Ejemplo:
L =10,000 pies

TP@ 2. pg.65 2,
8 pie

D=2875pg,d=2441pg
Terminacion: Aceite 30 °API (fluido)

Evento: Cementacidn forzada

Ib
TR@ 7pg, 32 —, Degg = 7pg,
pie

desg = 6.094pg

dpkr = 3.25pg

Pcemento = 15 Ib/gal

P = 5,000 Ib/pg?

Pesg = 1,000 Ib/pg®

Al realizar dicha operacién se tendra un enfriamiento sobre la sarta ¢ aparejo de produccion
(produccion).

ATavg = -20 °F

Procedimiento de calculo propuesto:
a) Efecto de Temperatura.
b) Efecto de Piston.
c) Efecto de Ballooning.
d) Efecto de Buckling.

1. Buckling mecénico.

TR@D=7 po,
(d =6.094 poy 32 [bipieg

10,000 pies

localizador

2. Buckling hidraulico.

e) Determinar la longitud de sello.

f) Determinar el diagrama de cargas axiales (Tensién - Compresion) sera:

g) Determinar la profundidad donde se localizan dichos efectos

h) Determinar la resistencia del aparejo de produccién.




Solucién:
a) Efecto de Temperatura.
ALT = ﬁLATavg

AT,  =-20°F
AL, =[6.9x10501FJ[— 20 °F]

AL, =-1.38 pies

AL; =-1.38pies @ Contraccién por enfriamiento (- 2> TENSION)

Solucion:
b) Efecto de Pistdn.

L
AL, = _ﬂ[APi(AP _Ai)_APo(AP -A, )]

AFp = APi(AP _Ai)_APo(AP - Ac)

°APl =

m—131.5

Yo
141.5 141.5

Vo= P Y= —— > },=0.876
°API+131.5 30°API+131.5

po=y0*8.33% > 5, -0876%833 2 3 5 -73 P

ga gal gal

s

As=7 (D" -d) > As:Z(2.875pg2-2.441pgz) > As=1.812pg’

T

A, =" (L) > AP:%(3.25pgz) > A, =8.295pg’
A ="(d) > Ai=%(2.441pgz) > A =4.6798pg’

A, ="(D) > A,="(2.875pg") > A, =6.491pg’
4



Condicion Inicial

Pyg; = 0.052 p, * Prof P.., =0.052* p, *Prof

csgl
. b , : . b, :
Pigr =0.052%7.3 —710,000 pies Pesg1 =0.05277.3 — 710,000 pies
gal gal
Ib Ib
Py =3,796 oF Pyt =3,796 @

Condicion Final

F’lbgz =P, +0.052" p_., * Prof F’csgz = F’csg +0.052* p, " Prof
Ib b, . I b, _
Ppy> =5,000 > +0.052*15 10,000 pies  P., =1,000 — +0.052*7.3 ——*10,000 pies
Pg gal Pg gal
Ptng =12’800Ll Pcsgz =4*796 Lb;
Pg P9
TUBING p[lb CASING | p [B
0 5000 [DGJ 0 1000 [pgﬂ
1000 @il 1000 @ inicial
2000 & nteial 2000
3000 3000
4000 4000
5000 5000 Ll
6000 6000
7000 7000 z//
2000 8000
5000 5000
10000 , : , 10000 . )
3796 12800 f
D (pies) I b | %} o (;iBSJ - ‘ . [E}
AP = 9004 [@] 4798 [ﬁ}
AP, = 1000 | pgt
AP =Pipgz —Puegs AP, =P —Pesys
AP =12,800 12 _3,796 > AP, =4796 " _3706 12

Pg Py’ Pg pg’



AP =9,004 ° AP, =1,000 °

pg’ [sls}

AR = APi(AP _Ai)_APo(AP _Ao)

AF, =9,004F:32 (8.296 pg* — 4.68 ng)—1,oooF:SZ (8.296 pg® - 6.492 pg?)

AF, = 30,754 Ib,

Tal que:

L
AL, = _ﬁ[AFP]

10,000 pies

Ib
30x10° -2 |(1.812 pg?
( -~ }( pg’)

AL, = - 30,754 Ibs, |

AL, =-5.65pies @ (-) Contraccion - Compresién

Solucion:

c) Efecto de Ballooning.

