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'l INTRODUCTION

' Sand production is the production of lpad-beatring
solids together with the petroleum flow strean.

# Anintegrated simulation mode! assess sand
production problem by

o Prediction of perforation stabiity

« Selection of optimum gravel-pack configuration for
sand control (f sanding is inevitabie)

SPE Sand Contdt i, Aug 3003

f PERFORATION STABILITY PREDICTION

ECHNIQUES
Peroration Sabllity
Prediction
: 1
Laboratory Emplrical
Experiment Wethod

v Theoretical N
A Modeling 4

Analytical

Numerical
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h SAND CONTROL TECHNIQUES

Sand Control

1
Sand Conirof Chermical Combination
E}ravol Packlna ( Screen ) (Sand Cuntroi) (Sand ContrcD

T
i

Inside-Casing
Graval Pack

L Gpenhole
Graval Pack
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|| INTEGRATED SIMULATION MODEL.

1 Integrated Simulation Model U
I

High-velocity |

Fluid Flow Model L ‘ Eéfacts

. 1 i Pressure Drop |
M_M_O(j_db Across Perforation i
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*l PERFORATION STABILITY PREDICTION MODEL

: w The model@él«?&oped in pseudo 3-0 and 2-
n (ot & water)

| # FEM is used to develop the model |

pressure distribution around perforation

5 Plane strain & non-iinear deformation is
assumed

% The mode! inciudes Mohr-Coulomb and
Drucker-Prager yield surface to detect rock J

fallure
P Sand Conisl FEUm, Aug 2007

]l PERFORATION STABILITY PREDICTION MODEL
MeoNTmauEDR).

# Gaverning equations:

I » Flow confiruity model
3K, )
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2 Solid equilinsum moded
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“ PERFORATION STABILITY PREDICTION MODEL
| {CoNTINUED)

'i PERFORATION STABILITY PREDICTION MODEL
(CONTINUED)

| Ui Model geometry
# Governing equations: }
» Wohr-Coulomb yield surface ! -rl
F= (\fgcosﬁﬂ —sinf, sin ¢){;-3psi11¢5~3ccas¢ =0 ! i it
b LT ET——
[ g ped - 4 } single perforation
» Drucker-Prager yield surface 1 | H Ti
| il
F=—3gp+—=q-K=0 13 | 1
o+ a- l [I \
T ddee Cmu-sncll;m
» CQuantity of sand produced ( i 1‘
» |
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EPE Send Conlrah Forum, Aug 2002 — LQTE and Contal Torurm, fg 2009 j
t PERFORATION STABILITY PRrEDICTION MODEL h PERFORATION STARILITY PREDICTION MODEL
{CONTINUED) . (CONTINUELD)
F i Model geometry |

Bt

«Geomelry of
borehole with
4 perforation
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® Flow chart
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}l 3-D FrLOW MODEL

@ The madel is 3-D cylindrical flow model
# The model developed using finite differant method

# The model provides pressure drop for
s Gravel packed perforations in formation rock
»  Casing-cement tunnel
w  Annular gravel pack

+ The pressure drop due te velocily effect was
calculated using Forchheimer equation

.
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l% 3.D FLow MODEL (CONTINUED)

# Governing equation

m 3-0 flow continuity equation

af an’y 2
L8 ns,ms{f?i— %hi +--!1—£§ » (
(= 57 JERN

4.

T

23
i
6r+q

» Velocity effect (Forchhaimer equation)

U= d—— and 6 =
[
N

SPE Band Contrel Forum, Aug 2003

‘l 3.D FLOW MODEL (CONTINUED)

w Pressure drop across perforation

» Pressure drop across perforation (outside casing}
AP =P P,
» Presswre drop in the casing-cemenl perforation tunnel
{Saucier's equation)

Ly g faY
ap, = 088820 4 g yx107 8L 2
: A e A

L.
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li 3-D FLow MODEL (CONTINUED)

# Mode! geomeatry

“Well model
{side view)

5PE Sand Canfral Forum, Al 2023

h 3-D FLOW MODEL {CONTINUEDR)}

% Model geometry

“Weli modei (lop view)

SPE Sand Sontral Feram, Aug 2003

ll 3-D FLOW MODEL (CONTINUED)

e

[
| # Flow chart
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h VALIDATION OF RESULTS

Perforation stability prediction model

« The model was verified using laboratory
experiment data

+ Bood match was achieved between predicted and
experiment result for wellbore pressure, waler cul,
mean effective stress and quantity of sand
produced

+ Main findings: rock failure normally occur at
perforation entrance and perforation fip

{

SPE Sand Contral Fedutn, Aug 2003

VALIDATION OF RESULTS

Perforation stability prediction model
Input Data

Young's modulug = 1.1204E40% Pa

Paisson's ralio =03

Parmesbilily = 3.B516E-07 m? (370 mDY)
Porosity =026

|riliaf pore pressure = B.6942E+08 Pa {1290 psi}
Initiat water saturation =0.635

Dl wiscosily = 1.5E-03 Pas (1.5 cp)

Qi density = 0.B5E+03 kg/m?

