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AR E A FEEER A FE B IR0 HAR S8 e R SR R A SRR
DU R R )RR - SIS 2208 - mrE A A RN BB 730 F]
Opicoil » 238 Ko aim = BRI 408 2 B S R AR EE. » B J7 1173 R s FH AR
Z TR B il SR S S AT S JEU B 722

AR ER S ATHIEIRE - DVATCREN R AEEE R T SR i E
PR T2 el AR AT RE AT 2 AR AR - SIS LR R a2 B
(. - AESHERERE{ER > TIEZ A IRITE R T RSB U R A 2
HEH] > DRI TSI E - RS RER AL AEaEE: -

ORI ATARREHIRITZE - REOH ST 2 AR D - MR ASRE PSR RE - Re4ra Tl
ol AREE AT AL > SRR AT B BE — s Ry — (e ) AR A
BN ORGSR T © RROIITHY TEABIFY A S DA 47
AR —EGHTFHIGER > S RTARREFHAR - (BEREREERR
IIMTEEREE A FIE AR T - RE NRAFIDE G EREER -

sl GRAERE T - BT SRR B A R RIS BB E T 5 - BRSO LA
KRS o e A R RN e R -
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A FEFEVE(Production OPEration)..........ccccueeverieeeeeieteete st ere e b s s eaeenas 2

&S B A5 5747 (Petroleum Economics & Decision Analysis) ........cceeveveeveveivenennee. 14
U~ MR ootttk 23



— - Hify

& FEN B NS H SR IR ER R R BAER g Bt T2 - BRI R
SERE T - 5 S R R R B ARl - AN FI PRI S 23K &
AR Z R S T ERBEPR T3\ > [ B0~ FURECRAAR, ~ BOHEE
- EH R EEGE - R E A SRR - B TR RS 2R
A EPHE ST A A BRI > A REZEMERTAL AR R ARV RE © 55 (I BER T 15
il KB A AT S S B E % - SR T T A R E L TR &R - INETE
EEWHIHE > ZRMAE TOE P YR G BERAEA A~ > INIE 2 HRH R RER S
SR RE S AH R M1 AR ARYEEE - () SRS BRI ke oA - ARRBL A =1 T
JeR\ b P22 B ARSI AT ©

—BE

RRE TR SRR R - BRI 2B e SR B SR
Petroskills FYERFE » DLKz KAPPA Engineering -t s ig 555/ 3RFE - KAPPA
Engineering J&—f&l gk Ae S BT A =] > BRI 600 1SR A &) (58 H B 5%
YRS - Al SREARSZEAE > BIAEA A SR SR B Z 732 & Opicoil » 2238 KaTEmss
R = TR SR AR RS -

H & Sl SR

10 H 7 H~10 H 11 [ |PetroSkills ZEF2 : Well Test Design and Analysis

10 A 14 H~10 H 18 [ |PetroSkills z#£ : Expanded Basic Petroleum Economics

KAPPA Engineering % : Pressure Transient Analysis and
10 A 21 F~10 A 25 [ gineering wf= y
Rate Transient Analysis Module 1 course

10 H 28 H~11 H 8 H |PetroSkills #f£ : Production Operations 1

11 H 11 H~11 H 22 H |PetroSkills s8f%£ : Applied Reservoir Engineering

11 H 25 H~11 A 27 H|Opicoil ka8 & E ka3

12 2 H~12 H 6 H |PetroSkills 3£#%£ : Petroleum Risk and Decision Analysis

PetroSkills #f2 : Advanced Decision Analysis with Portfolio

12 59 H~12 A 13
HoH H H and Project Modeling

12 H 16 H~12 H 20 H |PetroSkills z£+£ : Well Log Interpretation




=~ RS

AN GR R BTFE NZ  TRHAE BR R I SR AR EE AR ~ B RO R SR T R
N RF R B R R R 0 T

4 Z£E/E(Production Operation)

JH A Y4 2 (Production) 2 AT A i TIERVAEAS  #5 ERE R USRI AT A
&l st A EAYAEE T Hju A E (Geology) ~ #H(Drilling) ~ 583+
(Completion) ~ i i (Reservoir) ~ 3t (facility) S 158 » B &8 B 2E A EUf T
DA SR FH G AT e 3 A 2

TEVRESHH AV EIRE A - R FEIRER TG BBl E B B REHIN AR &
REF e R - BT PRI S FERE (G 5 H R BN B P S B pleAs AR e i L HI B RS
hEHRFE M RS E R - NI R ERIER ST EaVELE - & ] BR AT &
(—) FEHEE

A A AR AN R BT s B (PR EL (A AR 1 JREs s TE BT B AR EER T
= R TEP S A AR - DR S BRUCE R R AR AR -

HRHAERAEEE - f - & > BESEER - rafdEirad e iiEs
(Sedimentary rock) » HAE(E iR SO EAEHERFR 1 75% - EHEHIATTER
{=8d(Erosion) ~ 7 f&(Deposition) ~ 5 & E F (Diagenesis) » {F Bk E IR N &CEER T ~
o & KB GE T NP O R,

(a) Products Given (b) o
- G\<'7
I ; (- Bogenic methare
=] 8
— &
: 2
3 =
Fla
o a E
g 3
% —
Pt
21E
S, £ | Dry gas
= Graotnte

Ratio of Oxygen over carbon Generated hydrocarbon

JHIBYE BRSNS



Eabr T VBOKRCaEH GBI - EEGLIIRRE KL - ala R
(Sandstone) ~ fifz= (Carbonate) ~ H & (Shale) - HATEERCEMRMRZ EI VTR
Robileos ~ Wha ~ Hie > 2FRRERETIFIIRES - e - s - ikits
SR R RRAR B 7 o B R O R S i o SR - 2RI B 5 B PR 328 R

S > DIOREG G HBHRIVE SR - R E S ERIEEARRK 2R

& O

WOEFLIR R AR A FLIR 2R fy L (Primary Porosity) » Hf B3 <7385~ V)2 BR
T ESLBRRBIL > TRz mBREE L5 [ S8 a (E F I (E F LR R = (A 5 %
ARG RO IEAE) - WMZEDIBIRREE R > — R IS &
JEJ 85I (Sorted)f4r IR S A RFAVFLIGER - fERMERY AR - DI
A] 5T FeiA] 22 UARAE 417A 26 (Channel) » = A 2105 (f5AH (Deltaic) ~ g AH (Marine) %
— RIS BHIEEA By Z Ml =AML S O R - #5r
AT RE A EB I - AR RIE DU B E AR - RS LR
DIFER A Z BB LR — YRR AR EAVFLIRR - HaE Al > B
EH BRI CRATIZ AT AL FLIR =R (Secondary) IR G (> — i S 6=
(R -