ALB=—2L’U AP, - AP R
E R -1
oapI= 1410 4315
e
o= dle M 0876
°API+1315 30°API+131.5
b=y 8332 5 , _0876"833 2 > , =732
gal gal gal

As=%(D2—d2) > As:%(2.875p92—2.441pgz) > As=1812pg°

Ap =T () > AP=§(3_25 pg’) > Ap=8295pg’
A ="(d) > Ai=%(2_441pgz) > A =46798pg’
A, =%(D2) > A, =%(2.875 pg’)

A, =6.491pg



Condicion Inicial
Ptbg1 =0.052* p, * Prof

Py =0.052*7.3 L 10,000 pies
gal

P, =3796lb
thg1 pg

2

Condicion Final

Ppg2 =Py +0.0527 o * Prof

Puy, =5.000 12 +.0.052*15 12 *10,000 pies

Pg gal

Ib
Poge =12.800

Condicion inicial

Ppg1 +0
Ptbg1avg = tb912
3,796 Ib2 +0 Ib2
Piogtavg = P9 g
glavg 2
Ib
Ptbgmg =1,898 E
Condicion final
_ Pigo + Py
tngavg - 2
12,800 2 15,000 2
P _ Pg P9
tbg2avg 2
Ib
Ptngavg = 8,900 E

Pyt =0.0527 p, * Prof
. b, .
Py =0.052%7.3 —*10,000 pies
gal
Ib
P =3,796 —;
F’csg2 = Pcsg +0.052 7" p, * Prof
Ib . b, _
P, =1,000 — +0.052*7.3 —*10,000 pies
P9 gal

Ib
Pesgz =4,796 o

[

P +0
Pcsg1avg = 92
3,796 'bz +0 'b2
_ Pd g
Pcsg1avg - 2
Ib

Pesgiag = 1,898 g

Pcs 2 + Pcs
Pcngavg = : 2 :
4796 ° 11,000
P Pg Pg
csg2avg 2
b
Prsgzavg = 2,898 g’



b Pl
0 5000 iR P[pgg] 0 1000 rE [ngz]
1000 [y FRegr Fise2 1000 @ inicial
mRRELRL4Yd o
4000 AP =7002 a 4000 AP,,= 1000
thgZawg
sgonl LT sn00) ___ I
BO00 s 600D |, @ final
7000 raoo| o=\ |\
2000 8000
3000 3000 \
10000 \ = . y 10000 . ’
1898 3796 12800 p [i} L o1e88 faes || b [ﬁ}
- L 1 pgg ; 2
D (pies) araons [I2] Digies), R I
s S o]
0= ng
AI::’ia = Plbg2avg - Ptbgﬂavg AF:’oa = Pcngavg - Pcsg1avg
AP, =8,900 ° 1898 12 AP, =2,898 ° 1898 P
P9 P9 P9 P9
AP, =7,002 12 AP, =1,000 12
pPg pPg
R_D
d
_2.875pg
2.441pg
R=1.178
AL, - _2Lu[ AP, ~AP,R
E R* -1
| 7,002 21000 ° (1.1787
AL _2(10,000 pies) 0.3 cp Pg pg’
® 30 x 10° psi (1.178) -1

ALg =-2.89pies @ Contraccibn - Tension



Solucion:
d) Efecto de Buckling.
1. Buckling mecanico.
AL, = AL 4 + AL,
P L
E As

Como no existe la | F,, = Olbs, por lo tanto no hay efecto mecanico.

AL, =

Solucion:
2. Buckling hidraulico.
rFf

Lo =~ 96 E | w

W=W,+W,—W,

w =M, W-=AA-, w =&A
ST 12 231 ° T 231" °
6.5 12 N
w,=—P€ 5 w =0542"
12 pg
19 lﬁ Ib
w, =—392 (4679pg’) > w,=0.303—
231 pg
73 Ibl Ib
w, =92 (6491pg’) > w,=0205 "
231 pgY
w=0542"° 0304 _0205"° > w-06402
Pg Pg Pg pg
=7 (D' -d
64( )
|=§((2.875pg)‘—(2.441pg)“) > 1=1611pg*
=dcsg_Dtbg
2
r=6.094pg—2.875pg
2

r=1.6095 pg



Tal que, determinando la fuerza ficticia F;; a partir de:

F, =8.295 pg’ (9,004 b4 000 'bg]
Py Py

F, = 66,394 Ibs,

r.2 F2

AL - - 't

P 9B E 1w

(1.6095 pg) (66,394 b f
AI-bHYD =- b b
96(30x105 2}(1.611 pg“)(0.640 J
Pg Pg

Solucién:

e) Determinar la longitud de sello.