Waler viscasity = 1.06-03 Pas (1.0 cp)
Waler dersity = 1 0603 kgim™
Overburden strass = 3.44T4E+Q7 Pa {5000 psi)
Hosizontal stress = 241326407 Pa {3500 psi)
Welleors diameler = {12085 m {4.75 In)
Resenow radius = §,2938 m (0.9633 1t}
Reservolr thickness = 0.4084 m (1.34 ft)
Paripration length = 011176 m (4.4 in)
Parpration diamater = 001905 m {0.75 in)
numbar of peroration =8

Phasing angle = &ir

SPE Sandg Controf Forum, Aug 2003

h VALIDATION OF RESULTS (CONTINUED)

Perforation stability prediction model

Input Data
Time Production | injection Sw Pec (Pa}
{sec) (BTBD} ¢ (STRD) 0.44 2681005 |
1- 12400 95| 888] |04 20566.50
12400 - 16218 975 o] [050 2861288 |
15215 - 25648 47|  1a70; 258 27570,53
050 26709.27
25648 - 30466 280  288) oo Free
070 26544.03
072 125132 58

k VALIDATION OF RESULTS (CONTINUED)

Perforation stability prediction model

input Data
iE i ] +Cit formation
T ¢ { volume factor
| | data

Ba, {fracticn)

o n Ed a 40

i
Prassura, (M6 |
|

®e. trraction)

‘Relative

permeability | M o2 a4 s

vata Wator saluration, fraction)
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;! VALIDATION OF RESULTS {CONTINUED)

h VALIDATION OF RESULTS (CONTINUED)

Perforation stability prediction model

! & g5 i

& s

ﬁ" 75

5 85 ‘! j—o— Experiment i
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= 554

g !

51
Q 10000 20000 J00C0H 40000
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Perforation stability prediction model

01 [—e—Exporiment]
56 [ M Sipriliiton

Brine cut, {%}

o 10004 20000 30000 46640

Time, {sec}
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Il VALIDATION OF RESULTS (CONTINUEDR)

Perforation stability prediction model

5
o

N
@ oo B

i Ex periment
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15.5

Effective mean stress,
{MP3a)

o 10000 20000 30000 40000

Time, {sec) i

|| VALIDATION OF RESULTS (CONTINUED)

SPE Sand Conird Forum, Aug 2003

Perforation stability prediction model

Experimient Mohr-Couiomb | Drucker-Prager

Wellbore pressure | 4.8714 MPa 55158 MPa 61778 MPa
at tailure

stress al failure

Effective mean l 19,488 MPa 19.449 MPa 18.881 MPa

Experiment Simulation

Sand quandity 2251g : 1810 g

SPE Sand Contrel Forum, Aug 2003

|I VALIDATION OF RESULTS (CONTINUED)

3-D flow model

W The results were verfied using actual well data {10
wells)

% Good match was achieved between predicted and
actuat well pressure drops (>70% match)
® Main findings
# Major pressure drop {82-88%) aleng casing-cement tunnel
B 4-18% pressure drop along perforation in formation roek

W 0,605-1,12% pressure drop In anmwdar gravel pack

SPE Sand Conkal Forum, Aug 2002

1‘ VALIDATION OF RESULTS (CONTINUED)

3-0 flow modes

TR SIFED

o SELLATEN

Yotal aodiional preseurs drap {psit

oFf. OFA2) GFA-20 GFEY OFE-13 OGPt
164

Wit Haino
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1| VALIDATION OF RESULTS (CONTINUED)

3-D flow maodel

% aftatst prassurm drop

164
[
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| case sTupy

B Effect of flow rate on stress distribution

F T - g 5

F SR 7

2 20 RS

£z f £

B e ot A B e it e et
aco ]

Fintance from welltore fm)

wotirt fm)

Ty

| R ]

~Greatast major +Greatest minor

principie stress occur principie strass occur at

along perforation reot perforation entrance
and perforation tip
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CASE STUDY (CONTINUED)

Fr Effect of flow rate on stress distribution

ong 12in Perforation Raot

H
i 1ato
_ ]u et | «Greatest shear stress
& e a2 ot s 4 ocour at perforation
| E e i entrance and
g o i perforation tip
i
!

