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2 (H LA CFD KBRS BUE e ) iR B AR IEaE - S350 - EEGPHRAE A
DLERFEGES 1y T & A /K EOMAER - fRaiib B B R e DUE RS T 2
i - Subramani AR RIS i Er T sl b etetBs - slie 1 A E GRaE S
TEi& LR (Orifice plates) ~ €55 (Elbows) K, = i (Tees)4H & F i & 47 (8 1) - 5t
B e A R SR R R R+ BV AR o RS F F IR N LK 5 DU R R
e DA Z2 R IS IS AR BRI U FIVE - SBREraa Ry 4 SEISPE > SR F 22 R A

L 1000 scfm fHiEEE Srifisa & - WAMIIMEIRD kKRR L - PAFR 2 Z 5 &

BIZEAFEGRA THYESUBEIERE - 3R 2 AJH > S ki R oA e L8 SR SR e 2 22

5o FEURRRAVME KR Y ERNIZRKRE - R 4 o B iy A B Bl
fe T Pk (test2 vs test3 or testd) » FFR A AIME =B HEEHES 7 8 A IEEhEE 4 55
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Test# Usg sy | Vst mis) . Orifice plate Maximum erosion extent (mm/1000 kg of fines)
(microns) | 5D before E6 E6 ES E12 T10 T14
1 40 0 170 No 0.923 0.783 0.559 25 25
2 40 0 25 No 0.386 0.375 0324 25 20
3 40 0.075 25 No 0.112 0.098 0.070
4 40 02 25 No 0216 0.081
5 40 0.075 25 Yes 0.264

Shirazi £ A\ FII{E A PSR BRI AR (SPPS) - st B SRS AR D S e i i
TR G (B 2) » PR LB (F i r e 4y - TR BRI 2
fHfE - BT AE 3 ~ 4~ 5 FoR » [B 3 FEAEIREE 4 TANE SR E &K 500
psi ZRIKEEST T » FE & 150 um RS HEid FLD =R 5y 10 Ib/day B » B 4RIERT

ARy 1~ 5 K 10 mpy (meter per year) S HS KO BG AT B 4R PIVER UM o A3
SRR PR E A BT B 4RI AR eSS R AR E - (B 4 JeJ&El 5
R Ry 285 5 mpy EERERERTN » AN [EIZE A& A F RS E SR TRy AG e S 2K -
S T AZAT PR BE S DA R - SE TR RR A B (4 -
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Experimental Data (mm/kg)

2 SPPS ERIEMEEE A Flalh 2 ft 545

100

10 e

API RP 14E (C=100)

Allowable Penetration

Rate=1m
py —

0.1 H
Water and Methane
500 psig and 100 F
0.01 4 Pipe Diam. = 4 inches
Sand Size = 150 pum
Sand Rate = 10 Ib/day

Superficial Liquid Velocity, VSL (m/s)

0.001 T
1 10 100
Superficial Gas Velocity, VSG (m/s)

3 [BEEERIRITT - A [FIEEEREHAR 7 ks S

100
e ., 1lbfday
® -m--
E w4
3 — ==
>
E‘ i
H ! APIRP 14E
@ Sand Rate = 100 Ib/day 3
> .
Z N/
=3 0.1 4 y
= ! I
= Water and Methane :
& 500 psig and 100 F I 10 Iby/day
2 001 {Pipe Diam. = 4 inches I I
@ Sand Size = 150 pm :

Pen. Rate = 5 mpy | I

| I
0.001 1
1 10 100

Superficial Gas Velocity, V3G (m/s)

4 5mpy EEHART - AEZR AN E Z GRS E



100

APIRP 14 (C=100)

Elbow Diameter = 2 in
01

Water and Methane
500 psig and 100 F
0.01 4 Sand Size = 150 um
Sand Rate = 10 Ib/day
Pen. Rate = 5 mpy

Superficial Liguid Velocity, VSL (m/s)

