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Step Change i the Future
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Pr QCess Lhesigns
VI e ooy ; Incremental
=

Improvement

Time
28 2.1.1 Aol WE SAGD 71 Au] A#A 2 58
*Next generation SZGD produced water treatment technology development, GE Power and Water, 2012
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Traditional
SAGD Dasign

m:r- wam- [ ion | Vapour | Blowdown
e :::: oRF | Finsr —p. Elcl'lannl | El.rs':-ﬂml Liguis Cooling
} Be'h.lnlnu | Swparates and Flash

Vi b

Cak Point Flass | - H o Packags Boifer
SAGD Cooler | i 2. 7| |standardized)
Diesign oo

a9 212 A% SAGD 71® 3 MA3ALS] AlF SAGD 71§ Hla

*Evolution of evaporators as successor for warm lime softeners, Oak Point Energy Ltd., 2013

) Mg ZEAE 5

(] Audet SAGD Project (SilverWillow Energy)

- Silver WillowtAFe] Audet SAGD Projecte] T4l AA(CPF)2 13,200 bpsd (barrels
per steam day)®] HIEW-E AASIEE AT

- 571 AFAANA AAE =9 90% ol dS AedEH, 28 o 2 H&(EOR)°] 2.5
o 1o] H=5 HdAT

- CPF+ oil treating train, water deoilin process, water purification (evaporation)
process, wastewater and make-up water treatment, steam generation boilers,
cogeneration ¥ 3|4 FAXZ FATH

(] Advanced TriStar Project

- Value Creation Inc.(VCD= AAY] 53 ZQl upgrading 7ls< AH83ste, @A
upgrading &3 E 2} SAGD reservoir recovery process & 3.

- SAGD+= AthabascaA McMurray Formation @ LM = 2R E] xjikAlo] gh= ool A 7
Aoz bitumens FFT F dE in situ ZIEdA FIEFA AA-AF
(field-proven) = %}

- VCI= Qﬁ‘lz—*.?l Accelerated Decontamination(ADCTM) primary upgrading 7)<
SAGD 343 T&3

- ADCTM& SAGD AlFAHAA TS 71x], F49 Y2 upgrade F4re vz & <
A= FL 3 upgrading 71&=4.

- CPFelA ADCTM &4 #R& EgHe=E i FAE da#Eelz=d DCO,
asphaltenes 18] 31 de-oiled water2 2]}

- Adaoel=d DCO‘* EY & AEE B BFIHOE o]FHAY AFFHoE
o] Zgkel & 4 9= premium medium(VC-M) oil& A4+al7] 93 dlluen 9} 3t
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(] HTGR-Intergrated Oil sands Recovery via Steam-Assisted Gravity Drainage

- 7l= W7Htechnical evaluation, TEV)= 71&9] 3staAgd3 e 7=z AA=
(HTGR) 71€9] T&< #H71E & v AW dA48 LHANCGNP) Z2HEE 9
g AT,

- HTGRS A& Aito] Agd 5 e veo dF 9 ~eo Fghz YrUyr
g A 4 .

- B Ed AgageEe 3 3 190,000 barrelse]™, bitumen A4AHS 4709 600MWt
HTGRsol| 4] SAGD process®Z &gsle @ 9 FEoZ AU

2
wn

] Lindbergh SAGD Project

- Pengrowth”} Lindbergh SAGD Projectell A&k A2 well pade} well pairs, roads,
power line 18] 3 CPF(central processing facility) 5= 333}

- well padell $Jx3F A& wellheads, testing equipment, manifold buil 5& 3*3s}H
71 pade oA, Aol WME 7t 2", ARVME F5 FE57] A A Fol=
g}2lS 7% CPFo ¥4+,

- Pengrowth= SAGD wello| A A4tdl 94, &, 71~ ,
Ae F8ANA T8 E8E 7IssHste 38s B3 9HY 5 54 T
71 #al o8 #.

- CPFoll tig A7 segprH e o9 F9F 2+

3 2.1.1 Central Processing Facility Design Basis

Stream Annualized Rate (m3/day)
Oil Production 1,987
Produced Water (as liquid) 7,200
Total Produced Liquids 9,187
Steam Injected (CWE 100% quality 7,200
Produced Gas (Sm3 / day - dry) 39,740

* Z*]. Lindbergh SAGD Project, Pengrowth

[] BlackGold Exapnsion Project

- = /5-FAHKNOC)+= Steam assisted gravity drainage (SAGD) 7]&<S AFE3}
McMurray 2 H|Ew=e] 1,590 m® /d(10,000b/)E A4Hets 27] Z2AES
wat7] s s A7

- KNOCE& ¢F 25d9] 7)zte AA 3,180 m’ /d vIFEWS F7FHo2 Aitstr] 9
BlackGold Expansion ZZ A E o] 7ja-S A QHs}

- Y ZRAE} dAH ZZAERZ 4,770 m® /d (30,000 b/d) vHIFER A4S
[

- Expansion ZZ A E+= well pad, gathering and distribution pipeline networks, steam

generation, oil treatment, water treatment, associated roads, and utility facilities<}
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- "= & 27}, ARCO NGL/EOR Module Project
HA7r 2o dgduz Sgutola 67012 Skid type module(W=20m, L=65m,
H=20m, Wt=1,000ton) .2 & dojA @A & X3 A7 A=

- ®}=, Khanom Coal Fired Power Plant
MW R SEEAAdEE 1789 Module(W=36m, L=82.5m, H=10~50m,
Wt=7,000ton) ©. 2 Barge typeo. 2 A2+t ojuf] StickagHoZ AMA ddaa FA
7174 4d & 230 E T@Eetda AAFAHIE SticksgHoE AAdstE AXRT 60%
A== =3NS

- GSH A
GSAA A2l Pipe Rack 2E<S %3] No.3 HOU Projectd] A% 329 729 Xt
Y FAE 23099 FAIZEE AAVIZMS 23] S 3UNEEA vl &9
43 Project7} 48/1€ 7 wiwstA 177019 zbol7b &A13. UAE o}¥thH] Ruwais
Refinery Expansion PKG 7 Projectel P/R =& FWS ALt F 164719 =&
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ool (LY EFE* oil* tar*) adj (ME*

=
_ EE*O)\*A%I'*EE*E'EO*
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Hydrotransp |2 2* A At HE* 22[0[* s
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(AAAB) * LtO|Z* hydrotransport* pipe*)
OR ((E32|* slurry*) near (O|&*
£&* transport* convey*)))
(A™* H|EH* HEMH* bitumen*
(RY* EFE* oil* tar*) adj (ME*
Def* FAP ARt HE* Z20[* s
A= and* clay*)) and (LI ZE* FH*
(Wellpad) |®Tj=* L8| =+ 2H O{* manifold| 61 | 1329 | 54 | 88 | 30 |1532
(AABA) * well* wellpad* wellhead* wellpai
r (F8* well®) adj (IHE* & E*
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ulat®) S+ 7|3k HA* evapor
at* combust*®)
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Z* separat* sink* sediment* extr
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<* BiX|* unit* design* construct*
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Y. 252 CPFe AA <4 = Z(envelopes)
(1) CPF Layout
1) Suncor Firebag Oil Sands Project

# 3.2.1 Suncor Firebag Oil Sands Project

FACILITY FIREBAG
STATUS Operating
START-UP 2004
REGION Athabasca
FORMATION Wabiskaw-McMurray
PROCESS SAGD
CAPACITY 203,000 bbl/day bitumen

55% sold as Borealis Heavy Blend (BHB)

PRODUCT 45% processed at Suncor Upgrader
SPECS BHB @ 21.5° API « 3.8% sulphur

EXPANSION Stage 5/6 « 125,000 bbl/day « approved « TBD
AREA 1.34km’

UTILTY

¥ |".' -
I iy 1 s ‘;; -
TANK FARM o | -
' o lwmmmsrfg e OlL PROCESSING

.. DE-DILING

CiE s

HEJK FARM

13 3.2.1 Suncor Firebag Oil Sands Project



2) Hucky Energy Tucker Lake Project

3 3.2.2 Hucky Energy Tucker Lake Project

FACILITY TUCKER LAKE
STATUS Operating
START-UP 2006
REGION Cold Lake
FORMATION Clearwater  Lower Grand Rapids « Colony
PROCESS SAGD
CAPACITY 30,000 bbl/day
PRODUCT diluted bitumen
AREA 0.178km*

—DILROCESSING,
o DE-QILNGT S

- Waier De Giling
A

Watep =  Steam

Tregtment | Plart &
1 ChWEs 6O0THEs

H‘ Complex
: Ly
- .

13 3.2.2 Hucky Energy Tucker Lake Project



3) Husky Energy Sunrise Project

3 3.2.3 Husky Energy Sunrise Project

FACILITY SUNRISE
STATUS Operating
START-UP 2015
REGION Athabasca
FORMATION Wabiskaw-McMurray
PROCESS SAGD
CAPACITY 60,000 bbl/day (Approvals : 200,000 bbl/day)
PRODUCT diluted bitumen
AREA 0.241km’

| ¥

i A

, I
|

1
1|

-

b e f L_"i" :.i:"l -

GENERATORT

19 3.2.3 Husky Energy Sunrise Project



4) 300 bpd 8=

Hatural Gas
LI
Tranal-anada

Fusl 8 £ om
I - m make-up v

]
]
I ]
E Produces Gas ! Proquced Gas | Fmics
: ' Separaior Cram
I i
] I S
I ]
E ! 270 bbiid Partial Uw“-:w“ﬂ
T . i
' oot i [t ot
i | DAD Dinain ey
' — i 30 bblid & Distilate Bilusin
El g > ] oo Thermal Dlefirs
!’ﬁ R ki reating
I: E ‘Wealer m[ a : e
' : 540 biblid
(]
: E Asphaltene Producrt N
! .
8 Weil Pads
E E Furl Gas Sbvent Make-up Solvent
) 36 bod|  Lee S
Make-ig
'Wiater
= 5O/ Reduction Rate : 33wali
» Solent/Steam Injection Ratio : 20 val:
= Salvent Recovery Rate : 70 wit%
130 bbld » Partial Upgrading Product Yield : 80 vol%

19 3.2.4 300bpd 7H =



(2) 74 BAF 24

1) FWKO

M
2

Free-water knockout

P .\f....:_“."
s =, ol (has cut
5 ‘.' _I:I " s A ,-'J' T L i
'rv}:j: [ [ L_.T_ﬂlnj:r‘:' | ot .\. - X o
I- "‘\V\f_.'f'_‘:"_"i:f!f:“‘"“'“‘j'_"_"_”_‘:éf‘:' | z\ \reelL seeam by ; Crmnay
S AH ' : izl B SO o | s
=c i .“:—J:lrf.:m.-_-n G _:—:—-rm:u
1/ ’ Baroader - =7
bl Levesl coniod
e . Rt F, ket
BGURE 1.1, Cutaway of 3 free-waies koo — =
- — W amr o
Horizontal Vertical
Vertical separators can va
- FWKO- 24”x10'-(20r3phase)-25t0250PS| o rsi'ze fror"; rm ;r o i:]’ Y
- FWKO-120"x10'—(20or3phase)—-25t0250PSlI . .
37| Lo In diameter and 4 to 5 ft
- FWKO- 24"x20'-(2or3phase)-25t0250PSI seam to seam (S to S) up to 10 or 12 ft
- FWKO-120"x20'-(2or3ph -25t0250PS| S
. (cor3phase) ° in diameter and 15 to 25 ft S to S
- 7|Hl/eA o] REO| 2 F20| AR ZI4/AH el FEO| M2 ZAL0| ALE
I | - 34 220 Feig plot 3710 MTHHQl B AtE
- Foaming crude e MOt 2=
=27l 910 Z C Ilzto ~—kAE ¢
I Hlaelol S Bael Aag o |1 S0 S0 B IS HAR H28
¥ | 20O ™2 NYS anE S mo 2oe Ax
- Jt7e SEH =0 o Mg S e e
x| 2H XMOi7t SRSHK| %S
o | - M R MO Faw A4S £EEECt O H|4
S5 |- 2, oE, 24 OigtEHE COHR7| 03 2380| 0|2




