.
60 REM
70 REM THIS PROGRAM CALCULATES BETA, PHI, HO, AND HI, FOR A SPECIFIED
80 REM
90 REM DISTANCE TO THE STABILIZER, CLEARANCE, WOB, AND MOMENT OF INERTIA
100 CLS
110 DEFDBL F,L,X,N
120 DIM Y(450),YD(430).YDD(450)
130 INPUT "DISTANCE TO STABILIZER 1 (ft) J "jDll
140 INPUT "Dh="}DHiDH=DH/i2
150 INPUT "ODdc(in)=",'00100=00/12

^ 160 INPUT "IDdc(in)="iIDjID=ID/i2
170 INPUT "ODst (in) = "jDSTliDSTi=DSTl/12
180 INPUT "MW(PPg)="!MW
190 INPUT "Hole inclination ALFA(deg)="iAA
200 INPUT "WOB(1000 lb) = ";W5y?'=i000r.y
210 REM mmmmm print input data

^ 220 CLS
230 PRINT " Dl (ft)= USING"##.##";Oil
240 PRINT " Dh (in) = ";DHJH12
250 PRINT " ODdc (in) = "iOOm
260 PRINT " IDdc (in) = "jID>Hi2
270 PRINT " ODst (in) = "iDSTl>fii2

^ 280 PRINT " MW (ppg) = "iMW
290 PRINT " ALPHA (deg) - "jAA
300 PRINT " WOB (Ib's) = "jW
310 REM CALCULATE DIMENSIONLESS QUANTITIES
320 WU=3.14159)K( (OD/2) '"2-(ID/2) -2)>l=:489
330 C=(DH-0D)/2

^ 340 CSTl=(DH-DSTl)/2
350 P=WU>Ji(l-MW/65.4)
360 I=3.14?k(0D"-4~ID-4)/64
370 PRINT "P (Ib's/ft ) = "}P
380 PRINT "I (ff'4) = "il
390 PRINTiPRINT

^ 400 EI=4175?t!i0'-6>KI
410 D1=(D11JKSQR(VJ/EI))
420 CD=(W"2>l<C)/(EI>f!P>KSIN(AA/57.29))
430 PRINT "CD = "jCD
440 Mi=EIiKPJKSIN (AA/57. 29) / (W-2)
450 M2=SQR(EI/W)

^ 460 M3=SQR(EI/'ty)mSIN (AA/57.29)
470 PRINT"m3= "{M3
480 CST1= (W*2)KCST1) / (EIH«P>KSIN (AA/57. 29))
490 PRINT "CST1= "jCSTi
500 INPUT "DO YOU WANT A HARD COPY, 1- YES, 2-N0";HARD
510 IF (HARD=1) THEN GOSUB 2710
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5S0 GOTO 1150
530 REM SOLVES FOR DISTANCE TO TANGENCY POINT UUUmmU
540 L=Di+.01
550 P0S1 = 1
550 COUNT=0
570 NUMB= (CST1 +. 5>KL2-CD+ i-. 5>fJD i -2) -COS (L-D1) -1^31N (L-D1)
580 DENB=D1~L+SIN(L-D1)
590 HB=:NUMB/DENB
500 ClB=-HBJ)<L-.5>f(L-2+GD-l
510 C2B=C0S(L) + (L+HB)>I<SIN(L)
520 C3B=SIN(L)-(L+HB))KC0S(L)
530 H0=((CSTl-.5)t{Dr-2+l)- COS (L-Dl) - (L+HB) >KSIN (L-Dl))/D1
540 C3A= (1+CSTl-. 5>KD1 -2-COS (D1) -H0>KD1) /SIN (D1)
550 F= (SIN (D1) >!^- (1-C2B) +COS (D1) )i< {C3B-C3A) +HB-HO)
550 IF F<0 THEN P0Si=2

^ 570 DX=.01
580 ITER =1
590 LPR=L
700 L=LPR+DX
710 IF L>15 THEN 1120
720 NUMB= rCST 1+. 5>KL - 2-CD+1-. 5>KD r" 2) -COS (L-Dl)IN (L-Dl)

^ 730 DENB=D1-L+SIN(L-D1)
740 HB=NUMB/DENB
750 ClB=-HB)f{L-.5)t(L-2+CD-i
750 C2B=C0S(L) + (L+HB)>KSIN(L)
770 C3B=SIN(L)-(L+HB)>KC0S(L)
780 ((CSTl -. 5Wi -2+1) -COS (L-Dl) - (L+HB) )HSIN (L-Dl)) /D1

^ 790 C3A= (1+CST1 -. 5;liD1- 2-COS (D1) -HQ>KD 1) /SIN (D1)
800 F= (SIN (D1) (1-C2B) +COS (C3B-C3A) +HB-HO)
810 IF F<0 THEN 840
820 PaS2=l
830 GOTO 850
840 P0S2=2

^ 850 IF P0S2OP0S1 THEN 880
850 LPR=L
870 GOTO 700
880 IF ITER=1 THEN 950
890 IF ITER=2 THEN 980
900 IF ITER=3 THEN 1000
910 IF ITER=4 THEN 1020
920 IF ITER=5 THEN 1040
930 IF ITER=5 THEN 1050
940 IF ITER=7 THEN 1080
950 IF ITER=8 THEN 1100
950 DX=.00i! ITER=2

^ 970 GOTO 700
980 DX=.000lJ ITER=3
990 GOTO 700
1000 DX=.00001{ITER=4
1010 GOTO 700
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10S0 DX=.0000015ITER=5
1030 GOTO 700
1040 DX=.000000i{ITER=6
1050 GOTO 700
1050 DX=1E-08}ITER=7
1070 GOTO 700
1080 DX=lE-09iITER=8
1090 GOTO 700
1100 LPR=L i P0S1=P0S2 { DX=.l .• ITER=1 i C0UNT=C0UNT+1 : ROOT (COUNT) =LPR
1110 GOTO 700
1120 FOR 1=1 TO COUNT
1130 PRINT "ROOTC'iI;") = ";ROOT(I)
1140 NEXT I
1150 REM -mummmu determination of beta,phi, ho, and hi
1160 1=0
1170 1=1.90603
1180 NUMB= (CST1 +. 5>HL - 2~CD+1 -. 5>KD 1 -2) -COS (L-D1) -IN (L-D1)
1190 DENB=D1-L+SIN(L-D1)
1200 HB=NUMB/DENB
1210 ClB=-HB>KL-.5>{<L-2+CD-l
1220 C2B=C0S(L) + (L+HB))kSIN(L)
1230 C3B=SIN(L)~(L+HB)>KC0S(L)
1240 H0= ((CST 1-. 5>HD 1 2+1) -COS (L-D1") - (L+HB) >kS IN (L-D1)) /D1
1250 C3A= (1+CSTl-. 5>HD1 •"2-COS (Dl) -HOjKDI ) /SIN (D1)
1260 F= (SIN (D1) >K (1-C2B) +COS (D1) (C3B~C3A) +HB-HO)
1270 H1=H0-HB
1280 YD(0)=(C3A+HQ)
1290 BB=57.29>KATN(YD(0)>KM1/M2)
1300 lH0U=H0>KM3!HiU=Hl>KM3

^ 1310 PHI = 57.29>I«(ATN((M3>HH0)/W))+AA
1320 PRINT
1330 REM WWU-UUU DETERMINES IF POINT OF CONTACT IS PRESENT
1340 PRINT
1350 I=-l 5 DX=.0l!X=0
1350 1=1+1
1370 Y (I) =-1+COS (X) +C3AH<S IN (X) +HO>KX+. - 2
1380 X=X+DX
1390 IF (Y(n>CD) OR (Y(r)=CD) THEN GOTO 2660
1400 IF (X<Di) THEN GOTO 1360
1410 IF (HARD=1) THEN GOSUB 2840
1420 INPUT"DO YOU WANT A HARD COPY OF Y, SLOPE, MOMENT Vs X, l-YES, 2~N0"jH2
1430 PR I NT "BETA (deg) = "jBB
1440 PRINT"PHI (deg) = "jPHI
1450 PRINT"H0 (Ib's) = ";H0>{iM3
1460 PRINT "HI (Ib's) = ";Hl>i<M3
1470 NN=D1/.01
1480 FOR 1=0 TO NN
1490 Y(I)=0
1500 NEXT I
1510 REM solve for 0 slope point between bit and tangency
1520 X=0iPOSl=l!COUNT=0
1530 F=-SIN(X)+C3A>KC0S(X)+X+H0
1540 IF (F<0) THEN P0Sl=2iDX=.l

F-11



1550 ITER=1
1560 XPR=X
1570 X=XPR+DX
1580 IF(X>D1) THEN GOTO 1750
1530 F=-SIN(X)+C3rA)*(CaS(X)+X+H0
1600 IF (F<0) THEN 1530
1610 P0S2=1
1620 GOTO 16i0
1630 P0S2=2
1640 IF (P0S2OPDS1) THEN 1670
1650 XPR=X
1660 GOTO 1570
1670 IF (ITER =1) THEN 1710
1680 IF (ITER =2) THEN 1720
1690 IF (ITER =3) THEN 1730
1700 IF (ITER=4') THEN 1740
1710 DX=.01iITER=2!GOTO 1570
1720 DX=.00l! ITER=3i GOTO 1570
1730 DX=.0001i ITER=4! GOTO 1570
1740 SLP0=XiDXl=SLP0/5}DX2=(Di-SLP0)/5jGOTO 1770
1750 DX1=D1/10 5DX2=D1/10:SLP0=D1/2
1760 PRINT "DX1= ";DX1
1770 REfmm DETERMINE VALUE OF Y, SLOPE, MOMENT FOR BIT TO 0 SLOPE POINT
1780 X=0iJ=0
1790 FOR J=0 TO 5
1800 Y (J) = (-1+COS (X) +C3AH^S IN (X j +HQ>kX+. 5'MX •" 2) W1
1810 JD (J) = (-SIN (X)+C3AJfi'COS (X) +HO+X) m 1/M2
1820 YDD (J) =-EI)l< (-COS (X) -C3Aif=;SIN(X) + 1) mi/ (M2-2)
1830 X=X+DXi:LSJ=J
1840 NEXT J
1850 REM mm DETERMINE VALUES OF Y, SLOPE. MOMENT FOR 0 SLOPE TO STABl
1860 X=3LP0+DX2i LSJ=LSJ+1
1870 FOR K=LSJ TO 10
1880 Y (K) = (-1+COS (X) +C3A>1=:S IN (X) +HOiKX+. 5>HX - 2) :^M 1

^ 1830 YD (K) = (-SIN (X) ^CSmCQS (X) +HO+X) 1 /M2
1900 YDD (K) = (-EI>K {-COS (X) -C3A>HSIN (X) +1)) !i '̂Ml/ (M2-2)
1910 X=X+DX2
1920 NEXT K
1930 PRINT " X Y SLOPE MOMENT
1940 PRINT" (ft) (ft) (ft/ft) (ft-lb

1950 PRINT"

1960 DIMX=.000001
1970 FOR 1=0 TO 5
1980 PRINT USING "+#####.##### ";DIMXjY(I);YD (I);YDD(I)
1990 DIMX=DIMX+DX1>J{M2
2000 NEXT I
2010 DIMX=SLP0>liM2
2020 FOR 1=6 TO 10
2030 DIMX=DIMX+DX2>HM2
2040 PRINT USING"+#####.##### ";DIMXjY(I);YD(I)jYDD(I)

^ 2050 NEXT I
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m.

2060
2070
2080
2090
2100
2110
2120
2130
2140
2130
2150
2170
2180
2130
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570

IF (HZ=1) THEN GOSUB 2910
REM mm DETERMINE Y, SLOPE,
DX3=(L-D1)/10!X=D1
FOR 1= 11 TO 21
Yd) = (G1B+C2B>KC03 (X) +C3B>liSIN (X) +HBm, 5>JJX"2) mi
YD (I) = i-CEB-MSm (X) +C3BJKCDS (X) +HB+X) >I<M1 /M2
YDD (I) = (-EUI-C2B>kC0S (X) -C3B)liSIN (X) +1)) >»!M1 / (M2-
X=X+DX3
NEXT I
PRINT
DIMX=D1>KM2
PRINTJPRINT "SEGMENT B "iPRINT

*PRINT
PRINT

II CODE #

" 1
" 2
" 3
" 4

" 5

" 3
9

10
11

PR
PR
PR
PR
PR

PR
PRIN
PR IN
PRIN
PRIN
PRIN
PRINT
PRINT
INPUT
IF
IF
IF

NT
NT
NT
NT
N

NX
:n

T "

T "

T H

VARIABLE"
II

Dh"
ODdc"

IDdc"
Wdc"
MW"

-----

WOB"
h"

ODst"
Dstl "

MOMENT FOR SEGMENT B "mm

2)

PRINT" X Y SLOPE MOMENT"
PRINT" (ft) (ft) (ft/ft) (ft~lb)
PRINT"
FOR 1=11 TO 21
PRINT USING"+#####.#####
DIMX=DIMX+DX3>KM2
NEXT I
IF (HZ=1)THEN GOSUB 3070
INPUT "DO YOU WISH TO CONTINUE WITH ANOTHER RUN ? l-YES, 0-NO";DECl
IF (DEC1=0) THEN GOTO 3550
PRINT
INPUT "WOULD YOU LIKE TO CHANGE ANY VARIABLES ? l-YES, 0-NO";DEC2
IF (DEC2=0) GOTO 220
REM mmmmmm data change section mmm^mmmmrM
CIS

jDIMXjYd) ;YD(I) ;YDD(I)

"INPUT THE CORRESPONDING CODE FOR THE VARIABLES YOU WISH TO CHANGE,
"ENTER THEM ONE PER LINE ENTER 0 WHEN FINISHED"
"CODE # = "iCN

(CN=0)THEN GOTO 220
(CN=1)THEN INPUT "Dh (in) =
(CN=2) THEN INPUT "ODdc (in)
(CN=3) THEN INPUT "IDdc (in) = "iIDiID=ID/12
(CN=4) THEN INPUT "Wdc (in) = "iWU
(CN=5) THEN INPUT "MW (ppg) = "jMW
(CN=6) THEN INPUT "ALPHA (deg) = "iAAlAO=AA
(CN=7) THEN INPUT "GAMA (deg) = ":GA

IF
IF
IF
IF
IF

")DHiDH=DH/12
= "iQDiQD=0D/12
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2580
2590
2600
2510
2620
2630
2640
2650
2660

^ 2670
• 2680

2680
2700
2710
2720
2730
2740
2750
2760
2770
2730
2780
2800
2810
2820
2830
2840

^ 2850
2860
2870
2880
2890
2900

^ 2910
2920
2930
T"
2940
b) "

^ 2950
_ II

2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080

IF
IF
IF
IF
IF

(CN=a) THEN INPUT "WOB (1000'S lbs) = "; WiW=1000>>;W
(CN=9) THEN INPUT " h = "iDAI r^nx>.
(CN=10)THEN INPUT " ODst(iri) = "; DSTl JDST1=DST1/12
(CN=11) T-NEN INPUT " Dstl(ft) = "jDll
(CN<0)OR(CN>11) THEN GOTO 2640

GOTO 2490
PRINT "INPUT
GOTO 2490

PRINT CONTACT POINT BETWEEN THE BIT AND STABILIZER
END
GOTO 3550
pcM

REM HARD COPY OF INPUT DATA

VALUE MUST BE BETWEEN 0 AND 10 INCLUSIVE"

LPRINT " D1 (ft) =
LPRINT " DH (in) =
LPRINT " ODdc (in) =
LPRINT " IDdc (in) =
LPRINT " ODst (in) =
LPRINT " MW (ppg) =
LPRINT " ALPHA (deg) =
LPRINT " WOB (Ib's) =
LPRINT " P (Ib's/ft in
LPRINT " I (in-4) =
LPRINT}LPRINT
RETURN
REM

fluid) =

;D11
lDmi2

'jOD>K12
'iiom

";DSTi)K12
';MW
'jAA
'jW
']P
•jl

HARD COPY OF HO, BETA,
"jBB
"} mm3
" j HOHM3
";Hl>kM3
" jPHI

HC, PHI

LPRINT
LPRINT
LPRINT
LPRINT
LPRINT

HARD COPY SEGMENT A NO CONTACT POINT
LPRINT;LPRINT" SEGMENT A BIT TO STABILIZER "
LPRINT" X Y oLOPE

LPRINT"

LPRINT"

'BETA (deg) =
'HO (Ib's) =
'HC (Ib's) =
'hi (Ib's) =
'PHI (deg) =

(ft

DIMX=.000001
FOR K=0 TO 5
LPRINT USING"+#####.#####
DIMX=DIMX+DXUM2
NEXT K
DIMX=SLP0>HM2
FOR J=6 TO 10
DIMX=DIMX+DX2>KM2
LPRINT USING"+#####.#####
NEXT J

HARD COPY OF SEGMENT B NO CONTACT PRESENT
LPRINTiLPRINT" SEGMENT B STABILIZER TO TANGENCY POINT "

(ft) (ft/ft)

";DIMXjY(K:) ;YD(K) ;YDD(K)

"iDIMXjY(J)jYD(J)jYDD(J)
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APPENDIX G

ONE POINT STABILIZER, TWO SEGMENT BOREHOLE,
WITH CONTACT POINT CONSIDERED

FIGURE XIV-G

Xn,Yn-The new coordinate system

Yni = Yi COS0 + Xi sine

Xjii = -Yi sinO + Xi COS0 + Di

G-1

(G-1)

(G-2)



expressing (G-1) and (G-2) in the general coordinate systems:

Yjj = Y COS0 + X sine

Xn = -Y sine + X cose + Di

Di - distance to first stabilizer

dYn ^ dYn/dX

dXn dXn/dX

dYn/dX=cose dY/dX + sine

dXn/dX = -dY/dX sine + cose

/ , _ cos9 dY/dX + sine
dYn/ciAn - _dY/dX sine + cose

Assuming sin0 in the denominator is small

dYn/dXn = tan6 + dY/dX

d^Yn ^ d(dYn/dXn) ^
dXn^ dX

d(dYn/dXn)
dX

dXn/dX

let u = cose dY/dX + sine

V = -dY/dX sine + cose

G-2

(G-3)

(G-4)

(G-5)

(G-6)

(G-7)



d(u/v) _ (v du/dX - u dv/dX) (G-8)
dX v2

du/dX == COS0 d^Y/dX^

dv/dX = -d^Y/dX^ sin0

Applying rule (G-8) to the numerator of (G-7)

-sln6cos6 d^Y/dX^ dY/dX + cos^e d^Y/dX^
d(dYn/dXn)_ +slnecose dY/dX d^Y/dX'+ sln'e d Y/d X—

dX ("dY/dX sine + cos6)^

d(dYn/dXn) ^ d^Y/dX^
dX (-dY/dX sine + cose)^

d^Yn d'Y/dX' (G-8a)
dX]J (-dY/dX sine + cosB)^

AssTiming that the sin0 term can be approximately equal to 0

h2v /hv 2-d Yn/dXn - <,0339

d(d'Yn/dXn')

2 _ d'Y/dX^ (G-9)

2^ dX (G-10)
d(d^Yn/dXn')_

dXn dXn/dX

let V = ("dY/dX sinS + cosB)^

let u = d^Y/d^X

G-3



DERIVATION OF THE
DIFFERENTIAL EQUATION OF BENDING

FIGURE XV-G



Superimposing forces on the NM axis to obtain shear at that

point yields:

- W sin(3 + 0)

+ Hq cos(3 +0)

- Hi cosCe + 0)

+ DiP sin(an +3+0)

+ X P sin(an +3+0)

S Si = El d'Yn/dXn'

El d'Yn/dXn' = -W sin(6 + e) + (Ho-Hi) cos(e + 6)
+ (Di + X) P sin(an +3+6)

X = 7-^^^ ; sin(an + B +9) =sin(an) cos(6 + 6) +
cos(0) '

+ cos(an) sin(3 + 0)

El d^Yn/dXn^ = -W sin(3 + 0) + (Hq - Hi) cos(3 + 0)

+ [Di cos(e) + Xn - Dil p sinCdn +6+6)
cos(0)

= -W sin(3 +0) + (Ho - Hi) cos(3 +0)

assuming tnat Ui(,i -

we obtain;

G-7

1 XnP
that Did - •T^)P small in comparison to

(G-14)

(G-15)



El d^Yn/dXjj^ = -W sin(3 +6) + (Ho - Hi) cos(3 +6)+
(G-16)

+ (Xn/cose) P sin(an +3 + Q)

dividing by cos(3 +0)

El d^Y
^ + 6) + (Ho - Hi) +cos(3 + 9) ^ n

+ Xn P sinCan + B+ 6) ^ + 0) +
cos(0) cos($ + 0)

„ , . Xn P [sin(an) cos(e + 0)+ sin(3+ 0)cosan]
+ (Ho — Hi) +

cos(0) cos(3 + 0)

Xn P
= - Wtan(3 + 0) + (Hq - Hi) + ^ [sina +

cos(0)

+ tan(3 +0) cos a^]

Per equation (G-12) in the coordinate transformation section

= tan(3 + 0)
dXn

El d^Yn ^ zJl ^ + (Ho - Hi) +—^— P[sinan +
cos(3 + 0)dXn^ cos(3 + 0) cos(0)

^-dYn cosan]
dXn

El dfYxi + ^ _ XaP cos an) = Ho - Hi +
cos(3 + 0) dX^n dXn cos0

+ ^ sin(an) _
cos(0)

G-8



assiiming that —Xn P cos(an) small in comparison to W
cos(0)

El ^ ^ ^ P sin(an)
cos(3 + 0) dX^ dXn cosO)

Assuming cos(B + 6) «cos(0) per the derivation in the

coordinate transformation section

W= (Ho + Hi) + ^ sin(an)
cos(0) dXn' dXn cos(0)

(G-17)

(G-18)

For the case when the stabilizer is located just above the dog

leg in the hole, Equation (G-18a) applies.

El d__Yn ^ dYn w = [Ho + Hi/cos(0)] + ^ sin (an) (G-18a)
cos(0) dXn^ dXn cos(0)

G-9



Given;

DERIVATION OF DIMENSIONLESS CONVERSIONS

(Valid for > Di )

Yn Xn H
— = yn ; — = Xn ; = h
Ml Mz Ms

y'n ~ dyn/dXn • dXn/dx ; dXn/dXn = Mj

dyn/dXn = dYn/dXn ^

dyn/dXn=(dyn/dXn)(M2/Mi) (G-19)

d^yn/dxn^ = ^(dYn/dXn) , dx^/axn
dXn

d^yn/dxn^ = d^Yn/dX^ • Ma^Mi (G-20)

d'yn/dxn' = d(d'vn/dxn'> . dXn/dxn
dXn

= d'Yn/dXn' • M2VM1 • Ma

d^yn/dxn^ = d'Yn/dXn^ • Mz'/Mi (G-21)

Solving for the dimensional form of the function and its

derivatives yeilds:

Yn = Yn MiB = Xq = Mzb = H = hg Mas

G-10



dYn/dXn = dyn/dxn • (G-22)

d^Yn/dXn^ = d^y/dx^ • Mi/Mz^ (G-23)

d^Y/dXn^ = d^y/dx^ •Mi/M2^ (G-24)

El = 17T* . P = p*
cos(0) ' cosO)

(G-18) becomes

El* d^Yn/dXn^ + dYn/dXn W= (Ho-Hi)+Xn P*sin(an) (G-25)

substituting (G-22), (G-23) and (G-24) into (G-25) yields:

21* MiB + w ^ = (ho - hi) M3B +
M2B- dxn' M2B dxn^

(G-26)

+ xnP* Mzb sin(an)

EI*P*sin(an)
dividing (G-13) by ^

Mib W d'yn dy _
P sln(an) dST^I EI*P'sin(an) U2 dx„n EI*P*sin(an) *

* M3b + M2B

Multiplying by M^g yields:

Mi£L_ W diin + Wf M,b ^ =
Mjb^ P*sin(an) dxn^ EI*P*sin(an) dx^

(G-24)
^ (h^-h^yifMaBM^B + XnW M '̂b

' EI*P*sin(ctn) BI*
G-11



From (G-27)

M2B
EI^
W

_ r EI*P*sin(an)T
Mxb - [ "'l

_ . EI*P*sin(an) •, _ EI*P*siii(an)
3B ~ I f

W M, W /EI*
W

'3B = [i/^ • P*sin(an)]
f W

Substituting back in for EI* and P* yields

Mib = [ EI P sin(an) ^
cos^e

EI
[ w cos(0) ^

M = / EI * P sin(an)
-V/w COS0 cos(0)

(G-28)

(G-29)

(G-30)

(G-30a)

(G-30b)

(G-SOc)

For the case in which the stabilizer is just above the

dog-leg in the hole, the dimensionless differential equation

becomes:

llZn + ^ - hg = Xn (G~31)

G-12



DETERMINATION OF INTEGRATION
CONSTANTS AND FORCING FUNCTION

B.C.

X = 0 YA = 0

X = 0 y"A = 0

[Subscript N represents the New
coordinate system]

FIGURE XVI-G

[Dimensionless Coordinates]

Segment A

G-13

(G-32)

(G-33)



Continuity Conditions

Xn= = yen = Cgt^

Xn= y'A = y'Bn

Xn= y"A = y"Bn

using B.C. (G-32), (G-33) yields

CiA - ~1 * C2A ^

using B.C. (G-34) X -^1 - Cst^

Cgti = -1 + COS5.1 + C3A sinjli + hoZi +

(Csti + 1) - ^0^1 " C3A sin^i + cosjli

C3A
^ Cat. + 1 - ho&i - cosAi

sinil:

(G-34)

(G-35)

(G-36)

(G-37)

using B.C (G-36) X = ili y"A = Y Bn

-cosili - CJsA sinili + 1 = - C2B cosili - Csg sinili + 1

_ = _ CzB cosJli - C3B sinili + cosJli

-(Cst + 1 - lio^i - ^ (-C2B + DcosJli - CsB sin£i

hQ £1= (1 - C2b) cosili - CsBSinili + (Cgt + ^ - cos h)

G-14



(-C2B)cosili - CsB sini,! + (Cgt + ^
hr» ~ (G-38)

using B.C. (G-35) X = £1 Y'^ - Y'Bn

-sinili + C3A cosili + ho + 5^1 = - C2B sinili + C3B cos£i+ hg +

Solving for 0

0 = (1 - C2B) sinjli + (CaB-Caj^) cos5,i + (hB - ho) (G-39)

Segment B

B.C.

Xn =^ h ^Bn ~ ^sti (G-40)

Xn =•• ill y*An ~ ^*Bn
(G-41)

Xn == ill y"An = Y"Bn
(G-42)

Xn == il Yfin = Y cose + X sine (G-43)

Xn == il Y'Bn = "^^.ne + dY/dX (G-44)

Xn == il y"Bn = 0
(G-45)

Converting B.C. (G-43) to dimensionless units

Y = Cdc • )

Xn = -Y sin + X cos ; Xn = L (in ft.)

G-15



Xn = X/M2B yn = Yn/Mig For Xn > h

Xn = Xq/Mzb = I/M2B [ -Y sine + X cose + Di)

yjj = Yn/Mig = 1/Mib [+Y cos0 + X sine ]

Solving for X in (G-46)

X,
Given; Xn = 5. @ B.C. (G-43) ; = I

I M2r + Y sin(e) - Di _ ^
cos(e)

putting (G-47) into (G-46)

yn =
1 , , .l«e> 1

yn = pi- [ Y cos(0) + (ilM2B - Di + Y sine) tane ]
'iB

Yn = [ Cdc cos(e) + a M2B - Di + Cdc sine ) tane ]

YBn = yn

= ^ [ Cdc cose + ( M2B - ^1) + Cdc sine ) tane ]

To convert B.C. (G-44)

^ x^ = £
2B

G-16

(G-46)

(G-47)

(G-48)



Ml

[ tane +II ]

dX
= 0

- tane

using (G-45) y"Bn = 0 6x^ = ^1

0 = -C2B cos Z - C3B sinjl + 1

C,B = 1 - CsB sinii.
cosJl

using (G-49) = d y'Bn = t^ne

M — tan 9 = - C2B sinA + Cag cosil + £ + hg

r M2/M1 tane + C2B sin5, -Z - hg ^
Cag - L J

(cos Z)

putting (G-50) to (G-51)

CaB ~

• « . sinil - CaR sin^^, „ u_M2/M1 + tane + QQ3 £ ^ Z- I2b

cos Z

G-17

(G-49)

(G-50)

(G-51)



CaB cos^A = M2/Mi tan0 cos Z+ sini, - €33 sin^£
- £cos£ - hg cosJl

CsbCcos^JI + sin^5, ) = M2/M1 tan0 cos£ + slnZ - (1+ hg) cosil

CaB = (M2/Mi)tan0 cosH + slni - (5,+ hg) cos£ (G-52)

putting (G-52) into (G-50)

^ tan0 cos£ + sin£ - (&+ hp) cosiH sinJl
COSZ QQQ ^

= ^ tan0 + tan^, - (£ + hB)] sinil

using (G-48) Xq = YBn = ^dc cos0 + [M2/M1 H - ili)

+ sin0 ] tan0

(G-53)

Cdc COS0 + [M2/Mi(JI - Jli) + Cdc sin0] tan0 = Gib + C2B cos I

+ C3B sinJl + hB^' +

Solving for Cig

CiB = Cdc COS0 + [M2/M1 (£ - h) + sin0] tan0
- C2r COS5, - CsB sinJl - hgil - ^5,^

G-18

(G-54)



using (G-40) = jli = Cgti (dimensionless)

Cgti = CiB + C2B cosili + CaB sinJli + hB^^i +

Csti - - Cdc cose + [M2/M1 (£ - Jli) +

+ Cdc sine] tane = C2B cosili - CzB cosil + Csb sinili -

- CsB sinJl + hB

let:

JB = Csti + -'^1^)

+ C<ic sine ] tane

Cdc cose + [M2/Mi(5, -5,i) +

(G-55)

(E-55) becomes:

JB = C2B (cos ii- cosi ) + CaB (sinili- sinJl) + hB(ili- (G-56)

let ai = [ 1/cosil - ( M2/M1 tane + tanil - i ) sinil ]

let b2 = [ M2/M1 tane cosil + sin il - il cos Z]

substituting (G-57), (G-58) into (E-56)

JB = ai (cos ill - cos il) + b2 (sin ili- sinil)

+ hB sin il(cos ili- cosil) - hB cosil(sinili - sinil)

+ hg (ill - 5-)

^ ^ JB - ai(cos ill- cosil) - b9(sinili - sinil)
® [sinJl(cosili - cosil) - cosil(sinili - sinJl) + (ili- ^)]

G-19

(G-57)

(G-58)

(G-59)



Input data:

Dh = 12.25

OD^0 ~ 8.75

IDdc ~ ^

ODg-^ ~ 12.25

a = 5°

THE EFFECT OF DOG LEG
SEVERITY ON SIDE FORCE AT THE BIT

MW = 10 ppg.