EAPAHI £ 2 LIRS ESPA (Structural) ~ St/ EfEA(Stratigraphic) K 4 i g i
G RE > FEEE B H T E (Deformation) ITfP R 2 BIE » AT RHETRA R
BT ER g E AR E R AT R Z BIE - AR RS EIE - REEFASE
BREEPARI S Ry & S A 2 fE -

() seHaE
HYOHRH 2 e aaT BRI e L2 o e - RAREREERe
TEERTESIRE > WRARKZEERAPASE
A TREERE
1. 5eHJ5((Completion method) : % 75 BERILEH: ~ BESH ~ #
B EE T BILSEHHERL R R MU= R AR LIER
Gy > GRS Ryttt Jg 0 RRR ] ~ EeDUETT HFEE SR A /K2 ~ Sk
HEFTES Sy BB T - BE SE HHERAR U RRFLSE FHE FR (L T S ey B
SO BRENRIERTLSE TR ~ B AR ORIE - UE B E S MBS
Fo B PERItE B R AR K - AR ERS ~ AT % ER AR » BB
REARE ~ AEbI AR HREEH A -

3



2. EEm4E i (Barrier policy) © 7 B FR4E (Barrier) E45/R AL & g Bl 2L
e B - Bl R ERRREE(Hydraulic barrier) 20 7KAEEE ~ JEHEHEEASE > B¢
et EE(Mechanical Barrier)#ff (Valves) ~ FfZE23(Plugs) ~ [HIE s
(BOP)% - RylifefrAziE SR » e/ D/AWITE RS T =0 2
—FHDL | e

3. JHE£E(Tubing movement) : (A [EHYH N ZR (I E L B A S5
WIAE BB 1 RS O T AYER D HHE Y _EHE(Piston) 5 &5
(Buckling) 5 37K S HIAS I REBAL RS R IFIAS - B4 i e

EfE %k (temperature) 2 -
|

\
\
Total
movement,

e (AR | oS
2 i
— { K
|

=
=
=

|

N WX

|
|

Landed Piston Buckling  Ballooning Temperature
SIS R4 Ef(Tubing movement) (A 2
4. e g %= (Number of zones)

HHSAERER AR TR E 2 AETT =0 MEBEEEERE
Vg% - T EEMTE LEESL SR RELE - RN A E
RIPHE W RE s B AH ESER I ZE 45 (Packer) ~ fiif&1E (Blast joint) ~ ZfE
(Flow coupling) ~ IR {EEE[ (Sliding side door) ~ 5% (Pup joint) ~ %5 FE
& (Landing nipple) ~ @22 43525 (Side pocket mandrel) ~ B4 - 53£5H
(Cross over)ZE &5 {# °

5. {#H4E /K FEH:(horizontal well)
455 T PRI 5K P R T E PR SR ~ ELSRUTEL I ~
A G 2 FESE RSB AR e S RERR I Se FFH il s — LUK P A = 2
WOsEEHZEE - B8 eHaGat MR SER S8 MEE2
RO FE AR 7 A (RVIKN) BB K FR5aillE ~ RS it g a5
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\\ \ ) N
\ . e ————— . —S—— ~— 1

Open Hole Pre Drilled Liner Slotted Liner

l'“'"l_ l“ 'l_ l"’"L_

TR TSRS T ST T ST
Liner With ECP Cased Hole Pre Packed
Screen & Liner
B REGKEH 2T

SE P 22 [ A i H i (Technical Advancement of Multi Laterals,
TAML){REGHEFERERE 77 Ky Level 1 51| Level 6S £t 7 &f - 5pJH40°F ¢
A. Level 1: Both open hole/ unsupported junction
B. Level 2: Mother bore cased & cemented/lateral open
C. Level 3: Mother bore cased & cemented/lateral cased but not cemented
D. Level 4: Mother bore cased & lateral cased & cemented
E. Level 5: Pressure integrity at junction (not with cement)
F. Level 6: Pressure integrity at junction achieved with casing
G. Level 6S: Downhole splitter
FHES T HEE TR H 2 AME EFE R TAR - FE I MEALIE R R fRIZ AR
M EE T > FTAE 7KV BRI T 15 AU SRR o B R PR AT
1y HATE RAYKERZ =0 = fE - &4 Multi stage single point injection - Ball
drop & sleeve completion ~ Plug & perf completion o =& J77AHR » Multi stage single
point injection ;E AR5 Gy E e H B AN f: &+ Ball drop & sleeve completion [A £
RAEFFLAT ORI B AR - TR ”Exﬁ EEEAILE - AT LASEsE » H
FISESHYE R (3 ] Plug & perf completion » {(HE T/EEE MR ~ 291 ~ i3S >
TAEBI S —RE & AN 30%HY TERER » & ak 258 Ball drop & sleeve completion

=-°



Multi Stage Single Point Injection:
isolated zones of cased, cemented, and
perforated intervals to develop random
frac patterns with known proppant volume
and controlled frac growth per stage

A. Ball Drop & Sleeve Completion: ==
open hole intervals with isolation A
packers, dissolvable ball/seat tools, & frac
sleeves are run in hole after drilling; less
hydraulic control in developing random

frac patterns frequently results | “a” & “g~
most

B. Plug & Perf Completion: common
bridge plug pumped on wireline with perf
guns; after plug is set, guns then
perforate zone; tools are removed and
frac stimulation is pumped with the plug
diverting fluids into the zone perfs i

=M R TA

(2) WE ~ HEES I Tl

HEWIhEE BB - EYEREREE KERE - Vi L EEEe - EATL
PR » TN oy Ry dieai i e (Seamless) Kz 75 %& (electric weld)fife - H.o 5%
e B SRR - SEEfH 7 & (American petroleum institute, AP1)ET A HETE
AR > 5 R4 HA40 ~ J55 ~ C75 ~ L80 ~ N80 ~ C90 ~ P110 % » HIt W FRHFE
HEREEE Ry - BRI a/ N AR E T (yield stress) » B Ky T-RF -1 5 5%
If(kpsi) - EEE B REGE - AN ESTUReME 2 HE - FfEaSRet
MERC > Z MR - a1 E bR b &5