2) 29 x2~7](0il Treater)

Oil Treater
7 B
B A} ; Lot
a4 F i
ﬂ o
: Sy
! FLa |
Horizontal Vertical
-40°API oil, 50% water cut 7|&
Size Capacity Size Capacity A 0D f B, Liquid bpd s\:gz:?
412 800 BPD | 8x30 8000 BFD Height ft Ibs
37
I} | 46 W0ED | DD ‘D 4 20 400-1500 6,600
60 300D | 2O 208D 6 20 600-2500 9,400
EX: ttp://www.primenergy.com/oiltreating.h | , Larger sizes are also available
tm =X: www.exterran.com
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3) 7FE7]

Heater-treater

¥ t_:l.l;\lﬂ Surgs "NIH:E. n-il-S:l' n
"y :
imin Frew Clean e .
VWmter 08 Do Waler Oun I
Out 5
FIGLIRE 1.6, Simplified schematic of & horizonea] heater mreater — -l
Horizontal Vertical
- gt oz ALEE|E OH-EZ|H ZH - gEtgoz & MEEHX= BE
- AXISHCE §2A|ZH0] 2 - TEEELD N FAIZHO| B2
- 2 teatlng HIZECH o 27| IE0 2 | - CHE treating HIZECH § %7| IjE0] &
= Ot &2 MR/ AlZE 7HY Ch &2 M7 AlZHE 7HY
: 47H9| Fe MHo= RE S - 3He] o MMz Y
(gas separator, FWKO, heating and wash, (front(heating and water-wash), oil surge
coalescing-settling section ) chamber, coalecing sections)
o | - BE QY HIE, 8%, 24, £2 N9} 22 CIYT ZUSS M2st7| s ALg
= | - heater-treater= x7| HX[H|7} O M, &2 ug, 52 FUMLE 7HH
T | - BFEO| DR SESIH M S0] 1 sistEof o g




4) Skim Tank

Skimmer tank

Skimmer vessel

44 " ¥ -
- SeldY . FEEe
- HFAIZE (E£)10-30 min
- 2e(dE %Eﬂr.'i'-ﬂl - A &l= droplet AO|= :(%|2)100-300pm
- 388 2¥s% : 500-10,000 mg/I. - HM2 TE, HF, short-circuiting 68 &
- HFJAIZE (*|—L)10 30min Al = g3
71 | - M %l droplet AFO|= :(X|2)100-300um | - M2| K| CIR2AEES E517| s &
- 20| STt =1 CHRAEE FX0f of | HASHIF 27 E
8 RS Y 5571 250g/L2 ZALO | - =EH: DEE0| 2| Z|0{of st HH| M
Of 3t= Z% At8. X7t ldEl= 4% A8
- TEY AYEEL At NMelvh o 23t

X~ ol
=10




5 f<E2]7] (Induced Gas Flotation)
Flotation
I&SSIlﬂtSlﬂ =1 pas '\ﬂal':'l
(Rplley ar recycls
- I &8 !
\J A 'y
e
> - g 15 | ol
T '_ﬂ, ,__ﬁ.7|_7---~=~-~ ‘
— [ bt TJ "FI = G Gl
A Lo e me L 5
o S Aot watar
inlat ouyklesl
1 standpipe and hood 4 m:stlhy shart
2 bubble dizpenssrs S el drnee
2 rotating imipelisr B sloctric motor
. . . induced gas flotation unit
dissolved gas flotation unit . .
( hydraulic inductor/mechanical rotor)
- 22| : gas flotation L
' - 22| : gas flotation
- X1|7‘|E|E droplet AFO|= :(&|Z)10-20um '
o L (X
= = ~ I - JtAaHE WA - hydraulic inductor &
7l& HAE %*ﬁ—roil fIash|ng°F°§M1 pal= - X
. XL 7|AE EHE A2 2M 7t H
- induced gas flotation(100-1,000um) XLt 2o BarA|z
M O HS HES SN =2 TL2E
1582 S00-100um) | oo urg 1009 A
- 2 BHE 100% X1|71
+7 - M3 A2 H| 20| AL} Fctsh
S| - oildt water?] ZEAO|7F 2 AR AHEIts (Oll, heavy oil)
9A | - FX] AO|=2f FHO| Fot nEjAtgel 22 HMEStK| S
oY - Tk ARG AYATAAN PA LS AASE AXRA, AL AT AL Fn
st gl a3, o] & HAste] fAY WE Ao e 0 A 7], FAY A, &
5, 71xe] A7) T8 A B AAFFoY dFFe] A&H A, A A=

x 5m FAe] G,




6) Warm lime softening Clarifier

Warm Lime Softening Clarifier

Y4t
- A3 HEjo HEV| WREE 22 FYSH2 HTA(Lime, MgO, NaOH &) &7t
- Aok HREES] ERE AMMSHH T WE MF AlZtS Ze)
Il (o:lEI- oIXto] RZAUS = |A|9I
- HEAZ HFAIZIH &3 oHF | HH=220| 7S
et g HEBS WA oR HERE A
- i i i =13 =
b Sedimentation a?nd blocking .oxl 7ts
- Long-term continuous operation.
cpxg | - 7™ Backwashing 22
== -4 oy g

De- Olhng:—_: AZR Eoll= CaCO34 Si02 e dEE°] Zof o HAVE F3l o 22
EAES 3shit3S 53 IA-Ey AZ. Limes H7bste] &9 pHE %< carbonate
species®] JAE F=3 . 33*&% gAZ dF5gol FAVF 2EEHE o= FE5HT 9,
AEy, 983y TOoE B AHE xFst] 7Tm X 8§ m A HFI



7) ©7]7] (Deaerator)

Deaerator
_ P 3 i .
dd - i
— B L
Rate Capacity : ea.ter Overall Dimensions, in.
Model No. ection
7|7: LBS/HR HP O.D. HT L W
37
6ST5 20,700 600 36" 152 122 56
30ST5 100,000 3,000 60" 184 156 80
- 250 50t A= HIS=d(non-condensable) 7tAE HAHst= EA|
- Feede E7|7| &5 0| Spray-NozzleO| 2|sf DE2H ZAHE
712 | - 2ME 22 IHAHO|E(Cascade)HENC| TrayE Et StASHA E
- BB JIAEL AEEXOR ME VentE B3 WA LIS
- 72 MAAZ 28 221715180 MEE = SE7(2 By
HH= | - smaller plant & 75 Free carbon 27 XA 75, recycling pump =28
THE | - residence timeO| Z1 Steam wastage =’

De-0ilingS A%l &= 4]-8=4Non-condensable) 7}2~1 4FA 9} o] 4ks}
7] &2 &S 79 Evaporator SystemaJr Boiler Systemoll 4lZ2tst ZAl€ o712
(Deaeraton)& Fsll AAAZ. 42 HAZ 53 =HoE AEHI U, &
© Aol Al 4 m Ago i, Fof ZHE 233t 4m X 5

g



8) Steam Generation

Falling-Film Evaporator
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(3) Module Envelopes

71&0 RE3 WAL A oA AH] == Fo]lz Aol ALY FY, pre-dressed vessel
T FA o2 Mg Hojgtoy HFoll= A AHFY AfAH, YxD Fol Sl wet
At ol FBA TS AAA, Tr%ﬂE] T 2 B, 29 2 HA BolA, ¥&F FARTA
ol B MAE Tt AA 7, FAZIZE, FAHE SHAA F EF/E Kol 5.
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5 9l A8 A4 LA S FAL AN BT
REE FROE FHOL Aol FAAL H4 A 18 THTOD WAt
Hdol A&5o] o]z gl Ao]E AZd oA/ E BEINFol XJEH
IEI : J Pump | Heat Exachanger |
IEI : ]E] | “Heat E schanger ]
:fhihhliihiliihilihhillhhhhtthl
: Horizontasl YWissse]
Pummﬂ : L] L 3 & - - - 3 & & - L] L3 & L3 L] & L3 - L3 - & & - L3 & L] & - L3 -
Coontrod = T
clstribaion - ra N,
- Horimontal Yessel ( \S;wl
T oEEn L ETUN USEER P SRR B SRR £ 0
: L_E:i) | Hesl Eschanger |
Pisnfip : (E) Puimip | Heat Eschiamoger |
a9 325 75 EE #olokx
SQUE FUE 253 FA94 YA DT A5a7) Sl 2E Envelopes 43t
© W2 %< 183 Envelopes, s 347 £ ©|3 Envelopes 522 T
o)21% Module Envelope® 919, A%, €4, Ax 34 5ol he s nAAGFL 0F o
ofofgt & FHAAA 3], 8 5 FAZ FH AA, IV FE TALE EEIUF vb
215k, ¥Eg-7], EF9l, column 5 EE ZAE st RERZ :r“éil N7 Wzl Fa &
ARE N mEE TS A RES AHSA AAste] TxFe solmeel B A
ol8& F9 FEFE A4 F US
wEd e o4 F 14 990 AL A AT FAAY, T AN AL,
288 ZAAE v ARt ER AAstoof sk, &S FUle A4, 89 5& AE st
HEAA FxEs F7IE XS A6, RE3t A2t wjd, &<, #d" &olst
5 BES fUls A4 F AZF golz VEYIE FE FY AR A E o 34,
Mg A EA7) o) g 5ol elskel vl mEH fulel 45 AAY} hIES
AAST ZEst fFUHS AY, B4 AAd oA FE T S HE3
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Fol 7Fsd £55ES weiste] AAF ol Sul, M, sk, FeIA Aol AT AF
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¥ 3.2.4 Modularization®} Pre-assemblyol] w2 H 1AM

[

IAFS

e

. BE 0|z IXE
- Alolg E2o|, ZojzF
. 39 % R92IE FEE

Modularization o
°
& THEAS, T7ILEAE S

Pre-assembly

e5!
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@,
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3
D
ol
o
ft
)
fru
O
e
r)‘l
[
i
£

Envelope =gt
Module ° oA CPF W W
Envelopes w H L
2 6 AOlE, &Y Attachments
2x%3 o o o
4 3 2 If7|X| &/, A8 Oto|=a ThA2[ A T IiO|Z3, Weak
Acid Cation lon Exchange
4 5 Oil treater, Heater-treater, Flotation, Oil removal filter,
Deaerator, Weak Acid Cation lon Exchange, Drum Type HRSG
FWKO, Skimmer vessel, Flotation, Oil removal filter, Drum Type
4 10
4x5 HRSG
Skimmer tank, Skimmer vessel, Coalescers, Deaerator,
8 10 Falling-Film Evaporator, Warm Lime Softening Clarifier,
Once-through steam generator, Drum Type HRSG
Skimmer tank, Skimmer vessel, Coalescers, Flotation, Oil
removal filter, Deaerator, Falling-Film Evaporator, Warm Lime
7 8 . o
Softening Clarifier, Once-through steam generator, Drum Type
7x8 HRSG
Skimmer tank, Coalescers, Warm Lime Softening Clarifier,
14 16
Once-through steam generator, Drum Type HRSG
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Rush Lake
Commercial Thermal Project

Kearl Oil Sands Project

ASTM A36(Hot-Rolled Sections

Structural Steel as per JIS G3192)

300W, 350WT, Canada
A572-42, A572-50, US

CSA G40.21, Grade G350WT,

Lifting Lugs Category 4

Mo
of
p‘g
ol
N
)
St
i

% 332 &% o5

=3 &4

Rush Lake Commercial
Thermal Project

-4
HI

Kearl Oil Sands Project

- 1.15D (Dead Load) +

mpact + Vertical Impact + Wind
- Wind Speed :
- Exposure Category : D
- Important Factor : 1.0

o
ol
P
I

mph)

(Longi or Trans) |

102 mph (= 46 meter/s)

(Hurricane Prone Regions with V > 100

- Dead weight
+ Roll(or Pitch)
+ Heave + Wind Loads

- Transverse acceleration : -0.55¢g
=y - Longitudinal acceleration : 0.30g
- Vertical acceleration : 0.50¢g

- Roll : 0.67 g(Trans.)
Pitch : 0.34 g(Longi.)
Heave : 0.7 g(Ver.)