Di = 40 ft.

0 - difference in inclination between two

successive segments of borehole

B - tilt angle of the bit

(j) - angle of resultant force at the bit w/r
to verticle

9

(deg)

e

(deg)

Ho

(Ib's) (deg)

-1.5 -0.2825 803 6.315

-1.25 -0.2508 697 6.142

-1.00 -0.2159 580 5.951

-0.75 -0.1774 452 5.740

-0.50 -0.1349 310 5.507

-0.25 -0.0892 151 5.217

0.00 -0.0361 -20.1 4.967

0.25 0.0216 -213 4.651

0.50 0.0854 -426 4.302

0.75 0.1552 -659 3.920

1.00 0.2303 -910 3.510

1.25 0.3098 -1176 3.075

1.50 0.3932 -1455 2.619

TABLE XI-G
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standard Data for String Dimensions

a = 30"*

Di = 10 ft.

0 Ho

-1.5 -0.1683 9870 45.75

-1.25 -0.1511 8842 44.18

-1.00 -0.1329 7754 42.49

-0.75 -0.1136 6596 40.67

-0.50 -0.0981 5354 38.70

-0.25 -0.0704 4011 26.54

0.00 -0.0458 +2541 34.15

0.25 0.0186 +913 31.49

0.50 0.0119 -912 28.51

0.75 0.0463 -2969 25.15

1.00 0.0839 -5279 21.42

1.25 0.1277 -7836 17.38

1.50 0.1743 -10629 13.11

TABLE XIII-G
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a = 30®

Di = ^Oft

0 Ho

-1.5 -0.339 329 30.54

-1.25 -0.2818 134 30.22

-1.00 -0.2218 -65.9 29.89

-0.75 -0.1599 -273 29.55

-0.50 -0.0959 -487 29.20

-0.25 -0.0297 -708 28.84

0.00 -0.0389 -938 28.47

0.25 0.1102 -1175 28.08

0.50 0.1841 -1423 27.67

0.75 0.2607 -1679 27.25

•

o
o

0.3403 -1945 26.82

1.25 0.4224 -2219 26.37

1.50 0.5071 -2503 25.91

TABLE XIV-G
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/-S

Di at) -
DH (in) 3
QDdc (in} -
iDdc iinj ==
ODst (in) =
MW (PP«) -
(BiUPHA (Cleg) -
DEUA ALPHA =
was (ID'S) -
P (iD'S/tt in
I (in"4) =

ttUid) ~

10
12.23
s,7;3
2.3

12,2.3
i^S

-1.:)
330(^0
158,83^3
.013777

BETA (deg) -
HQ (IB'SJ -
HC Clb's) =
hi Clb's) -
PHI (deg) -

SE(3MENT A UU TQ
X

[tt]

+0.00000
+1.13712
+2.31423
+3.47135
+4.62.846
+3.78338
+6.62846
+7,47133
+8.31423
+9.13712

+10.00000

-.168312
ya70.74
0

14034
43. ?48

STAB1LI2EK
Y

(tt)

+0,00000
-0,003^3
-0.00644
-0.00888
-0.01071
-0.01134
-0.01086
-0.008 /4
-0.00738
-0.0043 /
+0.00000

SE(3MENT 8 5TABILi2EK TP TANUfcNCY
Y

(tt) (tt)
—————

+10,00000 +0,00000
+17.61300 +0.09224

+23.22390 +0,26119

+32,83890 +0.48192
+40,43190 +0, /3233

+48.06480 +0,99388

+33.67780 +1.2322/

+63.29080 +1.49792

+70,90380 +1,72636

+78.31670 +1,93831
+85.12970 +2,13971

PUIN

8LQPE
(tt/tt)

-0.00294
-0.00282
-0.00247
-0,00188
-0,00106
•^0,00000
+0.00093
+0,00198

+0,00316
+0.00449
+0.00582

SLUPE
{tt/tt)

+0,00391
+0,01/72
+0.02&11
+0.03139
+0,03399
-i'0.03441

+0.03326
+0.03118
+0.02885
+0,02696
+0.02619

G-23

MUMENT
(It-lb)

+0,01337
-11392.20000
-23281.20000
-33037.70000
-46812.00000
-38834.40000
-67336.40000
-76303.70000
-83078.40000
-93870,80000
%-102679.00000

MOMENT

(ft-lb)

%-102679.00000
-73984.80000
-51173.30000
-29137.60000
-10703.60000

+3332.36000
+13033.80000
+17330.20000
+16 798.20000
+ 1088'3,30000

+0.00000



PI itt) -
DH (in) »
QDdc (in) -
lOdc (in) =
•Dst (in) a
MW (ppjg) a
ALPHA m§] «
DELTA ALPHA =
WQB (Ib'S) s
P (Ib'S/tt in
I (in"4) =

BETA (desi)
HQ (Ib'SJ =
HC (ID'S) =
hi (Ib's) =
PHI (dag) -

fluid)

1(2

B, 70
^.3

12.2:1

10

-1.2iD

33000

.0137/7

laiiai
S8il^.2b
0

12^36.4
44.17fe9

SEGMENT A SIT TO STABlLl2tR
X Y

(tt) (It)

•{-0.00000
+1,13712
+2,31423
+3.47135
+4.62946
+3,78338
+6.6284fe)

+7,47133
+8,31423
+9.13712

+10,00000

+0. fsmm
-0,00301
-0,0037y
-0,00807
-0.00^62

-0.01019
-0.00983
-0.0(ls)a73
-0,00681
-0,00393
+0.00000

SECaMENT B SrABlLli:ER TU TAN(3ENCY PUINT
X Y

(It) (It)

+10,00000
+17,25010
+24,30010
+31,73020
+39.000iO
+4a,23030
+53,30040
+60,73030
+68.00030

+73,23060
+82,30070

+0.00000
+0,07696
+0.21396
+0,39634
+0.39993
.+0,81162
+1,01984
+1.21696
+1139947
+1,36817
+1.728W7

SLOPE
(tt/it)

-0,00264
-0.00233
-0.00222
-0,00169
-W.0t^093
+0,00000
+0,00083
+0,(!J01 /8
+0,00284
+0,00402
+0,00332

aLUPE

{iX/iX)

+0.00332

+0,01339
•^0.«J224a
+0,02687
+(3.02893

+0.02918
+0,02808
+0TW62r
+0,02413
+0,02230
+0,(!32182

G-24

MQPCNT
(It-lb)

+0,
•10390,
•20878,

•31433,
'42113.
•32843.

•60700.
-68387,

•76300.
•84437,
-92394.

01337
10000
10000

30000
60000
70000

30000
10000
70000
60000
30000

MUMENT

(ft-lb)

-92394.

-67739,
-43067,
-23122,

+4149,
+12343,
+ 16372.-
+13313,

+9999,
+0,

30000

60000
20000
10000
22000
70000
00000
20000

10000
10000
00000



D1 (tt) «
DH (in) «
ODdc (in) «
IDdc linj =
QDst cm) ^
MW (PPgj =
PiiFm (dag) «
DELTA ALPHA «
WOB (IB'S) -
p ("ib's/ft in
I (in"4) =

BETA (deg) -
HQ (ID'S) =
HC (Ib's) =
hi (ID'S) =»
PHI (deg) =

SEGMtNT A yiT
X

(ft)

f0,00000
+1.13/93

+2,31385
+3,4737B
+4.63171
+5.78963
+6,631 /I
+7.47378
+S,3108:i
+9,13 793

+10,00000

tiuid) =

12. aa
8,73

IS.25
10
30

-I

isBiaaa
,013777

Q

-,132941
/734.3£i

0
11/76, 1
42,4913

3TABlL12fcK
Y

(tt)

+0,00000
-0,002fa3
-0,00309
-0,00710
-0.0084/

-0,00897
-0,00867
-0.007 /0
-0,00600
-0,00346
-0.00000

SEGMENT B 8TABIL12EK TU TANfitNtiY PUIN'

(ft) (ft)

+10.00000 -0.00000

+16,83890 +0,06233
+23.71/a0 +0,17311

+30,37670 +0.31369
+37.43330 +0,47337
+44.29440 +0.640/8

+31.13330 +0,80228
+5B.01220 +0,93413
+64,07110 +1,09383

+71,73000 +1,22213
+78.58890 +1,34324

SLOPE
(tt/It)

-0.00232
-0,00223
-0.00193
-0,00149
-0.00084
+fe?, 00000

+0,00073
+0,00137
+0,00230
+0,00334
+0.00458

SLUPE
(tt/lt)

+0.00468

+0,01303
+0.01885
+0,02237
+0,02395
+0,02400
+0.02293
+0,02128
+0,0194/
+0,01804
+0,01/46

G-25

MOMENT
(Xt-ID)

+0,

-9123.
•18349,

•27663,
'37063,
-46341.

-33473,
-60443,
-67441,
-74467.
-81316,

01337

21000
30000

30000
10000
10000

70000
70000
90000

30000
90000

MOMENT
(tt-lb)

,90000
,50000
,20000
,00000

,31000
,S4000
.20000
,00000
,00000
,79000
,01337

-81316

-39079
-38671
-20887

-6234
+4867

+12103

+13263
+14263

+9123
+0



/<?»>

/»>

D1 (ft) » 10

DH (in) - I2i23

ODdc (in) = 8, 73

IDdc (in) - 2.3

ODSt (in) «« 12,23

m {PP§] - 10

ALPHA (deg) =» 30

DELTA ALPHA « -,73

WOB (Ib'S) ^ 33000

P ("Ib's/tt in fluid) =s 138,835

I (in"4) « ,0137?'7

BET^ (degj
HQ (ib's)
HC (ib's)
hi (iD'sj
PHI (deg)

',113:5^^6
5SyB.11
0
104^3.3
40.b71/

SEQMErJ! A BIT TU SIABILUER
X Y

(ft) (ft)
—————

+0,00000 +0.00000
+1.15793 -0,00227
+2,31383 -0,00433

+3,47378 -0,0050/
+4,63171 -0,00724
+3,78863 -0,00 /67

+5,63171 -0.00741

+7.47378 -0,00638

+8,31383 -0,00513

+8,13783 -0,00286
+10,00000 +0.00000

;(3MENT 8 STAB1LI2ER 10 l ANtiENCY
X Y

(ft) (ft)

+10,00000 -0,00000

+15,43410 +0,04830
+22,86830 +0,13303
+28,30240 +0,2406b

+33,73550 +0,36026
+42.17070 +0.48273

+48.50480 +0.60128

+33,03800 +0.71137
+61.47320 +0,81182

+57,80730 +0,80280
+74.34130 +0,88823

SLUPE
{it/tt)

-0,0019a
-0,00190
-0,00167
-0.00127
-0,00072
+0,00000

+0,00063
+0,00134
+0.00c!14

+0,00303
+0,00401

SLOPS
{it/tt)

t0.00401
+0.0i06y
+0,01320
+0,0179cl
+0,01902
+0,01887
+0,01 /ae
+0,01537
+0,01481
+0.0135y

GH2,e!5ig0y

G-26

MOMENT
(tt-ib)

+0,

-7770,
•1D540,
•23603,
•31535,
-39788,
-43748.
•31747.
•37778.
•63841.
-68832,

01337
34000
80000
10000

50000
80000
60000
00000
40000
20000

80000

MOMENT
(It-lb)

-58832,
-48908.
-31804,
-16381.

-3727,
+3737,

+11777.
+14240,
+13053,

+8276,
+0,

80000
20000

80000
40000
80000

88000
80000
20000

g0000
39000
01337



D1 (ft) « 10

DH (in) 12,23

QDdc (in) « 8, /3

IDdG (in) == 2.3

ODst (in) - 12.23

MW (ppg) = 10

ALPHA (deg) S3 30

DELTA ALPHA = -.3

WDB (Ib'S) = 33009

P (Ib's/tt Ih fluid) - 138.833

I (in"4) - .013/77

BETA (desj ==
HQ (Ib's) =
HC (Ib'SJ =
hi (Ib's) =
PHI (deg) -

SEGMENT A SI

'-v (ft)

+0,00000
+1,13874
+'c!.3174b

+3,47621
^ +4.53493

+5.79369
+5.63493
+7.47621
+8.31748
+9.138/4

+10.00000

-.«92bl21
3333./9

3fd3i. (3
38.596

TU SIABllUfeR
Y

(ttl

+0,00000
-0,00183
-0,003^6
-0.0049/
-0,00392
-0.00628

-0,0060{
-0,00339
-y.0ei42«

-0,00242
+0.00000

SLUPE
(ft/tt)

-'i?. 0t!?i62
-0.00136
-0,00135
-0.00104

-0,00039
+0,00000
+0.00031
+0,00110
+0.00173
+f^. 0^248

+0,00329

SEGMENT B SIABlLl-siER TU TANGtNCY POINT
X Y SLOPE

(It) (It) (ft/tt)

+10.00000
+13.97060
+21.94110
+27.911/0
+33,88230
+39,83290
+43.8234^^
+31,79400
+37.76460
+53./3310
+69,70370

-0,00000
+0.03360
+0.09613
+0.17210
+0.23331
+0,33924
+«.41908
+0,49188
+0,33636
+0,61399
+0,66693

+0.00329
+0.00834

+0,01168
+0.01333
+0.01416

+0,01382
+0,01284
+0.01132
+0,01018
+0.00914

0-27 +0.008?'3

P^QMENT
(tt-Lb

+0.
-6321.
•12743,
•19264.
•23873.
•32371,
-37482.
-42434,
-47424,
-32430.

-37309,

01337
80000
10000
60000
10000

00000
90000

80000
60000
30000
60000

MOMENT
(tt-lDJ

-37309,
-40105,
-24639,
-11303,

-9281
+6841,

+11637,
+13334.
+11936,

+7472.
-0,

60000
40000
30000
30000
33900
70000
30000
30990

00000
13000
01337



Dl (tt) «
DH (InJ -
DDdc (in) =
iDdc (inj =
ODst (inj -
MW (ppgj «
ALPHA (deg) ^
D^LTA ALPHA -
WOB (Ib'S) =
p (Ib's/tt in
I (in"4) =

BETA (deg) a
HO (Ib'sj
HC (ID'S) =
hi (Id's) =
PHI (degj =

SEGMENT A BIT
X

(ttj

+0.00000
+1.1603b
+2,32072
+3.48108
+4.64144
+5.80180
+5.64144
+7.48108
+3,320/2
+9,16036

+10,00000

tiuid) «

10
12.£25

S.70
2.5

12.£23

-.2a
35000

138.950
.0137/7

Q

-.0 /0367g
4011

0
/53b.14
36,D36^

3rA8ILI2EHI
Y

(ftJ

+0.00000
-0,00141
-0,002/0
-0.0037/

-0,00450
-0,00477
-0.00461
-0,00410
-0,003iy
-0.00184

-0,00000

SEGMENT 8 SIAblLi^iER TU TANQENCY PUlNT
X Y

(tt) (tt)

+ 10,
+ 15.

+20,
+26.

+31.
+37.
+42.

+48,
+53.
+59.

+64,

00000
46410

92820
39230
85640
32090
78460

24S70
71270
I7fa80

64090

+0,00000
+0.02382
+0,06304
+0,11105
+0.16233
+0,21251
+0.25849
+0.29845
+0,33193
+0.35980

+0,38428

G-28

SLOPE
(tt/tt)

-0.00123
-0,00118
-0.00104
-0.000/9
-0,0004a

+0,00000
+0.00039
+0,00083
•^0,00133
+0,00189

+0,00251

SLOPE
(tt/tt;)

+0,00230
+0,00599
+0,00817
+0,00924
+0,00940
+0,0088/
+0,00/g0
+0,00671
+0.00557
+0,00470
+0,00436

MOMENT
(ft-lb)

+0.
-475fa.

-9616,
•14575,
•19629.

•24774,
•28552,
•32372.

-36236.
-40139,
-44081.

01557
90000
86000
90000
90000

90000
00000
90000
00000
40000
70000

MOMENT

-44081,
-29512,
-167/6,

-6103,
+2311.
+8317.

+11803,
+12708.
+ 110lr4.

+6732.
+0.

70000
80000
30000
52000
87000
2.9053-0
80000
30000
20000

33000
00000



D1 (ft) « 10

DH (inj 12,23

OOdc (in) - 8,73

IDdc (in) - 2,3

ODst (in) a 12,23

MW (ppg) = 10

ALPHA (deg; = 30

OELTA ALPHA - 0

WOB (Ib'S) = 33000

P (Ib's/tt in tiuid) - 138,833

I (in"4J = .013//7

BETA (dSd) -
HO (Ib'S) -
HC (Ib'Sj a
hi (Ib's) =
PHI (de^) -

-.0438^09
5541.2^

3/91.02
34. 13fl!4

SEGMENT A BI! TU SIABiLUtR
X V

(ttJ (tt)

+1,15350
+2.32721
+3.490B1
+4,53441
+3.91B02
+5.S5441
+7,430B1
+B,3H721

+9.16360
+10.00000

SEGMENT B SIABlLI^tR

at)

+10.00000
+14.91270

+19.82530
+24.73800
+29.63070
+34.36340
+39.47600
+44.38870
+48.30140
+34.21410
+38.12670

+y.00000
-0,00092
-0,00176
-0,00247
-0.002y4
-0,00312
-0,00302

-0,00268
-0,00209
-0,00121
+0,00000

10 CANUENCY f^OlNT
Y

(ttJ

-0.00000
+0.0134a
+0.03441
+0,03881
+0,08323

+0,10511
+0,12269
+0,13311
+0,14238
+0,1453/
+0.14383 G-29

SLOPE
itt/tt)

-0,00080
-0,000/7
-0,00068
-0,00032
-0,00029
+0,00000
+0,00023
+0,00033
+0,00088
+0,00124
•*•0,00163

SLOPE
(tt/ltJ

+0,00163
+0,00363
+0,00473
+0,00307
+0,00479
+0,00406
+0,00307
+0,00199
+0,00100
+0.00028
+0,00000

MOMENT
(It-lbJ

+0,
-3042,

-6190,
-9441,

•12791,
-16238,
-18774,
-21338.
•23988,
•26664,
-29384,

01337
92000

88000
31000
30000
70000
80000
60000
90000

40000
30000

MOMENT
(?t-lbj

-23384,
-17839,
-7986,

+87,
+6246,

+10398,
-^12483.
+12470.
+10339.

+6182,
-0,

30000
20000
97000
60320
11000
30000
20000
30000
80000
62000
00778



Dl {it) - 10
DH (in) 12.23

ODdc (in) - 8.73

IDdc (in] = 2,3
ODst (in) - 12.23

MW (ppg) = 10

ALPHA (d«9J = 30
DELTA ALPHA = .23
WOB (Ib'SJ = 33000

P (Ib'S/tt in tlUld) 138.833

I (in'*4J = ,013/77

BETA (degj = -.0183778

HO (ID'SJ = 912,379

HC (ID'S) = 0
hi (Ib's) = 3 /62.89

PHI (deg) = 31.4934

SESMfeNT A BIT TO 6'TABILI2tK
X Y SLOPE

(It) IttJ itt/tt)
———————

+0,00000 +0 . 0(!J00« -0.00032

+1.17739 -0.00038 -0,00031

+2.3347a -0.000/3 -0,00028

+3.33216 -0.00102 -0.00021

+4,70933 -0.00122 -0,00012

+3.88694 -0.00129 +0,00000

+5.70933 -0.00125 +0,00011

+7.33216 -0.00112 +0,00023

+8.33477 -0.0008/ +0,00037

+9.17739 -0.00031 +0.00033

+10.00000 -0,00000 +0,000/0

SECiMENr B SIABlLlilER TQ r'ANGEWCY POINT
X Y 3L0PE

(tt) {ttj (tt/tt)
—

+10.00000 -0,00000 +0.00070

+14.32680 +0,00470 +0,00137

+18,63370 +0,01100 +0.00146

+22.98030 +0,01665 +0.00109

+27.30740 +0.01992 +0,00037

+31.53420 +0.01936 -0.00037

+33.96100 +0.01483 -0.00151

+40.23790 +0.00363 -0.00264

+44.61470 -0.00/77 -0.00332

+48.94130 -0.02444 -0.00413

+33.25840 -0,04298 -0.00436

G-30

MOMENT
(ft-lb)

f0,
-1142.
-2394,
-3734,

-67^4,
-7934,

-9165.
-10427,
•11737.
-13^{J97.

01357
72000

39000
34000
43000

03000
31000
04000

30000
90000
30000

MOMENT
(tt-lD)

-13097,
-4780,
+2104.

+7430,
+11286.
+13477,
+14029.
+12933.

+10209.
+3880.

+0.

30000
53000
99000
95000
10000
10000
00000

30000

20000
90000
00000



/Ih,

D1 (tt) 10
DH (inj - 12,23

DDdc (in) a B.75

IDdc tinj » 2,3
ODst (inj « 12,23

MW (ppg) ^ 10

ALPHA (de^) =5 30

DEUTA ALPHA « .3

WOB (Ib'S) = 3D000

P (ib's/ft in tiuid) = 138,833

I (in"4j s ,013/77

BETA (degj =
HO (Ib's) =
HC a
hi (Ib'sj a
PHI (d0g) =

.Mliy23b

*yi2.23

i:i97,7a

2y. /2

SEGMENT A BIT IQ b'T.AfclILJl2EK
X Y

(ft) (tt)

+0.
+ 1,1 U95
+2.22yg0
+3.344B3
+4.4398^
+.!3.5747:)
+6,45980
+7,34485
+8.22990
+9.11490

+10,00000

+0,00000

+0.0002:^
+0.00044
+0.00060

+0.000/1
+0.000/b
+0.0007a
^0,000b4
+0.00030
+0,00028
+0.00000

yLQPE
(tt/tt)

+0.00021

+0.000i^0
•^0,0001
+0,000i:d
+0,00007
-0,00000
-0.00006

-0,00013
-0,00020
-0.00028

-0.00036

SLUPE
SEGMENT B bTABILii!£f^ TU TANQhNCY PUINI

X Y
(ft) (ft) (ft/ft)

...... ........

+10,00000 -0,00000 -0,00036

+13,73780 -0.00218 -0.00086

+17,47360 -0,00681 -0,00166
+21,21340 -0.01482 -0,00266
+24.93120 -0.02684 -0,00379

+29,68890 -0,04320 -0,0049/
+32,42670 -0,06394 -0.00611

+36,16430 -0,08876 -0.00/14

+39.90230 -0,11/08 -0,00/97

+43,64010 -0,14801 -0.00B33

+47.37790 -0.18037 -0,008/3

G-31

MOMENT
(ft-lb)

+0,
+973.

+1831,
+2628.
+3303,
+3877.
+4260,
+4380,
+4834,
+3024.

+3130.

01337
71400

95000
03000
42000

33000
91000
03000
78000
96000
36000

MOMENT

(ft-lD)

+3130,
+10184,
+14023,
+16633,
+17993.

+18092.
+16927,
+14310.

+10861.
+6010,

+0,

36000
80000
30000
70000
80000
10000
70000
60000

30000
63000
00000



01 (It) » 10
DH (in) a 12.25
ODdc (inj « a, /5

iDdc (in) a 2,5

ODst (in) - 12.25
MW (ppij » 10

ALPHA (deg) a 30

DELTA ALPHA , /5
WOB (Ib'S) - 35000
P (Ib's/lt in tluid) =» 158.855

I (ln"4) a .013777

BETA (aeg] - ,0463024

HO (Ib's) = -2958.99

HC (Ib'S) - 0

hi (ID'S) - -1412.34

PHI (deg) = ^5.1518

SEGMENT A BIT TU STABiLI2ER
X Y SLOPE

(It) (ttJ (tt/lt)
————————

+0,00000 +0,00081

+1.14495 +0,00091 +0,00077

+2.28991 +0,001/5 +0.0006/

+3,43486 +0.00243 +0,00051

+4,57981 +0,00289 +0,00028

+5,72475 +0,00306 -0,00000

+5,57981 +0,00296 -0,00025

+7.43486 +0.00262 -0,00053

+8,28991 +0.00204 -0.00084

+9,14495 +0.0011 / -0.00119

+10.00000 +0.00000 -0.00155

SEGMENT 8 STABlLliiEK TU TAN(5tNCY PUINI
X Y SLOPE

(tt) itt) (ft/It)
—————

+10.000««

+ 13.1^^30(9
+16.39000
+19,58490
+22,77990
+25.97490

+29.16990
+32,35490
+35.559a0
+39,75430
+41,94980

•0.00000

•0,00731
•0.01948
•0,03656
•0,05801
•0,08572
•0.11701
•0,15213
-0,19035
-0,23079
"0,2/242

-0.00156
"0,00304

-0,00459
-0,00bl6
-0.00769
-0,00913
-0,01043
-0,01152
-0,01236
-0.01290

-0,01309
G-32

MOMENT
(It-lb)

+0.

+3379.
+6551.
+9814.

+12865.
+15802.
+17919.
+19970.
+21954.
+23870.
+25718.

01557

23000
52000
59000

50000
30000
30000

30000
40000
60000
10000

MOMENT
(tt-lb)

+25718.
+27494.

+28288,
+28095,
+26917.
+24762.
+21643.
+ 175'Z9.
+12596.

+6724,

+0.

10000
70000
00000
30000
80000
80000
60000
70000

30000
23000
00000



D1 (It) = 10
DH (in) s 12,23
•DdC (inj ^ 8, 73
IDdc (inj =» 2.3

ODst (in) = 12.23
MW (PP^J a 10

ALPHA (dig) « 30

DELTA ALPHA = I
WOB (ICS) ^33000
p (id's/tt in tlUld) « 138.833

I (in"4) a ,01377/

BETA (deg) « ,0849053
HO (Ib'S) == -32/8.b
HC (Ib's) = 0
hi (Id's) =3 -4734.^8
PHI (dSQ) - 21.4243

SEGMENT A BI! TU SIABILUER
X Y SLPPE MOMENT

(It) (tt) (tt/Xt) (Xt-lb)

+0,00000 +0,00000 +0,00148 +0,01337

+1.14y01 +0.00158 +0,00142 +5071,30000
+2,S9801 +0,00322 +0.00124 +12033.30000

+3.44702 +0,00448 +0,00094 +17880,30000
+4.5^603 +0,00534 +0.00033 +23508,30000
+3,74304 +0,00363 -0,00000 +29212.70000

+5.39603 +0,00345 -0,00045 +33280,80000
+7,44/02 +0.0048D -0.00098 +37275,80000
+8.23801 +0,00377 -0,00137 +41198.90000

+9,14901 +0,00217 -0,00220 +43043,20000
+10.00000 -0.00000 -0.00290 +48814,20000

SEGMENT 8 STABILUER TO TANQENCY POINT
X Y SLOPE MOMENT

(Itj itt) itt/tt) (tt-lb)

+10,00000 +0.00000 -0.00290 +48814.20000

+12,73830 -0.01109 -0.00319 +47394,40000

+13.47710 -0.02836 -0,00740 +43133,50000
+18.21350 -0.03130 -0.00948 +42113,40000

+20.93410 -0,08012 -0.01139 +38287,50000
+23.59260 -0.11372 -0.01311 +33589,70000
+25.43120 -0,13171 -0,01439 +28342.70000
+29.15970 -0,19338 -0,01380 +22271,00000
+31,90820 -0.23793 -0.016/0 +13302.20000

+34.54570 -0,28433 -0.01725 +8057,23000
+37.38330 -0.33215 -0,01745 -0,01337

G-33



Dl (ttJ = 10
DH (in) a 12.23
•Ddc (inj = 8.73
IDdc (in) « 2,3
QDst (inj = 12.23
MW (ppgj ^ 10
ALPHA (deg) « 30
DELTA ALPHA a 1.23
WQB (Ib'S) = 33000
p (Ib'$/Xt in tiUld) - 138,833
I (in*4) a ,0137/7

BETA (deg) a .127668
HO (Id'S) » "-/835,83
HC (ib's) = 0
hi (Id's) = -8679,43
PHI (deg) - I/, 3803

SEGMENT A BIT TQ STABILIZER
X Y ^LOPE MQIVIENT

(tt) (tt) (tt/tt) (It-IDJ

+0.00000 +0.00000 +0.00223 +0,01337
+1.13053 +0.00233 +0.00214 +9033,23000
+2,30126 +0.00483 +0,00187 +17994,00000
+3.4318y +0,006/6 +0,00142 +26813,20000
+4.60232 +0,00803 +0.00080 +33309.60000
+3.75313 +0.00852 -0,00000 +44070,20000
+6.60232 +0.00823 -0.00070 +30299,60000
+7.43189 +0.00731 -0.00149 +36449.70000
+8.30125 +0,00368 -0,00236 +52317.70000
+9,13063 +0.00327 -0,00333 +58300,90000

+10.00000 -0.00000 -0,00439 +74396.80000

SEGMENT 0 STABIL12EK TIJ lANGEN^^Y PUINI
Y SLUPt MOMENT

(ttj (tt) {tt/tt) (tt-lb)

+10.00000 +0,00000 -0,00439 +74396.80000
+12.37740 -0,01402 -0,00/37 +69807.40000
+14.73470 -0,03489 -0,01013 +64311.50000
+17,13210 -0,06210 -0,01269 +38343.30000
+19.30940 -0,09305 -0,01498 +31929.00000
+21.88680 -0.13309 -0.01698 +44683.40000
+24.25410 -0.17532 -0,01866 +36839,40000
+26.64130 -0.2213/ -0.02001 +28418,00000
+29.01890 -0.2/040 -0.02101 +19430.20000
+31.39620 -0.32114 -0,02151 +9956.53000
+33.77360 -0.37286 -0.02182 +0100000

G-34



D1 (tt) » 10
OH (irij - 12.25

ODdc (in) - 8,73

iDdc (inj = 2.5
ODst (inj - 12.23

MW (PPQ) s 10

ALPHA (degj = 30

DELTA ALPHA » 1.5

WOB (ID'S) - 33000

P (Ib's/tt in fluid) = 138.833
I (in-4) ^ .0137/7

BETA (d^g) « . .174339

HO (Ib's) = -10629

HC (ID'S) 0

hi (Ib's) - -13209.9

PHI (degj a 13.1089

SEGMENT A BIT TO STABILIZES
X Y

(ft) (tt)

+0,00000 +0,00000
+1.13144 +0.00346
+2.30288 +0.00563

+3.43432 +0,00924
+4.60376 +0.01101

+5.75720 +0.01163

+6.50376 +0.01126

+7.43432 +0.01000

+8.30288 +0,00 /78

+9.13144 +0.00448
+10.00000 -0.00000

SEC5MENT 8 STABiLUER TO TANGENCY POINT
X Y

{it) (tt)

+10.00000
+12.09690
+14.19^70

+15.29060
+18.38750
+20.48440-

+22,58120
+24.57810
+26.77300
+28.87180
+30.96870

-0.00000
•0.01644
•0.04009
•0.07032
•0.10644
•0.147/2
•0,19338
-0,24262
-0.29438
•0,34840
-0.40316

yi-QHE
(tt/lt)

+0.0^304
+0,00292
+0.0025S
•^0.00194
+0,00109
-0,00000
-0.00095
-0.00203
-0,003£:=l
-0.00435

-0.00^301

^•LOPE
(ft/It)

-0.00602
-0,00961
-0,01290
-0.01388
-0,01851
-0,02079
-0,02269
-0,02420
-0,02330
-0,02396
-0.02619

G-35

MUMENT

(tt-lD).