0.001

Superfical Gas Velocity, VSG (m's)
5 5mpy EEREART » AFERSTES MHYRARERSUTE
FESEIRUR IR Z S oCER 7y > Huang 2 AAE B B 1 TR R/ N S ([ 6) 1544k
AR - SIS T IR e ) LR PR e 4 > RE AT BEUA RS (Wax pigging)
ZERVEIROE - o B A FA [F) S EE R R S IS ] - BRIy
DU - FHELI B B = GBI E T TEERURER > Tacek A FIRE R O Fr R AR E

ZHRVESRIE - B FE I BTTRES8HY Pigging model(eq.1) » BRI -

100

101 i ag 25 L 26

Gl

1-test pipe; 101fixed frame; 2-pig launcher; 20-wax receiver; 21-erect rod; 22-serew nut; 23-spiral spring: 24—pully bracket; 241-fixed pulley;
25-electrical box; 28-microswitch; 3-pig; 35-towing ring: 4-acrylic cap; 41-handle hole; 5-operating platform; 51-table top; 52-table baffle; &-
overhead railway; 60-s5ervo motor; 61-reduction gearbox; T-oriented douible pulleys unit. 8- hanger; S-tensile force transducer; 10, 11-wirelines,
100-pigaing simulation setup for wax remaoval

6 Huang % A\ Z &EEUR RSB s T E
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Hep v RIS IFENETT ~ vy RJEARIETT ~ a B b Ryslin 8
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EEROCER T BT Hovden 154U o byl 7 w1 - Huang 3¢ ABd3% .~ Pigging model
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EREETTE » SR B AU m] e R R AN A S R & 2 BH 38 - Kefford 5
NPT AN BT R Be i Ry © i Ae JJ(Fluid flow rate capacity) ~ 12 F &
(Gas handling capacity) ~ ;% 1FUz#51% (Net positive suction head) ~ % BXff & (Head
capacity) + FF AR B L BLE i (Setting depth and dogleg severity) ~ FEEEELE 2
LZR(Power capacity) k¢ 5 2255 (Efficiency) - Kefford S \Firffiikadamiy =B 2\
5872 (Electrical submersible pump) ~ & & 1245 %< (Electrical submersible
progressing cavity pump) - #5155 (Rod Driven progressing cavity pump) ~
fillHZR (Sucker rod pump) ~ BT (Jet pump) ~ 7KJ77E2E7R (Hydraulic piston
pump) - JR{EE7& /K2R (Hydraulic submersible pump) K258 #2(Gas lift) » 2455 /41 T -
UREE B R S ERST - BED R - B R REE RSTHE Bk
Z NTERT N S > B Al AR i A gk h A i sE D #ifE - S r s
R DROH e SR B BR T B B S IR N B Y & R 2= AT
SRTHE N R 2 S R PR B A - SRR S R A A
W% 3 fn > H P EB IR BURBRVE /KR B n] e B & SRS 2 TO% e W -
TEIR A fry B 2 T A TR IR IR R NBR T RE 0K 3% 4 Ry S S 2 IE TR
IR RSN > HaR 4 AR VR TR BURARIR S IER IR 35 oK (- 4B UR
A R (R H R JBR T B B A B L A B g SR iR R < W R R R A
ER b2 N EmTES - AEH A IEAEEZERS - K2 R HE L
BRI RN RFRERIRS T ik el N TRl e BEBR PR R - 32 5 /&M
TR WNE B E S TSR RS WE N RAE G R EFEIUhEE R 1))
AR BEHCRAGH I EE IR RE T N > K )RR SRS E IR - (HINS R



T3 BERIAE A R SR

5-10% Gas locking for conventional radial flow pump (Bellarby 2009,
Chap. 6.3.3)

VLR =3P, (Turpin et al. 1980) Correlation for conventional radial flow
ESP pump showing dependency on suction pressure.