- Longitudinal =

g Force - Lateral = 2g x 2 for each side

(Restraint

Values) ) .
ichever is less

3g x 2 for each end

- Vertical = 2 g or light weight of car, wh

- Vertical Impact : 20 % (Dead)
Impact Load | - Transversal Impact : 15 % (Dead)
- Lateral Impact : 25 % (Dead)

* Rush Lake Commercial Projecte] T+Z A =

AISC(ASD 9thyell wet =8 = o, s deE<

-

Sl

pul

i</

stzzgol A el AA Wl Ags] WA A &
* Rush Lake Commercial Project®] #3}5-& ASCE 7-059) wet A4kg. g Force A A AgF kS AAR

Open Top Loading Rules Manualol] w}g} A2+,

* Rush Lake Commercial Project®] E# YUz o4 FA35F
Engineering Design Criteria(DS-CS-01)ell whe} A4+,

* KOSP9] afddnt dAstE2 AISC 9thol] whet A4k,

* KOSPO s de6 Hdl = 7H&5= 7]

KN
L

HuskyA} Specification : Structural

2 KP 04-74-004, Structural Design Loads(Rev.Deol wE-




O A3 71+

¥ 333 248 BEE 7|AA HA
S % SEZ4E AFLE Mg CHH =8
BEA7|& N/mm? N/mm? % %
F8T
640 0|4t 800~1000 16 O] &t 45 0|4t
F10T
900 O|4t 1,000~1,200 14 O|At 40 O|A
F11T 990 O| & 1,100~1,300 14 0|4t 40 0|4t
F13T
1,170 O|4t 1,300~1,500 12 O| 4t 35 O| &
¥ 334 8RAE A=
b3~
XY= - /-' HE Jls 4=
y u
KS D 7004 ¥Z& mE0t3 8Xs 345 420 | QIMZ = 400 MPa g 9
390 490
410 520
490 570 | ojxtzt nks;
KS D 7006 &3 g mEota 8FE 500 | 610 | 5o 2= 490 MPa~ 780 MPa 213
550 690 | '°
620 750
665 780
340 420 | ojxpz4 o ofzt
KS D 7104 9%, &2z 9 Mg 28 of [ 390 | 490 5:;1515 400 MPag 212
3%7‘;{ %E1ﬁi01)‘d 430 540 |_ooE 490 MPa, 540 MPa, 590
290 80 MPag 1&HZ
345 420 | QIXMZE 400 MPam 9T
Azt gl niEsEZde 08 ™ &2
Setolol o o0t 88 E% 7390 | 200 | 9= E 490 MPa, 590 MPaE 1
- 490 570 | ML
300 410
390 490
KS D 0531 EtaZ U HIZLE MEMHX|IE | 490 570 | EtAZ 9 NS4 EHY, g
o3 8% 249 EF F&£ U AlH g 500 670 | Z U Wz=MZ
550 690
670 780
KS D 7101 L2848 n=ot3 888 390 490
LIz EFAMTIA ol 87X &
ETEDQEJ%? G = 01388 & OITZE 490 MPa ~ 570 MPaZ Ui
= S M =P
KS D 7109 LIS A8 EHA7bA OlZ8F = | 490 | 570 | € 4EHE
HAS™RL0|0f




%335 mEY TAE AR A

Rush Lake
Commercial Thermal Project

=11 Kearl Oil Sands Project

High Strength

Bolts, Nuts an ASTM A325, Type 1, Cadmium

Plated Bolts

Hprg | o Washers M16, M20, M22, M24, M27, M30, M3
Carbon SteelB ASTM A307, Grade A, Cadmiu 6
olts, Nuts and
m Plated

Washers

CSA G40.21 F+x87 o] BH3 FF0 7 Type TS ALg3stodol & Ao 2 AlEH,

ANAILABILITY
CSA G40.21 Therss seven sireng rvsls and Sin bypes Farnve Desn oombingd v sighteen grades
Standard for Stnaciuml Steals as folows

Issued by Canadian Siandasds Assoctabon {C5A] "
e by Canadinn He e J Yield Strength ksi - mPa

Type a2 an £ &0 i f 10

This standard, known as C5A G40 21 covors s fypas of stnuchuml quality 230] 2600 500) 2501  A00{ 48O o0
plalos, ahapas and Dars Hor Qoriral DOngArcton and engnaorng purposs 3G 50G O
G | 205 350G | 4008

Tha six déflesnn] Sypas coversd ars
g nw LW SO B M

Type G - Ganaral Consbruction Sheal W JIONN | BROW | OOV DSOW ) S00W|  LBOW
Type W - Weldalde Slock el Gt

EGT &al
= o
I Typa T Wisldabds Low Temparaiisro Shaals I I T - 2607 00T 3:"“r '1':5:'.| AE0T I
Type B - Armcaphins Comoton Ratmiant Singclural Sisels R :l,':,Aﬁ
Typa A = Amcaphoi Conoshon Roskstard Sinsctumi Stoel BOA BOA
A S0, SO0,
Typa O = Ouanchid arvd Tompansd Low Aoy Steal Flase 1000
] 5000

27 33.1 CSA G40.21 % Type T9 3574 %=

FxEe| 4A A Type T $57%

= al of &}, Type TollA A|A= 260T~480T
o] &5+ ASTM FEF2 A36, AST2E FRIE U

1;1[0 £

# 3.3.6 ASTM A36

AFZLE s=zE EH A%
Plates, Shapes (MPa) (min, MPa) (GPa)
and Bars
400~550 250 200
3 3.3.7 ASTM A572
ATYE gEZE HER RS
Grade .
(MPa) (min, MPa) (GPa)
45 - - -
50 450 345 190~210
55 485 380 190~210
60 415 520 190~210
70 - - -




2 A=

Aol B &

AA Al skF 71+

@, =2, A 2t 2708 7
%77} Bast

A% 723800 we} ol

® 338 A= A Al stF 7+
7l =2 o & Lt &
1EE s Sl ox
D (Dead load) ofg Z7tX| 2| FAZI Zelof dFHez FEE0 AHES= oFF
] ey A==9| LR XSt 7tLE 7|EF A=, HIED 21Zte] S0
(Live load) olgff UMSl= St
o spal = FAI 2 Y Al LA FHH] A oSt A YUSHS = HRE AE
I|3%0|-3 =R ¥ N = [ o S S o I e [ R = |
Lr (Roof live load) = RS BtFE E= 02 FARH &2 HAE S 0|5 Ztss =M
of live loa = of L =
ol5to| x|S0 %&3l= otE
W Sots HHEH O 2f3 2t &E|= otE. =Moo BIEH0| XY Off HHEOf| 2/t =
(Wind load) of 2dst= otF
ML=
S =SS =0 4el SEo| L=F0 ez &= ot
(Snow load)
e NN X|ZIo| LojtE M AS0 2E3t= X|Bre| 7I&Eet A=o HEAS &
(Earthquake load) | StO|N ZASt= 2HI=HO| 2fet +=EHIES
2erdy o B4
M . ! A SH=EQ AN AHESts 2HHEH W F5TK 5F
# 3.3.9 7lutt Calgary, Alberta B+ F<o ©& Wind Load 2%
TEX X% S5 (m/s)
Y, 38
D& S ZH X[ <) Calgary, Alberta, Canada 38
Rush Lake Commercial Thermal Projec 46
O =7kl M a3 &F 7H5= @&
3 3.3.10 Acceleration Value (Ocean Transportation)
. . Longitudinal Transverse Vertical
P
Site roject (Roll (Pitch) (Heave)
Canada KOSP (Alberta) 0.34g 0.67g 0.7g
Canada HUSKY (Vancouver) 0.3g 0.55¢g 0.5g
US A SASOL (Louisiana) 0.2g 0.9g 0.5¢g
H| 4| =2 2t RELP 0.315¢g 0.5g 0.39~0.2g
O =7kel W $4 &% 7t&= g
¥ 3.3.11 Acceleration Value (Land Transportation)
Site Project Longitudinal Transverse Vertical
US A SASOL (Louisiana) 0.1g 0.05g 0.2g
Canada HUSKY 0.25g 0.2g 0.2g




O Fx&9 AN A=(F2EA LREARH2009)

(3) x4 A7}

z7] A& (nitial jacking) & o]F<S AeIste o]F Al H FRE HRHH o
E2AA F gAEAA A8 mlns el el HAE Bastar, E3F dAYol= 24 H T
ZAA 8l SPMT(Self-Propelled Modular Transporter)e] #ajo} @Al Fxo Ad
= 4HgsloF 3t

FEE B olEaAFANE AFahFo] ol BHUA FuHE ol P AL 53
Atk AFaFe| o FAEE st Arf g Ax e AN o FHFEA AR A
£, PR BF FHFTAN S FASH] AshAE Aol B B9 HF L At
shel afaol FFRL Axstel 4ol 2§39

ZUE s 72z 40 Bad 24 o5 Aoz, A8 24, FFEAGA, W
# B4 AW, 24 Dol U 2L 5 £

A Ave Fal We FEaA T2 Mides gen Z2I1Re Fgale] T2 o)
@ %4 8 A o5 A AAzEAC U] TRslde FA,

3 3.3.12 Structural steel comparison

QI Z &= (MPa) 400~550 450 400~510 490~610
54 L (MPa) 250 345 205 325
B A ==(GPa) 200 190~210 190 -

3 3.3.13 Boundary condition for analysis

Case 1 3.6m(W)x7.2m(L)x 20m(H) | 180kN
(FWKO SM490
module) 3.6m(W)x3.6m(L)x 20m(H) | 90kN 38m/s
(Calgary, X :02g,| £ X:02g,
Case 2 3.6m(W)x6.95m(L)x18m(H) | 30 kN Alberta, Canada|+Y : 0.2g| + Y:02g,

(Pipe SS400 | 3.6m(W)x3.35m(L)x18m(H) | 2.1 kN | HET I%5)
RackModule)

3.6m(W)x3.6m(L)x18m(H) | 15.6kN




(] FWKO #Y =& Fx34 A3(A F7)
- Case 2 - A(5x4x30m, SS400)

He3 : 7.138 x 10°kN/m? (713.8 MPa)

T= column Beam1 Beam?2 Girder Brace
Combined (I§r:1naa>:(1 1.306 Rt 0.950 0.931 0.926 1274
Resistance ' >1.000 <1.000 <1.000 <1.000 >1.000

Rmax2)
0.380 0.000 0.000 0.000 0.000
shear | VMY 00 | VYY1 G000 | <1000 | <1000 | <1.000
Resistance 0.270 0.160 0.526 0.233 0.402
Vizviz 1 o0 | VPVl 1000 | <1000 | <1000 | <1.000
Allowable N.G O.K O.K OK N.G

- Case 2 - B(5x4x30m, SM490)

X CHE8 : 3.729 x 10°kN/m? (372.9 MPa)

Z|CHH S : 30.023mm

T column Beam1 Beam?2 Girder Brace
Combined (an'?aax’; 0.850 Rt 0.634 0.695 0.656 0812
Resistance ' <1.000 <1.000 <1.000 <1.000 <1.000

Rmax2)
0.244 0.000 0.000 0.000 0.000
shear | UV 000 | YMYY L G000 | <1000 | <1000 | <1.000
Resistance 0.191 0335 0.394 0.265 0.269
VEVz L 000 | VYL 000 <1.000 <1.000 <1.000
Allowable 0K oK oK 0K 0K




[J a4 Case A AH&7FeoF

E 3314 LA AHETHs o

AXY
=
SS400 SM490
Casel (3x2x30 m) O.K OK
Case 2 (5x4x30m) N.G OK
Case 3 (8x7x30 m) N.G N.G

- Case 1(3x2x30m), Case 2(5x4x30m)

4]

2

I} SM490 ZA7F 71 AeE A2

Y

¢

.