+0.01337

+1^307,00000
+24499.80000
+36365.30000
+43497,40000
+60284,90000
+68873,80000
+77373,30000
+83783.80000
+94101,40000
%+l02319.00000

MOMENT
(ft-lb)

%+1023I9.00000
+94323.60000
+86095.©0000
+77085.20000
+67321.30000
+37427.2000«
+46830.10000
+35738,70000
+24242,50000
+12312.30000

+0100000



Dl (ft) = 40
DH (in) a 12.23
ODdC (in) = a.75
lOdc (in) = 2.5
ODst (in) = 12,25
MW (ppg) = 10
ALPHA (deg) » 5
DELTA ALPHA = -1.5
WQB (Ib's) = 35000
P (Ib's/tt in tluid) = 158.855
I (in"4) = .013777

BETA (deg) « -,282538

HO (Ib's) a 803.782
7^ HC (Ib's) = 0

hi (\b's) = 1504.61
PHI (deg) = 6.31545

SEGMENT A BIT TO STABILIZER
X Y SLOPE

{it) (ft) (ft/ft)

+0.00000 +0.00000 -0.00493

+4.53820 -0.02259 -0.00475

+9.27639 -0.04342 -0,00417

+13.91450 -0.06057 -0.00320

+18.55280 -0,07244 -0,00181

+23.19100 -0,07580 +0,00000

+26.55280 -0.07421 +0,00138

+29.91460 -0.05596 +0,00337

+33.27540 -0.05132 +0,00538

+35.63820 -0.02957 +0.00750

+40.00000 -0.00000 +0.01002

SEGMENT B STABILIZER TO TANGENCY POINT

X Y SLOPE

(ft) (ft) (ft/ft)

+40,00000 +0.00000 +0.01002

+52.33830 +0,17751 +0,01845

+54,67570 +0.44748 +0.02498

+77.01500 +0.78541 +0.02946

+89,33330 +1.16510 +0.03193

+101.59200 +1.56593 +0.03261

+114.03000 +1,96509 +0,03190

+125,35800 +2.34934 +0,03029

+138.70700 +2.71135 +0,02839

+151,04500 +3,05137 +0.02683

+163.38300 +3,37721 +0,02619

G-36

MOIVIENT
(tt-lb)

+0,
-4667,
-9571.
•14548,
•19830.
•25051,
•28821.
•32548,
-35209.
•39777.
•43228,

00271
60000
74000
30000
90000
80000
20000
90000
30000
40000
50000

MOMENT
(It-lb)

•43228.
•35039.
•25707,
•16105.
-7115.

+435.
+5855,
+8645.
+8549.
+5575,

+0,

50000
00000
40000
80000
33000
20900
08000
34000
67000
86000
00000



Qi (ftj = 40
DH (in) = 12,23
ODdc (inj = 8.75
iDdc (in) - 2,5

QDst (in) - 12,23
MW (pfsg) - 10
ALPHA .(deg) - 5

DELTA ALPHA = -1,25

WQB (ID'S) « 33000
P cib's/tt in ttUld) * 158.833

I (in"4) = ,0?.37/7

BETA (degj s -.230815
HQ (Ib'SJ « 697.731

HC (Lb's) = 0

hi (lo'sj « J38y,99
PHI (d@g) - 6.14194

SEGMENT A WIT TQ STABILISER

X Y 3L0PE MUMENr

(ft) (tt) itt/tt)

+0.00000 -0.00438 +0,00271

+4,54630 -0.02009 -0.00421 -4094,47000

+9.29S6i -0,03864 -0.003/1 -8433.82000

+13.93890 -0,03401 -0.00283 -12961.10000
+18,38520 -0.06432 -0,00151 -17617,00000

+23,23150 -0,06841 +0,00000 -22340.30000

+26.58520 -0,06612 +0,00140 -23736,60000
+29,93890 -0,038 /g +0.00300 -29152,40000

+33,29260 -0,04376 +0,00480 -32304,60000

+35,64630 -0.02638 +0,00679 -33790.00000
+40,00000 -0,00000 +0,00897 -38986.40000

SE(3MENT 8 STAUILi^EK TU TANQENCY PUIN!
X Y 8LUPE MOMENT

(ttj (ftJ itt/tt) (It-lb)

+40,00000 +0,00000 +0,00897 -38986.40000

+51.61800 +0,14693 +0,01603 -30926,30000
+63,23590 +0.36629 +0,02142 -22192,10000

+74,85390 +0,63/72 +0,02302 -13304.40000
+86.47180 +0.94098 +0,02692 -3371,83000

+98»08980 +1,25/59 +0.02/36 +938,80000

+109,70800 +1,37233 +0,026.67 +5335,05000
+121.32600 + 1.8/449 +0,02327 +7842,17000
+132,94400 +2,15874 +0,02367 +7633.59000

+144,56200 +2,42337 +0,02236 +4946,60000
+156,18000 +2.68124 +0,02182 +0,00000

G-37



Di (ftj =
DH (inj =
•Ddc (in) -
IDdc (in) »

•Dst (in) =5
MW (PPS) «
ALPHA (deg) =
DELTA ALPHA «
WPB (Ib'S) -
P (Ib's/ft in
I (in''4) =

beta (dag.) =
HQ (Ib's) -
HC (Ib's) a
hi (ib's) -
PHi (deg) =

tluid) =

40
ig,ci3
a,7.s

12.2:5
10
a

-I
33000
138.B33

.013/77

-.213858
580.8b7

0
1344,09
3.930/1

SEQUEHT A BIT TO STABILIZER
X y

{tt) (tt)

•/<%

+0.
+4.

+9.
+13.
+ 18.
+23.

+26.
+29.
+33,
+35.
+40.

00000
63928

31833
97 780
63710
29640

63710
97780
31860
63930
00000

+0,00000
-0.01734
-0.0333/
-0,04668
-0.033/9
-0.03918

-0,03720
-0.0308/

-0.03962

-0.02286
-0,00000

SECaMENT 8 8IA8ILUER TU TANQEIMCY POINT
X Y

(tt) (It)

+40.
+30.
+61.

+72.
+83,
+94.

+ 103,
+ 113.
+ 126,
+ 137.
+ 148.

00000

84730
69490
34240
38990
23730

08300
93200
78000
62700
47300

+0,00000
+0, 11/22
+0,28878
+0.49840
+0,73043
+0,97092

+1.20863
+1,43388
+1.64893

+1.84832
+2.03932

SLOPE
(tt/lt)

-0,00377
-0.00363
-0,00320

-0,00246
-0,00140
+0.00000

+0,00121
+0,00260
+0.00416

+0,00390
+0.00781

SLOPE
itt/it]

+0.00 781
+0,01336
+0,01/82
+0.02039
+0,02198
+0.02219
+0,02132
•^0,02032
+0,01898

+0,01790
+0,01746

G-38

MOMENT
(tt-lb)

+0,

-3463,
-7181,
•11103,
•13183,
•19360,

-22386,
•23413,
-28426.

•31398,
•34311.

00271

68000
93000
70000

20000
70000

80000
30000
10000

30000
90000

MOMENT
(ft-lbj

•34311,
•26388.
•18388,
•10884.

-4026.
+1498,
+3297.

+7099.
+6777.

+4333,
-0.

90000
70000

30000
90000
70000
39000
30000

72000
44000
38000

00136



01 (ft)
DH (inj =
QDdc (in) s
IDdc (in) s
•Dst (in) =
MW (ppg) =
ALPHifl) (deal) a
DELTA ALPHA =
WOB (Ib's) =
P (ID's/ft in
I (ln"4) -

fluid) -

40
12,23
8.73

2.3
12.23

10

3
-.73

138,833
,01377/

BETA (deg) = -.17 /3fa
HQ (Ib's) s 432,1/1
HC (ID'S) a 0
hi (Ib's) = 1481.38
PHI (deg) a 3.7401

SE(3Mfc|NIT A BH ro 8TA8ILJ.2Ef«
X y 8LQHE MUPilEIMT

(tt) (ft) (ft/ft) (ft-lb)

+0.0000'<? +0,00000 -0.00310 +0.00271
+4,67793 -0.01431 -0,00299 -2767,61000
+9,35383 -0.02736 -0.00264 -3801.09000

+14.03380 -0.03860 -0.00204 -9060.10000
+18,71170 -0.04618 -0,00116 -12301.30000
+23.38960 -0.04901 +0.00000 -16078.90000
+26,71170 -0.04738 +0.00100 -18676.40000
+30.03380 -0.04217 +0.00216 -21301.30000
+33.33590 -0,03287 +0.00346 -23936,00000
+36.67790 -0,01898 +0.00492 -26362,70000
+40.00000 -0.00000 +0,00633 -29164.00000

SEGMENT B STA81LI2hR 10 lANUEK'CY KOI'MT
X Y SLOPfe MOP^ENT

(ft) (ft) (tt/ft) (ft-lb)

+40.00000 +0.00000 +0,00633 -29164.00000
+30.01800 +0.08879 +0.01099 -21989.70000
+60,03390 +0.21393 +0,01419 -14839.80000
+70.03390 +0.36910 +0.01619 -8209,92000
+80.07180 +0.33669 +0.01710 -2443.94000
+90.08980 +0. /08/3 +0.01711 +208:7,89000

+100.10800 +0.87733 +0.01646 +3110.34000
+110.12600 +1,03730 +0.01343 +6439.83000
+120.14400 +1.18628 +0,01432 +3993.39000
+130.16200 +1.32303 +0.01343 +3804.62000
+140.18000 +1.43742 +0,01309 +0.00000

G-39



D1 (ft) «
DH (in) «
ODdc (in) =
IDdc (in) -
QDst (in) =
MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib'S) =
P (ib's/lt in fluid)
I (in-'A) a

BETA (deg) =
HO (Ib's) =
HC (Ib's) «
hi (Ib's) =
PHI (deg) =

40
12.25
S.73
s.a

12.23

3
-.5

13S.833
,013777

-.134923
310.31
0
1391.78
5,30792

SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT

(ft) (tt) (tt/ft) (ft-lb)

+0,00000 +0,00000 -0.00235 +0,00271
+4.71035 -0.01097 -0.00228 -1999,22000
+9.42072 -0.02115 -0.00202 -4278,37000

+14.13110 -0.02959 -0.00137 -6806.70000
+18.84140 -0.03559 -0.00090 -9330,14000
+23.53180 -0,03780 +0,00000 -12471,70000

+25,84i40 -0.03635 +0.00077 -14396,70000
+30.13110 -0.03237 +0,00157 -15773,30000
+33.42070 -0,02343 +0,00269 -18993.70000
+36.71040 -0.01471 +0.00384 -21236.50000
+40.00000 -0.00000 +0.00312 -23489.60000

SEGMENT B STABILIZER TO TANQENCY POINT

X Y SLOPE MOMENT

(It) (ft) (ft/ft) (ft-lb)

+40,00000 +0,00000 +0,00512 -23439,50000

+49,12170 +0.06216 +0.00834 -17078,30000

+38.24340 +0.14905 +0.01033 -10932.30000

+67.35510 +0,23186 +0.01184 -3421.97000
+75.43570 +0,35251 +0.01232 -753,38300
+83,60840 +0,47450 +0.01214 +2782,33000
+94.73010 +0,58272 +0.01130 +3042,93000

+103.83200 +0,58372 +0,01062 +3901,94000

+112.97300 +0,77635 +0,00971 +3316,21000
+122,09300 +0.86148 +0,00901 +3313,28000
+131,21700 +0,94197 +0.00873 +0,00271

G-40



D1 (tt) = 40

DH (in) » 12.23
ODdc (inj - 8.73
iDdc (in) = 2.3

•Dst (in) = 12.23
MW (ppg) = 10

ALPHA (deg) = 3
DELTA ALPHA = -.23
WOB (Ib'S) a 40000
P (Ib'S/Tt in tiuid) =5 138.833

I (in"4) « .013/77

BETA (deg) - -.0891982
HO (ID'S) = 131./9b

HG (Ib's) = 0

hi (ID'S) 1232.36
PHI (deg) - 3,21741

SEQMtNT A blT 10 bTA81Ll2bK

X Y SLOPE MOMENT

(ft) (tt) (ft/ft) (ft-lD)
————-

+0,00000 -0,00136 +0,00237

+4.76946 -0.007rd3 -0,00131 -1173.61000

+9.33893 -0.01423 -0,00133 -2647,22000

+14.30840 -0.02006 -0.00106 -4391,37000

+19.07790 -0,02413 -0,00062 -6381,13000
+23.84730 -0,02368 +0,00000 -8384.46000

+27.07790 -0.02486 +0,00033 -10180.80000
+30.30840 -0.02218 +0.00114 -11847,70000

+33.33890 -0.01736 +0.00186 -13373.10000
+36.76930 -0,01007 +0,00267 -13344.30000
+40.00000 -0,00000 +0.00338 -17149,10000

SEGMENT B STABILi2EK -'U TANCiitNCY PUINl
X Y SLUPfc MOMENT

(tt) (ft) (ft/ft) (ft-lb)

+40.00000 +0.00000 •^0,00338 -17149,10000

+48.11490 +0.03783 +0.00362 -11817.10000

+36,22980 •^0.08923 +0,00693 -6834,37000

+64,34460 +0,14836 +0.00738 -2487.33000

+72.43950 +0.21080 +0.00767 +1084.79000
+80.37440 +0.27188 +0.00/32 +3699,11000

+88.68930 +0.32883 +0,00668 +3236.39000
+96.80410 +0.37990 +0.00390 +3626.49000

+104.91900 t0,42464 +0.00313 +4831.63000

+113.03400 +0.46393 +0.00438 +2947,20000
+121.14900 +0.49993 +0,00436 +0.00237

G-41



D1 {ft) - 40

DH (in) = 12.23
ODdc (In) a 8.75
IDdc (in) = 2.3
QDst (in) = 12.25
MW (ppg) « 10
ALPHA (deg) « 5

DELTA ALPHA = 0
WOB (Ib'S) = 35000
P (Ib's/ft In fluid) = 138,355
I (in*^4) - .013777

BETA (deg) » -.036088
HO (Ib's) = -20,1018
HC (Ib's) = 0

hi (Ib's) = 1100.58
PHI (deg) = 4.9671

SE(3MENT A BIT TQ STABILIZER
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+0e 00000 +0.00000 -0.00063 +0.00271

+5.01363 -0.00315 -0.00062 -183.53200

+10.02730 -0.00621 -0.00059 -711.87000
+13.04090 -0.00894 -0.00049 -1576.95000

+20.05450 -0,01098 -0.00030 -2765.55000

+23.06810 -0.01179 +0.00000 -4259.52000
+28.05450 -0,01144 +0.00023 -3285.33000

+31.04090 -0.01026 +0.00035 -6405.91000
+34.02730 -0.00809 +0.00091 -7615.18000

+37.01360 -0.00473 +0.00134 -8906.59000
+40.00000 -0.00000 +0.00184 -10273.10000

SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+40,00000 -0100000 +0.00184 -10273.10000
+47.14180 +0.01704 +0.00284 -5981.67000

+54,28350 +0.03943 +0.00335 -2209.30000
+61.42330 +0.06382 +0.00342 +926.63300
+68.56710 +0.08744 +0.00315 +3329.68000
+73.70880 +0.10817 +0.00263 +4925.27000
+82.85060 +0.12460 +0.00196 +5664.00000
+89.99230 +0.13607 +0.00126 +5523.04000
+97.13410 +0.14271 +0.00062 +4506.72000

+104.27600 +0.14541 +0.00017 +2646.52000
+111.41800 +0.14583 +0.00000 -0.00136

G-42



PI (ttJ 40
PH (in) a 12.23

QDdc (in) f 8.73
IDdc (in) » 2.3
QQsx (in) « Ifil.HiD

MW (ppg) a 10
ALPHA (flfiiglJ s 3

; ; DELTA ALPHA « ,23
WQB (Id's) s; 33000

P (tb'S/ft in Iiuid) - 138.833

v:
I (in"4) - .01377/

BETA (deg) = .0216094

HQ (IB'S) 5= -212.983
HC (ID'S) = 0
hi (Ib's) = 8 fb.294
PHI (dea) - 4.65138

Sg(3M£NT A eiT TQ STABiLIi:tR
Y SLOPE MOMENT

(Xt) (tt) Itt/tt] (tt-lb)

+0.00000 +0.00000 +0.00038 +0.00271
+3.48331 +0,00129 +0.00036 +702.99100

+6,96702 +0,00243 +0.00030 +1232,87000
+10.4S050 +0,00332 +0,00021 +1583.73000

+13.93400 +0.00387 +0.00011 +1738,97000
+ 17.41/60 +0.00406 -0.00000 +1731,31000
+21.93400 +0.00376 -0.00013 +1472,32000

+26.43050 +0.00293 -0,00022 +892.91800
+30.96700 +0.00183 -0.00026 +20,29270

+33.48330 +0.00071 -0,00022 -1134,73000

+40.00000 +0.00000 -0,00008 -2337.87000

SESMENT B SIABILl^:Eis! TU TAN(3tNCY PUINT

X Y SLOPE MOMENT
itt) (It) (tt/tt) (Xt-IDJ

+40.00000 +0.00000 -0.00008 -2337,87000
+46.12780 +0.00003 +0.00003 +463.96300

+32.23360 -0,00022 -0.00016 +2936.29000
+38.38340 -0.0023/ -0,00038 +4862,27000
+64,31120 -0.00766 -0,0011/ +6138,43000

+70,63900 -0,01691 -0,00186 +6733,73000
+76.76680 -0.03034 -0,00258 +6700,03000
+82.89460 -0,04831 -0,00327 +3972,63000
+89.02240 -0.07033 -0,00383 +4390,10000
+93.13020 -0,09312 -0.00422 +2383.9S000

+101,27800 -0,12137 -0.00435 +0,00000

G-43



01 (ft) =
DH (in) =
ODdc (in) =
IDdc (in) =
QDst (in) -
MW (ppg) =
AUPHA (deg) -
DELTA ALPHA =
WOE (Ib's) =
P (Ib's/tt in
i ii.n""4) =

BETA (deg) =
HO (Ib's) =
HC llb'5) =
hi (Ib's) =
PHI (deg) =

flu^zl) =

40

12.22
8.73
2.5

12,S5
10

- 5
. 5
35000
158.855
'.013777

.@854£3i
-425:318

0

530.346
4.30HH1

A ill JO SJABILiZER
X Y

(ft) itt)

+0,00000
+4.31141

+S.6H233
flH.^34g0
+17.24570
+21.55710
+25.24570
+23.33420
+32.52280
+36.31140

+40,00000

+0.00000
+0.00532
+0.01203
+0.01658
+0,01955
+0.02060

+0.01975
+0.01732
+0.01317
+0.00736

+0.00000

SLOPE
1 ft/ft)

+0.00149
+0.00142
+0.00121
+0.00089

+0.00048
-0.00000
-0.00'§44
-0.00090
-0.00135
-0.00179

-0.00220

SKCSMEMT 8 STAeiLi^ER TU TAN(3feNCY POINT
X SLOPE

itt) (tt) itt/tt)

+40,00000 +0.00000 -0.00ii20

+43.20390 -0.01298 -0.00282

+30.407^0 -0,02933 -0,00337

+33,61180 -0.03030 -0,00441

+60.81330 -0,0/^334 -0,00329
+66.01940 -0.1033to -0.0061b

+71,22330 -0,1393/ -0.0069/

+76.42710 -0, 17/76 -0,00768

+81.63100 -0,21924 -0.00324

+86,83490 -0,25314 -0,00860
+92.03880 -0,30833 -0.008/3

G-44

MOMENI
(ift-ib)

+0.00271
+1930.59000
+3532,22000
+4336.24000
+5977.35000
+5693.80000
+7042.83000
+7145.33000
+7000.4S000
+6609.47000

+5973.52000

MUMENT
(ft-lbj

+3373.

+7590.
+9904.
+9397.

+9737.
+9383.
+8479.
+7062.
+31^4.

+2787.
+0.

32000
49000
23000
07000

37000
08000
77000

31000
62000
47000
00271



Di (tt) => A3
DH (in) = IS.23
ODCIC (in) - 8,75
iDdc (in) =
ODst (in) = 12.25
MW (PPS) = 10
ALPHA (aea) » a
DELTA ALPHA => .73
WQB (ID'S) -
p (itj'fi/it In fluid) = 130.aaa
I (in"4) = .01377/

BETA (deg) =
HQ (Ib'Sj =
HC (Ib's) =
hi (Ib's) -
PHI (degj =

SEQMtiNT A an

(ft)

+0100000
+4.43142
+8.86284

+ 13.294510
+17,72370
+22.13710
+23.72370
+29.29430
+32.88280
+36.43140

+40,00000

, 13020.5

0
a0*2l.3Si!i
2,gc!04/

TU STABlLUkR
Y

(It)

+0,00000
+0.0liaH
+0.022di3
+0.03122
+0.03593
+0,03900
+0.03736
+0.03310
+0.02342
+0,01440
-0,00000

SEQMENT 8 STA8ILI2EK tq TANGENCiY PUIN

IttJ (It)

f40,90000 -0,00000
+44,44170 -0.022/0
+4S.SS330 -0,03079

+33.32320 -0,08423
f37.76/en -0.12291

+52.20.370 -0,16643

+66.63030 -0,21439

+71.09220 -0,26610

+73.33400 -0,32083
+79.97370 -0,37768
+S4.41730 -0.43364

SLUPE
itt/tt)

+0,00271
+0.00238
+0,00222
+0,00163
+0,00090
-0,00000
-0,00082
-0,00169
-0,00261
-0,00336
-0,00451

SLUPE
(tt/ttJ

-0,00431
-0.00371
-0.00693
-0.00813
-0,00927
-0,01032
-0,01124
-0,01201
-0,01260
-0.01295
-0,01309

G-45

MQMEIMT
(it-ID)

00271
64000
43000

91000
60000
70000
20000
40000

80000
20000
50000

+0,
+3200.
+6091.

+8637.
+10809,
+12380.
+13701.
+14339.
+13088.
+13343,
+13305.

MOMENT
(tt-lD)

+13306
+13736
+13703
+13209
+14239
+12866
+11046

+8820
+6213
+3263

+0

.30000

.40000
,40000
,20000
,80000
.30000

.00000
,24000
,79000

.91000

.0027J



01 (it) =
OH (in) =
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (PP9) =
alpha (dsg) a
DELTA ALPHA =
WOB (Ib's) =
p (Ib's/lt in lluid) -
I (in"4) =

BETA (deg) =
HQ (ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

40

i2.23
8.73
2.3

i2.23
10
3
1
33030
138.833
,013777

.230273
-310.331

0
-289.747

3.3099

SEGMENT A BIT TO STABILIZER

(ft) (it)

+0.00000
+4.47754
+8.93328

+13.43290
+17.91060
+22.38820
+23,9106®
+29.43290
+32.93330
+36.47760
+40.00000

+0.00000
+0.01773
+0.03388
+0.04698
+0.03369
+0.03883
+0.03670
+0.03007
+0.03838
+0.02196
-0.00000

SECjMENT B stabilizer to TAN(5ENCY POINT

(ft) (")

+40.00000
+43.83190
+47.70390
+31.33380
+33.40730
+39.23970
+63.11160
+66.96360
+70.81330
+74.66730
+78.31940

+0,00000
-0.03024
-0.06679
-0.10933
-0.13744
-0.21038
-0.26912
-0.32933
-0.39340
-0.43946
-0.32633

SLOPE
(ft/ft)

+0.00402
+0.00384
+0100332
+0.00248
+0.00136
-0.00000
-0.00122
-0,00236
-0,00398
-0.00347
-0.00701

SLOPE
(ft/ft)

.0,00701
-0.00868
-0.01028
-0.01179
-0.01317
-0,01440
-0.01343
-0.01630
-0.01693
-0.01732
-0.01746

G-46

MOMENT
(ft-Ib)

+0.
+4338.
+8784.

+12626.
+16036.
+18974.
+20929,
+22333.
+23838.
+24771.
+23344.

00271
81000
73000
30000
70000
40000

30000
10000
80000
10000
80000

MOMENT
(ft-Ib)

+23344.
+24322,
+23270,
+21602.
+19333.
+17086.
+14277.
+11133.

+7686.
+3963.

+0.

80000
70000

40000
80000
20000
10000
60000
00000
77000

91000
00271



01 (tt) =
DH (in) -
ODdc (in) =
iDdc (in) =s
•Dst (in) «
MW (ppg) =
ALPHA jdefl) «
DELTA ALPHA
WQB (ID'S) «
P (Ib's/tt in
I (in"4) -

BETA (dsg) =
HO (Ib's) =
HC (ID'S) =
hi (Ib's) =
PHI (deg) =

fluid) «

40
is.s:)
a. /3
2,3

i0

S
1.23

138.85:i
.0137/7

,3«SBa

•1175.71

•aai .647

SE(3MENT A BIT TU Si I'ABJLLilSER
X V

(tt)(tt)

t0.00000
t4,30115
+9,00231

+13,30330
+IS.00460
+22.30380
+26.00460
+29.30330
+33.00230
+35.30120
+40.00000

+0,00000
+0.02399
+(tf. 0438a
+0.05369
+0.0/33/
+0.0/9ab

+0.0/ /02
+0.06808
+0,03233
+0,0299/
+0,00000

SE(3MENT B STABILUER TU TANQtNCY POINT

(tt) (tt)

+40.00000 -0.00000

+43,40280 -0,03641
+46,80370 -0,07954

+30,20830 -0.12919

+33,61130 -0,18431
+37.01410 -0.24493

+60.41700 -0.309/3

+53.81980 -0.37819
+67,22260 -0.44942

+70,52330 -0,32234

+74.02830 -0,39654

SLUPh
(tt/tt)

+0.00D41

+0,0031/
+0,00448
+0,00336
+0,00186
-0.00000
-0,00166
-0,00347
-0.00343
-0,00749
-0,00963

aLQPE
(tt/tt)

-0.00963
-0,01172
-0,01366
-0.01344
-0.01704
-0,01844
-0.01962
-0,02036
-0,02126
-0.02168
-0.02182

G-47

MOMENT
(ft-lb)

+0
+3993

+11637
+16836
+21386
+23771
+28613
+31073
+33132
+34/76
+33991

.00271

.98000
,90000
.20000
,80000
I 30000
.60000
,60000
,90000
.20000
,20000

MUMENT
(ft-lb)

+33991,
+33933.

+31471,
+28623.
+23418.
+218/2,
+18011,
+13864,

+9438,
+4826.

+0,

20000
10000

30000
80000
30000
20000
60000
00000
63000
43000
00271



D1 (ft) = 40

DH (In) a 12.25

ODdc (in) = 8.75

IDdc (In) = 2.5
ODst (in) - 12.25

MW (ppg) = 10

ALPHA (deg) = 5

DELTA ALPHA = 1.5

WOB (Ib's) = 35000
P (Ib's/ft In fluid) = 158.855

I (^"4) = .013777

BETA (deg) -
HQ (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

.393201
-1455.23

0
-1432.39

S.61937

SEQMENT A BIT TQ STABILIZER
X Y

(tt) (ft)

+0,00000
+4.51575
+9.03150

+13.54730
+18.06300
+22.57880
+26.06300
+29.54730
+33.03150
+35.51580
+40.00000

+0.00000
+0.03055
+0.05844
+0.08117
+0,09637
+0,10188
+0.09827
+0.08693
+0.06716
+0,03835
+0.00000

SLOPE
(ft/ft)

+0.00686
+0.00657
+0,00570
+0.00428
+0.00237
-0.00000
-0.00211
-0.00443
-0.00695
-0,00962
-0.01242

SEQMENT B STABILIZER TQ TANQENCY POINT
SLOPE

(ft) (ft) (ft/ft)
.....M

+40.00000 -0.00000 -0.01242

+43.05750 -0.04173 -0,01484

+46.11500 -0,09058 -0.01708

+49.17250 -0.14594 -0.01911

+52.23010 -0.20718 -0.02091

+55.28760 -0.27357 -0.02248

+53.34510 -0.34436 -0.02378

+61.40260 -0,41873 -0.02482

+64.46010 -0.49585 -0.02557

+67.51760 -0.57482 -0.02603

+70,57520 -0.65474 -0.02619

G-48

MOMENT
(ft-lb)

+0.
+7499.

+14623.
+21284.
+27400.
+32893.
+36664.
+39996.
+42865.
+45249.
+47131.

00271
36000
70000
80000
00000
60000
20000
20000
00000
40000
80000

MOMENT
(ft-lb)

.80000

.50000

.40000

.80000
,50000
.30000
.90000
.50000
.70000
,55000
.00271

+47131
+43846
+40166
+36128
+31756
+27074
+22108
+16888
+11442

+5802
+0



01 (ft) =
OH (in) =
ODdc (in) =
IDdc (in) =
QDst (in) =
MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib's) =
P (Ib's/ft in fluid) =
I (in"*4) =

40
12.35
3.75
2.5

12.25
10
30

-1.5
35000
153.855
.013777

BETA (dsg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

-.33S945
329.023
0
6316.06
30.5335

SEGMENT A BIT TO STABILIZER
X Y

(ft) (ft)

+0.00000
+4.36605
+9.73210

+14.59310
+19.46420
+24.33020
+27.46420
+30.59310
+33.73210
+36.36610
+40,00000

+0.
-0.02366
-0.05530
-0.07922
-0.09597
-0.10246
-0.09926
-0.03379
-0.06973
-0,04063
+0.00000

SEGMENT B STABILIZER TO TANGENCY POINT
X Y

(ft) (ft)

+40.
+46.
+53.
+60.
+66.
+73.
+30.
+86.
+93.