FrESGTERENET S B =TEE 58T - H5REE (Tension) ~ HiskyEE
(Burst) ~ fHE58/E (Collapse) - {RIEISE Rf BT B NMUEIEE - SHERFFE—
5T DUk E R ERDIN R R8RS - ST RS R (R g 4= 2 -
LUk % EEE N tmii s (HERFLEZERTE D FRE SR S B TR T/ Ml R T 5
& TJEERIL TSR EEE RZENIEDN - W5 RN E 152 71 (Tension) K FHE
ST FIECEE -




Biaxial Yield

1: L ;Wmsmn aburst. \  Ellipse of biaxial stress shows the
£ % s A ~,| effect of compression and tension
g 8 ol ]| oncollapse and burst strength.
et / Compresslon & burst ‘

g » Greatest effect is collapse strength
E = 9 ‘Tension & collapse |~/ | 10Ss under tensile loading (lower
5 20 [ \s 1 right).
£€(8 © omprumon 8 collapu 4 ‘
g 5 80 i ‘__/,f_
a 3 80 ______________ ,/
100 — \ = /,_{,f,‘?} 5
120 100 80 60 40 20 02040606010012
Compression } Tension

Percent of axial yield strength

— TSR A B E

RALYE TR R (Sulfide stress cracking, SSC)# i IR L &S [#E - 52 524
G (BN Ea b S SNE - TR B LR SR TF RIRehElEY) - T
fEEBERAEGT M He SIRREISBAE T - RARHEA &b > JVE
WESEZSTE R - BEHEEE IR aA S

Continuous Inhibition or CRA* Region

Q1 infi/sec

o

Salt Water Production
Cond te Production
— ensate Pri

ity

()}

N Gas Velocit

If <30 ppm & 40 ft/sec,
moderate corrosion

Batch Inhibition Region

* CRA - Corrosion Resistant Alloy Tubing

If < 7ppm, minor corrosion

0 250 500
CO, Partial Pressure in psi

AL ek e

HEFERS (Packen) LIRE BLFEFERIFEN - MBI REHRIE - (RS - Mg T]
o3 By 7k A BRI ZE 25 (Permanent packer) Kz ] [B]1 U ZE 25 (Retrievable packer) - 5%
SHE G N HEE R ERCR 5 & » MAANERDER W » 18 R B 5THY
ERURERET » JE(EHI R AZIAVIAZERS » (e R E s - 12H T 50~100 AR

e E ] BaRE N 24 (retrievable flapper subsurface safety valve) °

7



(19) ZKeEf [

FKEETE AT 3 P H R S H A B i EE Y AR K PR 22 m
" - WipReE E%ﬁﬁﬁm&@’%KﬁﬂlﬁﬁKE’EWEm¥ﬁ
PR FHEREE R R - KR EIN ZZIEE S /KM - ZRHE %
P52 FH (wait on cement) 5z /K JEZEH ©

ZKJEEEA] 47 B Primary cementing sz Remedial cementing( Y % £ squeeze
cement) > Remedial cementing f5#]2/KEanE N F > ZEFLIR mEMHEKE - RIfE
TALRVE S PR KEF B EE T WIR L - &0 fy Squeeze < M E > 15%HY
KIEETE TR 2N F squeeze cement » [ Hort A5 50% & kL - —RE/KEEEE:
o5 BEAG T CACHY 5% - ANARFRNEAE squeeze cement > BASREHE I 2 EEAGEE AL
KHY 17% - Hti/E7Ke S S0 ERE (R 7] — X EfL -

TEfEACRE BTNV SR - FKRME e - /5K e s iR e i HE
BRI G2 E g G R T2 A g - &R EE TR -

(1) ZAL
HEiFReEFL T A =F# - Casing guns DUSISREG LI N 24 ElE
EEENZE  BEENBR—EZELt @RI RGERE) » &R & i & i
(Kick) & Bl sifj47 45E4% ; Tubing guns DISHARRFZEFLIE T 2 A ER - fEHENTSL -
G2 FIH S AR SO E RARRYIRE] s Tubing conveyed perforating ZEFA8%E
TEME T T - REEHE T 2 ZEFLIEMZESL - 7 & BE(underbalanced) ZE 7L, - HEGIZ
TFAERE(SKin gy » FEFUB A REEHE N7 BRI ZELEHEIHE - JRT]
FEHEE NSNS N —IOHE  AATIA R BB 4k » LT AZEFURLE
BN > FTLAZEFLARTEHA -
—REARER - BEFLEEREUEAVEEFLIERE - (HAEERES A R - Bk
R AFLS R AT 2 F LR LU D St g B S0 - [ (ki - ZEFLETP 4T 0.5 B
I E R T - BB B AR 50~70% » 5 {0 A & BRZE LRI T Bk g Hh o 2 -

The perforating operation causes permeability loss

v
damaged zone about 2"
permeability k = 50% to 70% of initial

FALEN TR EE

8



(N) AN TLHe#

HAnE BAY A THEE A4 Rod pump(Beam pump) ~ Progressing cavity ~ Gas
lift ~ Plunger lift ~ Hydraulic piston ~ Hydraulic jet ~ Electric submersible pump % >
N THRB /A2 e eV i - 2R & T