(4) 234 % 42T

D

MA Zhae) A 74

¥ 33.15 T2EA A 74

= i
KS= SEEZSHEO oA &7 M-t =7F +40|Ct 1071
N HEEo0=2 EFL0 Ao, HLNES2 SEE0 ZZ|0YU
S AFA 74 T = [L — [ e T L
K@= ST Korea Stan | o wet e ERNBOl BR4ED 713 7|28 IR0
ards) HSSte KSHA| MES Mes Mz 22 222 D2 EAY
(Gl :KS D 0000)
JISE €2 SHEFH Qs MEE L2 71422 188
JS(E2E 3Y 14, Japan Ind | 222 EFEO Aol EL2 1 YEES 7M1 Y&, JIsY
ustrial Standards) Al KSOFE EA|M =@ OrEtZEX| 2 JISOHE BA| & 295t

Aol HLZH FE2 'GOIRE HEAIE (0 JIS G 0000)

ASTMO| = ZAIH R =], Am
erican Society for Testing Ma
terials)

Og0Me & Mz X Ao Chist AT O 5FE %}
£ Aot AL ASTM2 BELFC| Of 42 Specification, Met
hod, Definition@ 2 LSt U2, CHA| O|SS HAFA (Sta
ndard)t 7t (Tentative) 22 F2st0 UG, Eot MHE 7
Aol 4z (E 242 S 3N 7|28 20 EBUE
2 BAIStL AZ

ASME(BI = 7| A7 | &A1t A
merican Society of Mechanic
al Engineers)

ol=2l 7[A =0of *Xﬂﬁl’dolﬂi 2, YHE7| T =YY
2HEY A YT AAHL T of CIXtQ, M=HALE O R

—

S o 7

AISI(A| =32 L2, American
Iron and Steel Institute)

CHE ASTMI} SAE S2| TNt RS0, AlTEl= HAME
of CHsl 2RSS 9. E1'—f HERZ40|2t7|2Ct HYHE
(Steel Products Manual)2 2 HE L0, Zo| MEiN B HZ

Of 2 ZEFA| MO UM ME Q0{o| Mo| Alsldte
HEX|F, X5 8A, ZF YA 52 £=5510], M XX, AHEXL
TOfXtOf CHSE HZXY M E [0 /e, CHS of 20| & 19
Ho=Z &0 S, Carbon & Low Alloy SteelOf CHSfA = AISIQt
SAEZL €2 ﬁl?ﬂ H1§§ Ar238t0 om AISI = AISI/SAER
H7|g

BS(B= =7} 114, British Sta
ndards)

g= =7t #FEABSHOIAM s 57tFH0[CE o] #3832 HY
of CHitEE BERE 20 NYHz+o=2 UYHUHSE 2ojstn
on ofgfo 5582 2R

(1) BS General Series

(2) BS Automobile Series

3) BS Aircraft Materials and Components

4) BS/MOE Standards

5) Bs Codes of Practice

—_— o~ —~

DIN2 =¢ 3¢ =7t 740D
eutsche Industrie Normen)

e}
H
A
Y
=2
x
>
o
rot
Hi
N
o |
N
oo
o
4
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lo
~
wn
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N

N 2 pE Jn




ATRA FRAFE FU5) AR FHL TRUA A2l Base, T BE 4
S 22 Y

rir

*LSD(Limited States Design+= 7 #+Z&9] Z%= AAd H&H.
*ASD(Allowable Stress Design)= Wloj® AA 2 Z5 b4 HE &3,
*CSA: Canadian Standards Association, CAN : National Standards of Canada.

#® 3316 =7PE Fx424 7E

=7t Code Name
e KSSC-LSD09 (OFi%—‘rLEQ |, StASEIEA 7| &)
= KBC-LSD98 (CHPH 55t 27X SHA MEfE A 7|F)
o)1= AISC-ASD89 (O|=ZTxP3|, SI2SHEAH)
AISC-LRFD2K (Ol ZTZE3|, steX A=A H)
FHLtCt CAN/CSA S16-01 (PHUCHF AR, 5 FX2=Q| SHAHMEN HdH )
o= BS5950-2K (BEZEY2|, ZTFZHA7|E oA ME DA H)

3 Tz FAY A

TT—_ ECN (mm)
= T | B 8 16 25 az 40 50 100
e S5400 ‘
HE=E2
SM4004A AEmnan -
SM400B g &
sSM400C dsmunn i
SM450A | P -
SM450B LT &
SM480C qnm 1 :
SM480C-TMC e 1
= SM490YA B SRR E— |
= SM490YE Smmmans ‘
= SMS520B qummnan -
2 SMS20C pu=as ; :
= SM520C-TMC o mmm
= SM570 | BT
E; SM E?D-TMC LETLITLL
SMA"DDA [ETTTTT] .
SMA400B | sty &
SMA4GGG . A - L _ _.
SMA4S0A I E—
SMA490B | P @
SMA""'ED': ITTTLTT | '
SMA570 | T - e
a9 332 & FAYE 474
) 1L #FA 0mmE zHste AL 548h0aE vl 3

4 G
2. 5 25~32mme] SM490YBE WA A= A z=ooF &
AR A agad mE S 22 1 Aol Azol AL
¥ T4 AA AHES A e Al of o] e A AL &, T2E AA)

A 3
7ol EEES &3] Al 3l o1&~ FRATE golsle S LA T



o 7HE A ZE=E AdAste Fxs|Ao] Hadh
¥ 3317 =371 A 2=
ot= KS Korean Industrial Standards
ol IS Indian Standards
OFA|OF Ad= JIS Japanese Industrial Standards
== GB Chinese National Standards
= CNS Chinese National Standards
NES o= ASTM American Society for Testing Materials
FHLpct CSA Canadian Standards Association
w3 EN European Standards
o a4 = BS British Standard
e O|Efe[ot UNI ltalian National Standards
=¢ DIN Deutsche Institut Fur Normung e.v

T2E& AA RS A% =71E 74 7] 2 A 7187 BastH, S AAE AHE
735 KS 743 SS, SM, SNof| sl @5+ 728 A 2 JABAE 5& 13 A AAol
83}

3.3.18 =7} A A %7
KS SS: YERRE ALY
(Korean Industrial Standard) SM : EYFAZE YL
SN : ?jé?%% ALY
JIS 400, 490, 540:Q1 LT A|AK|, AB: SZK|
. Y SEZE 10% TFA
(Japanese Industrial Standard) A:EZAK BE QS pEZAA WS
A36 . TEEZL
ASTM A572 : Nb-v D&z
(American Society for Testing Materials) | A992 : AETXEZ
G42, G50 : QI¥Z=
G40.21(Type G) : LEITAZE LY
CSA G40.21(Type W) : ETFT+Z & ZM
(Canadian Standards Association) G40.21(Type T) : EFFEE N2 ZX
GWT: g8
BS BS4360 : ¥ T+ 8&¥
. 43, 50, 55 : AFYLE 4K

(British Standard) A EHA EZ QIS B XK HES

DIN (Deutsche Industrie Normen) DIN 17100, EN 10025 : +x=82%

EN (European Standards) 235, 275, 355 : &R ZE FAKX|(N/mm?)




2t CPF 1 f7]|sx2Es 4AA 2
[R2] odME RES ZUHE 75 =2
(1) CPF AA7|x 2 Al5T+A

1) CPF A4

O AA &=

CPF= A4S EoSdo= s 44 HAW FAZFS Adst==s 2A S 485 CPF
o HA]l getuE = ot ¢ Zg
¥ 3.4.1 CPF tjxel satm g
MM 5
Stream
B3 82 (m/day) A 8% (m'/day)
Oil Production 1,200 1,500
Produced Water (as liquid) 4,348 5,435
Total Produced Liquids 5,910 7,388
Steam Injected(CWE-100% quality) 4,348 5,435
Produced Gas (Sm’/day-dry) 24,000 30,000
ch, AAbA A dnj g3 T AAVIEL 20% dHFES AP F e §HS VFe=E
2 &3
0 A% 92 % 83 54
3 342 A% ®BA
M Y3aol 55 MBS 8(m) | +¥
Diluent Storage Diluent 1,600 1
De-sand Tank Sediment & Water 400 2
Produced Water Surge Tank Water 1,600 1
Sales Oil Storage Tank Dil-Bit 1,600 1
Production Oil Storage Tank Dil-Bit 1,600 1
Off Specification Bitumen Storage Tank Dil-Bit 1,600 1
Produced Water Skim Tank Water & Oil 1,600 1
Waste Oil Storage Tank (Slop Oil Tank) Oily Water 400 1
De-Oiled Water Storage Tank De-oiled Water 1,600 1
Raw Water Storage Tank Water 400 1
Evaporator Feed Tank De-oiled Water 30 1
Caustic Storage Tank Sodium Hydroxide 30 1
Boiler Feed Water Tank Treated Water 1,600 1
Waster Brine Tank Evaporator Waste Water | 400 1
Boiler Blowdown Tank Water 320 1
Glycol Storage Tank Glycol & Water 32 1
Diesel Storage Tank Diesel 16 1
Floor Drain Tank Oil & Water 80 1




O AA 7FsAzE

e 38A%F, w2 8E, 94 A2 A% 7hEARe] Azt 8,0004 7 H =S Aok

(1 "&ch2(Turn Down) H]|

# 343 AsE g H
38 18 A8 OjH %
AME A& 10%
LA As 10%
F=X2| As 10%
2EHANY| AS 25%

Zka1: 2002, David Thornock and Larry Clark, Y2 ©th&
Z31: 2005, Darren J. Wiltse, A4 SAGD ALS €FA

FAES] $HL 25902 WA S of ATk AA FHe A A % A Seok A9,
g 2o @ wE AAMG 39 AHow A A

- & (Waten)

SAGD WAl A AHelg AALE B&L 97% FFo)ln A4k FEHEE, S35 5 A A
AFRE &8 dA G Z=FFEAH Ao dkTh 10,000bbl 87 SAGD Z=2A
(Waten)9] Ed4A= dFH o2 ol e} 2.

3 344 AsE CPF

Water Balance for the CPF (Steady State Case) Source (m’/d) Destination (m’/d)
Supply Water Balance
Raw Water from Pipeline 192
Average Brine Regeneration Waste from Softeners 6
Utility Water Consumption 8
Ro Reject to Evaporator 44
Soft RO Water to BFW Tank 134
Evaporator Balance
De-oiled Water to Evaporators 5,390
Boiler Blowdown to Evaporators 166
RO Reject to Evaporators 44
Distillate from Evaporators 5433
Waste Brine from Evaporators (to Disposal) 167




Water Balance for the CPF (Steady State Case) Source (m'/d) Destination (m’/d)
Steam Generation Balance

BFW to Steam Generators 5,567

Steam to Reservoir (Cold Water Equivalent [CWE]) 5,400

Boiler Blowdown to Evaporator 167
Reservoir Balance

Steam to Reservoir (CWE) 5,400

Formation Water Production 0

Produced Water from Reservoir 5,400

Water Lost to Reservoir 0
CPF Production Water Balance

Water from Field 5,400

Water Losses to Process (dil-bit, fuel gas, etc.) 9

Water to Evaporators 5,391

Produced Water to Disposal 0

- 83} 44 YA (Hydrocarbon Liquids)
=
[e)

QF ¢F 6,200Smi/daye] A4t A7 A =2 FE CPFE A2dt. AA 73 F oF
1,500 v Eglo] 7 H A= 29 0.5% BS&Wolste] g 2AL W= A7) 95 1)
& 300Sni/daye] 3449 =™ MA 23] 1,800n/day?] dil-bite R WMEH. T
AolA B E BE FT] = %%’“ °“§+EP§}4£E WztEloj 2 31 v Ewll =& FA ol 4

gEHAY . Jo &3 2= 8 VFEE AREE.