+ 100.
+ 106.

68210
36420
04620
72330
41040
09250
77450
45660
13900
82100

+0.00000
+0.12704
+0.29712
+0.49522
+0,70323
+0.92560
+1.13911
+1.34359
+1.53682
+1.71963
+1.89587

SLOPE
(ft/ft)

-0.00593
-0.00530
-0.00523
-0,00424
-0,00252
+0,00000
+0.00211
+0,00464
+0.00761
+0.01104
+0.01497

SLOPE
(ft/ft)

+0.01497
+0.02263
+0.02790
+0,03106
+0.03244
+0.03240
+0.03137
+0.02978
+0.02308
+0.02673
+0.02619

G-49

MOMENT
(ft-lb)

+0.
-3544.
-3917.

-16039.
-24310.
-35102.
-42463.
-50360.
-53731.
-67532.
-76703.

01557
63000

70000
20000
40000
40000
50000
70000
00000
70000

MOMENT
(ft-lb)

-76703.
-55293.
-35373.
-19023.

-5204.
+5217.

+11956.
+14328.
+13755.

+3767.
-0.

70000
20000
40000
30000
73000
62000
10000
00000
60000
84000
00779



01 (it) =
DH (In) =
ODdc (in) «
IDdc (in) =
ODst (in) =
MW (PP9) =
ALPHA (deg) =
DELTA ALPHA =•
WQB (Ib's) »
P (Ib's/ft in fluid)
I (in"4) =

BETA (dag) =
HO (Ib's) =
HC (Ib'a) =>
hi (Ib's) =
PHI (deg) =

A0
12.25
a.75
2,5

12.25

10
30

-1.25
3S003
159.355
.013777

-.281773
134.55
0
6086.32
30.2202

SEGMENT A BIT TO STABILIZER
X

(ft)

•I-0. 00000
+4.91714
+9.33427

+14.75140
+19.56850
+24.58570
+27.66850
+30.75140
+33.33430
+36.91710
+40.00000

+0,00000
-0.02405
-0.04699
-0,05701
-0.08151
-0,08720
-0.08450
-0,07568
-0.05952
-0.03474

SEGMENT 8 STABILIZER TO TANQENCY POINT
(ft)

+40.

+45,
+52.
+59,
+65,
+71.
+78.
+84.
+91.
+97,

+ 103,

00000

39600
79210
18810
58410
98020
37520
77220
16820
56430
96000

-0.

+0.10554
+0.24614
+0,40916
+0,58373
+0.76098
+0.93428
+1.09944
+1.25473
+1.40101
+1.54165

SLOPE
(ft/ft)

-0.00432
-0,00483
-0.00444
-0.00361
-0.00218
+0.00000
+0.00181
+0.00399
+0,00657
+0,00958
+0.01304

SLOPE
(ft/ft)

+0.01304

+0.01959
+0.02404
+0.02665
+0.02771
+0.02755
+0.02554
+0.02506
+0.02352
+0.02231
+0.02182

G-50

MOMENT
(ft-Ib)

+0.
-2463.
-6808.

•12972,
-20864,
-30357.
-37035.
-44344,
-52102.
-60313.
-68929.

01557
47000
99000
70000
10000
20000
90000
90000
20000
00000
80000

MOMENT
(ft-lb)

-53929.70000

-49134.
-31331.
-15995.

-3507.
+5822.

+11753.
+14166.
+1297H.

+8210.
+0.

90000
90000
80000
45000
81000
20000
30000
20000
67000



Di (ft) =
DH (in) =
QDdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WGB (Ib's) =
P (Ib's/ft in
I (in""4) =

BETA (deg)
HQ {lb'5)
HC (Ib's)
hi (lb'3)
PHI (deg)

fluid) =

40
12.25
8.75
2.5

12.25
10
30

-1
35000
158.855
.013777

-.221312
-65.9015

0
5337.79
29.3921

SEGMENT A BIT TO STABILIZER
X Y

(ft) (ft)

+0.00000 +0.00000

+4.99011 -0.01926

+9.98023 -0.03737

+14.97030 -0.05441

+19.96050 -0.06664

+24.95060 -0.07151

+27.96050 -0.06934

+30.97030 -0.06213

+33.93020 -0.04900

+36.99010 -0.02367

+40.00000 +0.00000

SEGMENT
X

(ft]

B STABILIZER TO TANGENCY POINT
Y

(ft)

+4.0.00000
+46.09760
+52.19530
+53.29290
+54.39050
+70.43820
+76.53580
+82.63340
+33.78110
+94.87370

+100.97600

+0 i 00000
+0.08507
+0.19790
+0.32308
+0.46671
+0.60660
+0.74245
+0.87094
+0.99083
+1.10298
+1.21033

SLOPE
(ft/ft)

-0.00387
-0.00333
-0.00358
-0.00297
-0.00183
+0.00000
+0.00149
+0.00332
+0.00550
+0.00307
+0.01105

SLOPE
(ft/ft)

+0.01105
+0.01653
+0.02019
+0.02226
+0.02301
+0.02273
+0.02174
+0.02037
+0.01397
+0.01789
+0.01746

G-51

MOMENT .
(ft-lb)

+0.
-1334.
-4623.
-9318.

•16841.
-25533.
-31634.
-33230.
-45335.
-52909.
-60911.

01557
24000
82000
97000
10000
90000
90000

30000
40000
70000
70000

MOMENT
(ft-lb)

-60911
-42799
-26651
-12851

-1710
+6520

+11654
+13576
+12242

+7632
+0

.70000

.60000
,80000
.50000
.16000
.45000
.60000
.30000
.30000
.50000
.01557



Di (ft) =
DH (in) =
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WQB (Ib's) =
P (Ib's/ft in fluid)
I (in-4) =

BETA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

40
12.S5
a.75
2.5

12.25
10
30

-.75
35000
158.855
.013777

-.15992
-272.305

0
5565.2
29.5535

SEGMENT A BIT TO STABILIZER
X

(ft)

+0.00000
+5.10445

+10.20890
+15.31330
+20.41780
+25.52220
+28.41780
+31.31330
+34.20890
+37.10440
+40.00000

(ft)

+0.00000
-0.01428
-0.02841
-0.04141
-0.05134
-0.05542
-0.05377
-0.04830
-0.03815
-0.02238
-0.00000

SLOPE
(ft/ft)

-0.00279
-0.00330
-0.00271
-0.00232
-0.00U3
+0,00000
+0.00113
+0.00255
+0.00442
+0.00853
+0.00899

SEGMENT B STABILIZER TO TANGENCY POINT
X Y

(ft) (ft)
SLOPE
(ft/ft)

+40.00000
+45.78670
+51.57350
+57.36020
+63.14700
+53.93370
+74.72050
+80.50720
+86.29390
+92.08070
+97.86740

+0.00000
+0.06573
+0.15266
+0.25240
+0.33732
+0.46325
+0,55454
+0.65919
+0.74636
+0.82694
+0,90346

+0.00399
+0.01345
+0.01635
+0.01791
+0,01336
+0.01796
+0.01698
+0.01571
+0.01444
+0,01348

g_52 +0.01309

MOMENT
(ft-lb)

+0.
-142.

-2348,
-5335.

•12734.
•20843.
-26204.
-32092,
-33432,
-45341,
-52635,

01557
02300
76000
23000
50000
40000
10000
00000
00000
50000
50000

MOMENT
(ft-lb)

-52535,
-36258.
-21311.

-9565,
+215.

+7339.
+11556.
+13030.
+11532.

+7192,
-0.

30000
70000
40000
61000
60100
24000
50000
50000
30000
35000
00778



D1 (ft) =
OH (in) =
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA (dsg) =
DELTA ALPHA =
WOB (Ib's) =
P (Ib's/ft in
I (in"'4) =

BETA (deg) =
HD (Ib's) =
HC (Ib's) =
hi (Ib-'s) =
PHI (deg) =

SEGMENT A BIT
X

(ft)

+0.00000
+5.30311

+10.50520
+15.90930
+21.21240
+25.51550
+29.21240
+31.90930
+34.50620
+37.30310
+40.00000

SEGMENT B STABILIZER TO TANGENCY POINT
X Y

(ft) (ft)

+40,00000
+45.45330
+50.92770
+55.39150
+61.85530
+57.31920
+72.78300
+78.24630
+33.71070
+89.17450
+94.63840

fluid) =

40
IS.25
3.75
2.5

12.25
10
30

-.5
35000
158.355
.013777

-.0953443
-436.677

0
5253.73
29.2034

TO STABILIZER
Y

(ft)

+0.00000
-0.00902
-0.01351
-0.02793
-0.03556
-0.03900
-0.03737
-0.03407
-0.02593
-0.01587
+0.

+0,00000
+0.04757
+0.11073
+0.13258
+0.25770
+0.33172
+0.40154
+0.46535
+0.52257
+0.57439
+0.52271

G-53

SLOPE
(ft/ft)

-0.00157
-0.00174
-0.00182
-0.00158
-0.00114
+0.00000
+0.00088
+0.00193
+0.00333
+0.00495
+0.00587

SLOPE
(ft/ft)

+0.00687
+0.01035
+0.01253
+0.01360
+0.01376
+0.01324
+0.01226
+0.01108
+0.00993
+0.00907
+0.00873

MOMENT
(ft-lb)

+0.
+1148.

+45.
-3287.
-3795.

-16334.
-21001.
-26103.
-31557.
-37663.
-44030.

01557
23000
05850

70000
80000

50000
30000

50000
70000

MOMENT
(ft-lb)

-44080.
-29514.
-15777.
-6104.
+2311.
+8316.

+11303.
+12708.
+11014.

+6752.
+0.

70000

30000
50000
49000
14000
74000
50000
00000
10000
33000
01557



D1 (ft) =
DH (in) s
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib's) =
P (Ib's/ft in
I (in-'4) =

BETA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

fluid) =

40
12.25
a. 75
2.5

12.25
10
30

-.25
35000
158.855
.013777

-.0237178
-708.072

0
4341.36
28.8412

SEGMENT A BIT TO STABILIZER
X Y

(ft) (ft)

+0,00000
+5.63557

+11.33110
+17.08570
+22.78230
+28.47730
+30.78230
+33.08670
+35.33110
+37.63560

+401 00000

+0.00000
-0.00326
-0.00783
-0.01387
-0.01374
-0.02253
-0.02134
-0.01375
-0.01565

-0.00321

+0.00000

SEGMENT B STABILIZER TO TANGENCY POINT

SLOPE
(ft/ft)

-0.00052
-0.00067
-0.00035
-0.00111
-0.00087
+0.00000
+0.00053
+0.00134
+0.00226

"<*0. 00336
+0.00467

MOMENT
(ft-l.b)

+0.
+2630.
+2636.

+ 17.
-5174.

•12836.
-16605.
-20743.
-25235.

01557
28000
11000
43350
17000
40000
80000
30000
50000

•30067.30000
•35224.30000

MOMENTX Y SLOPE

(ft) (ft) (ft/ft) (ft-lb)

+40.00000 +0.00000 +0.00467 -35224.30000

+45.13040 +0.03101 +0.00723 -22502.30000
+50.26030 +0.07238 +0.00873 -11508.30000

+55.33130 +0.11308 +0.00334 -2417.78000

+60.52170 +0.16637 +0.00323 +4523.24000

+65.55210 +0.21283 +0.00858 +3502.27000

+70.78250 +0.25443 +0.00760 +12141.20000

+75.31300 +0.23055 +0.00648 +12437.30000
+81.04340 +0.32105 +0.00544 +10555.70000

+86.17380 +0.34680 +0.00465 +6373.33000

+31.30430 +0.36372 +0.00436 +0.00000

G-54



Dl (ft) = 40
DH (in) = 12.25
ODdc (in) = 3.75

IDdc (in) = 2.5
ODst (in) = 12.25
MW (ppg) = 10
ALPHA (deg) = 30

DELTA ALPHA = 0
ms (Ib's) = 35000
P (Ib's/ft in fluid) = 153.355

I (in-4) = .013777

BETA (deg) = .0339259
HO (Ib-'s) = -937.547

HC (Ib's) = 0

hi fib's) = 4579.37

PHI (deg) = 23.4657

SEGMENT A BIT TO STABILIZER
X Y SLOPE

(ft) (ft) (ft/ft)

+0.00000 +0.00000 +0.00063

+2.15936 +0.00144 +0.00064

+4.31371 +0.00273 +0.00054

+6.47306 +0.00375 +0.00039

+3.63742 +0.00440 +0.00021

+10.79630 +0.00462 -0.00000

+16.63740 +0.00297 -0.00055

+22.47310 -0.00134 -0.00035

+23.31370 -0.00503 -0.00065

+34.15940 -0.00742 +0.00035

+40.00000 -0.00000 +0.00239

SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE

(ft) (ft) (ft/ft)

+40.00000 +0.00000 +0.00239

+44.73960 +0.01539 +0.00409

+49.57920 +0.03739 +0.00496

+54.36370 +0.06232 +0.00513

+59.15330 +0.03619 +0.00475

+63.94790 +0.10726 +0.00399

+53.73750 +0.12401 +0.00299

+73.52710 +0.13576 +0.00192
+73.31670 +0.14250 +0.00095

+33.10620 +0.14540 +0.00027

+37.39530 +0.14533 -0.00000

G-55

MOMENT
(ft-lb)

+©.
+1333.
+3403.
+4537.
+5233.
+5654.
+4703.

+959.
-5513.

•14573.
"25045.

01557
71000
73000
37000

44000

39000
74400
90000

40000
90000

MOMENT
(ft-lb)

-25045.
-15195.

-5953.
+1551.
+7214.

+10955.
+12726.
+12493.
+10275.

+6090.
+0.

90000
50000

57000
30000
42000
90000

40000
50000

30000
63000
00000



Di (ft) =
DH (in) =
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WOB (lb'SI =
P (Ib's/ft in
I (in-4) =

fluid) =

40
i2.25
3.75
2.5

12.25
10
30
.25
35000
158.355
.013777

BETA (deg) = .110146
HO (Ib's) = -1175.63

HC (Ib's) = 0

hi (Ib's) = 4177.29

PHI (deg) = 23.0764

SEGMENT A BIT TO STABILIZER
X Y SLOPE

(ft) (ft) (ft/ft)

+0.00000 +0.00000 +0.00192

+3.35945 +0.00633 +0.00181

+6.71889 +0.01194 +0.00151

+10.07830 +0.01629 +0.00107

+13.43730 +0.01902 +0.00055

+16.79720 +0.01993 -0.00000

+21.43780 +0.01327 -0.00069

+26.07330 +0.01333 -0.00118

+30.71890 +0.00790 -0.00131

+35.35950 +0.00243 -0.00095

+40.00000 -0.00000 +0.00002

SEGMENT B STABILIZER TO TANGENCY POINT

X Y SLOPE

(ft) (ft) (ft/ft)

+40.00000 +0.00000 +0.00002

+44.44640 +0.00241 +0.00094

+43.89230 +0.00746 +0.00123

+53.33930 +0.01257 +0.00099

+57.78570 +0.01571 +0.00036

+62.23210 +0.01541 -0.00053

+66.67850 +0.01077 -0.00156

+71.12490 +0.00151 -0.00259

+75.57130 -0.01210 -0.00349

+30.01780 -0.02915 -0.00412

+84.46420 -0.04820 -0,00435

G-56

MOMENT
(ft-lb)

+0.
+3722.
+6524.
+8384.
+9291.
+9233.
+7589.
+4131.
-1033.
-3003.

•15522.

01557
78000
02000
52000
53000
79000
26000
69000
70000
58000
50000

MOMENT
(ft-lb)

-16522
-7550

-55
+5370

+10157
+12752
+13626
+12767
+10185

+5912
+0

.40000

.09000

.65590

.49000
,20000
.30000
.40000
.20000
.70000
.33000
.00000



01 (ft) = 40
DH (in) = 12.25
ODdc (in) = 8.75
IDdc (in) = 2.5
ODst (in) = 12.25
MW (ppg) = 10
ALPHA (deg) = 30
DELTA ALPHA = .5
WOB (Ib's) = 35000
P (Ib's/ft in fluid) = 158.855
I (in'"4) = .013777

BETA (deg) = .184069
HO i\b's) = -1422.75
HC (\b's) = 0
hi (Ib-'sj = 3729.08
PHI (deg) = 27.6724

SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+0.00000 +0.00000 +0.00321 +0.01557

+3.33705 +0.01209 +0.00303 +5297.58000
+7.67410 +0.02285 +0.00253 +9379.10000

+11.51120 +0.03124 +0.00131 +12208.00000
+15.34320 +0.03653 +0.00093 +13759.10000
+19.13530 +0.03832 -0.00000 +14018.30000

+23.34320 +0.03625 -0.00098 +12836.20000
+27.51120 +0.03035 -0.00182 +10143.40000

+31.67410 +0.02143 -0.00241 +5968.35000
+35.83710 +0.01075 -0.00265 +355.05100
+40,00000 -0.00000 -0.00243 -6637.42000

SEGMENT B STABILIZER TO TANGENCY POINT
MOMENTX Y SLOPE

(ft) (ft) (ft/ft) (ft-lb)

+40.00000 +0.00000 -0.00243 -6637.38000

+44.10820 -0.00938 -0.00222 +475.59700

+48.21630 -0.01886 -0.00247 +6244.59000

+52.32450 -0.03015 -0.00308 +10609.90000
+56.43260 -0.04450 -0.00395 +13526.70000
+60.54080 -0.06230 -0.00497 +14965.20000
+64.64900 -0.08544 -0.00605 +14910.50000
+63.75710 -0.11242 -0.00707 +13363.20000
+72.36530 -0.14329 -0.00792 +10339.20000
+76.97340 -0.17715 -0.00851 +5869.52000
+81.08160 -0.21270 -0.00873 -0.01557

G-57



D1 (ft) = 40
DH (in) = 12.25
ODdc (in) = 8.75
IDdc (in) = 2.5
ODst (in) = 12.25
MW (ppg) = 10
ALPHA (deg) = 30
DELTA ALPHA = .75
WOB (Ib's) = 35000
P (Ib's/ft in fluid) = 158.855
I (in"4) = .013777

BETA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

.260774
-1679.19

0
32S8.52
27.2535

SEGMENT A BIT TQ STABILIZER
X Y

(ft) (ft)

+0.00000
+4.06329
+8.12657

+12.18990
+16.25310
+20.31640
+24.25310
+28.18990
+32.12660
+36.06330
+40.00000

+0.00000
+0.01815
+0.03439
+0.04715
+0.05529
+0.05809
+0.05543
+0.04761
+0.03511
+0.01883
-0.00000

SEGMENT B STABILIZER TO TANGENCY POINT

SLOPE
(ft/ft)

+0.00455
+0.00430
+0.00362
+0.00261
+0.00137
-0,00000

-0.00135
-0.00261
-0.00370
-0.00452
-0.00498

MOMENT
(ft-lb)

+0.
+6802.

+12226.
+16217.
+18735.
+19754.
+19303.
+17440.
+14182.

+9551.
+3619.

01557
66000
70000
60000
30000
70000
40000
10000
50000
17000
57000

MOMENTX Y SLOPE

(ft) (ft) (ft/ft) (ft-lb)

+40.00000 +0.00000 -0.00498 +3619.70000

+43,78340 -0.01952 -0.00540 +8915.31000

+47.56680 -0.04123 -0.00613 +12998.20000
+51.35030 -0.05615 -0.00708 +15830.40000

+55.13370 -0.09499 -0.00818 +17388.40000

+58.91710 -0.12812 -0.00934 +17658.50000

+62.70050 -0.16562 -0.01047 +16538.50000
+66.48390 -0.20723 -0.01150 +14337.10000
+70.26740 -0.25239 -0.01233 +10774.40000

+74.05080 -0.30020 -0.01289 +5981.50000
+77.83420 -0.34947 -0.01309 -0.00778

G-58



D1 (ft) == 40
DH (in) = 12.25

ODdc (in) = 8.75
IDdc (in) = 2.5

ODst (in) = 12.25

MW (ppg) = 10

ALPHA (deg) = 30

DELTA ALPHA = 1
WOB (Ib's) - 35000
P (Ib's/ft in fluid) = 158.355

I (in"4) = .013777

BETA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

.340252
-1944.39

0
2669.38
26.8198

SEGMENT A BIT TO STABILIZER
X Y

(ft) (ft)

+0.00000
+4.13397
+3.37794

+12.56690
+16.75590
+20.94490
+24.75590
+23.56690
+32.37790
+36.13900
+40.00000

+0.00000
+0.02444
+0.04633
+0.06375
+0.07494
+0.07333
+0.07550
+0.06553
+0.04916
+0.02701
+0.

SEGMENT B STABILIZER TO TANGENCY POINT
X Y

(ft) (ft)

+40.00000
+43.43060
+46.96120
+50.44130
+53.92240
+57.40290
+60.33350
+64.36410
+67.34470
+71.32530
+74.80590

+0.00000
-0.02315
-0,06004
-0.09616
-0.13630
-0.13201
-0.23160
-0.23513
-0.34196
-0.40119
-0.46172

SLOPE
(ft/ft)

+0.00594
+0.00563
+0.00477
+0.00346
+0.00133
-0.00000
-0.00175
-0.00347
-0.00509
-0.00650
-0.00762

SLOPE
(ft/ft)

•0.00762
•0.00859
•0.00975
•0.01102
•0.01234
•0.01363
•0,01484
-0.01539
-0.01672
-0.01726
-0.01746

G-59

MOMENT
(ft-lb)

+0.
+3305.

+15129.
+20400.
+24060.
+26070.
+26449.
+25440.
+23055.
+19313.
+14247.

01557
49000
80000
00000
10000
90000
10000
90000

30000
20000
80000

MOMENT
(ft-lb)

+14247.
+17790.
+20234.
+21563.
+21780.
+20870.
+18844.
+15717.
+11512.

+62601
-0.

80000
00000
70000
10000
60000
40000
30000
20000
20000
24000
01557



D1 (ft) = AQ
DH (in) = 12.25
QDdc (in) = 8.75
IDdc (in) = 2.5
ODst (in) = 12.25
MW (ppg) = 10
ALPHA (deg) = 30
DELTA ALPHA = 1.25
WQB (Ib's) = 35000
P (Ib's/ft in fluid) = 153.355
I (in-4) = .013777

BETA (deg) = .422423
HO (Ib's) = -2219.6
HC (Ib's) = 0
hi (Ib's) = 2043.37
PHI (deg) = 26.3717

SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+0.00000 +0.00000 +0.00737 +0.01557

+4.26763 +0.03093 +0.00700 +9831.56000
+3.53525 +0.05379 +0.00595 +13103.90000

+12.30290 +0.03096 +0.00435 +24740.40000
+17.07050 +0.09534 +0.00233 +29652.70000

+21.33310 +0.10033 -0.00000 +32791.40000
+25.07050 +0.09634 -0.00213 +34054.70000
+23.30290 +0.03403 -0.00439 +33923.80000
+32.53530 +0.06364 -0.00655 +32399.90000
+3S.26760 +0.03538 -0.00856 +29495.70000

+40.00000 +0.00000 -0.01035 +25236.10000

SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+40,00000 -0.00000 -0.01035 +25236.10000
+43.20530 -0.03550 -0.01181 +27095.10000
+46.41160 -0.07582 -0.01335 +27956.30000
+49.61740 -0.12113 -0.01491 +27826.20000
+52.32320 -0.17138 -0.01643 +26705.70000

+56.02900 -0.22640 -0.01737 +24601.70000

+59.23430 -0.23579 -0.01916 +21527.40000
+62.44060 -0.34902 -0.02025 +17502.10000
+65.64640 -0.41536 -0.02109 +12550.30000
+63.35220 -0.48392 -0.02163 +6704.65000
+72.05300 -0.55368 -0.02132 +0.00000

G-60



D1 (ft) =
DH (in) =
QDdc (in) =
IDdc (in) =
QDst (in) =
m (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib's) =
P

40
IS.25
8.75
2.5

12.25
10
30
1.5
35000
153.355

I (in*"4) = .013777

BETA (deg) = .507132

HO (Ib's) = -2502.3

HC (Ib's) = 0

hi (Ib's) = 1350.5
PHI (deg) = 25.9102

SEGMENT A BIT TO STABILIZER
X Y SLOPE

(ft) (ft) (ft/ft)
——————

+0.00000 +0.00000 +0.00885

+4.32114 +0.03752 +0.00341

+3.54223 +0.07158 +0.00718

+12.95340 +0.09871 +0.00528

+17.23450 +0.11542 +0.00284

+21.50570 +0.12255 -0.00000

+25.23450 +0.11737 -0,00253

+23.95340 +0.10322 -0.00535

+32.54230 +0.07853 -0.00307

+35.32110 +0.04395 -0.01070

+40.00000 -0,00000 -0.01315

SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE

(ft) (ft) (ft/ft)

+40.00000 +0.00000 -0.01315

+42.95130 -0.04130 -0.01505

+45.92350 -0.08920 -0.01694

+48.83540 -0.14209 -0.01377

+51.34720 -0.20025 -0.02049

+54.30900 -0.25330 -0.02205

+57.77080 -0.33073 -0.02344

+50.73250 -0.40191 -0.02453

+53.59440 -0.47507 -0.02545

+55.55520 -0.55235 -0.02500

+59.51800 -0.62972 -0.02519

G-61

MOMENT
(ft-lb)

+0.
+11339.
+21153.
+29225.
+35453.
+39327.
+42015.
+42734.
+42125.
+40045.
+35554.

01557
30000
50000
30000
50000
40000
70000
00000

90000
90000

MOMENT
(ft-lb)

+35554.
+35310.
+351-33.
+34575.
+32131.
+23319.
+24555.
+19552.
+13353.

+7302.
+0.

10000
50000
30000
90000

30000
10000
30000
30000

00000
13000
00000



D1 (ft) =
DH (in) =
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (pp.g) =
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib's) =
P (Ib's/ft in
I (in"4) =

BETA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

fluid) =

50
8.73
6.H5
2. 25
j.eas
i0

20000
75.ai3i
3.54967E-03

.0368924
-100.711

0
443.392
4.71152

SEGMENT A BIT TO STABILIZER
X Y

(ft) (ft)

+0.

+3.
+6.

+9.
+ 12.
+ 15.
+22.
+29.
+35.
+43.
+50.

00000

18035
35073
54109

72150
90180
72150
54110
35070
18040
00000

+0.00000
+0.00201
+0.00380
+0.00520
+0.00508
+0.00538
+0.00505
+0.00177
-0.00173
-0.00255
+0.00258

SEGMENT B STABILIZER TO TANGENCY POINT
X Y

(ft) (ft)

+50.00000
+55.58370
+51.16740
+66.75110
+72.33470
+77.91840
+83.30210
+89.08580
+94,66950

+100.23300
+105.83700

+0.00258
+0.01349
+0.02863
+0.04556
+0.06223
+0.07702
+0.08882

+0.09710
+0.10190
+0.10385
+0.10417

SLOPE
(ft/ft)

+0.00064
+0.00061
+0.00051
+0.00035
+0.00019
-0.00000

-0.00037
-0.00055
-0.00040
+0.00022
+0.00142

SLOPE
(ft/ft)

+0.00142
+0.00241
+0.00294
+0.00306
+0.00285
+0.00241

+0.00181
+0.00115
+0.00038
+0.00016
+0.00000

G-62

MOMENT
(ft-lb

+0.

+326.
+581.
+750.
+851.
+882.

+651.
+88.

-798.
-1946.
-3282.

00059

61500
13100
07900
02000
37500
26400
90780
76800
33000
21000

MOMENT

(ft-lb)

-3282.
-1999.

-841.
+ 144.
+913.

+1441.
+1697.
+ 1613.
+1374.

+808.
+0.