70% Using helicoaxial pump stages (Camiller: et al. 2011)

75% Using gas handling technology (Bagei et al. 2010)

33% Due to dry running and overheating of elastomer stator (Hua et al

PCP 2011)
60% Using all metal PCP (Arredondo et al. 2014)

SRP 50% Limt related to gas lockmg (Clegg et al. 1993)

™ Free gas 1n a jet pump can lead to cntical flow and reduce capacity

(Verma et al. 2014)

HPP 50% (Brown 1980, Chap. 5.824)
70% Using helicoaxial impeller design (Bhatia et al. 2014)

HSP

75% (Mali et al. 2010)

GL No upper limit as such. The benefit of gas lift will potentially be reduced.
RS

R4 BECRHAF LG Ui

ESP 20 — 30 psi (46 — 70 ft) in all liquid (Simpson et al. 2003)

64 psig for a standard ESP, 16 psig for a CBM specific ESP (Bassett 2006)
N 5

PCP 6(? ft ?Sm:lp.son etal 2003)
235 psig (Bassett 2006)

SRP 75— 100 ft (Simpson et al. 2003)
32 psig (Bassett 2006)

Ip 86 psig (in a 1.200 ft well) (Bassett 2006)

R 5 BEFUHH N E R B SR A

3°/100ft for standard equipment, up to 12°/100ft using specialist equipment (Gallup et al. 1990)
ESP 20°/100ft n 7" Casing, 12°/100ft in 5-1/2" Casing (Bassett 2010)
10°/1001t 1n the build section, 3°/1001t in the ESP tangent (Gray 2015)
15°/100ft (Taufan et al. 2003)
ES-PCP
1.5-3.5°%/100ft with pump landed in horizontal (Garcia 2013)
RD-PCP 4.5°/1004t (Correa et al. 2013)
15%/1001t using rod gmdes (Clegg etal. 1993)
SRP
12-16°/100ft depending on hole size, using ‘'molded on’ rod guides (Cortines et al. 1992)
p 24°/100ft in 2" tubing (Clegg et al. 1993)
12°/100ft in 5-1/2" casing (Pugh et al 2011)
HPP
"If tubing can be run m the well, pump normally will pass through the tubmng" (Clegg et al. 1993)
HSP 6°/100ft, with 200ft tangent section = 1°/100ft where the pump 1s landed
Dogleg severity not typically an issue but conventional wireline access (for valve change-outs)
GL limited to 70° deviation (Clegg et al. 1993)
Wireline tractor technology 1s available for deviations = 60° (Chow et al. 2012)




TR AR B (PR > H S B R B A A HRA - fhR 5 nlRl - &
FURR nDRZ FFE M ERe e - Hr i B iR 2 H S i e 2 70 1€ i
i o AR B EPRIEE A E R b N LT s rh Al - EE A C S
AEBERST ~ BEYR  WEBEE RS R MRFRERE T Sk am A TR
Fhian R AR RS 2R - I EERCR B R A BALR R 2 BRI R DR B
anf R RE 2 PEAE > ANTHIN 2 B R R PRI R R BB RE T & KRR
P> 2% 6 kA E OB PO IR R 2 5288 - FRIBSHIRIN B ERREAA LS
HJEE 50%LLE - IEETIRIHACREGE - R ATRIERL 25% o ASTRN A ILER -
AR N BRI 2 B - WA R RS S — A TR AL 1R
SAGE B SE R BB e & i N BT TR b 2R A R A [FIFa 3%
R R aniE &

* 6 BHSBURAMEESR Z UM

50% overall efficiency (pump, motor, cable)(Bellarby 2009 Chap. 6.3.1.)

ESP 33-41% overall system efficiency (Takacs 2011)

50% overall system efficiency (Clegg et al. 1993)

=80% hydraulic efficiency (Bellarby 2009, Chap. 6.6.1.) - need to include motor and mechanical
ES-PCP & RD-PCP losses for rod driven option and electrical losses for submersible motor driven option.

50-70% overall system efficiency (Clegg et al. 1993)

SEP 50-56% overall system efficiency (Takacs 2011)
10-20% operating efficiency (Clegg et al. 1993)
JP
20-25% hydraulic efficiency (Brown 1980, his Fig. 6.6)
Volumetric efficiency: 90% (@ engine end, 85% (@ pump end and no load DP from Brown (1980,
HPP Do = = =
his Fig. 5.45)
HSP 50% combined turbine and pump hydraulic efficiency (Brook et al. 2014)
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