M o m

=

- T8 EWE ASEE 7T

olef o] AlFAA HetrEle= FA AlEHA VI, 4 9 52 A, LIAME SAGD A4
o AH A7) Aol AHEHE AFTEAY F2 FHuEE 8% €4 2 EE FA= Z4
ede&F P E ALES v OE WA

# 345 FRE AT Fa vevH
atajolE =5 S

EHE YY-EZ(Plant Rated Oil Capacity) bpd 9.435
EUHE S=EH(Plant Name Plate Capacity) bpd 7.862
WAk 2 (Produced Water Capacity) m3/ day 5.043
Well2 32&= A28 E(Steam Quality to Well) W1t% saturated 100
MATIA CO2 &8 2F (Produced Gas CO2 Content) Mol% (dry basis) (10%- ;’(5):/{? 9))
2|z & (Ol Treating Method) N/A Dry Treating

—Nondiluted

ZHOHR BS&W (Sales Oil BS&W(Operating)) N/A 0.5% max
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ools ME =
7 ME == . °C 70 - 75
(Sales Qil Product Temperature(Operating))
i3 A7 &A™ (Raw Water Tank Inlet Pressure) kPag 200 Max.
AHT ZJ MQm o+
(Raw Water Upstream Pump Shut-off Pressure) kPag 9600
@l 2% (Raw Water Temperature) °C 5-20
WAk XM2|/AHE (Produced Water Disposal / Reuse) g H=E
M A K a| b
Disposal wellOfA{ A At= ‘|.| & kPag 6300
(PW Disposal Pressure at Disposal Well)
MAts K2| 2= (PW Disposal Temperature) °C <60
Mt M2l Al 51 87tstt 2YY 10
<
(Allowable Oil in PW to Disposal) ppm
O AA g 71+
2 do] “UYF AAYHS do= mjAAF W Hd A&7 ¢ g (maximum sustained
operating pressure) 4-%o] Hojop HTh 1 A ) o] L HoF AAWH AZAE

o= ook 3

® 346 FH ¥ d =4

2| Z|c 2 H = (MOP), kPag M7 4= (DP), kPag
AX/RE TS -103/345
0 - 241 345
248 - 690 MOP + 103
HEY| 696 - 1724 MOP + 172
1731 - 3448 1.1 x MOP
3454 — 6895 MOP + 345
> 6895 1.05 x MOP
0 - 345 517
352 - 1724 MOP + 172
B o 1731 — 3448 1.1 x MOP
3454 — 6895 MOP + 345
> 6895 1.05 x MOP
- API 650/620/12F
) 22k > 2500 bbls
ME™I 2 3. 3.45 kPag, Vac: -0.5 kPag
) 22 < 2500 bbls
23 6.9 kPag, Vac: -0.5 kPag
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H3slo] ok 3t} S5 Al BAYStE 9182 Sea acceleration forcezl &}
Horizontal force(Roll), Longitudinal Force(Pitch), Vertical Force(Heave)2 E&jsle] =%
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NO. DESCRIPTION
LCO1 Dead+Roll(+10.0°/10sec)+Heave(+0.1g)+Wind
LCO02 Dead+Roll(+10.0°/10sec)+Heave(+0.1g)+Wind
LCO03 Dead+Roll(+10.0°/10sec)+Heave(+0.1g)+Wind
LC04 Dead+Roll(+10.0°/10sec)+Heave(+0.1g)+Wind
LCO5 Dead+Roll(+5.0°/10sec)+Heave(+0.1g)+Wind
LCO06 Dead+Roll(+5.0°/10sec)+Heave(+0.1g)+Wind
LCO7 Dead+Roll(+5.0°/10sec)+Heave(+0.1g)+Wind
LC08 Dead+Roll(+5.0°/10sec)+Heave(+0.1g)+Wind

AAeds AA 2P0 F = duka o 7 AP RP-2A ®=+= GL Noble Denton Guidelines-
Z 83} w]=r2] Engineering Dynamics, Inc.AF7F 7§28 SACS (Structural Analysis Computer
System)E Ar83StAU, Y &5 AR Fo FAEAE dg3te] Bentley 4% AA Al
o = 3dEE A E neE ool & ¥ gIAIRE Fx2E2 FA F4(C.0.G, Center
Of Gravity)oll th3t 11e ¢} oA AEZ Fa3k CO.G & =A Designed C.0.Ge Actual
C.O.GE F&HH, 7 FX| Itoll 543 =o)7} H“ﬂﬂ , % A EAVE TAAE
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t
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o
Fumance i
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Fuel, A

% 3.4.1 A schematic diagram of the Oil sands SAGD plant

3 3.4.8 A Design Criteria of the Oil sands SAGD Plant

Oil treatment

Density 20 ~ 22API ASTM D4052
Viscosity 350 ¢St O[5} ASTM D445
BS&W 0.5 vol% 0|3t ASTM D323
De-oiling
Oil content 200-500 ppm after Skim Tank
20-50 ppm after IGF
10 ppm O3} after Filter
Water treatment
ABMA ASME
Hardness 0.2 mg/L 0|5} 0 mg/L
Silica 50 mg/L 2 mg/L
TOC 600 mg/L 0.2 mg/L

Steam Generation

- Depend on reservoir condition
80 bar (295°C), 100 bar (311°C), 120 bar (325°C), 140 bar (337°C)
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19 3.4.2 The process flow diagram of the CPF in Oil sands SAGD plant.
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2550
CEE
— blue ASTM A106 Gr.B(API 5L Gr.B(seamless)) + 3.2 mm(CA)
—— red ASTM A106 Gr.B(API 5L Gr.B(seamless)) + 1.6 mm(CA)
_— green 304L SS : ASTM A312 Gr.TP304L
— black DUpIeX SS : DUPLEX STAINLESS STEEL, ASTM A790(UNS 531803)
E— pink LTCS : LOW TEMPERATURE CARBON STEEL, ASTM A333 Gr.1
(mm=mzmmmoo yellow | Super austenitic SS
S black SHELL : Carbon steel + 3.2 mm (CA)
e (double) | INTERNAL : 316L SS
black
 ———— (dotted) Unknown
- cdAg T A gk v = TR AR A

Diluent Tank

FWKO |
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5R1 SR

e Qil treater ]f—w’"

19 3.4.3 Material selection diagram for Oil treating
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3.6mH X 5.5mW




AAARE 18 3te] 300BPD

g0 g XMAsle] Oilsand SAGD CPF Plante] ®=E=7] ®|al olye} 3=+ W A%,
d Adne] BlgAS AR kA Al Mol thdk A A,

A2, %, A
300 BPD 3
T8 AFA
o 2AME V| FZTWE 7&3 EAYS ARSI FPststaa g

3) 712AA Az

] Process

- BEDD, Process Description & Preliminary Process Control Philosophy, Block Diagram,
PFD, Heat and Material Balance, Utility Consumption, Preliminary P&ID

[0 Mechanical
- Equipment Process Datasheet (Drum/Tank, Heat Exchanger, Pump, Misc.), Equipment
List, Preliminary Motor List,

O Piping
- Preliminary Plot Plan, Material Selection Diagram

(1 Inst.
- Instrument Process Datasheet, PSV Datasheet, CV Datasheet, Instrument Index,

[0 Elect.
- Single Line Diagram



(3) s FRE FAARAA

D A Ao

The Oil Sand Pilot Plant7} A2 = += sitex= A7 = AT =04 7|&

Az AFAE oY, g &8 35300 BPD (1.98 m® /h)¢] Oil#+ SOR (Steam Oil

Ratio) 3.5 7|Zo2 ANHAS 433t
AAkE Oile thA] Oil Storage Tank® Eo17} AAH&E ™, Produced WaterS 43

gat ¥ A4 fok

2) Module list

ATAS0C

Module No. Description Module Type
1 PAR-101 Main Piperack Module Steel Structure
2 PAR-201 Main Piperack Module Steel Structure
3 PAS-101 Stair Case Module Steel Structure
4 PAU-101 Emulsifier Module Steel Structure
5 PAU-201 FWKO Module Steel Structure
6 PAU-301 De-Oiling Module Building
7 PAU-302 IGF Module Building
8 PAU-401 Water Treatment Module Container
9 PAU-501 Steam Generation Module (Combustor System) Container
10 PAU-502 Steam Generation Module (Air Service-1) Container
11 PAU-503 Steam Generation Module (Air Service-2) Container
12 PAU-504 Steam Generation Module (MCC/Control Room) Container
13 PAU-801 Air /N2 Module Container

3) AL A e A3

[1 Process

- HAZOP, P&ID Etc.

[0 Mechanical

- Data Sheet, Technical Specification, Eng’ ¢ DWG Etc.

[0 Piping

- Plot Plan, Piping Plan, ISO., 3D modeling, Material Specification, Stress Analysis Etc.

[0 CAS

- Module Structure Analysis, Structure Dwg. Etc.

1 Elec.

- Elec. Plan, Technical Specification, Data Sheet Etc.

] Inst.

- Inst. Plan, Technical Specification, Data Sheet Etc.

1 Etc

- Safety, Fire Fiting Etc.




SUMMARY ENGINEERING PRODUCT OF EACH DEPARTMENT FOR OIL SAND

ITEM UNIT | PROCESS | MECH. | PIPING INST. ELEC. CAS HSE TOTAL
1. DWIG LIST LOT 1 1 1 1 1 1 6
2. SPEC. LOT 2 9 12 2 1 3 29
3. CALC. LOT 1 1 1 0 3 4 10
4. DATA SHEET LOT 4 8 0 23 3 - 38
5. MATL REQUI. LOT - 8 14 7 8 80 117
6. B/M LOT - - 1 1 1 3
7. DWGS Sht. 33 15 399 115 71 633
8. EQUIP. LIST LOT - 1 1 2
9. TBE LOT - 8 1
10. REPORT LOT 1
LOT
TOTAL or 41 51 430 149 88 88 1 848
Sht.