I Distance fram waltbars fm)
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II CASE STUDY (CONTINUED)

w Effect of perforation penetration on perioration stability

/ { sncreased in perforation
length increase wellbore

pressure at failure or

reduce the stability

Vinllovs Prwtsare (W9 4]

|

x & "
Ageteealon Pusasrssr i)

§ oo
Greater perforation g T
penetration induced 5 o
i

B I

greater sand produced

Pottersgan pansiradary Ainf
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|| CASE STURY (CONTINUED)

% Effect of shot density on pressure drop

+ Presgure drop decreases with
increasing shol density

H

apinel
LBEZEER

« The improvement |s mare
pronounced at lower pressure
| E N A drops

[———

- The coatribution of

perforations in the formation l

rock rises with move number of

perforations i
i
l

esarza derdy (5991
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CASE STUDBY (CONTINUED)

El

Effect of perforating patiern on pressure drop

o vt fuput

H
w
] + Thg spiral gives the
fu lowest pressure drop,
e followed by inplane, and
in Il inline pattern
©
% T e a we mm e
H
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h CASE STUDY (CONTINUED)

Effect of phasing angle on pressure drap

Hlowest pressure drop

o | achleved at 30° phasing
© T +0° phaging (infine)

=" results in greatest

%. i pressure drap

S5

. I'1 .Phasing angie between
2 30 and 120" generally

glva iower pressure
drop

3
gk

0 « “
Fhavng angle {dop vest
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ll CASE STUDY {CONTINUEL}

f

w Effect of perforation penatration on pressurs drop

L. «GGreater perforation

“ ‘engths result in less
L presswre drop and
) better productivity

i

1% ;

w [ i

= zpkal i
15 H
P S

i

Petingstlon pevietiatas (]
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k CASE STUDY (CONTINUED)

cffect of perforation diameter on pressure drop

«Significant increase of
high-veloclly pressure
drop with smaller

EER

H parforation diameter

£ el

i i ~The effect of

g Ll i perforaticn diemeter is

greater than that of
perforation length

Partoretan dismotor fln g

¢ A.A

SPE Sand Conirol Fom, Aug 2063

-Sigrificant increase of

3w owme om0  wwe e

| highevelocity pressure drop
i * S i with smalier perforation
Tn e - digmeter
5" vThe effect of parforatian
t diameter is grealer than
[ nal of perforation ieaglh
i

Sriatpa I K, D)

.
|
“High-welacity pressure
becaming mare dominant

at higher gravet
permeabiities

[

Dt sarma s,

II CASE STUDY (CONTINUED)

i# £ffect of flow rate en pressura drop

*Exponantiat incraase of
pressure drop with fiow
ale

P W TR BRI R
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CONCLUSIONS

+ A good match was obtained between simulated and
axperiment result by the perforaion stability prediction mode!

The greatest major principle stress always occur along
perforation tannet

The greatest minor principle stress and shear stress are
located at perforation entrance and perforation tip

High stress concentration arcund perforation caly extend 0
4 In from perforation tip regardiess (he flow rale value

» Compromise have to make in selection of perforation length
to oblain the highest productivity and Lhe stable perforation

» Mondtoring of flow rate is reguired to prevent excessive
pressure drop,

SPE Swnd Contend Furden, fog 2003

CONCLUSIONS (CONTINUED}

»  3-D flow model shows the good match batween predicled
and actual pressure drops for the wells investigated

= Major pressure drop cccur in the casing-cement unnet (82-
6%, with the rest causad by the effect of perforations
outside casing (4-18%) and the annular gravel pack {0.005-
1.12%)

+ The following parameters are ranked in order of importance:
(1 flow rate (i) shot density (i) perforation diametar (iv)
gravet permeability (v) perforation length (i) phasing angle
{vil} perforation pattem

+ Due to dgifficulties in controliing flow rats, perforation length
and diameter, good selection of shot density and pattern
with suitable phasing angle are imporiant

+ Gravef permeabitity can be maximized through good gravel-
packing practices and is crucial ta batter well productivity.
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