21000
52000
23000
40200
93900
10000
82000
34000
62000
26100
00000



D1 (ft) = 50
DH (in) = 8,75
ODdc (in) - 5.25
IDdc (in) = 2.25

ODst (in) = 3.638

m (ppg) = 10

ALPHA (deg) - 20
DELTA ALPHA = 0
WOB (Ib's) = 20000

P (Ib's/ft in fluid) = 75.8151
I (in-'4) = 3.54957E-03

BETA (deg) - .329727

HO (Ib's) = -473.052

HC (ib's) = 0
hi (Ib's) = 1583.97

PHI (deg) = 18.5452

SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+0.00000 +0.00000 +0.00575 +0.00232

+4.24547 +0.02396 +0.00542 +2251.07000

+3.49295 +0.04523 +0.00452 +3974.65000

+12i73940 +0.06173 +0.00320 +5128.88000

+16.98590 +0.07205 +0.00163 +5635.73000

+21.23240 +0.07551 -0,00000 +5631.69000

+25.98590 +0.06950 -0.00202 +4533.58000

+32.73940 +0.05345 -0.00342 +2474.75000

+33.49290 +0.03205 -0.00381 -615.74500

+44.24550 +0.01218 -0.00284 -4545.39000

+50.00000 +0.00258 -0.00020 -9139.32000

SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+50.00000 +0.0025S -0.00020 -9139.32000

+54.43390 +0.00706 +0.00206 -5009.37000

+58.87770 +0.01955 +0.00343 -3236.57000

+53.31650 +0.03641 +0.00404 -394.49000

+67.75550 +0.05451 +0.00402 +954.76000

+72.19430 +0.07140 +0.00352 +2262.12000

+76.53320 +0.08534 +0.00272 +2992.91000

+81.07210 +0.09537 +0.00179 +3127.76000

+85.51090 +0.10131 +0.00091 +2563.07000

+89.94980 +0.10373 +0.00025 +1611.19000
+94.38870 +0.10417 -0.00000 +0.00232

G-63



D1 (ft) =
DH (in) =
•Ddc (in) -
IDdc (in) =
ODst (in) -
MW (ppg) =
ALPHA (deg)
DELTA ALPHA =
WDB (Ib'S) -
P (Ib's/ft in
I (in"4) =

fluid) =

8.73
6.25
S.2-3

8.633
10
H3
0

20000
76.8151
3.54957E-03

BETA (deg) = .425762
HO (Ib's) = -592.126

HC (Ib's) = 0

hi (Ib's) = 1936.99

PHI (deg) = 23.3044

SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+0.00000 +0.00000 +0.00743 +0.00287

+4.29433 +0.03129 +0.00700 +2869.20000

+8.58878 +0.05907 +0.00583 +5069.65000

+12.88320 +0.08063 +0.00413 +6546.72000

+17.17750 +0.09412 +0.00211 +7263.74000

+21.47190 +0.09865 -0.00000 +7202.89000

+27.17760 +0.09109 -0.00257 +5924.07000

+32.88320 +0.07075 -0.00439 +3332.95000

+38.58880 +0.04332 -0.00498 -457.07500

+44.29440 +0.01708 -0.00391 -5280.15000

+50.00000 +0.00258 -0.00081 -10925.20000

SEGMENT B STABILIZER TO TANGENCY POINT :

X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+50.00000 +0.00258 -0.00081 -10925.20000

+54.30810 +0.00515 +0.00182 -7272.99000

+58.61630 +0.01686 +0.00346 -4040.33000

+62.92440 +0.03369 +0.00422 -1308.03000

+67.23250 +0.05221 +0.00427 +855.63300

+71.54060 +0.06973 +0.00378 +2396.60000

+75.84870 +0.08431 +0.00294 +3276.35000

+80.15690 +0.09486 +0.00195 +3472.92000
+84.46500 +0.10114 +0.00099 +2981.38000

+88.77310 +0.10376 +0.00028 +1814.02000

+93.08120 +0.10417 +0.00000 +0.00287
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D1 (ft) = 50
DH (in) = 8.73
•Ddc (in) = 6.S5

^ IDdc (in) = 2.S.5
ODst (in) = 8.538
MW (ppg) = 10
ALPHA (deg) - 33

: DELTA ALPHA = 0
WQB (Ib's) = H0000

^ P (Ib's/ft in fluid) = 76.8131
I (in"4) = 3.54967E-03

contact point between bit and stabilizer
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INITIAL INPUT DATA TO THE DRILL PROGRAM
30
12.23
8.73
2.3

12.25
10
30
0
40000
138.833
.013777

D1 (ft) a
DH (in) «
ODdC (in) -
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA (dsd) -
DELTA ALPHA =«
WOB (Ib's) =
P (Ib's/ft in tluid)
I (in"4)

ITERATION # =
BETA (deg) «
ALPHA (deg) =
HO (Ib's) =
HC (Ib'S) ^
hi (Ib's) -
PHI (deg) -
PSI (deg) =
THETA (deg) -

ITERATION i =
BETA (deg) ==
ALPHA (deg) ==
HO (Ib'S) -
HC (Ib'S) =
hi (Ib'S) ^
PHI (deg)
PSI (deg) =
THETA (deg) -

ITERATION #
BETA (deg) =
ALPHA (deg) =
HO (Ib'S) a
HC (Ib'S) -
hi (Ib'S) =
PHI (deg) a
PSI (deg) a
THETA (deg) ^

1
'.0338931

30
•379.137
0
4269.98
29.437
29.437
0

2
•.036333

29.437
•365.37
0
4214.09
28.9323
28.9323

-.0358024
28.9323

-333.958

0
4139.73
28.4233
28.4233
0
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ITERATION #
BETA (dsg) =•
ALPHA (deg) '
HO (Ib'sl -
HC (Ib's) «
hi (Ib's) 3
PHI (deg) s
PSI (deg) a
THETA (deg) =

ITERATION #
BETA (deg) =»
ALPHA (deg) =
HO (lb'31 =s
HC (lb'3) =
hi (lb'3) -
PHI (deg) =
PSI (deg) ==
THETA (deg) =

ITERATION #

BETA (deg) =
ALPHA (deg) =
HO (lb'3) =
HC (lb'3l =

hi (lb'3) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION #
BETA.(deg1 =
ALPHA (deg) =
HO (Ib'3) =
HC (lb'3) =
hi (Ib's) =
PHI (deg) -
PSI (degl =
THETA (deg) =

ITERATION #

BETA (deg) =
ALPHA (deg) =
HO (lb'3) =
HC (lb'3) =
hi (lb'3) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

-.0372307
2S.4S33

•341.939
0
4106.82
27.9336
S7.9336

-.0376374
27.9335

•330.364
0

4035.3
27.4624

27.4624

6
-.038025

27.4624

•319. 146
0

4003. 18
27.0033

27.0033

0

•.0333972
27.0033

•308.3
0
3936.44

25.3638
26.3638

0

8
•.038738

26.3538
•297.778
0

3909.12
26.1373
25.1373

0
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ITERATION # s
BETA (deg)
ALPHA (deg) =»
HO (Ib's) =
HC (Ib'S) =
hi (Ib'S) =
PHI (deg) =s
PSI (deg) «
THETA (dsg) =

ITERATION # «
BETA (deg) =
ALPHA (deg) -
HO (Ib'S)
HC (Ib'S) ==
hi (Ib'S) =
PHI (deg) «
PSI (deg)
THETA (deg)

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (Ib'S) ^
HC (Ib'S) =
hi (Ib'S) =
PHI (deg) ^
PSI (deg) »
THETA (deg) s

ITERATION # -
BETA (deg) ^
ALPHA (deg) =
HO (Ib'S) s
HC (Ib'S) a
hi (Ib'S) ^
PHI (deg) =
PSI (deg) «
THETA (deg)

ITERATION # s
BETA (deg) «
ALPHA (deg) =
HO (Ib'S) a
HC (ID'S) a
hi (Ib'S) =
PHI (deg) a
PSI (deg) a
THETA (deg) «

'.0390947
26.1373

•287.636
0
3863.04

23.7233
23.7233

10
-.0394241

23.7233

•277.823
0

3818.33
23.3274

23.3274

11

-.0397321
23.3274

•268.363
0

3774,87
24.943
24.943
0

12
•.040023

24.943
•239.234
0
3732.63
24.3717
24.3717

13
'.0403099

24.3717
•230.381
0
3691.66
24.2131
24.2131
0
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ITERATION #
BETA (deg) =
ALPHA (deg) *
HO (Ib'S) =
HC (Ib's) s
hi (Ib'S) «
PHI (deg)
PSI (deg) ^
THETA (deg) ^

ITERATION #
BETA (deg) =
ALPHA (deg) =
HO (Ib'S) ^
HC (Ib's) =
hi (Ib's)
PHI (deg) a
PSI (deg)
THETA (deg) ^

ITERATION #
BETA (deg) =
ALPHA (deg) =
HO (Ib'S) «
HC (Ib's) =
hi (Ib's) =
PHI (deg) «
PSI (deg) =
THETA (deg) ^

ITERATION # ==
BETA (deg) =
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) -
hi (Ib's)
PHI (deg)
PSI (deg) a
THETA (deg)

ITERATION # =«
BETA (deg) =
ALPHA (deg) =
HO (Ib's) »
HC (Ib'S) =
hi (Ib'S) -
PHI (deg) =
PSI (deg) s
THETA (deg)

14
-.0403808

S4.2131
•241.833
0
3631.89
23.8668
23.8668
0

13
•.040837

23.8668
•233.397
0
3613.23
23.3322
23.3322
0

16
'.0410779

23.3322
•223.663
0
3373.71
23.209
23.209
0

17
•.0413127

23.209
•217.97
0

3339.33
22.8968
22.8968
0

18
-.0413333

22.8968
-210.332

0
3304.03
22.3932
22.3932
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ITERATION # «
BETA (deg) a
ALPHA (deg) «
HO (Ib'S) «
HC (Ib'S) -
hi (Ib's) =
PHI (deg) a
P5I (deg) «
THETA (deg)

ITERATION # «
BETA (deg) «
ALPHA (deg) =
HO (Ib'S) =
HC (Ib'S) a
hi (ib's)
PHI (deg) =
PSI (deg) a
THETA (deg) s:

ITERATION #
BETA (deg) s
ALPHA (deg) =
HO (Ib'S)
HC (Ib'S) «
hi (ib's)
PHI (deg) s
PSI (deg) a
THETA (deg) i

ITERATION # -
BETA (deg) =
ALPHA (deg) =
HO (Ib'S) a
HC (Ib's) -
hi (ib's) =
PHI (deg) »
PSI (deg) =
THETA (deg) a

ITERATION # a
BETA (deg)
ALPHA (deg)
HO (Ib'S) «
HC (Ib's) «
hi (Ib's) a
PHI (deg) a
PSI (deg) a
THETA (deg) s

19
',0417447

2H.393H
•£03.403

0
3469.77

2H.3039
22.3039
0

20
-.0419318

22.3039
•195,463
0
3436.6
22.0223
22.0223
0

21
-.0421387

22.0223
•189.826
0
3404.32
21.7307
21.7307
0

22
-.042323

21.7307
•183.378
0
3373.08
21.488
21.488

0

23
-.0424973

21.488
-177.164

0

3342.78
21.2343
21.2343
0
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ITERATION # «
BETA (ded) «
ALPHA (deg) =
HO (Ib'S) «
HC (Ib'S) a
hi (Ib'S) a
PHI (deg) a
PSI (deg) «
THETA (deg) -

ITERATION # s
BETA (deg) «
ALPHA (deg) =
HO (Ib's) a
HC (IB'S) a
hi (Ib'S) a
PHI (deg) =
PSI (deg) a
THETA (deg) a

ITERATION # a
BETA (deg) a
ALPHA (deg) a
HO (Ib'S) a
HC (Ib'S) a
hi (Ib'S) a
PHI (deg) a
PSI (deg) a
THETA (deg) a

ITERATION # a
BETA (deg) a
ALPHA (deg) a
HO (Ib'S) a
HC (Tb'S) a
hi (Ib'S) a
PHI (deg) =
PSI (deg) =
THETA (deg) a

ITERATION # '
BETA (deg) a
ALPHA (deg) a
HO (Ib'S) a
HC (Ib'S) a
hi (Ib'S) a
PHI (deg) «
PSI (deg) a
THETA (deg) a

24
-.0426634

21,2343
-171.169
0
3313.39
20.9891
20.9891
0

23
-.0428193

20.9391
•163.393

0
3284.87
20.7322
20.7322

26
•.0429703

20,7322
•139.804
0
3237.23
20.3234
20.3233

27
•.0431133

20.3233
•134,413
0
3230.46
20.3022
20.3022
0

28
-.0432479

20.3022
-149.223

0
3204.48
2010883
20.0883
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ITERATION # s
BETA (de^) =
ALPHA (deg) s
HO (Ib'S) «
HC (ib's) «
hi (ib's)
PHI (dtg) a
PSI (deg)
tHETA (deg) a

ITERATION # «
BETA (deg) «
ALPHA (deg) «
HO (Ib's) «
HC (IB'S) «
hi (Ib'S) a
PHI (deg) ^
PSI (deg) «
THETA (deg)

ITERATION #
BETA (deg) =
ALPHA (deg)
HO (Ib'S) =
HC (Ib'S) =
hi (Ib'S) ^
PHI (deg) =>
PSI (deg) s
THETA (deg) a

ITERATION # s
BETA (deg) »
ALPHA (deg) =
HO (Ib'S) =«
HC (Ib'S) =
hi (Ib'S) -
PHI (deg) «
PSI (deg) =
THETA (deg) s

ITERATION # =
BETA (deg) =«
ALPHA (deg) «
HO (Ib'S) «
HC (Ib'S) a
hi (Ib'S) -
PHI (deg) «
PSI (deg) «
THETA (deg)

Z3
-.0433784

20.0883
-144.198
0

3179.32
19.BS19
19.8819
0

30
-.0433018

19.8819
•139.333
0
3134.9H
19.6823
19,6823
0

31
-.0436171

19.6823
•134.69
0
3131.23
19.4894
19.4894
0

32
-.0437294

19.4894
'130.173
0

3108.33
19.303
19.303
0

33
-.043834

19.303
•123.829
0

3086.1
19.1228
19.1228
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ITERATION #
BETA (deg) «
ALPHA (deg) =
HO (Ita's) «
HC (Ib's) a
hi (Ib's)
PHI (deg) a
psi (degj «
THETA (de^)

ITERATION # -
BETA (deg) =
ALPHA (deg)
HO (Ib's) «
HC (Tb's) a
hi (ib's) =
PHI (deg)
PSI (deg) «
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) -
HO (Ib's)
HC (Ib's) =
hi (ib's) -
PHI (deg) ss
PSI (deg) =
THETA (deg) =

ITERATION # «
BETA (deg) =
ALPHA (deg) =
HO (Ib'S) ^
HC (Ib'S) -
hi (Ib's) ==
PHI (deg)
PSI (deg) a
THETA (deg) =«

ITERATION # «
BETA (deg) =
ALPHA (deg) -
HO (Ib'S) «
HC (Ib's) =
hi (Ib'S) =
PHI (deg) a
PSI (deg) s
tHETA (deg) «

34
-.043933

19.1228
•121.524
0
3064,57
18.9486
18.9485

33
-.0440283

18.9486
•117.384

0
3043.57
18.7802
18.7002
0

36
-.0441229

18.7802
•113.643

0
3023.48
18.6174
18.6174

0

37
-.0442062

18.6174
•109.891
0
3003.84
18.46
18.46
0

38
•.0442893

18.46
-106.237
0

2984.86
18.3078
18.3078

0

G-73



ITERATION # s
BETA (deg)
ALPHA (deg} ^
HO (Ib'S) a
HC (Ib'S) a
hi (Ib's) «
PHI (deg)
psi (deg} a
THETA (des) a

ITERATION # :
BETA (deg) «
ALPHA (deg)
HO (ib's) s
HC (Ib'S)
hi (ib'S) «
PHI (deg) Si
PSI (deg) s
THETA (deg) =

ITERATION #
BETA (deg) =
ALPHA (deg) «
HO (Ib'S) =«
HC (Ib'S) s
hi (ib'S) s
PHI (deg) =
PSI (deg) s
THETA (deg) 2!

ITERATION # s
BETA (deg) s
ALPHA (deg)
HO (Ib's) »
HC (Ib's) «
hi (Ib's) =
PHI (deg) a
PSI (deg) =
THETA (deg) =

ITERATION # s
BETA (deg) «
ALPHA (deg) =
HO (Ib's) a
HC (Ib'S) a
hi (Ib'S) s
PHI (deg) a
PSI (deg) a
THETA (deg) a

39
-.04437

18.3078
'102.703
0
2966.47
18.1607
18.1607
0

40

'.0444427
18.1607

•99.3171
0
2948.61
18.0133
18.0183
0

41

-.0443147
18.0183

•96.0289
0
2931.34
17.881
17.881

0

42

-.044384
17.881

-92.8487

0
2914.61
17.748
17.748

43
-.0446436

17.748
•89.8044

0
2898.33
17.6194
17.6193
0
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ITERATION # «
BETA (deg)
ALPHA (deg)
HO (Ib'S) «
HC (Ifi'S) a
hi (ib's) «
PHI (deg) a
PSI (deg) s
THETA (deg) =5

ITERATION # =
BETA (deg) «
ALPHA (deg) =
HO (Ib's)
HC (IB'S) a
hi (Ib'S) =
PHI (deg) =
PSI (deg) =«
THETA (deg) -

ITERATION #
BETA (deg) ^
ALPHA (deg) •
HO (Ib'S) a
HC (Ib's)
hi (Ib's)
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION #
BETA (deg) =
ALPHA (deg) J
HO (Ib'S) a
HC (tb's) »
hi (Ib's)
PHI (deg) =
PSI (deg) ^
THETA (deg) =

ITERATION « a
BETA (deg) a
ALPHA (deg) a
HO (Ib'S) «
HC (Ib's) =5
hi (Ib'S) a
PHI (deg) »
PSI (deg) a
THETA (deg) a

44

-.0447099
17.6194

^06.8317
0
H882.67
17.493
17.493
0

43
'.0447553

17.493
•83.9883
0
2867.4H
17.3747
17.3747
0

45

-.0448215
17.3747

•81.2333

0
2832.53
17.2384
17.2384
0

47

-.0448758
17.2384

•78.3352

0
2838.37
17.1439
17.1439
0

48
-.0449272

17.1439
-73.9839

0
2824.32
17.037
17.037
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ITERATION # =
BETA (deg) «
ALPHA (deg) =
HQ (Ib's) -
HC (Ib's) =
hi (Ib's) =»
PHI (deg) =
PSI (deg) =
THETA (deg) »

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (Ib's) a
HC (Ib's) =
hi (Ib's) =
PHI (dag) =
PSI (deg) =
THETA (deg) =

ITERATION #
BETA (deg) =
ALPHA (deg) '
HO (Ib's) ==
HC (Ib's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) «
THETA (deg) '

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) a
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) «
hi (Ib's) =
PHI (deg) =»
PSI (deg) a
THETA (deg) »

49
-.0449753

17.037
•73.4992
0
2311.09
16.9317
16.9317
0

50
-.0450138

15.9317
•71.1135
0
2798.05
16.8299
16.8299
0

51
-.0450635

16.8299
•68.7871
0
2785.45
16.7314
16.7314
0

52
-.0451072

16.7314
-66.5349
0
2773.27
16.6361
16.6361
0

53
0451443
16.6361

-64.386
0
2751.41
16.5438
16.5438
0

G-77



ITERATION # =
BETA (deg) -
ALPHA (deg)
HO (Ib's) »
HC (Ih's) =
hi (Ib's) =
PHI (dsg) »
PSI (deg) «
THETA (deg) »

ITERATION # »
BETA (deg) «
ALPHA (deg) «
HO (Ib's) »
HC (Ib's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (Ib'fi) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HQ (Ib's) =
HC (Ib's) =>
hi (Ib's) =»
PHI (deg) «
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) =»
HO (Ib's) =
HC (Ib's) =
hi (Ib's) »
PHI (deg) »
PSI (deg) a
THETA (deg) -

34
-.0431827

i6.343S
'6S.S30S
0
2749.33
16.4346
16.4346
0

33
'.0432182

16.4346
•60.2726
0
273S.B4
16.3633
16.3683
0

36
•.0432338

16.3683
•38.3116
0
2728.09
16.2848
16.2848
0

37
-,043287

16.2848
•36.4197
0
2717.68
16.204
16.204

38
-.0433166

16.204
-34.6066

0
2707.36
16.1238
16.1238
0
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ITERATION #
BETA (dsg) s
ALPHA (deg) =
HO (Ib's) »
HC (Ib's) a
hi (Ib's) =
PHI (dag) =
PSI (dsg) s
THETA (deg) =

ITERATION #
BETA (deg) =
ALPHA (dog) '
HO (Ib's) =
HC (Ib's) -
hi (Ib's) =
PHI (deg) =
PSI (dsg) »
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) =»
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) ==
HO (Ib's) =
HC (Ib's) -
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # -
BETA (deg) -
ALPHA (deg) =
HO (Ib's) s?
HC (Ib's) a
hi (Ib's) =?
PHI (deg) a
PSI (deg) *
THETA (deg) »

59
-.0433433

16,1238
•32.8482
0
2697,76
16.0301
16.0301
0

60
-.045374

16.0501
-31.1426
0
2683.28
13.9769
13.9769
0

61
-.0434026

13,9769
•49.4835
0
2679,11
15,906
13,906
0

62
-.0434261

13.906
-47,9072
0
2670.13
13,8374
15.8374
0

63
-.0454313

13.8374
-46.3623

0
2661.36
13.771
13,771
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IT5RATIDN #
BETA (deg) »
ALPHA (deg) «
HO (Ib's) «
HC (Ib'fi) «
hi (Ib's) «
PHI (deg) «
PSI (deg) «
THETA (deg) »

ITERATION # «
BETA (deg) »
ALPHA (deg) -
HO (Ib'S) =
HC (\b's) =
hi (Ib's) =
PHI (deg) =
PSI (dsg) =»
THETA (deg) -

ITERATION # s
BETA (deg) =
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) a
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # -
BETA (deg) =
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) a
PSI (deg) =
THETA (deg) =

ITERATION # «
BETA (deg) -
ALPHA (deg) «
HO (Ib's) a
HC (Ib's) =
hi (Ib's) «
PHI (deg) a
PSI (deg) a
THETA (deg) »

64
-.0454766

15.771
-44.96S
0
S633.S5
13.7067
15.7067
0

65
-.0454993

15.7067
-43.4246
0
5645.12
15.6445
15.6445
0

66
•.0455197

15.6445
-42.0381
0
2637.27
15.5843
15.5843
0

67
-.045542

15.5343
-40.6823
0
2629.68
15.526
15.526
0

68
-.0455613

15.526
•39.3817
0
2622.32
15.4696
15.4696
0
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ITERATION # '
BETA (dag) =
ALPHA (deg) «
HO (Ib'S) »
HC (Ib'S) =
hi (Ib'S) =
PHI (deg) =
PSI (dsg) »
THETA (dag)

ITERATION '
BETA (dag) »
ALPHA (deg) -
HO (Ib'S) «
HC (Ib'S) =
hi (Ib'S) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) «
ALPHA (deg) =
HO (Ib'S) =
HC (Ib'S) =
hi (Ib'S) =
PHI (deg) =
PSI (deg) =
THETA (dag) =

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (;b'S) -
HC (Ib'S) «
hi (Ib'S) a
PHI (deg) =
PSI (deg) =
THETA (deg) »

ITERATION ^
BETA (deg) »
ALPHA (deg) =
HO (Ib'S) «
HC (Ib'S) a
hi (Ib'S) a
PHI (deg) »
PSI (deg) =»
THETA (deg)

69
•» 0433786

13.4636
-3S.1333
0
2613.16
13.413
13.413
0

70
-.0433361

13.413
•36.9172
0
260S.24
13.3621
13.3621

71
-.0436134

13.3621
-33.7333
0
2601.33
13.3109
13.3109
0

72
-.0436311

13.3109
-34.3924
0
2393.07
13.2614
13.2614

0

73
-.0436431

13.2614
-33.4997

0
2388.7$
13.2134
13.2134
0 G-81



ITERATION # »
BETA (deg) =
ALPHA (deg) =
HO (Tb's) 's
HC (Ib'sJ =
hi (Ib's) =»
PHI (dag) «
PSI (dag)
THETA (deg) »

ITERATION # «
BETA (deg) =
ALPHA (deg) «
HO (Ib's) »
HC (Ib's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HQ (Ib's) =
HC (Ib's) =
hi (Ib's) »
PHI (deg) a
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) »
ALPHA (deg)
HO (Ib's) =
HC (Ib's) =
hi (Ib'S) »
PHI (deg) =
PSI (deg) a
THETA (deg) =

ITERATION # =
BETA (deg) »
ALPHA (deg) =
HO (Ib's) -
HC (Ib's) »
hi (Ib's) -
PHI (deg) =«
PSI (deg) -
THETA (deg) =

74
-.043662

13.5134
•32.4217
0
2592.69
15.167
15.167

73
-.0436747

13.167
-31.4009
0
2376.77
13.122
15.122
0

76
'.0436907

15.122
-30.3397
0
2571.07
15.0785
15.0795
0

77
-.0457019

15.0735
-29.4377
0
2565.5
15.0363
15.0363
0

73
-.0457148

15.0363
-2B.5009
0
2560.14
14.9955
14.9933
0
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ITERATION # =
BETA (deg) -
ALPHA (deg) =
HO (Ib's) «
HC (Ib's) a
hi (Ib's) =
PHI (deg) =
PSI (deg) =»
THETA (deg) =

ITERATION # -
BETA (deg) «
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) a
THETA (deg) «

ITERATION # =
BETA (deg) -
ALPHA (deg) -
HO (Ib's) =
HC (Ib's) =»
hi (Ib's) =
PHI (deg) a
PSI (deg) «
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) «
HO (Ib's) a
HC (Ib's) =
hi (Ib's) a
PHI (deg) a
PSI (deg) a
THETA (deg) =

ITERATION # a
BETA (deg) a
ALPHA (deg) a
HO (Ib's) a
HC (Ib's) a
hi (Ib's) a
PHI (deg) a
PSI (deg) a
THETA (deg) a

13
•.0457S55

14.9955
•27.5019
0
2554.93
14.956
14.956
0

80
•.0457357

14.956
•25.734
0
2549.87
14.9177
14.9177
0

81
-.0457475

14.9177
-25.8898
0
2544.98
14.8806
14.8805
0

82
-.04575

14.8805
•25.059
0
2540.26
14.8447
14.8447
0

83
-.0457704

14.8447
-24.265

0
2535.68
14.8099
14.8099
0
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ITERATION # =
BETA (dag) "
ALPHA (deg) =
HO (Ib's) a
HC (Ib's) «
hi (Ib's) a
PHI (deg) a
PSI (dag) a
THETA (deg) =

ITERATION ^ a
BETA (deg) »
ALPHA (deg) =
HO (Ib'S) s
HC (Ib's) =
hi (Ib's) -
PHI (dag) =
PSI (deg) »
THETA (dag) -

ITERATION # =
BETA (deg) -
ALPHA (deg) =
HQ (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) -
HO (Ib's) =
HC (Ib's) a
hi (Ib's) =
PHI (deg) »
PSI (deg) =
THETA (deg) 5=

ITERATION #
BETA (deg) a
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) a
PHI (deg) a
PSI (deg) a
THETA (deg) '

84
•.0437781

14,8099
-23.5124
0
2531.21
14.7763
14,7753
0

85
-.0457397

14.7763
"22.7561
0
2526.93
14.7437
14.7437
0

86
-.0457988

14.7437
-22.0376
0
2522.75
14.7121
14,7121
0

87
-.0458046

14.7121
-21.36
0
2518.68
14.6815
14.6815
0

88
-.0458139

14.6815
-20,6801
0
2514.77
14.6519
14.6519
0
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ITERATION # -
BETA (ded) »
ALPHA (deg) =
HQ (ib'a) «
HC (Ib's) a
hi (Ib's) =
PHI (dag) =
PSI (dag) =
THETA (deg) =

ITERATION # =
BETA (deg) »
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) -
PHI (deg) =
PSI (deg) »
THETA (dag) =

39
•.045SSS6

14,6319
-20.0227
0
2210.95
14.6232
14.6232
0

90
-.045S2S

14.6232
-19.406

0
2507.23
14.5934
14.5954
0

EQUILIBRIUM ANGLE REACHED AT 14.5954 degrees
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INITIAL INPUT DATA TO THE DRILL PROGRAM

D1 (ft) =
DH (In) =
ODdc (in) =
IDdc (in) =
ODst (in) »
MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib'S) a
P (Ib's/ft in fluid) =
I (in'-A) =

ITERATION # a
BETA (deg) =
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) -
hi (Ib'S) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (Ib'S) »
HC (Ib'S) =
hi (Ib'S) =
PHI (deg) '
PSI (deg) =
THETA (deg) =

ITERATION # «
BETA (deg) »
ALPHA (deg) =
HO (Ib'S) =
HC (Ib'S) =
hi (Ib'S) a
PHI (deg) =
PSI (deg) »
THETA (deg) =

ITERATION # =
BETA (deg) =»
ALPHA (deg) a
HO (Ib'S) =
HC (Ib'S) a
hi (Ib'S)
PHI (ded) a
PSI (deg) s
THETA (deg) a

10
8,75
6.23
2.23

9.6SS
10
60
0
20000
75.8151
3.54g67E-03

1
-,0411439

60
693.327
0
2694,79
61.9852
61.9852
0

•,0415227
61,9852

695.885
0
2730.02
63.9778
63.9778
0

-.0418443
63.9778

697.748
0
2762.33
65.9757
65.9757
0

-.0421613
65i9757

699.746
0
2792.79
67.9793
67.9793
0.
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ITERATION # =
BETA (deg) =
ALPHA (deg) «
HO (Ib's) a
HC (Ib's) =
hi (Ib's) =
PHI (deg) -
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) a
HO (Ib's) =
HC (Ib's) -
hi (Ib's) =
PHI (deg) a
PSI (deg) «
THETA (deg) «

ITERATION #
BETA (deg) -
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) -
hi (\b's) =
PHI (deg) «
PSI (deg) a
THETA (deg)

ITERATION # =
BETA (deg) «
ALPHA (deg) =
HO Clb's) «
HC (Ib's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # -
BETA (deg) =
ALPHA (deg) =
HO (Ib's) =
HC (Ib'fi) =
hi (Ib's) «
PHI (deg) «
PSI (deg) «
THETA (deg) =»

'.0424518
57.9793

701.351
0
2330.95
69.98S1
69.9831
0

'.0427065
69.9881

703.049
0
2346.55
72.0012
72^0012
0

'.0429516
72.0012

704.575
0
2370.05
74.0186
74.0186
0

8
-.04315

74.0136
705.519
0
2890.7
75,039
75.039
0

-.0433373
75.039

705.742
0
2909.24
78.0525
78.0526
0 G-87



ITERATION # -
BETA (deg) =
ALPHA (deg) a
HO (Ib's) »
HC Clb's) =
hi (;b's) =
PHI (deg) «
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) «
hi (Ib's) =
PHI (deg) a
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) «
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) -
hi (Ib's) »
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # =
BETA (deg) =
ALPHA (deg) =
HO (Ib's) =
HC (Ib's) a
hi (Ib's) =
PHI (deg) =
PSI (deg) »
THETA (deg) «

ITERATION #
BETA (deg) -
ALPHA (deg) =
HO (Ib's) «
HC (Ib's) a
hi (Ib's) a
PHI (dag) a
PSI (deg) a
THETA (deg) '

10
-.043491

7S.06S6
707.373
0
S9S3.13
80.0S86
S0.0SS6
0

11
-.0436272

S0.08S6
708.353
0
2338.7
82.1163
82.1163
0

12
-.0437418

82.1163
703.053
0
2343.83
84,1471
84.1471
0

13
',0438147

84.1471
703.342
0
2333.12
86.1782
86.1732
0

14
-.043877

86.1782
703.743
0
2364.22
88.2104
88.2104
0

G-88



ITERATION # = 13
^ SETA (deg) = -.043909

ALPHA (deg) - 88.2104
HQ (Ib's) = 709.879
HC (Ib's) = 0
hi (Ib's) - 2967.S3
PHI (deg) = 90.243
PS I (deg) =» -89.7388
THETA (deg) = 0
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INITIAL INPUT DATA TO THE DRILL PROGRAM

D1 (ft) = 30
DH (in) = 12.23
ODdc (in) = 3.73
IDdc (In) » 2.3
ODst (in) a 12.23
MW (ppg) a 10
ALPHA (deg) = 30
DELTA ALPHA a 0
WOB (Ib's) a 40000
P (Ib's/lt in Xluld) « 133.333
I (ln''4) a .013777

ITERATION # a 1
BETA (deg) a -.0333931
ALPHA (deg) a 30
HO (Ib'S) a -379.137
HC (Ib's) a 0
hi (Ib's) a 4269,93
PHI (deg) a 39.457
PSI (deg) a 29.457^
THETA (deg) a 0

ITERATION # a 2
BETA (deg) a -.137193
ALPHA (deg) a 29.457-
HO (Ib's) a 333.933
HC (Ib's) a 0
hi (Ib's) a 3263.53
PHI (deg) a 30.007
PSI (deg) a 30,0069,
THETA (deg) a -.542999

ITERATION # a 3
BETA (dsg) =
ALPHA (deg)
HO (Ib's) «
HC (Ib'S) «
hi (Ib's) =
PHI (deg) =
PSI (deg) a
THETA (deg)

ITERATION # =
BETA (deg) «
ALPHA (desi) «
HO (Ib'S) -
HC (Ib'S) a
hi (Ib'i) a
PHI (deg) «
PSI (deg) =
THETA (dsg) =»

.1013S2
30.0068

•1231.7
0
2379.SS
23.2434
23,2434
,349946

4

-.387479
23.2434

1336.33
0
6730.12
30.3717
30.3717

•1.76335
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CONTACT POINT BETWEEN BIT AND STABILI2ER iKjKiKiliit!******!!!