4) FA2A Plot Plan

[%+AA4 A Plot plan ]
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a9 353 EFEMg AR Y] =] =R
2) Bargalglod A 7] AR L Al&A
O Eggangodayr] A=k

GE71 287 D A AAA] BABA (4, §F
9 Az Azwl AR
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ojf

)l wh=<s}
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O #4571 =1
- 9t=Natural gas compressor =7
- No.of stage : Four(4)
- Gas Handled : Natural Gas(CH4 : 88.816%, C2H6 : 7.408%, C3H8 : 2.597%,
N2 : 0.046%, iC4H19 : 0.523%, nC4H10 : 0.61%)
- Barometric pressure : 760 mmHg

- Capacity : 673.6(kg/hr) / 825.0(0Nm3/hr) / 181.8(Am3/hr)
- Compressor Conditions

- Air compressor %7
- No.of stage : Four(4)
- Gas Handled : Air
- Barometric pressure : 760 mmHg

- Capacity : 673.6(kg/hr) / 825.0(0Nm3/hr) / 181.8(Am3/hr)
- Compressor Conditions
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@ AFT ¢ He 7k A E
- Steam Generation Burner Balance - Air Type Multiple Thermal Fluid Generator
- Diesel Qil : Carbon / Hydrogen ratio (wt%) = 86.5 / 13.5

- MW @ Air = 28.966, H20 = 18.015, N2 = 28.01, CO2 = 44.01, C = 12.011,
H2 = 2.016, O2 =32.0

- Steam Feed to Burner Data

Eemperf . Feed to Burner
?nfgﬁte% ITJoe;: Diesel Consumption Air Consumption Water
mass(st press H2 consu
SgTﬁg) ure Total C (Carbon) (Hydrogen) Total 02 N2 mption
0 MP: kmol kmol Nm3/ | kmol kmol kmol
C a | kgh | kgh | 7| kah | 0| kah | T W kgh | R kg | | kg/h
234 | 20 | 704|609 | 51 | 95 | 47 | V00| 781 | 348 | 234 | 7.3 | 775 | 275 | 920
- Steam Output to Injection wall Data
Steam Generation Burner
Product Steam with Flue Gas Eﬁlg%tsnuc
CO2 Flow N2 Flow Steam from Steam from_ Total mption
Fuel Water Injection (440V)
kah | kmol/h | kah | kmol/h | ko | kmolh | kah | kmol/h | ka/h | Nm¥/h | kmol/h kw
225 7 737 28 80 5 920 51 2000 2026 90 50

- 534 Hﬂloi WA 712 A A @ Steame] AEL 9 ®9F o
1S B3 Fg =9 Bitumend &3 H 3 3¢ FAE AA

0]}11
> l o
l'ﬂi
L
0
y Lo
.
o)
D
B

34 =HA "o
S 53 FF3Ho] Leak’t glo] AF=
o Steame 3| FFHo AAFAHAS 53 B FES

4) B3Eslelo] 27| A Hdds 2 g4 F
O EFdselo] 2] Z5 ke
- B3dslElo] dATIE A S7HA AAE A E FAAEW, 247 3 7] A
o2 ofge} 2
1) <14~7](Combuster)

2) 1¢F71%+=71(High Pressure Air Compressor)
(e} DA

AN

v}

3) 1A A7I2F =Y A (High Pressure Natural Gas Compressor)
4) A}F71%=7](Low Pressure Air Compressor)

5 ¥A7](Water Softner Treatment)




- Bl elo] HA7] A% e H
EE 23 & 7Hizlof M|
FH 2E UAdHD CHCG5.0/20 FDL-00XX
=g 2 29 FEt/h) 1~56
o &7 Y(MPa) 20
22 F2(MPa) 18
g & 2|0 2E(°C) 120 ~ 350
2 25 (°C) 240/300
=|cf A= 2FKg/h) 55
Zo 571 F&(m3/h) 1200
o] 29 |(t/h) 4.0
3 HAN2) HAE HEZEM3 /b 937
=3 O|AMSIEFA(COQ)MA BIZE (m3 /1) 185
TFE AT (%£1) 1
stg 220 -35~45
= R 8.2
SEW 7] 9=74 125
M (V) 380
2| B (kw) 350
== FILt (Hz) 50
HE J|E —
7|2t (MPa) 56
S| org =(MPa 56
Al 5 7| (MPa) 56
=7[(MPa) 56
- B3dsfElo] AT F4keE
TE AT H.P Air Comp. | HP NG Comp. | LH Air Comp. | Water TM A
=AMTE 20% 100% 100% 100% 100% 84%
* 7t wE 7)) 8 245 Ad Ae Aar|E AF RE REES 243HE 100%
* AT 7)E By A

- Baldsfglo] By dAA7] 71E R ukol

DB R

-

die SAGDE 2dA=
AN AYRFolt T 5 ow, B AEe T
=

o] AR = of /el AZo] A= FF, WEbA, B A7NE S B ARIEE 9

“Beijing Unbstruct Petroluem Technology Service” it | 5=

ZHE FAHIA SteamS XA 3}

“BIYT” it o tii#-2¢ 7]

Bl
At A= BIYTSE 71 MOUE 20163 =0l 7] A4, 7l& & 455 Ad o} 7
g5, AA Az A B Az FA TleR sto] ARIEEE ¥ A

FBAZIAEA(F) & = BJYT it 7]+ MOU A2
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5 Ekgslelol EA7] AlEdolAd Hloly Bl

O Estgshg) o)Ay ~7] Pilot Test <333}

- Bgdslg oAy r] Pilot Tests U= 949 KGS olvxtdAdE e} A= <
A sda1471edTd SOC AFSAE A 2+7 HAFS 8.

- B dselo@A ] o] Qb8 & 24 3)l+= High Pressure Compressor= # % iUt
el A 8e HxE A Steam FF 2 gHA AA-A 2 Gou Fx A
=24 Pilot Test2 I &Y3}HAA 7] 150barol| 4 30bar €S 2 Down gardes)o] |
AA 9 A=A g

- High pressure Compressor ¥7 A}eF

7 EEEE EEE: HE & H| 2
1 No. of Stage Four(4) Two(2)
2 Capacity 500Nm3/hr 790Nm3/hr
3 Discharge Pressure 150bar 30bar

- B3lgylglo] Ay 7] Pilot AH] =Y
k)

L Bgaeo]l Y] ¢4, 25 8 24 doly

Temperature of Injection co2 N2 Steam Total
injected mass pressure Discharge Discharge Discharge Discharge
(steam+CO2+N,) Volume Volume Volume Volume

°C bar m3/d m3/d m3/d m3/d

213 20 3741 2044.2 3780.7 6198.9
224 25 3054 1676.0 3013.2 4994.6
234 30 259.2 1428.0 2501.2 41884
243 35 2259 1248.5 21345 3608.9
251 40 200.5 1111.9 1858.3 3170.6
258 45 180.4 1003.8 1640.6 28249
264 50 164.1 915.7 14644 25442
270 55 150.8 843.7 1321.3 2315.8
276 60 139.7 783.7 1203.2 2126.6
281 65 130.1 731.7 1100.7 19624
286 70 121.9 687.1 10134 18224
291 75 114.8 648.5 938.5 1701.7
296 80 108.6 614.7 873.6 1596.9
300 85 102.9 584.0 8135 15004
304 20 97.9 556.6 760.4 1414.9
308 95 934 532.2 713.2 1338.8
311 100 89.2 509.3 667.6 1266.1




Q@ EFgleo Iy A ACIE &9 A%
- LAME Afe|Eo Ao BtdslE oty Y] &4 HolE
No Site Well Number P CHCG. Operating Operating
roduction Pressure Temperature
. (t/d) (MPa) (°C)
1| 3 factoy of Daging 30 30 22 290~300
Qilfield
i lack
P Daqing Black Emperor 200 20 5.8 320
Temple block
3 CNOOC 30 170 16~20 265~280
4 Yanchang OQilfield 4 50 32 270
5 Hailaer block 4 12 32 320
6 Huabei Qilfield 4 50 32 270
7 Shengli Oilfield 4 150 12~18 280~300
8 Xinjiang Qilfield 10 36 4~10 300
@ Bggdslg o]y~ Pilot Test - @A AOlE &394 Hlw
- B AR ASREAAY 87 A% Nm
T g FERE ATRY | WP 2E | Er AL | 57 AH 4
JIs2E 44 112bar 1708 Sm?/d 135~165°C 90bar 80%
150bar 1702 Sm*/d 291°C 75bar 95%
N ALY
150bar 1415 Sm*/d 304°C 90bar 95%

2~

- 91 vlal HolHelA & 4 kel AN A A=
71 sREolA AT g3 TARE HolHE Holal glon, AR 25, AF s
23]# ¥ &2 Performanced Hole 2 & + U+

T B 7o Gas == Diesele A4aAA &3 £33 Steame A4
D4 F asbe] ojitgtebaet Aa 8l =577 E5tE AikEo] A,

-/]oH Bitmene] A% 7Z+A, 84 oz L 7lx~9] od A9 Ry =7}
< Steam EHH] Oil §] TS =72 4 9L

71 150bar H.P Comp. A& A

2o =N
= P =

Steam +




(5) PWT B& 7'¢ & AA

1) Pilot-Scale De-oiling &4 A - |2}
O AAJAA

% 3.5.1 Pilot-Scale De-oiling F% AA AA

= 187m /¥
g 4 oy
HHUSLSE 0.7 ~ 15m/hr
X FAIZH 25 ~ 40min (38.6min)
HSEAFH @1.6m x 5.7mL
= 14
St 3.0kg/m’.G
iAs2z 90°C
A Y 4.5kg/m’.G
A== 120°C
O Cell T+4 =& &3 vh&x W3 AR
- 4Cell A &(FYUCellxt 7= CellS A2

&m
—
—
o
o
=
=
fu
il
p)




[0 vA7]=Z EA Nozzle % Celld 2EA # &
- Pilot AuloA Celld 7FA o] 543mm, V]A|7]E LA Nozzleo] 1EAS A &3}
- Scale up @ Cell 3t7 =Ho =z <3 Celld A& 1,100mmZ Pilot ZHH] 2]
oF ZHlE Nozzle %S 2EAR A &3] A7 WA &
- Nozzle % 4EA — S8EAE =4,

O M| ZE UM Nozzle % CellE 2EA HE

= =

- A AFAog HAHNAA $£YxALS Piote|A AHEstE 4% V-notch

- IGF W&+ V-notch Weire] &#F& =8 #4349 Oile] wZFo] &ol3t==F A
At

(Pilot Aulol Ao Celle] oF EohoA Qile] Hi&H A &+ &4 29

- 9 =4d& IGF A g4 Outletel] ®l#E AoJWHEE Az, #9419 kS wo}

9 9B FA.




H 7
M2o A SHLE 2 o7 WS
Pilot #&x]2] V-notch Weir 24& I3 7/4+% 2L Chute 5 EE /7% 2t

U

Az ANAF AA(AH SOC A5 TAH)

- AlZre] ¢+EF 1200BPD IGF= QAo 9@ sh=7147]
ATAEE o]FHo 24X 945" AdEHolH, & 2dM
dWME FHE A 53

A7 SOCAZ
= CPFE3} 37 &



2) A4 - 37}
O A%sAd 2ok

A &9 213 = IGF(Induced Gas Flotation)nr] 7} A X ¥ #Aol A 43 st 233,
2+& A= Bunker C fuel¢t &9 £33t Alxst] A= ALY d-A% &=
oA 5% 7tA o7 F 33] 213 3, IGF(Induced Gas Flotation) & v S 7}53le] 50%
3 FEFE FYSH R 4w F 33 AAFHE

A+ 1-39 FeddF=EE84dLe 2+ 99.0 (mg/L), 15 (mg/L), 124 (mg/L)e] 7S
e, =3 &5 1-39 A= 22 11.2 (mg/l), 12.3 (mg/L), 8.42 (mg/L) & e}
W Zhzbe] AAEL 88.7 (%), 89.3 (%), 93.2 (W HE 903 (W] AALL RO
o, 5o 54 AR AF A FHZ 7E AEEC] EFHZORE EYFHAL
ojof wel Aol HAZF MAE ZORE oAtH.