Beam Lift . . . . . . T Eectric |
Progressing Cavi Gas Lift Plunger Lift Hydraulic Piston drauliclet
{Rod Pump) gressing Lavity & v Hydraul submersible
Operating Depth (feet) 100- 16,000 2,000-6,600 5,000~ 15,000 <00 7,500-17,000 5,000-15,000 1,000-15,000
{5, pu@
Operating Volume [ Typical, bpd) 55,000 54,500 200-30,000 15 50-4,000 300-15,000 200-30,000
Operating Temperature (F) 100-550 75-250 100-400 500 100-500 100-500 100-400
Corrosion Handling Good to Excellent Fair Good to Excellent Excellent Good Excellent Good
Gas Handling Fair to Good Good Excellent Excellent Fair Good Foor to Fair
Solids Handling Fair to Good Excellent Good Fair Paar Good Poar to Fair
. . GLR Required 300
= €3
Iuid Gravity (API} =g =15 SCF/BBL =8 =8 =10
Servidin Warkover or Workaver of Wireline or Wellhead Catcher Hydraulic or Hydraulicor Workover or
& Pulling Rig Pulling Rig ‘Waorkover Rig ar'Wireline Wireline Wireline Pulling Rig
N ICEngine or IC Engine ar IC Engine or Well's Natural ICEngine or ICEngine or
P Maowver
rime Move Electric Motor Electric Motor Electric Mator Energy Electric Motor Electric Motor Electric Motar
. Fuel Gas or Fuel Gas or Natural Gas & Solar or Electrical Fuel Gas or Crude or Water; i .
Other Requirements Power for ) Fuel Gas or Electrical Power
Electrical Power | Electrical Power Compressor Electrical Power
Controller Electrical Power
Offshore Application Limited Good [for NfA Good Excellent Excellent
Overall Systerm Efficiency A5%-60% A0-T0% 10%-305% N/A 45%-55% 10%-30% 35%-60%

N PR FH s 512

Rod Pump Sf# /5y Beam pump » BIIE (&1 Z bgBai - & 2Bk il RHA
THEEE > €520 85% - Rod Pump A2 A HSHERS th A 3% B EHIE 25 (Packer) »
R Ry SR Be & 2 B R » SRR AR IR LR 2 - PRIEM A R RIRE > —
fi = G R AN F LR N7 > JTRESERRERRSL T o0l B HIRRCR -

Plunger Lift I tHoK Z S8 B EhPZEfiBE & R Plunger f5557% 2 K%
pHHFRE s E BE 7 K Plunger iREHE IR AGAE BRHE 2R - RRERTJA e iR FERA
BB > HLEREN T A E HEERT] - Plunger Lift i85 &7 4838w (Packer) - H
FY Rkl PR T LR BER TUHES) Plunger - (RIS ERAS EEEREAMVE > 7
AliEsRde P A R bbb a - iENER T EEREEE (Landing nipple)) -
AL HMAE R E R N 2e2d - DL PHBSE Plunger FYRZH) -
Gas lift Bysa B0k - A AIERFUEASEERAS » SRS H S R AL R A
FEHRBSTT B E NIFUMERE) - e E = (ER R R E R A
AR Z ARG -

£t

-



Progressing Cavity Pumps (PCP)FHAEES ~ 34 ~ b » Hpi EZEEH R
D BEPR - MRS Ry 6000 TR - A APL/INFS 32 FERYIHE -

Electric submersible pump 4 5 Ky ESP » o A s EE2e ] 4% (Cable) 22 HHEEER
B 7% R - ESP Hb A 2% B0-5 Power support~VVSD/control Panel~transformer~Junction
Box » e R ACAG IR 5% » ESP SR AH I orias » SE NN intake FIZRIH
Z[E - H BESP SRS R G TS - R BN S AR S
17> ESP A BITARER - FEHI4R(Cable)(ir N ERFLIN » ZHART HIRIE K R i
PrikEr el - 2 ESP MR EHVEL 7> o B R HEE ESP HYRCATR S »
PRIELAE RS T B B R AR 2 B -

() HiJ= 15 (formation damage)

g FHEEfEEHEEE R N R ECR AR E - BRE RS BRI » &
EEFFESR A E T DI A EAIRIER D T8 - Pt g FHar sk
MR ATHEHER e RS AERE - B O SO R E RN IR S AT RE M
AR RS AITEPT ©

HfE TR DASy By = G2 %8 T 45 (Absolute permeability damage) ~ 1
¥$,21%% T8 (Relative permeability damage)F1%5FET-#8(Viscosity damage) » 4@ %
BIERTIR Y EN TR Bl0Fs LR (clay) - 4535 (scale) ~ 4§ (Paraffin) -

JEEE (Asphaltenes) S HEZEH FUEIE 5 AHEN2 BRI TIE R v R M (wettability) K 7
B BRI (Saturation) AT g Z A B 1 S2A L - AAe4SHAFHBE & B F tH (Condensate
banking) » B¢ H-EE BNt E /K 25t - BEE FAREN2 BB I0 - JH Rk E
ti(water block) : $5/%5 T8 Ry #L{L(Emulsion) ~ & (forming) K2 {b(Gel) & Bl .2 it
BRI -

bR T R =FEE AT 251 Z2H—7E Pseudo skin » HiIEEIEAY F45
FEAREPREHTTZ - FRE - RESIE ~ HNEET TSR R B MRS s -

R RGBSR A [F]» RS A BV e THRIR A IVE A FRYAE R T4
B A E S AW T0EY) - A PSR/ DR LRI R o K& HIEE
JE R S Rk M (water wet) » A BNV RAVRED - (EHEESEA A Re i
Je P B Ry 4 (oil wet) = SFKFh & AR T8 - KNEETA I se g R BB
71 RESMEARE RN - TR R R IP R L AR 2 AR -

LSRR (Surfactant) 27 MADEEAVEE /1wl ARG R < IRV R HIR )
(Surface tension) ~ FAfE & RS HY N EE S (Interfacial tension) B [E > RV B]JE M4

10



(wettability) » FEE PR AT RS2 E G fomhatE - TG AL REEEER - 24
I > SEERAY(E R SR E A B RS - A EDHRHA T A e & A A E
SR NILAEREE 2 AR g R iy 1 -

U\) &85 ~ ARFEEE

il (Scale) BLH S/ FH AV AEEE KA RE - Hag A0 RN B &0 R ERR T 84 -
A TE e it g ZKOEAT ~ B B 5540 ~ 2588 1F A ~ B fF A (Agitation & Nucleation)
A% - SIRgHEIENE - H Pt EE R - B ERRE) -

SIRHEORE S EE A IEERVIERE - fRAE/KMESME - H N RIMARL - i
Sl N aktmahls - S IERYRTRE - TR A E L aR(EE NI HECRAE R ZE A
IR /KRS - MEFRSEAR SIS TR - PG T VBB E ] - 22 fFH
(chelation) ~ P3G [ (threshold effect) & -