ITERATION # 3
BETA (dea)" .743934
ALPHA (deg) = 30.8717
PHI (deg)a S3.3686
PSI (deg) - S3.36S6
HO (LB'S)a -3H68,S1
HC H(lb'S)a 73.6088
HI (lb'S)= 5837.49
THETA (dag) « 2.628H7

CONTACT POINT BETWEEN BIT AND STA8IUI2ER **»»»**#»*»*

DISTANCE TO TANQENCY OUT OF SEARCH RANGE 379.231 ft
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INITIAL INPUT DATA TO THE DRILL PROGRAM

Dl (ft) =
DH (In) =
ODdC (in) =
IDdc (in) a
OOst (in) =
MW (ppg) =
ALPHA (dsg) =
DELTA ALPHA =
WOB (Ib'S) a
P (Ib's/ft In
I (ln'^4) =

ITERATION #
BETA (dsg) =
ALPHA (deg) '
HQ (\b's) =
HC Clb's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

fluid) =

ITERATION #
BETA (deg) =
ALPHA (deg) =
HO (Ib'S) »
HC (Ib's) =
hi (Ib's) =
PHI (deg) =
PSI (deg) =
THETA (deg) =

ITERATION # «
BETA (deg) »
ALPHA (deg) »
HO (Ib's) ««
HC (Ib'S) «
hi (Ib's) «
PHI (deg) =
PSI (deg) »
THETA (deg) =

10
3,73
5.23
2.25

S.68S
10
60
0
20000
76.9131
3,34g67E-03

I
'.0411439

60
693.327
0
2694.79
61.9532
61.9332
0

2
.337822
61.9832

-3406.42
0
'7712.71
46.8601
46.8601
1.98324

3
-.731016

46.8601
11261.8
0
10921
76.2406
76.2406

•13.1232

G-9 2
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APPENDIX H

ONE POINT STABILIZER, TWO SEGMENT BOREHOLE,
WITH CONTACT POINT CONSIDERED

FIGURE XVII-H
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Segment A

B.C.

X = 0 yA = 0

CiA = -1 C2A = 1

X = 0 y"A = 0

Continuity

X = yA = = Cdc

X=)l£. y'A = y'B = o

X = y"A = y"B

Using (H-4) to solve for CaA

0 = _C2A sinilc + CsA °os + i,

COS Xc

(H-l)

(H-2)

(H-3)

(H-4)

(H-5)

(H-6)

Using (H-3) to solve for h©

= -1 + cosilc + C3A sinilc + ^o^c +

Cdc + 1 -cos^c - = [sinJlc - +5'c)] "tan Zq + ^o^c

Cdc + 1 - cosilc - - sinJlc tanilc + tan Zq =

= ho (Zc ' tanjlc)

H-2



Chp + 1 - cosJlri - iv. - sin£,c tanJlc + ^-c tanilc
ho

(5,c - tan Zq)

B.C.

X = jic

X = Jlc

YB = Cst

y'B = 0

Continuity

X = Ai Yb = yc = Cst

X = £1 y'B = y'c

X = £1 y"B = y"c

Using (H-10)

Segment B

Cgt = CiB + CzB cos£i + CaBSinili + 1ibJ?.i +

Using (H-8)

Cdc = CiB + CzB cosilc + CsB sinJlc'+ ^^B^c +

H-3

(H-7)

(H-8)

(H-9)

(H-10)

(H-11)

(H-12)



Subtracting (H-8) from (H-10)

(Cg-t - Cdc) = - cos5,c)CsB^sin^i- sinA^)

+ hB(5.i- ilc) + (H-13)

Using (H-9)

0 = -C2B sinic + C3B cos J^o + ••" "•c (H-14)

Multiplying (H-13) by sinlc and (H-14) by (cosJli - cosS.0)

(Cst - Cdc) sinHc = C2B sinJlc(cos)li - cos +

+ CsB sinAc (sinii - sinS.c) + ^b sinJlc(

+ i sinJlcOli^-ilc^) (H-15)

0 = - C2B sinic(cosAi - cosilc) + C3B cos)!.c(cosl.i - cos^c)

+ hB (cosHi - cosilc) + H-c (cosS.1 - cosS.c)

(Cst - Cdc) sinAc = CaBEsinAc sinJli - sin^Jlc + cosJlc cosJli-

- cosmic] + hB (coss,! - cosJlc) + Sc (cosili - cosS,c) +

+ hg (sinic) (1-1- ^ sinJ^c (''•1^-

(Cst - Cdc) sinic " hB(cos)li- cosJlc) " ''B sin8,c(S.i -
2

-5,c(cos£i - cosjlc) - ^sin£c(ili^- ) =

= C3B [cos(jii - Jlc) -

(Cst - Cdc)sinilc - bB(cosjli - cos£,c) "
C3B = tiB sin5,c^^i" ilc) - ilcCcosjii- cosjic)

- i sinjlc(ili^- ^c^)

[cos(Jli- ~

H-4
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Multiplying (H-13) by cosJlc and (H-14) by (sin^i - sinA^,)

(Cst - Cdc) cosic = C2B cos^cCcosAi- cos^-c) +

+ C3B cos£c(sinJli- sinilc) + ^bC^'I- ^.c)cosJlc

+ cosJ^c (H-17)

0 = -C2B sinjlcj(sinJli- sinjlc) + C3B cosJlc^sin5,i- sin5,c) +

+ hg(sin5,i- sinJlc) + sin5,c) (H-18)

Subtracting (H-18) from (H-17)

(Cst - Cdc)cos£c = CzBCcosAc cos5,i- cos-^Jlc + sinilisinjlc -

- sin^jic) + iiB^^i-^c) cosilc " ^^BCsinJli- sinAc) +

+ ^(^-1^- coslc - ilc(sinili- single)

(Cst - Cdc) COS5.C - ^c)cosilc + hB(sin£i-sinjlc)

+ cosZc +£c(sinJli- sinilc) = C2B[cos(ili-ilc)"l]

(Cst - Cdc)cosJlc - + liB^sinili- sinjtc)
-^(Jli )cosJln +Jlp.(sin£i- sinilc)

^2B "

[COS( Jli-Jlc) - 1]

Using (H-5) to solve for hg

- cosine - CsA sinJlc + 1 = -C2B cosilc ~ C3B sinil^^ + 1

cosAc + CaA sinilc = C2B cosZc + Csb sin^c

H-5
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(CRt-Cdc)cos)!.p-4(&i'-)i.r'.')cos)tc. + &r(sin)i>i- sin)i,p.)
•1®^= = [cosOli- ih - 1]

(Cst-Cdc)sin)!.f. - )!.^(cosili - cosl^) - )lp.')sin)lc
l©t a 3 R

[cos(£i-ilc) - 1]

hB[-(cos&i -cosilc)-sin£c(^i-^c)"
-(ili-i2'c)-(^i-^c)cosJlc+(sinili.r sin^c)!

(l-a2B)cosX.c + (C3A-a3b)sini,e - [cos(ili -S.) - 1]

hB[ (cosili-cos£c)-Csinili-sin5,c) +

^ X . 0 _ + (ili-ilc)cos£c + sinilcC^i- ^c)
(a2B"l)cos^,c (a'3B~C3A)sinilc "" ; TZ

[cos( - c) ~ IJ

hB -
[(a2B-l)cos^c + (a3B-C3A)siniZ.c3 [cos(&i- i^c) - 1]

[(cosili-cosAc) + sinilcC^i- ilc)]siiiAc +

+ [(^-1- iic)cos£c - (sinili-sinilc)] cosilc

H-6
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Segment C

From a previous derivation

Cic = Cdc cose +[M2/Mi (Jl -5'i)+Cdc sine] tan0 -
- C2C cosJl - C3C sinA - hc^ -

020 = 1/cosil - [M2/M1 tan0 + tan£ - (il + h(3)]sin£

CsC = M2/M1 tane cosil + s±nl - (^ + he) cosJl

JB-aT(cos£i - cos£) - b9(sin^i- sinJl)
- YsinT(cosili-cosJl)-cosil(sinili-sini)+jli-il]

Equations for Solution

X = y"B = y"c

-C2B cos^i - C3B sin^-i = -C2C cos^i - Cac sin^-i

F2 = 0 = (C2B - C2c) cosili+ (CaB " Cac) sinJlj (H-21)

X - ii y'B= y c

- C2B sinili+ Cag cos^i + hg + 5.i= - C2C sinAi +

+ Cac cosJli + tiQ + £1

'(C2B - C2C) sinili + (Cac - CaB) cosJli + (he - hg) = 0

(H-22)Fi = 0 = (C2B"C2C)sin£i.+ (CaC'CaB^^os^

H-7



MAXIMUM SLOPE
OF STABILIZER

ODg - outside diameter of stabilizer

L.S.- length of stabilizer

dh - diameter of borehole

(j) - angle between diagonal of stabilizer and borehole wall
3 - angle between wall of stabilizer and borehole wall

n - angle between diagonal of stabilizer and stabilizer wall
a - inclination of the borehole with respect to vertical

H-8



The maximum slope of the stabilizer is the slope of line AB

relative to the x y axis.

Slope AB = - tang

B = (j) - n ; BC = y ODg^ + LS^

Dh

((, = sin"M + LS^
/

^ -1 , ws .n - tan ( LS ^

- tan3 = - tan

/ Dh \
-1

Sin

- tan ((}> -
. _-(tantt) - tan n)

(1 + tan({> tan n)

Dh

a. -1/ WS .+ tan ( LS

WS

- tan .((() - n) - VWS^ +LS^ - Dh^ ^LS
Dh

)+LSii -Dh^LS

H-9
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A Case for a Drilling Assembly
With no Equilibrium Angle in

The 0 - 90® Range

Input data:

Djj ~ 8#75 in*

ODdc = 6.25 in.

ID^c ~ 2.25 m.

ODg-^ — 8.688 in

MW = 10 ppg.

Di = 10 ft.

a Ho
[deg] [lb]

5° +332

20° +545O

lO
CO +633

50® +677

0^
o

o

+693

75® +706

90® +710
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3

4»

Ho

Hi

3

Ho

Hi

Comparison of Point Stabilizer
Program with Walker and

Friedman and N.P. Callas

Point Run §1

Walker and

Fiedman N.P. Callas

Stabilizer

Program
Dh=8.75 in Di= 10

0Djic=6-25 in

IDdc = 2.25 in
-0.043 -0.0405 -0.0411

62.15 62.04 61.98®
ODst = 8.688 in

749.3 713.0 693.3 MW = 10 ppg

2801. 2735. 2694.8 a = 60®

W = 20,000 Ib's

Run #2

Dh=8.75 in Di= 50 ft.

ODdc = 6.25 in

IDdc - 2.25 in

ODst = 8.688 in

MW = 10 ppg

a = 20®

W = 20,000 Ib's

Walker and

Fiedman N.P. Callas

Point

Stabilizer

Program

0.303 0.3147 0.3297 •

18.65® 18.64® 18.65®

-469.9 -474.6 -473.0

-1614. -1593. 1584.
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10 REM UNE STABILIiCtR
•d<d REM
30 REM POINT SUPPORT
40 REM
50 REM A CONTACr POINT BETWEEN BIT AND STABILX2ER IS CONSIDERED,
60 REM
79 REM THIS PROGRAM CALCULATES BETA, PHI, HO, HC, AND HI, t-OR A SPECIFIED
30 REM
90 REM DISTANCE TO THE STABILIZER, CLEARANCE, WOB, AND MOMENT OF INERTIA.
10» CLS
110 DEFDBL F,L,X,N
120 DIM V(450), YD(450),¥DD(450),YO(i303 ,YDa(430),YDDa(d30)
130 INPUT "DISTANCE TO STABILISER 1 (ft) i "iDll
140 INPUT "Dh="jDHiDH=DH/12
150 INPUT ••ODdc(in) = "jODiOD=OD/12
160 INPUT ••IDdC(ln) = "i IDi ID=1D/12
170 INPUT "ODst (in) = "jDSTl!D3Tl=DSTl/lH
1B0 INPUT "MW(PPg)="iMW
190 INPUT "Hole inclination ALFA(deg)="jAA
200 PRINTiPRINT"dfop in angle is negative and build-up is positive"iPRINT
210 INPUT "CHANGE IN ALPHA (deg) "jTTiTT=TT/57.29
220 INPUT "WOB(1000 lb) =" i Wi W=1000!(!W
230 REM PRINT INPUT DAi'A
240 CLS
250 PRINT " Dl (It)= "jUSlNG'##,»#"iDll
260 PRINT " Dh (in) = "iOH:i«12
270 PRINT " ODdc (in) = "iOD*12
280 PRINT " IDdc (in) = 10*12
290 PRINT " ODst (in) = "iD3Tl!i:i2
300 PRINT " MW (ppg) = "JMW
310 PRINT " ALPHA (deg) = "JAA
320 PRINT " DELTA ALPHA = "irT*57,29
330 PRINT " WOB (Ib's) = "JW
340 REM CALCULATE DIMENSION LESS QUANTITIES ************
330 TT=-TT
360 WU=3,14159»:( (OD/2) ••£-(10/2) ••2))K4a9
370 C=(DH-QO)/£
380 C3Tl = i,DH-DSTl)/2
390 P=WUS(l-MW/65.4)
400 1=3. 14)K(0D"4-ID"4)/64
410 PRINT "P (Ib'S/tt ) = "JP
420 PRINT "I (ff4) = "il
430 PRINT!PRINT
440 EI=4176it!10"6)j<I
430 Dl=(Dll!t!S(aR(W/EI) J
460 CD=(W"2!|!C) / (EI»P*SIN(AA/57,29) )
470 Ml= EI*P*SIN(AA/37.29)/C(il-2)
490 M2=SQR(EI/W)
490 M3=SQR(EI/W)*P!t!3IN(AA/37.29)
300 MlB=EI!t:P*SIN(AA/57.29)/(W"2*C03(TT) )
510 MEB=S(aR(ei/Wil!COS( FT) )
520 M3B=SQR(EI/ (COa(TT)!|!W) )il!P*aiN(AA/57.29)
530 CST1=(WH*CST1) / (EI!KP)t!SIN(AA/57.29))
340 INPUT "DO YOU WANT A HARO COPY, 1- YES, 2-NQ"iHARD

il0 REM'SOLVES FOR DISTANCE TO TANOENCY POINT
H-12



/«t.

370
580
590
600
510
620
630
640
650
660
670
680
690
700

710
720
730
740

730
760

770
780
790
800
810
820
830

840
830
860

890

900
910
920
930
940

930
960
970
980
990
1000
1010

1020
1030
1040

1030
1060
1070

1080
1090
1100

1110
1120
1130

L=Dl+.l
PDS1=1
COUNT=0
Al = l/CQS(L)-(-tM2B/fVilB)>H'I AN(TT)-L+TAN(L) )JjiSIIM(L)
B2= (M2B/M1BJKTAN (TT) JKCOS (L) +SIN {L) - LJKCOB (L) )
JB=CST 1+. (L2-D1"2) -CDi'tiCOb (TD -TAN ITT J>K ( (L-D1) (M2B/M1BJ +CD>KSIN ( IT) )
NUMB-JB-A1JK (COS (D1) -COS (L) ) (S I N(D1) -SIN (L) )
DE:NB=(SIN(L)*(COb(Dl)-CQS(L) )-COS(L)>K(SIN(Dl)-SIN(L) )+Dl-L)
HB=N'JMB/DENB
C2B=l/C0S(L)-( (I*.12B/M1B)JKTAN{ rT)-HB-L+TANa) «:=I^SIN(L)
C3B= (M2B/M1B) ^^TAN (TT) >I^CQS (L) +81N (L) - (L+HB) >KCOS (L) r....
C1 B=CDH:CQS (TT) +T AN (T T)^iA L-D 1J >1^ (M2B/ Mid) IN ( TT j )-C2B'1^C0S (L) -C3BJKo IN (L j
Z2=-HB?KL-.5>i^L"2
ClB=ClBf22
H0= (-C2BJKCUS (PI) -C3B>^:S1N (U1) + (C8T1+1-. 3>KU1 -d) ) /D1
C3A=(CSTl + l-HaJKDl-.5>KDl"2-CaS(Dl) ) /SIN(D1)
F= (SIN (D1 j (1-C2B) +COS (D1 piU C3B-C3A) tHB-HO)
IF F<0 THBN PQS1=2
DX=. 1
ITER =1
LPR=L
L=LPR+DX

IF L>10 THEN 1190
Al = l/COSfL)-( (M2B/MlB)J|iTAN(TT)-L+TAN(L) M?SIN(L)
B2=M2B/MlB>l«TAN(TT)?i=:CaS(L)+biN(L)-L>KCUSfL)
JB=CSTl +.3>H(L"2-Dr-2)-CD>KCQ8(TT)-TAN(TT)JI^ ( (L-Ul) (M2B/M1BJ+CU>t?SlN (TT) )
NUMB=J B-A1 >?: (COS (U1) -COS (L) ) -B2>K (SIN (D1 j -S1N (L) )
DENB=(SIN(L)>K(C0S(D1)-C0S(L) )-CQS(Lj>l? (SIN{D1)-SIN(L) i+Dl-Lj
HB=NUMB/D£NB
C2B=l/C0S(L)-( (M2B/MlB):'i?TAN(TT)-HB-L+TANfL) )?KS1N(L)

870 C3B=(M2B/MlB)>KTAN{Tr)>KC03(Lj+SiN(Li-(L+HB)>KCQSa) ,
880 C1 B=CD.-KCQS (TT) +TAN (TT) ( (L-D 1]JK (P/I2B/M1B) +CD>KS IN (TT) )-C2B^CQS (L) -C3B>KS 1N (L)

Z2=-HB?KL-.3>l<L-2
•wlB=ClB+2Z
H0= (-C2B>KC0S (D1) -C3B5»;S1N (D1) + (CSTl +l-. 3>t<Dl '2) ) /D1
C3A=(CST 1+1-HU>liD 1-. O^D 1 •2-COS (D1) ) / SIN (D1J
F= (81N (D1) (1-C2B) +CQS (D1) (C3B-C3A) +HB-HQ)
IF F<0 THEN 970
PQS2=1
GOTO 980
P0S2=2

IF P0S2OP0S1 THEN 1010
LPR=L

GOTO 780
IF ITER=1 THEN 1070
IF ITER=2 THEN 1090
IF ITER=3 THEN 1110

IF ITER=4 THEN 1130
IF ITER=3 THEN 1130
IF ITER=5 THEN 1170
DX=.©llITER=2

GOTO 780
DX=.001 { HER=3
GOTO 780
DX=.000l!ITER=4
GOTO 78©
DX=.00001!ITER=3
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1140
1130
1160
1170
11S0
1190
1200
1S10
1220
1230
1240

1230
1250
1270
12S0
1290
1300
1310
1320
1330
1340

1330
1360
1370
1380
1390
1400

1410
1420
1430
1440
1430
1460
1470
1480

1490
1300
1310
1320
1330
1340
1330
1360
1370
1380
1390
1600
1610
1620
1630
1640

1630
1660
1670

GOTO 780
DX=.0000011ITER=6
GOTO 780
LPR=L I P0S1=P0S2
GOTO 780
FOR 1=1 TO COUNT
PRINT "ROOTC'JI;
NEXT I
REM
1=0
L=ROOT(1)
Al = l/COS(L)-( (M2B/MlBj?KiAN(TT)-LtTAN(L) jJKSiNlL)
B2=M2B/!V11 BJI«TAN {TT) ^CQS (L) +SIN (L! -L>^!CQS (L) . , k. .-r-rs .
•JB=CST 1+. 3Jf< (L• 2-D1•'2) -CD^KCOS (TT j -TAN (TT) ( {L-D1) (M2B/M1B) +CDJKS1N (TT) )
NUMB=J3-A1 (COS (01) -COS {D ) {SiN (D1J -S1N (L) j
DENB=(SIN(L)>I<(C0S(D1 J-CUS(L) )-COS (L) (SIN fD1 j-SIN (L) )+Dl-L)
HB=NUMB/DENB
C2B=1/COS (L) - ((M2B/M1B) TAN (TT} -HB-L+TAN (L j ) H=;SIN (L)
C3B=(M2E/MlB)>l?TAN(TT)>I^C0S(L)fSIN(L;-(L+HB)>PCQb(L) •
C1B=CD>KC0S (TT) +TAN (TT) ( (L-Dl) JK (M2B/Pt11B) +CD?^S1N (T1 ) }-CdB>iJCOS (L) -C3B>t^SIN (L.
2Z=-HB>KL-.3>KL-2
ClB=ClB+22
H0= (-C2BJKC0S (D1) -C3B>{?SIN (D1) + (CSTl +l-. 3>KDi -2) ) /D1
C3A= (CSl 1+1 -HOJI^D 1-. 3>l<D1" 2-COS (D1)) / SIN (D1J
F= (SIN (D1) (1-C2B) tCOS (D1) >1^ (C3B-C3A) +HB-HQ)
H1=H0-HB
YD(0)=(C3A+HO)
BB=37. 29>KATN (YD (0) >KM 1 / lyl2)
HQU=HQ^KiVl3!HlU=Hl>{<M3
PHI = 37.29?i<(ATN( (M3)KH0)/VV) )+AA
PR I NT
REM DETERMINES IF PUINI Oh CONTACT IS PRESENT
PRINT
I=-l ! DX=.01!X=0
r=i+i
Y(I) =-l+COS (X) +C3AJKSIN (X) +H05KX+. 5^X-2
X=X+DX
IF (ABS(Y(I))>CD) OR (ABS(Y(I)j=CD) IHEN GOTO 2S80
IF (X<D1) THEN GOTO 1480
IF (HARD=1) THEN GOSUB 3060
INPUT"DO YOU WANT A HARD COPY

BETA (deg) =

DX=.l !lTER=l { CUUMT=C0UNT+1 i ROOT(COUNTJ=LPR

PRINT
PRINT
PRINT

PRINT

) = "{ROOT(I)

DETERMINATION OF BETA, PHI, HO, AND HI

PHI (deg)
H0 (Ib's) =
"HI (ID'S) =

NN=D1/.01
FOR 1=0 TO NN
Yd) =0
NEXT I
REM SOLVE
X=0{POSl=llCOUNT=0
F=-S IN (X) +C3A5KCOS (X) tX+HO
IF (F<0) THEN P0Sl=2lDX=.l
ITER=1

OF Y, SLOPE, MOMENT Vs X, 1-YES, 2-N0";H2
" jBB
"jPHI
"; H0>KM3
"jHlJi<M3

FUR 0 SLOPE POINT BET'̂ EEN BIT AND TANGENCY
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16S0
1630
1700
1710
1720
1730
1740
1750
1750
1770
1730
1730

1300
1310

18H0
1330
1340

1350

1360
1370
1330
1330
1300

1310

1930
1330
1340

1350
1350
1370

1330
1330
2000
2010

2020
2030
2040
2050
2060

XPR=X
X=XPR+DX
IF(X>D1) THEN GOTO 1370
F=-S IN (X) +C3A»?CDS (X) +X+HO
IF (F<0) THEN 1750
PaS2=l
GOTO 1750
PQ32=2
IF (P0S2OP0S1
XPR=X

GOTO 1630
IF (ITER =1) THEN
IF (ITER =2) THEN
IF (ITER =3) THEN
IF (ITER=4) THEN 1350
DX=.0l!ITER=2:Q0T0 1530

DX=.00i; ITER=3; GOTO 1630
DX=.0v301i ITER=4! GOTO 1630
SLP0=X5DX1=SLF0/5!DX2=(D1-SLP0)/5!QQTO 1330
DX1=D1/101DX2=D1/1013 LF0=D1/2
PRINT "DX1= "iDXl
REM.Wm DETERMINE VALUE OF Y, SLOPE, MOMENT FOR BIT TO 0 SLOPE POINT
X=0;J=0
FOR J=0 TO 5

Y (J) = (-1+COS (X) +C3AiKS IN (X) -hHQ5KX+. 5JKX - 2) 1
YD (j) = I* -31N (X) +C3A.^COS (X) +HO+X) WM1 /M2
Yob (J) =-E Hi (-COS (X) -csms i n (x) +1) -mi / (m2 - 2)
X=X+DXi!LSJ=J
NEXT J
REM mm DETERMINE VALUES OF Y, SLOPE, MOMENT FOR 0 SLOPE TO STABl
X=SLP0+DX2: LSJ=LSJ+i
FOR K=LSJ.TO 10
Y (K) = (-1+COS (X) +C3A:=KS I N (X) +HOJHX+. 5:={<X "• 2) JKM1
YD (K) = (-SIN (X) +C3AJKC0S (X) +HO+X) :=KM1 /M2

THEM 1730

1330
1340

1350

YDD(K) = (-EI f-COS (X) -C3AJKSIN
X=X+DX2
NEXT K
PRINT " X
PRINT" (ft)

2070 PRINT"

2030 DIMX=.000001
2030 FOR 1=0 TO 5
2100 PRINT USING . #####
2110 DIMX=DIMX+DX1)KM2
2120 NEXT I
2130 DIMX=SLP0:=fJM2
2140 FOR 1=6 TO 10

2150 DIMX=DIMX+DX2Ji':M2
2160 PRINT USING"+#####.#####
2170 NEXT I
2130 IF (HZ=1) THEN GOSUB 3130
2190 REM mm DETERMINE Y, SLOPE, MOMENT FOR SEGMENT 3 "mm

:)+i) /(M2-2)

Y

(ft)
SLOPE
(ft/ft)

"jDIMXjYdi ;YD(I) jYDD(I)

"jDIMX;Y(I);YD(I);YDD(I)
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9T-H

5T/Ha=HuSHa^..=C-^T)MQ..ifidNIN3H1(T=ND)JI©5Z.5
0^5OiODN3H1(0=ND)dl0TIH

ND.'n=#3003..IfidNI©©£5
„a3HSINIj[M3H^^0a31N33Nnb'3d3N0t'GHi'd31N3..INIdd069H

'SDNVHD01HSIit'.PiDAB313VrdWA3HidOd30030NIONudS3ddDD3HiIfidNI..INIdd©89H
iNIdd©Z.92

,.V13H12T„INIdd099H
..3.'MlISQdSIdn-aiinaONV3,AIiy93Nsi3~iDrWNIdOdOINIdd059H

„y^SQH-..INIdd©1^95

,,-A.sgu0T..INIdd©E9H
„q£0292

.30.^.S..INIdd0T9S
uWMBL..INIdd©092

..'^Hdlv9..iNIdd©6S2
giiNji^d©8SH

..DPi^t„INIdd0^SE

..DPQi£iMiyd0952

..DPOQ2uiNIdd0552

,.l|GT„iNIdd©t^S2
„iNIdd0Ee-2

..dia'^IdW'.#3003..iNIdd02S2
S130152

N0Ii33S3DNyH3wi^Qrad©©£2
©f5QiOD(0=2330)JI©6t?2

2330J..ON-©'S3A--TiS31SyidVAANV3DNyH3GiS^illnOAQimtL.ifidNI©Bt?2
iNIdd©^172

dLVQOiODN3Hi(0=1330)AI09172
T33O5..DN-0'S3A-TiNudd3HiGNyHil/f\3nNIiN03OiHSIlnflOA00..ifidNI©5^2

0S2SanSODN3Hi(T=ZH)JI©?172
IiX3N©£1?2

BZmE'iQrmir\=)miQ02t^2
(DOOA.'(I)OAn;i)A.'xNIO.'..#####'#####+..onIsoiNIdd©Tt^2

12OiTT=IdOd©0172
..iNIdd©SEE

..(qi-:^?)(Mm)ai)(4;)..iNIdd08E2
..iN3ra3d01SAX..iNIdd©iE2

iNIdd!..SiN3^D35..iNIdd5iNIdd©9E2
2W^:T0=XWia©eE2

iNIdd©?E2
IiX3N©EE2

EXO+X=X©2E2
2...S2l'̂-1/aIm(T+(X)NISJl^e£3-(X)SD3)K323-)13-=(I)00A©TE2

321''<i/aTm:(X-faH+(X)S03^aE3+(X)NIS)4=:a23-)=(I)OA©0E2
STN?K(2...X?Ke'+X>kaH+(X)NIBJk3E3+(X)S03)ka23+aT3)=(I)A©622

©2E2OiOD©S22
2...2W/T({T+(X)NIStBBD-(X)S03JKa23-)^13-)=(I)OOA©Z.22

zn/im(X+aH+(X)S03iF:9£3i(x)NIS)k823-)=(I)OA0922
m-Mi2...XH::e'+X)i<aH+(X)NIStBEDr(X)503>f:323+8T3)=(I)-A0S22

310H3d0a/laaN3Hidud3i3W'5'I03Hi0333X3111/1'.AdOIAi3d0t^22
B3fiiy.A33N3H'W3iSA33iyNiad003OM3HiNI3dyOOASOA'AdOS3niVA3HiW3d©E22

©622OiO0(TT<I)dl©222
T2OiTT=IdOd©122

T0=X5©T/(T0-1)=£X0©022

w

V

w
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IF (CN=2)
IF (CN=3)
IF (CN=4)
IF (CN=5)
IF (CN=5)
IF (CN=7)
IF (CN=S)
IF (CN=9)
IF