# 352 IGF A5A1d Ax

Sample SR RN & 4|
(mg/L) (%)
1 11.2 88.7 -
2 12.3 89.3 -
3 8.42 93.2 -
(] 785 PWT Modul A~

P

- A BHe @R 9 AGelM A% R Yol 5T BE =
37 AT AY £YOR AF ol AYFS Foln BF AeIA 7

e ol A gol Fe AL o g3lel v g
A3, 37 HAHES AMSE, B P GAALS T AT
- 180BPDS] # &%) PWT BEd7IAe] 243 A=, AY 20 =0z 4
83 PWT =E9| Layout 47 A W3AGE Felstel, FHAA Qo] A
A, e, 29, 37 52 LeW P B89 BE sto|=gel AN

oo ot
tlo
g
)
o
>

X,

[e)
A%k H& nE A"y S AT 2Est 2 2
M ZHE BE3S S237]e 53



¥ 353 PWT F2 74 7]7]

Equipment Name Qty Unit Cap D;\n;;:ls)::n;:;e W(T(Ig)ht
Diasposal storage tank sampling 5 5 % 100% ) 13
return pump
Potassium permanganate PUMP | S 5w 100% ) 45
package
IGF Feed pump 2 2 * 100% - 1,136
IGF tansfer pump 2 2 * 100% - 1,193
IGF Qil froth pump 2 2 * 100% - -
Slop recycle pump 2 2 * 100% 2910L * 1820W * 933H 1,063
Decant return pump 2 2 * 100% - 1,063
IGF Vessel 2 | 2*100% 2910 dia. * 7620 L -
PW skim tank 2 |2 *100% 10518 dia. * 7315 H, 48,866
Diasposal storage tank 1 1 * 100% 10518 dia. * 7315 H, 35,105
Desand tank 1 1 * 100% 5300 dia. * 8685 H, 25,232
Desand overflow tank 1 1 * 100% 5300 dia. * 8685 H, 25,232
Glycol heater 4 | 4*100% 1083 * 880 * 1083 216
Vacuum dearator 1 1 * 100% 2286 dia. * 12344 H 18,273
Primary softner skid 9 3*3*50% 2896 dia. * 3150 H 9,150
Polishing softner skid 9 |3*3*50% 2134 dia. * 1930 H 3,591
Greensand filter 9 |3*3*50% 3048 dia. * 1626 7,145
LIQUID RING VACUUM PUMP 4 |2*2*100% - 317
Dearated water pump skid 9 3*3*69% - 663
Raw water pump skid 9 3 * 3 *100% - 1,098
Brine pump 1 1 * 100% - 132
Sulphite pump 2 2 * 100% - 6
Caustic injection pump 1 1 * 100% - 6
Metal passivation agent pump 1 1 * 100% - 6
Chelant injection pump 1 1 * 100% - 6
Brine dilution water pump skid 4 2 * 2 *100% - 378
Water treatment building sump pump 2 2 * 100% - 21
Recirculation pump 2 2 * 100% - 31
Water treatment package 1 1 * 100% - -
Raw water tank 1 1 * 100% - 21,275
Potassium permanganate tank 4 |2*2*100% 1829 dia. * 1773 H 164
Brine saluration tank 1 1 * 100% 3658 dia. * 4572 H 1,682
Brine storage tank 1 1 * 100% 2134 dia. * 3531 H 636
Sulphite tank 1 1 * 100% 1829 dia. * 2743 H 500
Chelant tank 1 1 * 100% 864 * 1219 * 3302 -
Metal passivation agent tank 1 1 * 100% 864 * 1219 * 16512 -
Caustic tank 1 1 * 100% 1829 dia. * 2743 H 500
Glycol heater 2 | 2*100% 872 * 695 * 873 130
Glycol heater 2 |2 *100% 1083 * 880 * 1083 216




1 PWT PROCESS FLOW DIAGRAM
- IGF PACKAGE

19 3510 IGF PACKAGE
- PWT PACKAGE

E

a9 3511 PWT PACKAGE
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- A= EolA, Bue d- AU FRE 98 Eaddispersed -
phase)d<o s TES NS & F S WF Aok ol#d WA
AA e Bge weo T HA & =(terminal settling velocity)e] 2jell 2] s
AAH.

- - BEE 9 Bl 275 E= AFAZHresidence time)2 7]- F-g] o
A STEE A Bt X o 231 159 BEE 93 9-o 2= X
o] & AolzE 8=

- Stewart o] wW=H AL}
&5+ ol o] HFF3 Al

NEH A=l 4.
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FUEEE e 2ol HoW. o4 Fu
W= H O
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3 A 2" 3183 oil-water

1 L Pr™Pc
Up = g 9% lie

up= Velocityofdroplet,m/s

dp = Dropletdiameter, pm

g = gravitational constant, 9.8m/ s*

- 2EF2 o]& (Stokes theory)
WH A e o] mEx i YET}
3l7] Y8l ‘Stokes law’ I} s

=z =
- T
TS A4

Stokes law

- 2’ Apg  Up: terminal velocity
T 9 : :
€ M : Viscosity

FWKO design hased on Stokes law
S — 5 S, : Heavy fluid densi
W, = C* (u) g ki ki
S;; - light fluid density
W, : Flow rate L, : Oil-water interface length

C* : Experience constant H, : Oil-water interface area



- ¥AL 979 A7 4= (Terminal settling velocity of heavy liquid droplet)
Ao gt FHHA FHAIY Y #FFo] AP AAY A £5E
AAZ} AT F £5= Re 47} 10]3to]H Stokes lawr} 282 of 3¢

off

2
) ou—ps) .
AFE Cp=20/Re A& Fhsstn] v, =TS QY AR )
He

Drag Force 1T =
Fq = Ecﬂp,_vzdp

- n_
Ey— gdf(ﬂ-n — pLg

|, Gravitational Force

TTTTTTTTTTTT vV = J“"B{?C‘ip (ﬂnp—LpL)

Liguid Liguid Phase

19 3.5.12 Drag force, gravity balance and velocity expression on the droplet.

19 3.5.13 Interaction between oil and water

0 Vessel?] 3= 4 A
FWKO+= wl=7]1A18t3] 9] 45 87| A

o 4% ejol uhE HAL b,

1% 3.5.14 Production of actual experimental vessel head



1) 38l A}o]= FWKO #x 2 A3 AA

71%9) FWKOSH 2] wsshyl Wa® FWKOS| A% 2ol &8 9 S%3 o 2ol
4 8 A% ©%, 5 A WP, AT w2 SolAe X 2L A gl
2 TF AAVE Base, QA ool B E&A AH AFAL, WE HF
B4, &% 7Fs Aoz Fol $HHoR Ielsoio} g

[e) T

2 bt A EE EWES FRY &5 wey 7|7}
5 FE 8 &0 s0a ¢HA JOeEE AFHTO= dolrt
.19 002 438 lab scale 249, &3} ¥ Pilot =2, 7y}

FWKO®] @4h-& 1]
S, A o)

QoA & B 714

= .
Husky Energy el 2d-E vlugk 19,
3 3.5.4. Comparison of FWKO specification.
. . Head Run
Capacity Size ) Run pressure
thickness | temperature
[bbl/d] [m * m] [kPa]
[m] [l
Lab scale 20 2.2(L) * 0.48(D) 0.121 80~100 101.325
Pilot 300 6.6(L) * 2.2(D) 0.55 110~130 440
Husky 9430 15.24(L) * 3.66(D) 0.916 140~150 550~650

(Behin, J., & Azimi, S. (2015). Experimental and computational analysis on influence of water

level on oil-water separator efficiency. Separation Science and Technology, 50(11), 1695-1700,

A 969, 201D, FWKO foEel 34 S o] &3 2¥4/E =& =9 854, Korean Che

=0,

m. Eng. Res., Vol. 49, No. 6, December, pp. 823-828).

2) Ad ZA 8 A2A
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Collacting water samphes

13 3.5.15. Schematic of experimental apparatus 19 3.5.16. Manufactured FWKO.

3) Ad Uy
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Comparison between bitumen and Bunker-C oil condition

Bitumen (¥X| &M =) Bunker-C oil (Ad =7)
28 2% [ 120~130 39~44
SOR (steam-oil ratio) 2.5~3.5 2.8
28 2= [bar] 44~6.6
HAAF [cp] 80~100 70~100

Oil tank (TK-101), Water tank(TK-102) W38 ZEA7] & EFenr &

Ad 38X dAA AT 2

Oil 2 water pump 2Hs.

Az A F A EJ d&E A
2 7 AZHA EFTE S A FH.
53 Bo] tE =au B4 ¢KTR 9 ).

[‘

3 3.5.5. Experimental variables.

o}
=.

. U /Y EY3 Y €3 2z | 3 =TE
o oat
SOR = 7S /minl | il | 2E [ [C] 2& pc
2.84 126.6 445 43 52 441
¥ Ay Fd =3
A2 7} a14bo] WAy 7
=, 299 FF7t ‘?t_}"go}” 735
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1% 3.5.18. Mixture sampling process at water
outlet.
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3 3.5.6. Analysis result of mixture component
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Indicator Description Reference
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Labor cost

Manufacturin . | .
cost 9 IModule manufacturing cost at shop | Material cost B|Itsmfs
et al.

Equipment cost

(2006)

. |From shop to fabrication yard Barge Mangan

Transportation / Vessel ot al.

cost From fabrication yard to construction Road truck (2016)

site / Railcar
253 T F4 4 E’Jr Fe AsAe AR 7e FFo] w1, F4E B
o gFo] woji}ol gk}t (O’ Connor et al, 2014). ek A& 71&3 43 o
FE WY 5 Qe BE AT £A, ALAER, BT $A2 T AT 2
29 TAHAT



3 359 F4 A% =4 89
Indicator Description Reference
Number of |Reported avg. number of defects on non-conformance| pasquire
defects notices et al.
. Previous performance of projects, relationships with other
Reputation P Proj P (2005)
stakeholders Fang
Safet Safety management system, number of work-related et al.
y accident (2004)
(] 253 ZHE AY supply chain H A3} »d
- 37] Hz3
fi=min X (X, X PXMT<(1+1TD)) 1)
i,J,m
+ ZZ([ X TT, )
- EZ([ X TT, )
J
i BE A
j:EAor g
m: Er‘ér ]
‘X;]m A, ZﬂZ(_]'—ZO]—Oﬂ}ﬂ]%—7]—O]: g ]——%76‘%?:5} m‘%ﬁé‘q E%‘q %aok
Py 5 Aol A o] A4k
MT: 3708 &9 RES Aabet v e s = Al %73
TD; : 2 A2l A o] 5714 A vl &
N 13 A &F e g o] o
N, :13] 7|2 & 7 s La ol
TT, : T3opA oM A7 Ao 28 A1 7
TT, : 3Pl A @7k 71 2h2-& 2= 2.4 (F
2 (D2 2E3st 14 FA E715 AHAsk7] 913 AelH, o] & FH4slske Zlo]
224, 2E Az AR 715 23 59 o] f 2 EE AFANA EAs= A, BE
opH A A FARAZAY & A LHF BE R AN AANA Fs=
@2 1Ak} A o] &t WRel lom, A FFY A 7IAF F=Fe Bl o
B AlRbo]l a9,
- B A2
X
_ . i, j,m
fa= mln/",;;" [—N }X TC;J- 77777 (2)
+‘szjm XLQmXLQ
+‘szjm><MCVi,m><MQ
+XJmXEQ,anEQ
i,7,m i,7,m
+ ;([TI X qu+ T,,]X TCYJ,)




g 1 EE AN TS AR mrE o RE =Y
TG, ;55 Aol A S 3oFA 4 j7kA] &8 0l &

LC;,, + Ba A2 il A mf 8 o] g A LA Sy e
LQ: 2a A il A m8 o] Za A Ak Fask ey
MG, : 25 AAF il A mf 3 o] BE A2 D 23R

>
ol

on
r
o
N

R

EC,, 8 A% iol A m 8 o) 2 Al 44 2
EQ: 25 AR m i o WE A D e
N1F AR e b e R LES) S+
N 18713 5 b s R nEe
TC, : F3kob ol X A A7HA 2t
TC, : 3ok Aol A @A7A 7] %

2@)e BEs A4 FAY Bl&S -] A% Ao g, olF HAF s Ao
A4S BE AN BEE oA ORL FFH|, BE ofF A A AARAIA Y &
FH), BE AZAAAA & = s 18 BE A A A
A8 FHE AN Ae &9 REY FEFS VIESE A4S BE AFAA dF
M A8 5 e +FHe A

[e)
FL

fo
n

Ir
re
Y
=
2
ol
=
ON
o)
o)
it

o
N
o
N
ofy
1o
o
—o
N
N
N
N
of
lo
L
o
fz
)
nj
2
o
lj?ﬂ

- 34 F4 As

f3 = maX_Z (Xi,.,j.,m X Qi+Xiﬁjﬁm X *91) 77777 (3)
i.j,m

i SE A A

j:FXor %

m: 25538

X, iR E AN jEAFA L AT mF P wEe B

Q : 55 Aol A o F 4

S ¢ B A 2ol A 9] oA X 5

2 Qe EE3t 14 FA] 48 AHAsH] fg 2o, ol & Hus) st Ao

B9, Ao ARES A7) A5 BB BAY B - BE AL I
A 4, 2 AR bl A5E 1.