A (Paraffin)E—fdH (alkanes) 1R &) - Rt RAERZER R EHE N A
GUARE  EURRREITRE AR - W EIEME S PARE - TR MR T
o S AR I ER A R ~ SRS Y /K e RE I R BE PR A > AH EH
PR RV RETRE T ge A —8 > [RIR R U A [E] ~ BRREA R e 7 A E - &
RAEEE T AR ITER(Solvent) - LUK HERFLIE ABHEEVK (200°F BLE) - H
HETEER - DUAEAE - 281 EZERNIDER A A > E5 o R RS
"G (asphaltenes)y & & » AR RE & LR E BRI -

JE75H (asphaltenes) B JFUH B B 08 » B EE S 1% 10,000 £ 100,000
Z 6] I R R R NG - S AR IFUR B oy i s Bl TR P Ay - TR AUE Y
T (E VAR N (alkanes) ~ Si(diesel) ~ 5 (kerosene)5s A
FETEPIRA T B R R - S E I AR S AhsR e or -

y
gou™®”
,o‘-“"w
Pres | Saturation Line
Liquid Phase l
g Production Path -1 ADE
@ [ToAvold ADE
o
a \__A
poe "
Liquid +LVapor Phases
Tres
Temperature

75 (asphaltenes); [ f& 7 25 & K B ) [El

11



[ gt(Corrosion)245a% i kB RN L2 B E L RN A @R D - aEd
AEERNEBES M [ 8 2 18] {40 erosion - abrasion (<5 /& %f < /&) ~ chemical -
galvanic coupling(%:J& & fi77=) ~ metal alteration 2 > i ga i (E (pH) EH S 5
#HAEJREL - KU SR E L EReINER - BB A g ehRiRE E71 - K
DIEIE Ja DA~ e (B N TR BRA5R S m B B R 6 FH - (sE 8 B ORI

B ARG - ERERMEAEZEA L REE - BT
(Centralizers) ~ Z27R ~ HHZELR S @ W H EERE B KSR E R - [BERIEN

BRI AR - AIREERERET A > A EkAf(corrosion inhibition) 2
B ARG e 502% - TRAIAEE 4R E Corrosion coupon » B& IS By g BB AE
FiE o

() B E=EA

Az EE B (Production Logging)sz At I B s FAG H- ARG - ThRE B iEaY
& EER - HETEE RS E A HH 481 (Cross-flow) » HIETK/E =R H
T AN ~ HIARE -

SRR E RIS Noise log il > R#E2 % » temperature log (High
Resolution Thermometer Tool, HRT log)fa fil7K)JEBE = & ; Spinner flowmeter tools
HEH TS & ; Gradiomanometer BAER ST - SEMHIH T &AL » B
g EA A HRZEH s Radioactive tracer logs FAEHE £ AF: 5 Pulsed neutron log
Hk B

() bz

bR E S R M W gE e s s B & - 53 g
e~ EEEE A RE N RS el A A G R IR R B
BE > MEINMERE R  HIRDEY R RS F R BN B A A 2R A B BRIy AN S - (e T
HR B PR AL E - S IR A Bk g R D 97 BE ~ i L BR 22 ~ A 1B RN
SES TR (AR B ACHHR) B AL - [ESE A RAYEDJE(Unconsolidated sand) 7 74 t
WOEVREIRE > Ry 2400 S RDAERYRNE - FESEOHAT sh e DAERT BRG] - [FIRY
ELIRUE L > FLFE LRI - (ERHYRB R EhIE s R 2 A G sk it

12



B R bRy DT A ELRE RIGRDERE - 2817 (Resin-coated sand) ~ BEAbRHD
(Gravel Pack) ~ g 24 rse g b(Frac pack) ~ #E5E B DETE (Expandable sand screens,
ESS)F - AR E LIBECIE TR ERALEGEE S - Ll —EEi B FRBEE O © R
BRI R A e Z RS EiRER - LA TR T T Rl 2 5448 - 1
AR FE A (EEERAVAIS AR E P E SR L 6 FBE PR DRIE » (RIS
ARHUFE SR LA 8 Ry bRt b 18 - Bihbdd H B EUE B AT RIS AT/ N
50%~75% ° EEtRHIRIIS A A > Pkb el RE &L - 159N - Bt &I it
J&g; 15 (Skin) -

Gravel Pack Completion Sand Control

> Works as a two-part retainer :
Step 1 : gravel is sized to retain formation sand
Step 2 : screen sized to retain gravel in place

)

yracy.
~ LR

- “bridging” occurs at this interface

1A TERD(Gravel Pack) 1= &
PRI ERE (ESS) BN AT EHHTRE 1T (10~15 4F) » HATER R % - HIR
H R E I T LSS A S HEE - B g in D - MiEm b a2 R T
#8(0 skin) o

@ EST Base Pipe Q Woven Filter Material . Outer Shroud
slots open up sheets slides over one another slots open up

o
I !I m i
TR A b E (ESS) 4 Tk ]

13



(T2)  EAEiRlEdass

A EERRE S R AR RS - DVETEHE ~ BOH - R - $E S EUMA - 52
LEFER T R HEE 2RI WEHE T RE S 2 A ERL 0 F
SeTAPEELE SRR R HARAY S 5 HEH - ARSI E ER - NEZEA RAVER
TGRS A UCHIER AR EE EE A > DIERA G GIRE - e R
AYZAEREME -

LB R A 7 pr(Petroleum Economics & Decision Analysis)

BT ARNEENEE T ZE  TE S BIEGECE
FiR 8 @ INEIHEREH OS5 e Sy AL - BRI A SR E AR T FET
HHAVEST AT EEMEAEEIK - KR ZE A7 N A - R
SN AL o AR RE 2 5RAR - BT B CREBPH R AR A SR ARYERRE - DUT R 22
IRl R RS

(—) &R AL

R Gat s TR AT BEENIGL - &OR T RZTERARA - HREE ST
A E E B YIRT  RAEDRE - FETE - MR WRES > rE
M2 BAGEE LB A AEE - NI SRR TR R S Al > HEEREH
TESEHY o ZRIM > AT ET R R SRR IR AR DABE A SR R - AR
SRR T NBHVESERESTT -