IF
IF _ -
IF (CN<0)OR(CN>12)
GOTO 27

THEN INPUT
THEN INPUT
THEN INPUT
THEH_ INPUT
THEN INPUT

INPUT
INPUT
INPUT

/CN=10)THEN INPUT
icN=ll) THEN INPUT
rCN=12) THEN INPUT

THEN
THEN
THEN

'ODdc (in) = ";0D!QD=0D/12
'IDdc (in) = "jIDjID=ID/i2
'Wdc (in) = ";WU
'MW (ppg) = "iMW
'ALPHA (deg) = ";AA;AQ=AA
'GAMA (dsg) = "jGA
''WB (1000'S lbs) = "jW!W=i000^W
" h = ";DAI
" ODst(in) = "|DSTiiD5Tl=DSTl/i2

" Dstl(ft) = "jDll
'THETA = ";TT!TT=TT/57.2S

THEN GGTO 2350

print""INPUT VALUE MUST BE BETWEEN 0 AND 10 INCLUSIVE"

S730
2740

S750
H750
H770
2730
2790
2800
2310

^ 2320

2330
2340
2350
2350
2370
2830
2330

GOTO 2700
PRINT CONTACT POINT BE
LPRINT I LPRINT " CONTACT

! LPRINT

2900 GOTO 3410
2310 REM
^^20 REM HARD COPY OF INPUT

WEEN THE BIT AND STABILIZER "
POINT BETWEEN BIT AND STABILIZER

2330
2940
2950
2950
2970
2930
2990
3000

3010
3020
3030
3040
3050
3050
3070
3030
3090
3100
3110
3120
3130
3140
3150
T"

3150
b) "
3170
^ II

LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
LPRI NT
LPRINT
LPRINT
LPRINT

D1
DH

P

I

(ft) =
(in) =

ODdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib's) =

(lb'5/ft in
(i n "• 4) =

fluid) =

DATA

"jDll
" jDH.^:l2
"iDOmE
"5ID^12
iDSTl>K12
" jMW
"jAA
";-JT^51
" jW
"jP
"j I

29

LPRINT!LPRINT
RETURN

'BETA (deg) =LPRINT
LPRINT
LPRINT
LPRINT
LPRINT
RETURN
REM
LPRINT!LPRINT"
LPRINT"

LPRINT"

LPRINT"

'HO

'HC
'hi

'PHI

(Ib's)
(Ib's)
(Ib's)

(deg)

HARD COPY OF HO, BETA, HC, PHI JKOTOTWOT
" • BB

"; H0Ji=:M3
" j HC5}=:M3
" jHl^KMS
" jPHI

HARD CnPY SEGMENT A NO CONTACT POINT
IEGMENt'a BIT TO STABILIZER " ^
X Y SLOPE

(ft) (ft) (ft/ft)

3130 DIMX=.000001
3190 FOR K=0 TO 5
3200 LPRINT USING
3210 DIMX=DIMX+DXlJi<M2
3220 NEXT K
3230 DIMX=SLP0>KM2
3240 FOR J=5 TO 10

"jDIMXjY(K)]YD(K)jYDD(K)
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3H50 DIMX=DIMX+DKHiKM2
3E50 LFRINT USINQ"+#####.#####
3270 NEXT J
3SS0 RETURN

3290 REM HARD COPY OF SEGMENT B NO CONTACT PRESENT
3300 LPRINTjLPRINT" SEGMENT B STABILIZER TO TANQENCY POINT "
3310 LPRINT" X Y SLOPE MOMENT"
33E0 LFRINT" (ft) (ft) (ft/ft) (ft-lb)"
3330 LPRINT"
3340 DIMX=DiJKM2
3330 FOR 1=11 TO 21
3350 LFRINT USING"+#####.##### "jDIMX;Y(I)jYD(I)JYDD(I)
3370 DIMX=DIMX+DX3JKM2B
33S© NEXT I
3330 LPRINTiLPRINT;LPRINT!LFRINT!LFRINT!LPRINT s LPRINT!LPRINTiLPRINT
3400 RETURN
3410 REM determination of contact point
3420 CLS

3430 WU=3. 14159:=i<( (OD/2)-2-{lD/2) -E'rUSS
3440 C=(DH-0D)/2
3450 PRINT "C= "jC
3450 CSTl=(DH-DSTl)/2
3470 P=WU?K(i-MW/55:4)
3430 1=3. i4;=f<(0D-4-ID-4)/54
3430 El=4176$10-5$I
3500 D1=(D11>HSG1R(W/EI) )
3510 CD=(W"2>KC)/(EI5^F$SIN(AA/57.29) )
3520 Ml= EI>KP>KSIN(AA/57.29)/!W-2)
3530 M2=3QRi:EI/'^')
3540 M3=SG1R (El/W) (AA/57. 29)
3550 M1C=EI5^P5KSIN(AA/57. 29) / (W-2?HC0S(TT) )
3560 M2C=SQR(EI/WJKCQS(TT) )
3570 M3C=SQR(EI/(C0S(TT)Jf::W) ))KP:^SIN(AA/57.29)
3530 CST1 = (W-2=KCSTi) / (EI?KP=^SIN (AA/57. 29) )
3590 ULC=.5JKDl;LLC=.25J|iDl;PL0T=2 >> )
3600 SINE=li3INL=iiSINU=l
3510 ITER2=l!LC=LLC
3520 ITERl=i;SIGN=iiSIGN1=1iSIGNE=1;ITER=1
3630 1=1
3640 1=1+1
3650 DL=(4$D1-1.25?^D1)/I
3660 IF (DL>.3) THEN GOTO 3640
3570 LLOW=1.015KD1
3530 LFR=LLOW-DL
3590 L=LPR+DL
3700 IF(L>4:=HD1) THEN 4550
3710 L=LFR+DL
3720 A1 = (1 /COS (L) - (M2C/ M1C:=KTAN (TT) +TAN (L) - L) :=KS IN (L) )
3730 REM
3740 E2= (M2C /M1 C:=KTAN (TT) JKCOS (L i +SIN (L) -L^COS (L) !
3750 REM
3750 •JB=C3T 1T. 5JK (L" 2-D1" 2) - (CD-^-COS (TT) + (M2C/ M1(L-Q1) +CDJKSIN (TT) ) $TAN (TT) )
3770 REM
3780 NUMC=-JB-Ai>^(CDS(Dn-COS(L) )-BH>K(SIN(Dl)-SIN(L) )
3790 REM

•'iDIMXiY(J) ;yD( J) jYDD(J)
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3S00 DENC=(SIM(L)Ji<(CaS(Dl)-CQS(L) )-CDS(L):=Ki:SIN(D1)-SINi:L) )+Di-L)
3810 HC=NUMC/DENC
3820 REM
3330 C3C=MaC/MlC*TAN(TT)*CGS(L) +SIN(L)-(L+HC)sKCDS(L)
3840 REM
3850 CHC=1/COS (L) - (M2C/M1 C:«TAN {TT) +TAN (L) - (L+HC)) !KSIN{L)
3860 REM
3870 C1C=CD-*C0S(TT) t (M2C/M1C* (L-Dl) +CD5KSIN (TT)) *TAN (TT) -C2C:*C0S (L) -CSCStSIN (L)-HC
iliL—t 5)|:L''2
3830 NUMA3S=(CST1-CD)«SIN(LC)-LC*(CGS(D1)-CQS(LC) )-.5*SIN(LC)*(Dr2-LC'-2)
3890 REM
3900 A3B=NUMA3B/(CQS(D1-LC)-1)
3910 REfyt
3920 NUMA2B= (CSTl-CD) «CGS{LC)5:« (D1 "2-1^2) 5!:C0S(LC)+LC#(SIN (Dl)-SIN (LC) )
3930 REM
3940 A2B=NUMA2B/(COS(Dl-LC)-1)
3950 H0={CD+1-C0S(LC)-.5!|!LC''2-TAN(LC)#SIN(LC)+LC;KTAN(LC) ) / (LC-TAN(LC) )
3360 REM
3970 C3A=(SIN(LC)-(H0+LC))/COS{LC)
3980 NUMB=( (A2B-l)5isC0S(LC) + (A3B-C3A)*SIN(LC))
3qq0

4000 DENB= ((SIN (LCJ^ (Dl-LC)+CGS (Di)-COS (LC) )^SIN(LC)-h (COS (LC)>K (Dl-LC)-SIN (Di)+5:
N(LC)):=KCOS(LC))
4010 REM
4020 HB=NUMB/DENB^K(CnS (Dl-LC)-1)
4030 C2B= ICST1 -CD i >KCOS (LC) -HB:^ (COS (LC) (D1- LC) -SIN (D1) +SIN (LC)) -. 5^^ (D1 - H- LC - 2) 5l=:C
QS(LC)+LCJK(SIN(Dij-SIN(LC) )
4040 REM
4050 C2B=C2B/(COS(Dl-LC)-1)
4050 REM
4070 C3B= (CSTl-CD) ^SIN (LC i -HBJK (SIN (LC) JK (Dl-LC) fCOS (D1) -COS (LC) ) -LCi}^ (COS (Dl) -COS (
LC I J-. 1N (LC) (D1 - 2-LC - 2)
4030 REM
4090 C3B=C3B/(COS(Dl-LC)-1)
4100 REM

4110 C1B=C3T1-C2B^CQS (Dl 1-C3E;|=:SIN (D1) -HB>KD1-. 5?KD1 -2
4120 REM
4130 REM
4140 Fl= (C2B-C2C) ^KSIN (Di ) f (C3C-C3B) ^KCOS (D1) H-HC-HB
4150 REM
4150 F2= (C2B-C2C i >KCOS (D1 i f (C3B-C3C) >KS IN (D1)
4170 IF(PLaT=r} THEN GOTO 4590
4130 IF(ITER1=1) THEN GOTO 4259
4190 IF(F1<0)THEN GOTO 4220
4200 SIGNi=l
4210 GOTO 4230
4220 SIGN1=2
4230 IF(SIGN1<>SIGN)THEN GOTO 4290
4240 LPR=L
4250 GOTO 3590
4260 IF (Fi<0) THEN SIGN=2
4270 ITER1=2!LPR=L
4280 GOTO 3590
4290 REM
4300 IF ITER=1 THEN 4340
4310 IF ITER=2 THEN 4350
4320 IF ITER=3 THEN 4360



4330 IF ITER=4 THEN 4370
4340 DL=.1!ITER=2:QQTQ 3690
4350 DL=.0i!lTER=3!QQTO 3530
4350 DL=.0011ITER=4!GOTO 3530
4370 REM DETERMINING LC
43S0 PRINT"Ic = "JLC
4330 PRINT"1 = ";Lj" fE = "jFEj" fl = ";F1
4400 IF (ITERH=i) THEN GOTO 4450
4410 IF (ITER2=E) THEN GOTO 445©
44S0 IF (ABS(F2)<.0i) THEN 4550
4430 IF (F2<0) THEN GOTO 4500
4440 SINE=l!GnTn 4510
4450 LC=ULClIF(F2<0) THEN SINL=25ITER2=25GOTO 3520
4450 IF(F2<0) THEN 3INU=E
4470 ITER2=3
4480 LC=(ULC+LLC)/2
4430 GOTO 3520

4500 SINE=2
4510 IF(SINE<>SINL) THEN 4540
4520 IF(3INE<>SINU) THEN 4530
4530 LLC=LC!LC=(ULC+LLC)/2!G0T0 3620
4540 ULC=LC!LC=(ULC+LLC)/2!GaT0 3520
4550 PRINT " root(1,1c) = "jLj" ";LC
4550 REM DETERMINE SHAPE
4570 PL0T=1
4530 GOTO 3720
4590 DXA=(LC/5);DXB=(Dl-LC)/5jDXC=(L-Dl)/10
4500 X=0

4610 FOR -1=0 TO 5
45E0 Y (J) =M1JK (-1+C0S (X) fCSA^SIN (X i f. 5>KX-2-i-HniKX)
4530 YD (J) =M1 / M2>{^ (-SIN (X) +C3A>I<CGS (X) +HQ4-X)
4540 YDD(J) =-EI>KMl /M2-2JM~Cns (X) -C3A>K3IN (X) f 1)
4550 X=X+DXA
4550 NEXT J
4570 X=X-DXA
4680 FOR J=5 TO 11
4690 Y (J J =M1JK (C1B+C2B>KCGS (X i +C3B^KSIN (X) +HB>KX+. 5>KX-2)
4700 YD (J) =M1/M2>K i-C2B>KSIN (X) -fCSB^KCQS (X) +HB+X)
4710 YDD (J) =-ElJKMl/M2-"'2^ {-CEBiKCOS (X) -CSB^KSIN (X) +1)
4720 X=X-fDXB
4730 NEXT
4740 X=D1+DXC

4750 FOR J=12 TO 21
4750 Y(J)=MlC;K(ClC+C2C>KCa3iX)fC3CJ|iSIN(X)fHC>KX+.5>KX-2)
4770 YD (J) =M1C/M2C?K (-C2C:^siN (X) +C3CJ!<C0S (X) +HC+X)
4730 YDD (J) =-EI^Ml/M2-^2i{< (-C2CJ^C03 (X) -C3C>!^SIN (X) +1)
4790 X=X+DXC
4300 NEXT J
4810 REM determine beta, ho, hc, hi, phi
4320 BB=57. 29^ (ATN (YD (0) ) ) ! DH0=HG:=KM3
4830 PHI =57.29>KATN ( (SQR (EI/W) Ji<P>KSIN (AA/57.29) :^H0) / W) +AA
4840 DHCON= (HQ-HB) .-KMS; HCaN=HQ-HE
4850 DH1=(HC-HB):=KM3
4850 CL3!PRINT "BETA (deg)=
4870 PRINT "PHI (deg)= ";PHI
4830 PRINT "HO (lb's)= ";DHO
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4839
4900

4910
4920
4930

II

4940

4930
4950

4970

4980

4990
5000
5010
5020
5030
5040

5050
5060

II

5070
5080
5090

5100
5110
5120
5130
5140

5150

5160
5170

5180

5190

5200
5210
5220

5230

5240
5250
5250

5270
5280
5290
5300
5310
5320
5330
5340

5350
5360
5370
5380

5390
5400
5410

5420
5430

PRINT "HC (lb'5)=
PRINT "HI (lb'sj=
PRINT " BIT TO STABILIZER"
PRINT" X
PRINT"

X=0
FOR -1=0 TO 5
PRINT USINQ"f#####.#####
X=X+DXA:4:M2
NEXT J

X=LC^KM2
FOR •J= 6 TO 11
PRINT USING"+#####.#####
X=X+DXBJHM2
NEXT J
PRINT " STABILIZER TO TANGENCY POINT
PRINT" X Y
PRINT"

"j DHCGN
" jDHl

SLOPE

;XjY(J)jYD(J)iYDD(J)

jX,Y(J)JYD(J)jYDDfJ)

SLOPE

X=DiJKM2
FOR J=ll TO 21
PRINT USING"+######.##### "5 X j Y{J);YD(J)j YDD(J)
X=X+DXOTvl2
NEXT J

INPUT "DO YOU WANT A HARD COPY OF THE DATA 1-YES] 2-N0";HZ
IF (HZ=1) THEN GOTO 5150
GOTO 5460
ME=LjMC=LC
LPRINT" L = "jME;" LC = "jMCj" (DIMENSIONLESS UNITS)"
LPRINT "

"JBB
"jPHI
"; DHO
";DHCON
";DHi

BIT TO STABILIZER"

SLOPE

jX;Y(J);YD(J)jYDD(J)

iXjY(J);YD(J)jYDD(J)

MOMENT"

MOMENT"

MOMENT"

LPRINT"BETA (deg)=
LPRINT"PHI i:dsg) =
LPRINT"HO (LB'Sj=
LPRINT"HC H(lb's)=
LPRINT"H1 (lb'5)=
LPRINT
LPRINT"
LPRINT
LPRINT" X

LPRINT"

FOR J= 0 TO 5
LPRINT USING"+#####.#####
X=X+DXAW2
NEXT J

X=LCm2

FOR J=5 TO 11
LPRINT USING"+#####.#####
X=X+DXBJKM2
NEXT J
LPRINT;LPRINT"
LPRINT" X
LPRINT"
X=D1JKM2
FOR 1=11 TO 21
LPRINT USING "+#####.#####

STABILIZER TO TANGENCY";LPRINT
Y SLOPE_ MQMENt"

"iX;Y(J)jYD(J);YDD(J)
H-21



5440 X=X+DXC>HMHC
5450 NEXT J
5450 .GOTO 2450
5470 END
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Comparison of Point Stabilizer
Program with Lubinski

and Woods Model

Input Data:

Dh = 8.75 in.

ODdc ~ ® *

IDdc ~ 2.25 in.

MW = 10 ppg.

Lubinski and Woods'
Dimensionless Units

M = 57.5 ft. length of one
dimensionless unit

Mp = 4000 lb weight of one
dimensionless unit

r = collar clearance in ft.

Cst ~ 0

Run

//

MsJjiia

r

^ Slick
String

X2/W0B(lb)

Point

Stabilizer

WOB/X2 a

Ideal

Stabilizer

Position

Slick

String
Ho/W

Point

Stabilizer

Ho/W

%

Differ

ence

1 20 4/16,000 22720/5.68 2.284 77.6 -2.46x20"' -3.49x10 ' 27.9

2 50 5/20,000 27400/6.85 5.718 66.1 -4.87x10"^ -4.70x10^3 3.6

3 150 7/28,000 38080/9.52 17.39 51.75 -9.018x20"' -8.69x10"^ 3.7

Cst = 0.0573 ft.

4 20 6/24,000 31200/7.8 2.284 64.98 -6.36x10"'' -7.05x10'" 10.3

5 50 5/20,000 24600/6.15 5.718 61.53 -4.87x10"^ -4.76x10"^ 2.3

6 150 9/36,000 44600/11.16 17.37 48.88 -5.99x10"^ -5.31x10"^ 12.0

TABLE XV-G
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D1 (ft) =
DH (in) «
ODdc (in) ==
IDdc (in) =
•Dst (in) =
MW (ppg) «
ALPHA (deg) =
DELTA ALPHA
WOB (ID'S) «
P (Ib'S/ft in fluid)
I (in"4) =

77.6
3.73
6

2.S5
8.73

i0
2.S84

0
22720
69.896i
3.00377E-03

CONTACT POINT BETWEEN BIT AND STABILIZER

L = 6.57309 LC = 1.421i3 (DIMENSIONLESS UNITS)

.316843
2.14461

-35.2802
16.621

BETA (deg)=
PHI (deg)=
HO (LB'S)a
HC H(lb'S)=:
Hi (Ib's)- -261.232

BIT TO STABILIZER

X Y SLOPE MOMENT
-—

+0.00000 +0.00000 +0.00353 +0.00018

+6.68088 +0.03623 +0.00522 +1130.84000

+13.36173 +0.06835 +0.00436 +2047.43000

+20.04263 +0.09363 +0.00309 +2676.21000

+26.72330 +0.10934 +0.00138 +2966.72000

+33.40438 +0.11438 -0.00000 +2893.63000

+33.40438 +0.11438 -0.00000 +2893.63000

+42.24350 +0.10393 -0.00190 +2403.10000

+51.08263 +0.08260 -0.00323 +1359.60000

+39.92173 +0.03102 -0.00372 -89.03300

+68.76088 +0.02010 -0.00308 -1740.33000

+77.60000 -0.00000 -0.00128 -3363.49000

STABILIZER TO TANQENCY

+77.
+83.
+92.

+ i00.
+ i08.
+ 116.
+ i23.
+ 131,
+ 139.
+ 146.
+ 134.

60001
28982
97964
66946

33927
04909
73890
42872
11834
80833
49817

-0 g00000

-0.00247
+0.00726
+0.02312
+0.04694
+0.06889
+0.08791
+0.10201
+0.11030
+0.11403
+0.11438

SLOPE

-0.00128
+0.00036
+0.00189
+0.00267
+0.00292
+0.00272
+0.00218
+0.00147
+0.00073
+0.00021
+0.00000

H-24

MOMENT

-3363.

-2600.
-1727.
-833.

-14.

+641.
+1067.

+1216.
+1073.

+632.
+0.

49000

64000
10000
61700
97270
98700
37000
63000
36000
94900
00018



D1 (it) =
DH (in) =
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA (deg) -
DELTA ALPHA =
WOB (Ib'S) =
P (Ib's/ft in
I (in"4) =

lluid) =

56. i

3.73

6
2.S3

3.73

10
5.7i3
0

27400
69.8551
3.00377E-03

CONTACT POINT BETWEEN BIT AND STABILIZER

L = 3.94988

BETA (deg)=
PHI (deg)=
HO (LB'S)=
HC H(lb'S)=
Hi (lb'S)=^

LC = 1.32097 (DIMENSIONLESS UNITS)

.373807

3.44882
-128.741

40.414
-538.023

BIT TO STABILIZER

X Y SLOPE MOMENT

+0.00000 +0.00000 +0.00635 +0.00038

+3.53463 +0.03638 +0.00619 +1613.42000

+11.30930 +0.06872 +0.00316 +2893.48000

+16.95393 +0.09378 +0.00364 +3751.35000

+22.61860 +0.10938 +0.00183 +4127.30000

+28.27324 +0.11438 -0.00000 +3995.83000
+28.27323 +0.11433 -0,00000 +3993.83000

+35.83860 +0.10380 -0.00226 +3343.91000

+43.40393 +0.08207 -0.00387 +1887.81000

+30.95930 +0.04998 -0.00441 -198.18700

+38.33463 +0.01892 -0.00335 -2534.16000

+66.10001 -0.00000 -0.00119 -3176.43000

+55.
+72.

+78.
+84.

+90.
+95.

+ 102.
+ 108.
+ 113.
+ 121.
4-1 P"7

10001
22477
34933
47429
39903
72381
84838
97334
09810
22285
3^1762

STABILIZER TO TANQENCY

Y SLOPE

-0.00000
-0.00026

+0.01089
+0.02920
+0.03063
+0.07172
+0.08969
+0.10289
+0.11078
+0.11407
4-/? . 1 1

-0.00119

+0.00100

+0.00232
+0.00333
+0.00336
+0.00323

+0.00237
+0.00172

„ 25 +0.000S8
+0.00023

MOMENT

-3175.
-3819.
-2394.
-1034.

+ 131.
+1054.

+1531.
+1806.
+1373.

+935.
J-C>\

43000
37000
4.1000

01000

00900
26000
48000

32000
16000

20300
O iTl!?! "?t



D1 (ft) = 31.73

DH (in) = 8.73

ODdC (ih) a 6

IDdc (in) - 2.23

QDst (ih) = 8.73

p^W (ppg) = 10

ALPHA (deg) = 17.39

DELTA ALPHA 0

WOB (Ib'S) Si 38080

P (Ib's/ft In fluid) = 69.3961
I (In-A) = 3.00577E-03

%%%%%%%%%%'̂ (^ CONTACT POINT BETWEEN BIT AND STABILIZER %%%%%%%%%%%%

L ~ 3.42639 LC - 1.21723 (DIMENSIONLESS UNITS)

BETA (deg)= .480629

PHI (deg)= 16.8919

HO (LB'S)- -331.117

HC H(lb's)= 64.9039

HI (Ib'S)is -1270.47
-

BIT TO STABILIZER

X Y SLOPE MOMENT
— ——— ——

—

+0,00000 +0.00000 +0.00839 +0.00082

+4.41998 +0.03636 +0.00791 +2644.21000

+8.83993 +0.06369 +0.00639 +4726.34000

+13.23993 +0.09374 +0.00466 +6123.38000

+17.67990 +0.10937 +0.00237 +6733.33000

+22.09988 +0.11438 +0,00000 +6379.03000

+22.09983 +0.11438 +0.00000 +6379.03000

+28.02990 +0.10372 -0.00290 +3484.46000

+33.93993 +0.08179 -0.00498 +3081.78000

+39.88993 +0.04948 -0.00363 -374.91700

+43.81997 +0.01833 -0.00431 -4320.13000

+31.73000 -0.00000 -0.00134 -8913.60000

STABILIZER TO TANQENCY

X Y SLOPE MOP^ENT
— •

+31.73000 -0,00000 -0.00134 -8913.50000

+36.42692 +0.00072 +0.00149 -6332.61000

+61.10383 +0.01231 +0.00339 -3831.39000

+63.78073 +0.03104 +0.00439 -1330.83000

+70.43767 +0.03233 +0.00439 +397.76800

+73.13438 +0.07299 +0.00413 +1863.67000

+79.81130 +0.09049 +0.00327 +2733.98000

+84.48842 +0.10327 +0.00218 +3009.96000

+89.16333 +0.11091 +0.00111 +2610.84000

+93.84223 +0.11409 +0.00031 +1384.93000

+98.31917 +0.11438 —0.00000 +0.00000
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D1 {it) -
DH (in) =
ODdc (in) -
IDdc (in) -
ODst (in) =
MW ippg) =
ALPHA (deg) «
DELta ALPHA «
WOB (Ib'S) a
P (Ib's/lt In
I (in"4) =>

fluid) =s

64.98
S.75
6
2.23

7.375
10
2.284

0

31200
69.8861
3.00377E-03

CONTACT POINT BETWEEN BIT AND STABILIZER

L =« 6.59371 LC =5 1.64039 (DIMENSIONLESS UNITS)

BETA (deg)-
PHI (deg) =5
HO (LB'S)-
HC H(Ib'S)a
HI (!b'S)=

.323781
2.24332

-22.0476
2.77913

-261.336

BIT TO STABILIZER

X Y SLOPE MOMENT

+0.00000 +0.00000 +0.00569 +0.00013

+6.58049 +0.03669 +0.00536 +1229.40000

+13.16099 +0.06921 +0.00444 +2208.11000

+19.74148 +0.09421 +0.00310 +2831.71000

+26.32198 +0.10956 +0.00153 +3033.68000

+32.90247 +0.11438 +0.00000 +2792.49000

+32.90247 +0.11438 +0.00000 +2792.49000

+39.31797 +0.11029 -0.00128 +2172.31000

+45.73343 +0.09B97 -0.00216 +1218.48000

+52.14898 +0.03372 -0.00249 +27.16070

+58.56449 +0.06841 -0.00217 -1280.60000

+64.97999 +0.05729 -0.00118 -2372.15000

STABILIZER TO TANGENCY

X Y SLOPE MOP^ENT

+64.98000 +0.03729 -0.00118 -2372.13000

+71.71145 +0.03366 +0.00006 -2034.10000

+78.44291 +0.03734 +0.00098 -1399.60000

+85.17437 +0.06606 +0.00155 -733.98600

+91.90383 +0.07744 +0.00177 -111.53100

+98.63729 +0.08926 +0.00169 +398.31600

+103.36874 +0.09970 +0.00138 +738.66900

+112.10020 +0.10733 +0.00094 +371.34800

+118.83166 +0,11228 +0.00048 +782.13100

+123.56312 +0.11427 +0.00014 +480.39200

+132.29438 +0.11438 -0.00000 +0.00000
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D1 (ft) «
DH (in) =
QDdc (in) is
IDdc (in) a
QDst (in) =
MW (ppg) =
ALPHA (deg) ^
DELTA ALPHA
WQB (Ib's) =
P (Ib's/ft in fluid)
I (in"4) =

6i.33
8.73

6
2.23

7.373
10

3.718
0
24500
69.8951
3.00377E-03

^ CONTACT POINT BETWEEN BIT AND STABILIZER

L = 3.0646

BETA (deg)a
PHI (deg)s:
HO (LB'S)=
HC H(lb'S)=s

LC = 1.33319 (DIMENSIONLESS UNITS)

.333824
3.44433

-117.427
24.3993

Hi (Ib's)= -313.33

BIT TO STABILIZER

X Y SLOPE MOMENT

+0.00000 +0.00000 +0.00518 +0.00042
+6.11334 +0.03697 +0.00380 +1497.31000

+12.22668 +0.05938 +0.00478 +2526.91000
+18.34003 +0.09448 +0.00331 +3305.37000

.-N +24.43337 +0.10955 +0.00164 +3486.81000
+30.36571 +0.11438 +0.00000 +3134.32000

+30.36571 +0.11438 -0.00000 +3134.32000
+36.73937 +0.11003 -0.00141 +2469.39000
+42.93202 +0.09809 -0.00236 +1334.42000
+49.14468 +0.08213 -0.00255 -163.54200

^ +33.33734 +0.05677 -0.00216 -1918.73000
+61.32999 +0.03729 -0.00073 -3793.96000

STABILIZER TO TANQENCY

+61.

+66.
+72.
+77.

+82.
+87.

+93.
+98.

+ 103.
+ 109.
+ 114.

32999
81723
10430
39176
67901
96627
23332

34078
82803
11328
40234

+0.03729
+0.03709
+0.06282
+0.07212
+0.08290
+0.09340

+0.10229
+0.10881
+0.11270
+0.11433
+0.11438

SLOPE

-0.00073
+0.00060
+0.00149
+0.00196
+0.00206
+0.00187
+0.00147
+0.00098
+0.00030
+0.00014
-0.00000

H-28

P^OMENT

-3793.
-2636.
-1398.

-647.

+ 144.

+733.
+1092.
+1196.
+1040.

+634.

+0.

96000
43000

78000
74400
80900

63400
37000
09000
37000
49300
00000



D1 itt) ^
DH (in) «
ODdd (in) -
iDdc (in) «
oDst cm) s
MW (PP3)
ALPHA (deg) s
DELTA ALPHA
WOB (Ib'S) =
P ("Ib's/lt in
I (in"4) =

tiuid) s

4S.S8
8.73
6
2.23

7.373
10
17.39
0

44600

69.8951
3.00377E-03

CONTACT POINT BETWEEN BIT AND STABILIZER JK>K*)K^>K)KmJK)K

L s 3.27813 LC = 1.43131 (DIMENSIQNLESS UNITS)

BETA (deg)«
PHI (deg)a
HO (LB'S)-
HC H(lb'S)a
HI (ltt'S)=

.436348
17.0838

-236.84
179.443

-1113.98

BIT TO STABILIZER

SLOPE MOMENT

+0.00000 +0.00000 +0.00797 +0.00070

+4.80303 +0.03743 +0.00745 +2363.90000

+9.60607 +0.07023 +0.00609 +4444.23000

+14.40910 +0.09303 +0.00416 +3482.05000

+19.21213 +0.10988 +0.00201 +3394.92000

+24.01316 +0.11438 +0.00000 +4773.61000

+24.01316 +0.11438 +0.00000 +4773.61000

+28.98813 +0.11010 -0.00173 +3890.23000

+33.96110 +0.09809 -0.00297 +2134.60000

+38.93407 +0.08194 -0.00336 -281.85800

+43.90703 +0.06644 -0.00268 -3206.63000

+48.88000 +0.03729 -0.00079 -6354.62000

STABILIZER TO TANQENCY

+48.
+32.