ALy = AL +ALg + AL + AL, .. + AL o

ALy, =—1.38 pies — 2.89 pies — 5.65 pies + 0 pies — 3.84 pies

AL —13.76 pies

total —

Concluyendo, para ello se requiere un minimo de 20 pies de longitud de sellos.

RESUMIENDO:
EFECTO |SIGNO | AL (pies) | FUERZA
Temperatura - 1.38 |No existe
Ballooning - 2.89 |No existe
Piston - 565 |[Si existe
Buckling - 3.84 |No existe
Solucioén:

> Al,yp =-3.84 pies

Pata de mula ——

Tope localizador
<—— Unidad sellos multi - ¥
261

Unidad sellas multi - ¥

. 1 Sellos por sacrificio

f) Determinar el diagrama de Cargas axiales (Tension - Compresion) sera:

Finalmente representamos el diagrama de Tensién — Compresion, se obtiene:

1. W =Wn*L

tbgaire

Ib .
Wipare = | 6.5 —— [*10,000
tbgaire ( plej ples

W = 65,000 lbs

thgaire




Wtbgflo1ada = Wtbgaire - Fﬂotacic’)n
_ *
Fﬂotacic’)n - Pl As

P =0.052* p, *Prof

P -0052"7.3 " 10,000 pies > P =3796 b
gal P9

Fflotacién = 3!796 plgg * 1 81 12 p92 9 Fﬂotacién = 6!878 IbSf

Wi sroimee = 65,000 Ibs, - 6878 lbs, > W, ... =58,122 lbs,

C_ 1000 ks T 1000 Ibs

273 58.1 B5

T = Wipgtlotada ~+Frer Wipy @ aire

Wilypg @ flotada

10,000 pies

T T
-3TE -A.8

(ies)

3. T =Waygtoasa— ¥ Fexr
Como la { F, = Olbs,, entonces tomamos el valor de la fuerza del efecto Pistén.
AF, =30,754 Ib,
T =58,122 Ibs; — 30,754 Ibs;
T =27,368 Ibs;

Solucién:

g) Determinar la profundidad donde se localizan dichos efectos

(T-C)=P, A, -P A



Se tiene:

1. (T _C)sup = Pcsg Ao _Pih Ai
Ib ) lb 2
(T-C),, =1.000 " (6.492 pg’)- 5,000 > (4.68 pg’)
Pd Pd
(T-C).., =16,907 Ibs,

(T-C)gyp =16,907 bs,

Ahora:
2. (T _C)fon = Pcsg‘l Ao - Ptbg‘l Ai

Ib Ib
T-C)y, = 4,796 > (6.492 pg’)-12,800 > (4.68 pg’
(T-C), pg( pg’) pg( pg’)
(T-C),, = (31,136 Ibs, )— (59,904 Ibs, )
(T-C),, = 28,768 Ibs,

Por lo que resumiendo:
(T-C)

Superficie = {16,907 Ibss | @ | 10,000 pies
Fondo = -28,768 lbss| @ | 10,000 pies

3. Tal que la intercepcién esta dada por:

W, (T-C)
T1_ ElreDd=_~ |_ fDd
27368 Ibs, ~ 83000108 [ (45 6076, ) (228768 105 )+ (16,907 bs,))
10,000 pies 10,000 pies
Ibs, Ibs,
27,368 Ibs, — 6.5 21D, =16,907Ibs, +1.1861 21 D,
pies pies
lbs lbs
~6.5251 D _1.1861_ ' D, =16,907 Ibs, — 27,368 Ibs,
pies pies
~76861'°5p, 10461 Ibs, > D=—10481bS 51 361pies
pie _7.6861 125

pies



Solucion:

h) Determinar la resistencia del aparejo de produccion.

Wi are —Frotseien = T F

tbgaire ~ ! flotacion

As

. _65000lbs, —6,878lbs, — 30,754 Ibs
g 1.812 pg?

atbg =

> o, =15104 psi

169 273

C_ 1000 ks T 1000 Ibs

50.1 65

1000 ‘\
£~ PN @BUCKLING
2000 {(paniden)

a00a
4000
afon. Condician
6000 inicial

7a0n
gooo
a00o
10000

Cnndiciﬁn final
(PISTOM)

Wing @D Aire

T : + \
376 b 87
D (pies)

-

D (pies)