Py
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H REIFE i (8 P 2 808 0 TR - 55— Fy 7585 (E (Net present value,
NPV) » IET77ARERIARRAVER SR & - SRR EIm iV EE - e
HANERE R IES > ARZHREEESE  EFEENEITERER - —fk
RER » PR IEZ AT A BN BB B B RASE » iB A BRI e S E
FEATER AR - EATER 2R (X R il S5 i AR A e » B e e o e e DA At U7 =X
sT& > 40 Excel NEtE NPV ARG AE » Hat EATRK S — (BT R 5
FFFERITE T (S Excel FFRFEEIERE B MO CEBITHZ
E# 2 (Discounted return on investment, DROI) » ELJFEHAF{LUA R E I
(Return on investment, ROI) » K BT R FRAE LU= e Il i A - HoA =05 DROI =
NPV / (PV of investment) - investment g ##8F 5 £ ZEAVE A 1 (Capex) @ (HF
HEtEB S B R AR - HEETRERE— R A - —ff A= DROI
30%~40% LA A GHRERE ;B =0 T ERIR A 5] A EY A S8 &
#(Internal Rate of Return, IRR) » JFEUEHH N AT BT - (&R 53R E
T FENE > BRGNS E W -

() BUE AT
THATEER AT H A EE T > B BRI EIA R Je LA4e t B B B e P ]
STREET BN GENIN T U EEEE R R RSN T2 (b - €O

—+ e
TIMTAS AL -
Price +/- 20% 3 86
Production +/-20% (14) 112
Dev Capex +/- 20% 12 86
Opex +/- 20% 33 65
Decommissioning +/- 20% 48 | 51
Downside NPV Upside NPV
uNPV @ +20% NPV @ -20%
Note: Point Forward ©2019IHS Markit
e
NPV @ 10% Price
-20% -10% 0 10% 20%
-20% -53.0 -32.7 -14.3 2.1 16.6
-10% -24.9 -2.3 18.3 36.2 51.6
Production 0 26 27.7 49.4 68.6 855
10% 30.8 57.1 80.8 101.9 120.4
20% 57.6 86.1 111.8 134.7 154.6

SRR AT
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BT BE S BRI SR RN 3 2 S S48 A (Monte Carlo method) 7]
DAFE RGOS 534  SEM-RERE SRS HEREE - BEtdhhie L > DIk E
AIRER YA BB I GRS AR T H A R HEE T R R Ly
EEIEE o HE PSR AR E SR L - BRI - R - LR
JKEEFIRE - BEREAT - BRUCRSE BRIV R TR B R - STEER(—T
RPLL)4Rat HAER 340 - BS54 &1 P10 ~ P50 ~ P90 ~ Pmean -

SEMRERTATE R A EOR AT - TR E BRI M [T & HE
T BREIAER > LR AT E S AR N BN PSSR =7 2 (5 HE
W IR ERYESE - MDA —(E E EH93 % (escalation) > 5FELAICHE - 2RI
HIRAHE—EGE LS Ao DRI SR B E—F A ER
Fy— B AT  REAEEH R E TR & PO ~ ZEEIHHE TEUNEE fy P10 HYEE
HR&(lognormal) 7347 - R EUE: Q0% (E & AT AREIRI TN - 10%H R &
RSB - fAHREZ R BB B e -

Mame: oil price 2020

ral

Lognermal Distribution

Probability

T y T g y T y y y y T
43.00 51.00 54.00 57.00 60.00 63.00 66.00 69.00 72.00 75.00 78.00

Location TXEE] E= P30 56.00 E= P10 68.50

AR H{E lognormal 734f

90

Oil Price (USD/bbl)

-
=]

o
o

30

4 TR ETHN R LISZ R EEAHUER 15 RZME AT
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BAHEEFHIRAE EARIL - (B RS St R A AR BB EELEE - HUS ATRE
FIBRER AT - INIEERR 724N - G2 ~ SRENE M - BB ~ RFE M - &
FEEH] ~ A IRR S nERE SRR - Et R —EHIOFRENPV) - B
T%ﬁﬁﬁf’ﬁ%iﬂﬁ%ﬁ’ﬂﬁ@% °

NPV
0.03 m 300
1 - 270
/;:;:‘-_:-“ =“\;;> 240
002 AT “_ 0 -
E 180 g
§ 160 E
d: 120 Q
0.01 a0
[iean - 25,60 &0
o.0gp i - | ! - . | i | L - | ‘ : = q o
-100.00 -380.00 -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00
1.00 T 10,000
2050 T go00 2
8 Z
E 0.60 — 6,000 %
S I
g 0.40 —| 4,000 j]C"
E e 3
O 520 —| ““W 2000 2
oodp : | | | ‘ : | | | : M 4 o
-100.00 -80.00 -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00 80.00 100.00 12000 140.00 160.00 180.00
| —Fit: Lognorma [ Forecastvalues
S R A MO PR AT
Statistic Fit: Lognormal Forecast values Percentile Fit: Lognormal Faorecast values
Trials 10.000 |P100 -369.73 -151.68
Mean 38,60 38,60 PS0 -25 51 7279
Median 35,22 T8 |pgp s s
andard Dev : 27
arniance 271017 273237 EEE iiig iii
Skewness 0.3845 0.5110 : o
Kurtosis 126 195 |P40 48.56 4713
Cosfi. of Vari 135 135 |30 8221 5112
Minimum -363.79 -15168 |F20 81.00 753
Mazimum EHEET A 13542 |F10 106.50 106.66
Mean Std. Err 052 |PO TEEEEE 33542

SRR R EIOFRESETER
WIBESEH REEA R — IR USRS P55 (E(Pmean) £
38.6 HEFEIT P70 Bl R EAIEE  BEEMEARZER T0%HIHR S IEE
H BTSSR S o] AR LRI SEH R8RS T e YA TR AR » (BT AT B DAL
TR AR O AT EE R - Bk A DL — B E R RS -
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(=) &EBITE RiwzE

Edward Merrow 7£1{F Mega Project 1 » 45T T HSRZE FE T E 1 10 (F355
AIREEZE - HEAE B0%HYZE TR A M TR 35% ~ HFfEjiEdE 1 35% ~ E&E(EAY
THHA 35% - BEUR AT e SR IRAEHY AT RE M > IO FEUANH (& o ArHy b MR
FEBRRST > B RARE A MEEE AR BEERREEEEEERE - E
SiRG ~ ASERAR - BIEGERIRT  AESINREE S BVER - BEcEsEt - B
PRAFE - B R ihE TR - n DURE H[E] 17 45 2 (Peer review) g (i kY
G > IR DR SRR = S A\ S ERAVRURE I HaP i B E e &
BRIAEEREHFGER AR E LR T RSB R E e -