+36.
+60.
+64.
+68.
+72.
+76.
+80.
+84,
+88.

88000
84667
81333
78000
74666
7i333
67999
64666
61333
37999
34666

+0.03729
+0.03771
+0.06370
+0.07302
+0.08366
+0.09393
+0.10264
+0,10898
+0.11276
+0.11434
+0.11438

SLOPE

-0.00079
+0.00090

+0.00202
+0.00260

+0.00270
+0.00243
+0.00191
+0.00127
+0.00063
+0.00018
-0,00000

H-29

MOMENT

-6364.
-4437.

-2644.

-1031.
+312.

+1310.
+1909.
+2074.
+1797.

+1092.

+0.

62000
76000

33000
33000
03300
83000
32000
74000
30000
63000
00000



Dl (tt) -
DH (in) =
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA, (deg) =
DELTA ALPHA =
WQB (lb'3) -
P (Ib's/lt in fluid)
I (in-41 =

BETA Ideg) =
HO (Ib'5) =
HC (lb'3) =
hi (lb'5) =
PHI (deg) =

10
8.75

6.S.3
2.23

8.688
10

60
0

20000
75.8151
3.54967E-03

-.0411423
693.304

0

2694.73

61.9852

SEGMENT A BIT TO STABILIZER

+0.

+ 1.

+2.
+3.

+4.

+5.

+6.

+7.
+8.

+9.

+ 10.

X

(ft)

00000

02037
04075

06112
08149

101S7

08149

06112
04075
02037

00000

Y

(ft)

+0.00000

-0.00072

-0.00139
-0.00195
-0.00234

-0.00248

-0.00233
-0.00182
-0.00088
+0.00056
+0.00258

SEGMENT B.STABILIZER TO TANQENCY POINT
X Y

(ft) (ft)

+ 10.

+ 13.

+ 16.
+ 19.

+23.

+26.

+29.
+32.

+36.

+39.

+42.

00000

26380

52750
79130
05500

31880
58250

34630

11000
37380

63750

+0.00258
+0.01350-
+0.02875
+0.04577
+0.06243
+0.07714

+0.08885
+0.09709

+0.10138
+0.10385

+0.10417

SLOPE
(ft/ft)

-0.00072
-0.00069
-0,00061
-0.00047
-0.00027

+0.00000
+0.00033

+0.00073
+0.00120
+0.00175
+0.00239

SLOPE

(ft/ft)

+0.00238
+0.00415

+0.00506

+0.00525
+0.00487
+0.00409
+0.00307
+0.00198

+0.00099
+0.00028

+0.00000

H-30

MOMENT
(ft-lb)

+0.

-756.

-1581.

-2473.
-3430.

-4452.

-5493.

-6590.
-7742.

-8949.

-10207.

00588
34000

28000

06000
62000

62000

11000

33000

85000
18000
80000

MOMENT

(ft-lb)

•10207.

-5982.

-2379.

+549.
+2763.

+4229.

+4927.
+4846.

+3988.
+2355.

-0.

80000
77000

69000

72600
44000

68000
38000

55000

33000
04000
00294



Dl (ft) = 15.8

DH (in) = 3,73

ODdc (in) = 6.23

IDdc (in) = 2.25

ODst (in) « 3.583

m (ppg) = 10

ALPHA (deg) - 60

DELTA ALPHA - 0

WOB (Ib's) = 20000

P (Ib's/lt in fluid) = 75.8131

I (^*^4) = 3.34967E-03

BETA (deg) = -.0444733

HO (Ib's) = 1.99119

HC (Ib'S) = 0

hi (Ib's) = 2416.13

PHI (dsg) = 50.0037

SEGMENT A BIT TO STABILIZER
X Y SLOPE

(ft) (ft) (ft/ft)

+0.00000 +0.00000 -0.00073

+1.97358 -0.00133 -0.00077

•#.. 93733 -0.00301 -0.00072

+3.93602 -0.00433 -0.00060

+7.91470 -0.00331 -0.00037
• +9.89337 -0.00371 +0.00000

+11.27470 -0.00347 +0.00036

+12.63500 -0.00467 +0.00032

+14.03730 -0.00315 +0.00133

+13.41870 -0.00080 +0.00206

+15.80000 +0.00233 +0.00237

SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE

(ft) (ft) (ft/ft)
————

tm,. +16.80000 +0.00233 +0.00237

+20.01040 +0.01433 +0.00444

+23.22080 +0.03023 +0.00321

+25.43120 +0.04728 +0.00330

+29.64160 +0.05371 +0.00486

+32.83200 +0.07303 +0.00403

+36.06240 +0.08943 +0.00302

+39.27280 +0.09739 +0.00193

+42.48320 +0.10199 +0.00096

+43.69350 +0.10387 +0.00027

+48.90400 +0.10417 +0.00000

H-31

MOMENT
(ft-Ib)

+0.00388
-164.80600

-339.09200
-1S70.52000
-2203.79000
-3339.57000
-4350.29000
-3446.33000
-6543.77000
-7934.73000
-9370.21000

MOMENT
(ft-lb)

-9370.

-3311.
-1853.

+924.

+3013.

+4380.
+4998.

+4862.
+3974.
+2343.

+0.

21000
42000

73000
91000
33000
01000
44000

36000
26000
36000
00000



D1 (ft) =
DH (in) =
QDdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib's) =
P (Ib's/lt In
I (in"4) =

BETA (deg) -
HO (Ib's) =
HC (Ib's) ^
hi (Ib's) =
PHI (deg) =

fluid) =

50
8.73
5,23
H.25

8.6S8

10
H0

0
S0000
76.8151
3.54967E-03

.329727
-473.032

0
1383.97

18.5452

SEGMENT A BIT TO STABILIZER
X Y

(ft) (ft)

+0.00000
+4.24547
+8.49295

+12.73940
+15.98590
+21.23240

+25.98390
+32.73940

+38.49290
+44.24550
+50.00000

+0.00000
+0.02395
+0.04323
+0.05173
+0.07205
+0.07531
+0.05950
+0.05345
+0.03205
+0.01218
+0.00238

SLOPE
(ft/ft)

+0.00575
+0.00542
+0,00452
+0,00320
+0.00153
-0,00000

-0.00202
-0.00342

-0.00381
-0.00284
-0.00020

SLOPE

MOMENT

(ft-lb)

+0.

+2251.
+3974.

+5128.
+5585.
+5531.

+4588.

+2474,

-515.
-4545,

-9139,

00232
07000

55000
88000
73000
59000

58000
75000
74500

39000

32000

MOMENT
SEGMENT B STABILIZER TO TANQENCY POINT

X Y
(ft) (ft) (ft/ft) (ft-lb)

—

+50.00000 +0.00258 -0,00020 -9139.32000

+54,43890 +0,00706 +0,00206 -6009.37000

+33,87770 +0,01956 +0,00343 -3235.57000

+53,31660 +0.03541 +0.00404 -894,49000

+57,75550 +0.05451 +0.00402 +954.76000

+72,19430 +0,07140 +0,00352 +2252,12000

+75,53320 +0.08534 +0,00272 +2992.91000

+81.07210 +0.09537 +0,00179 +3127.76000

+85,51090 +0.10131 +0.00091 +25S3.07000

+89,94980 +0,10373 +0.00025 +1511.19000

+94.38870 +0,10417 -0.00000 +0.00232

H-32



Di (ft) - 21.3
DH (in) « 8.75

ODdc (in) = 6.25
IDdc (in) = 2.25

ODst (in) = 8.688

MW (ppg) = 10

ALPHA (deg) = 20
DELTA ALPHA » 0

WOB (Ib's) = 20000

P (Ib's/ft in fluid) - 76.8151

I (in"4) = 3.54g67E-03

BETA (deg) = -.0355835
HO (Ib'S) s -.21384

HC (Ib's) = 0

hi (Ib's) = 1182.37
PHI (deg) = 19.9994

SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)
———————

+0,00000 +0.00000 -0.00054 +0.00232

+S..30574 -0.00160 -0.00053 -113.93700

+.3.01i48 -0.00314 -0.00059 -391.76400

+7.317S2 -0.00452 -0.00049 -831.13400

+10.02300 -0.00553 -0.00030 -1428.32000

+IS.52870 -0,00594 +0.00000 -2178.28000

+14.28300 -0.00559 +0.00029 -2790.88000

+15.03720 -0.00487 +0.00056 -3472.73000

+17.79150 -0.00332 +0.00112 -4221.00000

+19.54570 -0.00089 +0.00156 -5032.58000

+21.30000 +0.00253 +0.00231 -5904.10000

SEGMENT B STABILIZER TO TANQENCY POINT
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)
——————

+21.30000 +0.00258 +0.00231 -5904.10000

+25.30580 +0.01457 +0.00356 -3379.85000

+29.31150 +0.03024 +0.00417 -1203.44000

+33.31740 +0.04725 +0.00424 +578.12900

+37.32330 +0.06358 +0.00390 +1926.34000

+41.32910 +0.07807 +0.00325 +2812.05000

+45.33490 +0.08945 +0.00242 +3215.15000

+49.34070 +0.09740 +0.00155 +3129.87000

+53.34550 +0.10200 +0.00077 +2555.09000

+57.35240 +0.10388 +0.00021 +1504.23000

+61.35820 +0.10417 -0.00000 +0.00000

H-3-3



01 itt) = 10

DH (in) = 8.75
; ODdc (in) = 6.25

IDdc (in) = 2.25

ODst (in) = 8.588

MW (ppg) = 10

ALPHA" (deg) = 5

DELTA ALPHA = 0

WOB (Ib's) = 20000

P (Ib's/ft in fluid) 76.8151

I (in'-4) = 3.54g67E-03

BETA (deg) = -7.68695E-03
HO (Ib's) - 332.005

HC (Ib's) = 0

hi (Ib's) = 617.6

PHI (deg) = 5.95094

SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-Ib)
——. — ————————

+0.00000 +0.00000 -0.00013 +0.00059

+0.58225 -0.00009 -0.00013 -229.87400

+1.36449 -0.00017 -0.00011 -452.71900

+2.04674 -0.00024 —0.00009 -698.39000

+2.72898 -0.00029 -0.00005 -936.73900

+3.41123 -0.00031 +0.00000 -1177.52000

+4.72898 -0.00023 +0.00013 -1649.47000

+6.04674 +0.00004 +0.00029 -2129.07000

+7.36449 +0.00056 +0.00050 -2615.32000

+8.68225 +0.00139 +0.00075 -3107.07000
/m, +10.00000 +0.00258 +0.00106 -3603.16000

SEGMENT B STABILIZER TO TANGENCY POINT
•

X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)
—————— ——————

+10.00000 +0.00258 +0.00106 -3603.16000

+15.70860 +0.01208 +0.00219 -2274.14000

+21.41720 +0.02660 +0.00282 -1062.91000

+27.12580 +0.04349 +0.00303 -22.50320

+32.83440 +0.06047 +0.00287 +801.48800

+38.54310 +0.07573 +0.00244 +1372.97000

+44.25170 +0.08802 +0.00185 +1665.91000

+49.96030 +0.09671 +0.00119 +1670.42000

+55.66890 +0.10177 +0.00060 +1383.36000

+61.37750 +0.10385 +0.00017 +818.30500

+67.08510 +0.10417 -0.00000 +0.00000

H-34



D1 (ft) = 10

DH (in) 3.75

ODdc (in) - 5.25

IDdc (in) = 2.25

ODst (in) = 8.538

m (ppg) = 10
ALPHA (deg) = 20

DELTA ALPHA = 0
WQB (Ib's) = 20000

P (Ib's/ft in fluid) 75.8151

I (in-4) - 3.54g57E-03

BETA (deg) = -.0248772

HO (Ib's) = 545.521

HC (Ib's) = 0

hi (Ib'3) = 1452.55

PHI (deg) - 21.5525

SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT-.

(ft) (ft) (ft/ft) (ft-lb)

+0.00000 +0100000 -0.00043 +0.00232

+0.93i62 -0,00040 -0.00042 -527.70200

+i.85324 -0.00077 -0.00037 -1077.59000

+2.79437 -0.00107 -0.00023 -1549.02000

+3.72549 -0.00128 -0.00015 -2241.32000

+4.6.58ii -0.00135 +0.00000 -2853.80000

+5.72649 -0.00124 +0.00023 -3530.09000

+5.794S5 -0.00034 +0.00052 -4330.37000

+7.35324 -0.00012 +0.00085 -5104.95000

+8.93i52 +0.00101 +0.00125 -5901.18000

+i0.00000 +0.00258 +0.00171 -6713.29000

SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)

+i0.00000 +0.00253 +0.00171 -6713.29000

+i4.il290 +0.01292 +0.00319 -4042.33000

+i3.22590 +0.02790 +0.00398 -1718.90000

+22.33380 +0.04438 +0.00418 +200.55900

+25.45i70 +0.05157 +0.00391 +1571.33000

+30.55450 +0.07551 +0.00330 +2651.38000

+34.57750 +0.08855 +0.00243 +3145.59000

+38.79050 +0.09595 +0.00150 +3115.69000

+42.90340 +0.10135 +0.00030 +2572.05000

+47.01540 +0.10335 +0.00022 +1525.22000

+5i.i2930 +0.10417 -0.00000 +0.00000

H-35



Dl (It) =
DH (in) =
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) =
ALPHA ideg) =
DELTA ALPHA =
WQB (Ib's) =
P (Ib's/ft in
I (in"4) =

fluid) =

10
8.75
5.S5
H.25

a. 683
10
33
0
20000
76.8151
3.34967E-03

BETA (deg) =
HO (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

SEGMENT A BIT TO
X

(ft)

+0.00000
+0.98498
+1.95996
+2.95494
+3.93993
+4.92491
+5.93993
+5.95494
+7.95995
+8.98498

+10.00000

-.0335152
533.052
0

2049.18
35.3128

STABILIZER
Y

(ft)

+0.00000
-0.00057
-0,00109

-0.00153
-0.00183
-0.00194
-0.00181
-0.00135
-0,00051
+0.00078
+0.00258

SEGMENT B STABILIZER TO TANGENCY POINT
X Y

SLOPE
(ft/ft)

-0.00059
-0.00055
-0.00050
-0.00038

-0.00022
+0.00000
+0.0002S
+0.00053
+0.00104

+0.00151
+0.00205

SLOPE

(ft) (ft) (ft/ft)
— ——• ——

+10.00000 +0.00258 +0.00205

+13.61850 +0.01325 +0.00370

+17.23720 +0.02839 +0.00455

+20.85580 +0.04539 +0.00475

+24.47440 +0.05211 +0.00442

+23.09300 +0.07593 +0.00372

+31.71160 +0.08874 +0.00279

+35.33020 +0.09704 +0.00180

+38.94380 +0.10188 +0.00090

+42.55740 +0.10385 +0.00025

+46.18500 +0.10417 +0.00000

H-36

MOMENT

(ft-lb)

+0.

-555.
•1354.
•2093.
•2872.

-3590.
-4573.
-5495.
-5455.

-7451.
-8482.

00389
30400
49000
55000
82000
97000
73000
51000
05000
02000
02000

MOMENT
(ft-lb)

-8482.
-5027.
-2059.

+357.
+2212.
+3442.
+4035.
+3980.
+3279.
+1945.

+0.

02000
27000
96000
55000
47000

22000
12000
71000
95000
19000
00389



D1 (ft) =
DH (in) =
•Ddc (in)
IDdc (in) =
QDst (in) =
MW (ppg) -
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib's) =
P (Ib's/ft in
I (in''4) =

fluid) =

10
8.75
5.E.3
2.25

8.688
10
50
0

20000
75.8151
3.54967E~03

BETA (dsg) = -.0383163

HO (Ib's) = 677

HC (Ib's) = 0

hi (Ib's) = 2432.6

PHI (deg) = 51.9335

SEGMENT A BIT TO STABILIZER
X Y

(ft) (ft)

+0.00000 +0.00000

+1.01057 -0.00058

+2.02115 -0.00130

+3.03172 -0.00182

+4.04229 -0.00213

+5.05285 -0.00232

+5.04229 -0.00217

+7.03172 -0.00157

+8.02115 -0.00075

+9.01057 +0.00053

+10.00000 +0.00258

SEGMENT B STABILIZER TO TANGENCY

X Y

(ft) (ft)

+10.00000 +0.00258

+13.36520 +0.01343

+15.73250 +0.02855

+20.09870 +0.04567

+23.45490 +0.05235

+26.83120 +0.07710
+30.19740 +0.08885

+33.55360 +0.09709

+36.92980 +0.10189

+40.29510 +0.10385

+43.55230 +0.10417

SLOPE
(ft/ft)

-0.00068
-0.00055
-0.00058

-0.00045
-0.00025
+0.00000
+0.00031
+0.00070
+0.00115
+0,00158
+0.00228

SLOPE
(ft/ft)

+0.00228
+0.00401
+0.00491
+0.00510
+0.00473
+0.00397
+0.00298
+0.00192
+0.00095
+0.00027
+0.00000

H-37

MOMENT
(ft-lb)

+0.
-727.

•1514.
•2359.
•3251.
-4218.

-5208.
-5248.
•7338.
-8475.
-9550.

00520
73300
55000
39000
07000
34000
18000
75000
57000
50000
74000

MOMENT
(ft-lb)

-9650.
-5580.
-2278.

+491.
+2588.
+3979.
+4544.

+4571.
+3753.
+2231.

+0.

74000
05000
52000
61300
35000
58000
05000
53000
41000
74000

00520



Dl (ft) =
DH (in) =
ODdc (in) =
IDdc (in) =
QDst (in) =
MW (ppg) =
ALPHA (deg) -
DELTA ALPHA s:
WOB (Ib'S) -
P (Ib's/ft in fluid)
I =

10
8.75
6.23
H. H.3

8.588

10
60
0
20000
75.81.51
3.34967E-03

BETA (deg) = -.0411423

HO (Ib's) ^ 693.304

HC (Ib's) = 0

hi (lb'5) = 2694,75

PHI (deg) - 61.9832

SEGMENT A BIT TO STABILISER
X Y

(ft) (ft)
— ——-——

+0.00000 +0.00000

+1.02037 -0.00072

+2.04075 -0.00139

+3.06112 -0.00195

+4.08149 -0.00234

+5.10187 -0.00248

+5.08149 -0.00233

+7.05112 -0.00182

+8.04073 -0.00088
+9,02037 +0.00035

+10.00000 +0.00258

SEGMENT B STABILIZER TO TANGENCY

X Y

(ft) (ft)
————

+10.00000 +0.00258

+13.25380 +0,01350

+15,52750 +0.02376

+19.79130 +0.04377

+23.05500 +0.05243

+25.31880 +0.07714

+29.58250 +0.08886

+32.34630 +0.09709

+35.11000 +0.10183

+39.37380 +0.10383

+42.63730 +0.10417

SLOPE
(ft/tt)

-0.00072
-0.00069
-0,00061
-0.00047
-0.00027
+0.00000
+0.00033
+0.00073
+0.00120
+0.00175
+0.00239

SLOPE
(ft/ft)

+0.00238
+0.00413
+0.00305
+0.00323
+0.00487
+0.00409
+0.00307
+0.00198
+0,00099
+0.00028

+0,00000

H-38

MOMENT
(ft-lb)

+0.

-755.

-1381.
-2473.
-3430.
-4432.
-5493.
-5590.
-7742.
-8949.

-10207.

00588
34000
28000
06000
62000
62000
11000
33000

83000
18000
80000

MOMENT
(ft-lb)

•10207.

-3982.
-2379.

+349.
+2753.
+4229.
+4927.
+4345.
+3988.
+2363,

80000
77000
69000
72600
44000
68000
38000
35000
33000
04000
00294



Dl (It) -
DH (in) =
ODdc (in) =
IDdc (in) =
ODst (in) =
MW (ppg) -
ALPHA (deg) =
DELTA ALPHA =
WOB (Ib's) =
P (Ib's/ft in

10
3.75
6.25
2,25

8.588

10
60

0
20000
76.3151

^ ^ .0 I f f a6s 11 =.

fluid) =
I (in-4) = 3,549S7E-03

BETA (deg) = -.0768406

HO (Ib's) = 776.145

HC (Ib's) = 0

hi fib's) = 2823.69

PHI (deg) - 62.2222

SEGMENT A BIT TO STABILIZER
X Y SLOPE

(ft) (ft) (ft/ft)

+0.00000 +0.00000 -0.00134

+1.29915 -0.00172 -0.00129

+2.59830 -0.00332 -0,00115

+3.89746 -0.00465 -0.00089

+5.19661 -0.00557 -0.00051

+6.49575 -0.00591 +0,00000

+7.19561 -0.00580 +0.00033

+7.89746 -0.00544 +0.00070

+8.59830 -0.00480 +0.00112

+9.29915 -0.00386 +0.00153

+10.00000 -0.00258 +0.00208

SEGMENT B STABILIZER TO TANGENCY POINT
SLOPE
(ft/ft)

+0.00208
+0.00408
+0.005U
+0.00542
+0.00508
+0.00429
+0.00323
+0.00209
+0.00105
+0.00029
+0.00000

X Y

(ft) (ft)

+10.00000 -0.00258

+13.34650 +0.00800

+15.69310 +0.02355

+20.03960 +0.04153

+23.38620 +0.05924

+26.73270 +0.07500

+30.07920 +0.08762

+33.42580 +0.09651

+36.77230 +0.10170

+40.11890 +0,10383

+43.46540 +0.10417

H-39

MOMENT
(ft-lb)

+0.

-1098.
-2307.

-3623.
-5042.

-6563.
-7424.
-8313.

-9228.
-10171.
-11139.

00538
92000
59000
28000
98000
47000

37000
01000

83000
20000
50000

MOMENT
(ft-lb)

•11139.
-6674.
-2853.

+267.
+2639.
+4227.
+5008.
+4968.
+4110.
+2445.

+0.

50000

62000
14000
27500
52000
80000
16000
80000
32000

70000
00000



D1 (ft) =
DH (in) -
ODdc (in) =
IDdc (in) =
ODst (in) s
m (ppg) =
ALPHA (deg) =
DELTA ALPHA =
WGB (Ib's) =
P (Ib's/ft in
I (in''4) -

BETA (deg) =
HQ (Ib's) =
HC (Ib's) =
hi (Ib's) =
PHI (deg) =

fluid) =

10
8.73
6.S5
H.2.3

8.583
10
73
0

H0000
76.8131
3.34957E-03

-.0432431
706.203
0
2900.04
77.0221

SEGMENT A BIT TO STABILIZER
X Y

(ft) (ft)

+0.00000 +0.00000

+1.02909 -0.00077

+2.03817 -0.00148

+3.08726 -0.00207

+4.11634 -0.00248

+3.14343 -0.00264

+6.11634 -0.00247

+7.08726 -0.00193

+8.03817 -0.00098

+9.02909 +0.00030

+10.00000 +0.00238

SLOPE
(ft/ft)

-0.00073
-0.00073
-0.00064

-0.00030
-0.00029
+0.00000
+0.00034
+0.00076
+0.00123
+0.00182
+0.00248

SEGMENT B STABILIZER TO TANQENCY POINT
SLOPE
(ft/ft)

+0.00248
+0.00429
+0.00321
+0.00340
+0.00300
+0.00419
+0.00314
+0.00203
+0.00101
+0.00028
+0.00000

(ft) (ft)

+10.00000 +0.00238

+13.17380 +0.01338

+16.33170 +0.02388

+19.32730 +0.04389

+22.70340 +0.06234

+23.87920 +0.07723

+29.03310 +0.08893

+32.23090 +0.09713

+33.40680 +0.10190

+38.38260 +0.10386

+41.73830 +0.10417

H-4Q

MOMENT
(ft-lb)

+0.
-781.

-1640.
-2373.
-3383.
-4668.
-3736.
-6907.

-8119.
-9390.

-10720.

00636
38900
23000
30000
26000
67000
78000
31000
40000

91000
40000

MOMENT
(ft-lb)

•10720.
-6263.
-2469.

+610.
+2934.
+4471.
+3200.
+3110.
+4204.
+2492.

+0.

40000
86000
71000
46300
81000
73000
31000
68000
03000
73000
00000



Dl (ft) = 10
DH (in) = 8.75

ODdc (in) = 6.25

IDdc (in) = 2.25

•Dst (in) =5 8.688

MW (ppg) = 10

ALPHA (deg) = 90

DELTA ALPHA = 0

WQB (Ib's) = 20000

P (Ib's/ft in flu id) 76.8151

I (in"4) = 3.54967E-03

BETA (deg) = -.0439181

HO (Ib's) = 709.945

HC (Ib's) = 0

hi (Ib's) = 2968.61

PHI (deg) = 92.0328

SEGMENT A BIT TO STABILIZER
X Y SLOPE MOMENT

(ft) (ft) (ft/f-t) (ft-lb)
— — —————

+0100000 +0.00000 -0.00077 +0.00679

+1.03126 -0.00078 -0.00074 -788.60800

+2.06253 -0.00151 -0.00065 -1657.78000

+3.09379 -0.00211 -0.00051 -2606.25000

+4.12505 -0.00253 -0.00029 -3632.66000

+5.15632 -0.00268 +0.00000 -4735.55000

+6.12505 -0.00252 +0.00035 -5839.81000

+7.09379 -0.00199 +0.00076 -7008.77000

+8.05253 -0.00102 +0.00126 -8240.93000

+9.03127 +0.00048 +0.00184 -9534.73000

+10.00000 +0.00258 +0.00251 -10888.50000

SEGMENT B STABILIZER TO TANGENCY POINT
X Y SLOPE MOMENT

(ft) (ft) (ft/ft) (ft-lb)
——

+10.00000 +0.00253 +0.00251 -10388.50000

+13.14830 +0.01360 +0.00433 -6356.26000

+16.29660 +0.02391 +0.00526 -2499.61000

+19.44490 +0.04593 +0.00544 +629.89800

+22.59330 +0.06257 +0.00504 +2990.46000

+25.74160 +0.07725 +0.00423 +4550.53000

+28.38990 +0.08894 +0.00317 +5289.29000

+32.03820 +0.09714 +0.00204 +5196.84000

+35.18650 +0.10190 +0.00102 +4274.45000

+38.33480 +0.10386 +0.00028 +2534.42000

+41.48320 +0.10417 +0.00000 +0.00000

H-41
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By definition:

APPENDIX I

DERIVATION OF THE

FORMATION BIT FACTOR/

FIGURE XVIII-I

FBF
K,

Considering the triangle ABC in the diagram above:

fy FIGURE XIX-I

h i-l

(I-l)



R - Resultant force vector at the bit

aj^ - inclination of the new segment of borehole

F - footage drilled

^v> ^h ~ vertical and horizontal components of footage
vector

(}) - angle between the resultant force at the bit
and vertical

Kv, Ke - reliability of the formation in the vertical
and horizontal directions.

y - Dip angle of the formation relative to horizontal

by definition

Fy = Kv R cos(J) (1-2)

Fh = Ka R sincf) (1-3)

Solving (I-l) for Kh

Kh = Kv (1 - FBF) (1-4)

Substituting into (1-3) and rearranging

FBF = 1 - (1-5)
tan (j)

The FBF will be split into two factors which will segregate

out the influence of the formation and the bit. Lubinski

and Woods originally defined h as a drilling Anisotropy Index.

In this paper it is redefined as the Formation Anisotropy

Index, FAI.

h = FAI = 5^^
Kd

1-2



H' = Y + ATN[(1 - FAI)*tan((|) -y)] (1-6)

where Kd, Ke are the drillability of the formation parallel

and perpendicular to the bedding plane.

by definition:

BAI =

Ba

Bjj,= Bad - BAD

v/tf t icle.

(I-6a)

R - resultant force

vector at the bit

FIGURE XX-I



where:

a -

£ -

Ba» Bj, -

axis that is tangent to the drill string

at the bit

axis that is perpendicular to the slope

at the bit

rock bits ability to drill along its axis

and laterally on its side

From the assumption that the displacement is proportional

to the force.

Fg^ = Bg, R cos [(a + 3) - <J)]

F£ = R sin[(a + 3) - <t>]

= Bad - BAD R sin[(a + 3) -<j) ]

^ = (1 - BAI) tan(a + 3 - (|))
Fa

FIGURE XXI-I

1-4

Vert-ictrl

(1-7)

(1-8)



where:

Fb

Ff

F;. -

are the footage vector components. along

the a and £ axis

resultant footage angle 5 from the vertical

resultant footage vector angle ¥ from vertical

resultant footage vector for isotropic formation
and anisotropic bit ^

resultant footage vector for
isotropic bit and anisotropic
formation

FIGURE XXII-I

I c.aI

p- "t-ilfc. a.t. +l*-e bit
S - c-f" Pfc, u>//^ f"®

\/er tical

Ved'i uolI
ot- 0^ X

vert i c<i

From Figure E

tan (a + 3 - 6)= = (1 - BAI)*tan(a + 3 - (j))
Fa

(1-9)

1-5



which yields the following expression for 6

6 = (a- + e) - ATN[(l-BAI)*tan(a + 3 - <J) )] (I-IO)

per Lubinski and Wood's definition of Ae, Ad

Fpl = K(iR[cos^ ((j) - y) + (1 - Fai)^ sin^((J) - (I-ll)

in an analogous manner
(1-12)

iFbl = BaR[cos^ [(a + +d - Bai)^sinH(a +

Resolving Fp and onto the verticle and horizontal axis

(per diagram E) and dividing the two components yields:

Let:

M
Ba

_ Fh _ Ef sin(¥) + Fb sin (6)
t an cx.« "• -ri 7TT

Ff cos(¥) + Fb cos (6)
(1-13)

ic = llil
Fbl

(1-14)

cos^((t> -y) + (1 - Fai)^sin^((t) - y) U
cos^(a+e -(})) + (1 - Bai)^sin^[(a+$)- <})]

Upon rearrangement (1-13) yields

tan(aii) ==

J C sin(H') + sin(6)
Ba "

-v/^ cos(^) + cos(6)Ba ^

1-6

(1-15)
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