() AR LR
1. Jhsiiet « DRSREHE R RAVEBS A KOS T H - @8liaE e =1E
SRRV ERG  URETE TR AR R © I ER BB E R © 44 4ERH =
AR o SRR AT TR A E T AT RS AR AV SR DUR R
SREALA » st iTE— R H ol DL e - AHAE EER SN E
FRrfRE - 0 H AT DUB IR EF 2R 2RI Hodh Rl Fy 3172 7248 M (Continuous

event) FYERHE BT » I H ARG RN - AR e AE L H
BN -

C
895.0% 0.095
L]

Info results
65.5

Dontsee' 0.005
-1

Drrill Results

3.85
11
Info results
-3

Dontsee’ 0.7z

Dril-Crop-Info
3.85

0
a0 70
Drill Results
-2
50.0% 0
-10

PRI
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2. Swanson-Megill Method : Swanson-Megill Method 2 —f&4%Eg ARl » FAE
H L2 (Continuous event) Y &R} - 8 I RFAG E R LA EUE RE (lognormal) 77
Al > FEHEEERE > 545 P10 ~ PSO ~ P90 #{H 30% ~ 40% ~ 30%HJt%A » HE
F oM P10 HYBEFCFRAT 300 R -1 > DUESHE -

/bbl

69.80 P90
0.3

0.4 40.06 P50

0.3 \ 22.99 P10

Swanson-Megill Method {51
3. EMV : Expected monetary value THITEH{E - SRR IS (E - 2k b

e E BT —HEITE - HAARE —EEH - BB EBFHRE

FIEE A A - BHF R EREIZE E(NPV) < SRR FIE £ Pmean

AL AN » S — (B4 SR 2 % R Ay Pmean {5 -
4. Bayes’ theorem : H [CE R DU AICEEAF A BLER(E B (R Z FIHIRA (4 -
P(B|A)P(A)

P(B)

P(B|A)P(A)
P(B|A)P(A) + P(B|A)P(A)

. P(A| B) 26t (conditional probability) » & E 2T AISHEMA: B 2
ARVEIUT > B A AR - HREHAVERESLIT - FEeERHE
TR E S 85%HIE G (AT - MMERYEE A& S EEFENEN T -
A 80%MNIERHET A E S  (EESWAFENERT A 20%H7HRH]
BrHAES - USR5 AT REM: -

P(A|B) =

ge > P(A|B) =

See Trap 68
17
Didn’t See
.03
Didn’t See 12
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mAHREHAZ

o P(S|T)P(T) _ PGIT)P(T)
P(TIS) = P(S|IT)P(T) + PSIT)P(T)  P(S)
0.8 x 0.15 0.12
= 0.414

T 08x015+02%x085 012+0.17

DI E R &34y
See Trap Didn’t See

Trap .68 17 .85
No Trap .03 A2 15
71 29 1.00

LU sretet 8 7B AT RE M -

See Trap

.586

Didn’t See 1-586

No Trap

& H R EBLITR > BT T UG BIGE s B BRI EERT A 7190 R & H
AHREEA S > M 95.8%HYREAR & HIET I - 1] 29%HYER G HIENZ
HEGEE  BFEE EHP 58.6%AEE - {(RIE HICHIEN » 2]

DIUEE AERAERN &6 T DR ookl TH Y AT RERRER

5. Risk Tolerance Coefficient : o] f&f#H A R value » ${E SR A F 0 &K ZHY
JE ik - BBALEEEE  BEASEER - HHIV R R ZETEA
ARG R HVHASEE - (EHE Ry AL 8 - s/ VA E] R AR TR
& » EE#FEE R value fYETE ° 8 R value #5 A Exponential utility function

AN
EU(x) =7 X (1 — e‘x/r)

Hrf x B FRE (Present value, PV) > 1 5 R value » e B [ RS0 S -

20



HEXE R value B2 > LIS MR - EIEWEalER: - BEIIREs
Bso )N > B AW > IR RA R AT K -

Utility (RN$millions)
10

o N RS (2] @

2
“4)
(6)
(8)

(4) 2) 10 12 14

2 4 6 8
$ Millions PV @ 10%

EMV & EU ELigfE]

6. Certain equivalent, CE : Bz E % {E - & R value AYZE( » 28\ =0
it a[DIGEI—8E - HER A E Lz E s ny S B AR R ATHA
1B > DABEIE 2R - 550 S EREiE S B A 1000 SRYASE » (EFE AR
DA 300 Ay 85 - Al 300 SR % A S M PRI R & A E 1 FE
HAFATR

CE = —rx In(1-EU/)
R value 71 CE Z JEFILIFEFIERBAAT T - 5A LK o alLIE » S
JE AR T2 4.1 k SETCHVHAEEME @ (REFRAVIERY RS2 0.9 k 57T
A (B (EM V)l e FE 22 452 1= LAY

EMV=0.9 “ 05
N

=51

EAEMFEIRIEET - FeMEE3RE R value £ 10 k ET8 AL »
EU(x) = 10 x (1 — e75%/1%) = 9,933 » F[GEIHEPV)IE » EHTEH
EU {5 - AH L& AT H R A T S (s 1 s Ay » L EU (B (R
B R (0.047 < 0.851) » PR B B AEEA Y i s -1 34 -
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PV Utility

EU= 0.047 $50 9.933
CE= 0.047
Risky g
—— %1 -1.052
$1 0.952

E;lé: 8;233 & -$1 -1.052
HEH EU % 1 HS A CE/ANT>CE = —10 x In(1 — 0.851/10) = 0.89 >
B~z A EIETE R value £ 10 k ETiVER T » #5600 0.89 kK =TT 1
B B RJEEAERY - RFEEIEE 1 Kk EeEREEIER & A - CE E7RA] H
HKAut R value 5T E BB R &7 5] i JEba & 2 okl -

7. 15 K (3 E(Simulation and optimization) : {F RSB R TRk » BT
BN TR » ARG RR HAE S HIsE - R ] DUF P s
TTIERE AT S AL » BT - 25 20 {EERENERY - HE AR EHHE
BIRA ~ PREDRCDIER » WA E TR s S e A S i o o L -

Success cases Project Years Success Failure

Project CoS Test Inwrl OCFYrT OCFYr2 OCFYr3 OCFYr4 OCFYi5 NPV NPV EMV Pl
1 20% 49.5 150 57 305 162 107 55 368.6 -47.2 36.0 0.45
2 25% 30.7 283 102 613 331 197 103 798.5 -29.3 177.7 1.75
3 15% 18 115 45 239 144 92 59 341.1 -17.2 36.5 1.04
4 5% 20.7 169 61 274 180 118 76 390.6 -19.7 0.8 0.03
5 20% 5.2 26 11 49 32 19 12 69.9 -5.0 10.0 0.96
6 16% 35.2 63 27 137 84 48 27 169.0 -33.6 -1.2 -0.03
7 42% 29.3 73 31 125 83 43 25 152.9 -27.9 48.0 0.80
8 27% 4.6 42 16 55 34 22 14 70.2 -4.4 15.7 0.98
9 48% 3.7 36 14 66 35 21 14 84.4 -3.5 38.7 1.84
10 8% 48.7 282 91 608 380 223 129 841.6 -46.4 24.6 0.35
11 21% 40.5 54 25 136 86 49 29 173.4 -38.6 5.9 0.11
12 18% 40.9 69 32 219 134 93 50 320.3 -39.0 25.7 0.48
13 16% 19.4 89 27 208 123 85 50 293.1 -18.5 314 0.93
14 16% 0 0 7 52 31 21 13 99.7 0.0 16.0  100.00|
15 49% 32.2 34 15 120 80 41 24 163.2 -30.7 64.3 1.32
16 8% 31.9 236 75 419 289 159 103 588.0 -30.4 19.1 0.38
17 20% 11.2 19 6 32 21 11 6 33.0 -10.7 -2.0 -0.13
18 22% 9.6 30 15 40 25 15 8 46.9 -9.2 3.1 0.19
19 38% 0.2 2 1 3 2 1 1 4.4 -0.2 15 1.56
20 22% 7.3 40 13 67 40 23 13 818 -7.0 125 0.78

FERETAREARAIE T » DA PREEH BRI =] Ll
HEEGHI BN - SN EIRVEEEE - RSt RERARTESE - FrEHIEILL
PR AR -

(Tr) LRI ORI dsam

RIIE RS BT T R RIIATER R > IR T 2 A e s
RHTEE TR e ARG AT AR - sRE B A 1S B B — i Ry — (A S A1 Y
LRSS SRS ERe e /N N PA R i
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RFOTITIN TEAE B EMEARA R - (EICRGER - EE LRSI e DUE
FAERZ AR - HABN A S IERERT  HFAVARA —EGHTFHER 4
AYEE SR A FURAFHIPATSR (B RERFEEIE I DA SR T BRI A S A AR T A > &
RN EWEFIE R

g~ MG EE R

AR E BT EAE IR SR 5 S RGO 5 AR o A BT R IR
SREH T R - A7 52 AE B PR R W D B A SR AV B 38 S A > AT TR AR Y
A SR H A B ERE RN AR TRIESSGEENSG » [RAZ TR T
ST (&0 e S A T Rt R A BB JE AR RIS B se i S AR e B 58 S g
TAEENGR - e B2 SEFVHSABHSE ~ axatEmh - N TIeBRlr ~ LREfHBE
HERITAA TR - 98 b TR AGERE ST LAY SRR -

ORI HBERIRTZE > AR A BRI RE - LR BRET R MM REARY
FEFH > AI{ELOR TGS R I REEE AR > H S 2 BB R e LR &R > I H.
HAARIITHINER » RS T T E IR o 8 R AR DAL T/F T e R
SO > 2RI HE S — (5 A IR TR CHIE AR 2 — = E b=
Bt S DRI » ARACE SRR SR AT B AR R A o ST RE FRBUE S AT -
R bR i R R Ry o ELIEAE -

SBLFIRAVER B2l 5 TSRS BRI A ] B AR FH R 5 HhA E R
s RS R/ NGEE S IROEERT 2 KAE » BRE B T & {E A FIAEDL ~ 3 T~ 3B~
firfif » DU SR A - A5l SR TE P BRI 58RI [E » GAHROR T
TR KRR RS - S8R AET S EHG AN ERIANTT » 3% [FI5ERR T 2 E5)l SR
TS ZPREBBATEZ A TR LAE R RIS SR 58 K R 24l
AR R R SR BRI AL = M5 - $E5T 5 ] DURZ BRI Rl K i
VAR R -

S » AL FERR T H 2 AR - B R e 20 g H
&m NEFEHE SRR - AN EIRFA RS 2 FRIE B RO - B
AT RERH  ERERLE NEEHBER > BB - 828 &2 AARE
HORHE 1 ZREER T > R EFA BRI EAHER » BAEERERIL BAFHYRR
J& R RIS > AL N T R M e iR e BB - T B - MEEE
AA BRIy 2R - & 2R MR R S (EE R &R - B3k
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TR AN EIEEB T Y EERE RS R AEIZ R BRI S EIRE 2
JEINEHREGR > I AFIRKEEMNELER > HEFEHEANS > (EALE]
FMTHE PR P

FELCR O ITERIE T - EE M T 2B A SRV g R R E R - R
TR H B R A E] > AR AR el R EE B LR E ST 10~12 Z i
HAMELS A e BB -

Average R/P (25 cos.) = 12.1
Other Companies (18) R i
20,000.0 {—YPE-SA /Exxon
Devon 9 8 .
Occidental 10.0 16
Anadarko 77
Canadian Nat. Res. 10.5 - e
Apache 8.7 ’ BP id
Murphy Qil Co. 11.2 /
15,000.0 {—Chesapeake 10-6 —
Hess 8.8
Cenovus 8.1 12
» Marathon 111
i BHP 8.6
e Husky Energy 46
i EOG 11.0
10,0000 omvAG — 103
c Encana Corp. 8.2
™ Woodside Pet. 13.0 8
@

Noble Energy, Inc.

. Conow”’
,’b

S

0.0 200.0 400.0 600.0 800.0 1,000.0 1,200.0
Annual Production - MMBOE

2015 I makR E R L
i B RE A FG T RIS - BRREA B AFRVIEE » HIFTEIE
MR IAEZS > B =R -
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