MEE HAs dugES AA e SWE Aol 288t AlEd o]

sttt A E AL Ut AEL A HollA Alg T E-

3,000te] ®ES AJ4tete] sjvt

F= A&ste] g A S 27194

d FERA Y XS, AR, HEY, T ZE A =Fe WEste 4%
oz ANEeIdE IASAE.

2
=
td

i
)
o
o
=2
X
ol-}lr

o)



3t7] el 2 =71 A A RE & o, FH|w
sl o= 7HASt] 4AHEsh @9 BE S U AFte] 2ed =
FAol A3 AL 7wro 2 24 sH(Jergeas, G. F.
et al., 2009) =71 QAN @7 A4k A B = Compass internationalol| A/ £33+

Global construction cost yearbook, Pipelines mining & offshore cost data yearbook,

L
) .
-

International procurement yearbook-2 &3} 31T}
7vat7] s =7 A ARjdellA Ao |
7| TA R

mEEERE

g AEE

4 24 29 F AHAHE
A gatg o, FAx
dlego g =obw W GAAT HAEL 4T

AAAN AYES

=

iAol iz F71E 7HE T84 dhe (@) Alug oA = A&l 7t
%‘ ‘%% =30 99 He 2oz A3yt EHeT, ols = Ao Akl
M w3 2% 7IE g2 dolH, TAMIE 7 a4 st (b) Avg M=
doA oz AANIE YA EEHEo] AA Eol7ts HA R T B2 =] bl
THe Aes A3t =2H. AA 283 SWE TAF FAA R o]k ZL Ao
2 o Azl e agste] HA3E T =EsAL 7ol HAEA AL
A&l met oA e WdoH AAdAE S Fell 7198 = Ao E AlsE.

#® 3510 H#3 234

Result (a) Result (b) Result (c) Result (d) Result (e) Result (f)
Predominance Time Cost Quality Time-Cost | Time-Quality | Cost-Quality
Shop 1 315 16.9 36.4 26.1 358 249
(Korea)
Shop 2 159 22.5 137 164 7.8 196
(Mexico)
Shop 3
. 8.1 10.1 32 74 8.9 44
(China)
Shop 4 75 135 9.7 13.1 105 14.0
(Vietnam)
Project time 13.58 14.25 1419 13.79 13.57 14.00
(Month)
Projeg) oSt | 35928320 | 30372350 | 33426210 | 31024340 | 33368160 | 31,569,060
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s it (288 B Ao M, 100
« B78: STOMP | SBkg/memth ::E' 1.";35.‘:54"‘“ i penticl

" S WIINH) N R R
AJER &0 B3 LIEIN
- A W) HE
< B 2TMOT] N AR
=G o ATeT = N: Normalizingl &)
- HINE HE N A RESE A = OT: Gumnghing & Temparing (SR8

= TWGE Tharme-Machanienl Cantrol| B8

LR By RREHoNE ) PFILAC BT 33, PILAC BT 3, PILAC ATAS
=W JEIR Gl w2 AR AR <76 Wl HRE UNEETL B
« P REEEE MR R AR An-Folied® Al #d

<I9 O 048 FA 4
=3 : Introduction of High Performance Steel for Construction

35 ARAE AT Tesel AYNISES FRT 5+ At
guul, FRAAY] AFH A FTAFY Ho& Y £ At He
AHE e FRGE, ST §HF A% FB, WFAZACMA
sEQH AT R NRAA, FRED e Uss, U S9dse
23 % 9%

14EF BF

- E'gﬁo*% Z (Steel with Constant Yield Point)

ZEAL sl - Y2 HY (Steel with Narrow Range of Yield Point
Variation)
- MEEH|ZL (Steel with Low Yield Ratio)
- 233 (Ultrathick Steel Plate)(2)
- 10147 (Steel with Excellent Toughness)(3)

- X022 (Low Preheating Steel)

g A 8H 45 & - LHY EH82 (Steel for Large Heatinput Welding)
- Li2tezte| o] @2 (Steel with Lamellar-tearing Resistance)
- TMCP (Thermo-Mechanical Control Process)(4)
- LiZ4Z (Weathering Steel)
- 880IA=FZ (Steel for Galvanizing)
- AE8 AH QI AZ (Structural Stainless Steel)
WEAd S 7EMds & | - 222 (Clad Steel)
- LPZH (Longitudinally-profiled Steel Plate)
- MZIZE (Vibration-damping Steel Plate)
- wgk Holg8 1¥LE LM (High Strength Steel Wire)
S3tds gy - HSA (High Performance Steel for Architecture)(5)

- HSB (High Performance Steel for Bridges & Buildings)
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]

IHE

Z+(High Strength Steel)

2 BA 5 ae) ok x| Testd glon, I =
= 7101 4 7] wiEoll(Compact Section &3) WMy FHo] S5 = A% A&

[0 31914 7 (Steel Excellent Toughness)

eAEelNE ARTT ] P Bl I o)A A}-gol

9 Ankgel Aotzde e mA N(E L) A4EL 0.006% ol

2 PN B 18 ol
e o

- AR A ojd R WA E Y FY B FEAHNA Y H_A S,

O] TMCZ-A)

TMC A= &<
3 A= (Ceq)o g
olsta od %A £l o]
Aol mf$- E& Byt ojyg} JEHE B #A
7F 7Vssta, A B vd 288 BEste g gty

o WAY ezt Ak AHe AU e
- 53, 2RV} ZbEgE FRAY Wsst flo] BRA F7) B 3
838 AZL A golw H7) WEel Fuimae} afrgmsl ol

B 40mm ol AAE AEHE WP EE AFEB WP FE5

1 HSAZA)

HSA(High Performance Steel for Architecture) A= TMCPE Alx%H UL =
800 MPag 2314 E AETZE ZAZN @ AsZ= GA R oyl 100 mm
FA e 558 A8 24 Wy A FERE aRF] FRA = A&l THe
A
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CHH| B0%

Sh5T0
CHH| 30%:
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0y 2
M40
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<71 10> HSAS00 =& I

Mega col,
(3m » 3m}

s Cutrigger
— HIARDD

FEAIO
+RC wall+
= J=H9
- STH MO REEEE A
CRHHEA S S0 S THE
2=50t
FNE SMSTOTMC Hu)
J0% B Aa - SMETOTMC - HZ 4800
- TO0E00E0:20 - -PLEO:TO0

<% 11> HSA800 A& &3}
* Z2] 1 PSCO(product application center)
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O CSA G40.21 260T~480T °| W-g3t= MUt F+287F &A= ASTM A36,
A5720]H, 1A% 400~550 MPa 9o FEE 7A 1 AL

O old Ygt= =4 1A% AAE SHN400, SM570TMC, HSAS00°] # §&}
3, T2E ZA AZAAE 400~610 MPa 9 ol FEE VA 92,

O ale) P28 24 e e 24
ZRAE AU E Fite] 3 128 4

Structural Steel ASTM A36(Hot-Rolled Sections 300W, 350WT, Canada
A as per JIS G3192) Ab572-42, A572-50, US
A Lifting Lugs CSAG40.21, Grade G350WT,
Category 4

LdME BEd SHES F8 F7kQl AAutte] 728 A 4 (CSA - Canadian
Standards Association) & E3te] =4+ &A1 9] BlFA Al

Y #4 #®7]E KSKorean Industrial Standard)& AH&3tH, a9 74 7=
ASTM(American Society for Testing Materials) 52 AF&3}

S ARk 28 QA SHTE A B ASFTEE AJATAE AT

=
A 2E3 24 =

e

O =7HE A 74 %7

S AW EE AAAA
KS (Korean Industrial Standard) SM : 8- 728 ARl
SN : A=Tzg gt

400, 490, 540:1 7= HaA, AB: F44
JIS (Japanese Industrial Standard) Y S§ERE 10% 3

A FAX BF Qs BEEAA BE
A36 : =87}
ASTM (American Society for Testing Ma | A572 : Nb-V 1327}
terials) A992 . AST=EE7

G42, G50 : A=
BS4360 : &3 T7x8%
43, 50, 55 : JAFA=E HAXA
A FAX BF g5, B: 344 BF
DIN (Deutsche Industrie Normen) DIN 17100, EN 10025 : #+%&7

EN (European Standards) 235, 275, 355 : &EHA = #HAX(N/mm2)

BS
(British Standard)
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O CSA G4021 72§ 7o Bl BFOZ Type TS ALE3lojoF & 702 A

23
. N g el T
CSA Gao.
S mn] b i e S :*-—Hﬂiﬂh_ldh!‘dﬁnrhuﬂ
w el Loy v il B e Peeid sl 0 s— e
el __; | ll-_-. iy -i: ] _I'IH.I
Tor pones. breven 30 58 ST noART 4X YEes. o UTaCLrE Ry m "‘.|, | Eal o]  am) W
et ol o i R L a i H : | -'-_.E A
Ber walforn=r s coveai @ = I-H' HI} — w H:: —
Taps Ui - Corwwl Ciswies Sl L] LR -:ﬂ:_i'l'ﬂl S
e ik = BeT] e T ]
Tama T - Wamisiss e Fergarmes e
T.lﬂ_hp\.llrl:-ml'_n.nhh-';- " r ﬂ p—
Vg Ao - Cov e Faseears B o nm S a L2 L
T
. Lt

e 0 Clesti sl sl Tomsgesiel L Al e T oms

<19 12> CSA G40.21 ¥ Type Te| &&HHE

O F2E9 AA Al Type TY FEHAEE Fadlelok 511, Type TolA A=
260T~480T<¢] Wl-&-5= ASTM X+ A36, AS722 13}

O ASTM A36

250 200
O ASTM A572
45 - - -
50 450 345 190~210
55 485 380 190~210
60 415 520 190~210
70 - - -
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5) ol ze] ¥F TRIYY BE ALGALA S

O 7=z F=AL
1 DESIGN LOADS

1.1 Dead Load(DL)
1) Self Weight of Structure
2} Steel Platform
3) Piperack Minimum Load = 1.2 Kn/m2

1.2 Wind Load(WL)
121 Wind Load (KBC-2016)

- Wind force : Wp= Pex A (KBC-2016 Formula 0305.2)
Where, P: : Design Wind Pressure {M/m?)

A : Projected area to wind direction

Pr = kz % qu % Gp % Cp(N/m°, KBC-2016 Formula 0305.25)
Where, qu  : Velocity pressure evaluated at height H from ground
=1/2 % p x Va2 (N/m?)
Vi : Design velocity evaluated at height H from ground
= Vo * Kz % Kz ¥ ke {myfs)
p :air density (= 0.125 (kaf-s*/m*))
Vo : basic wind speed (= 34.0 m/s)
Ky  :Factor for height distribution (refer to Table 2)
Kx  :Factor for shape topography (=1.0, FAL & 3 95o] ggo| ot X))
: Importance Factor (=1.0, AHE0| 18 HZ0|E o) 47 HHE XF L ar4d)
Ggp 1 Gust factor (refer to KBC 0305.6)

-

Co : Shape Factors{refer to Table 1)
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3 MODULE DESCRIPTION

3.1 Structural Framing Model

Module-A

<0verall View=>

Maodule-B
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4 LAND TRANSPORTATION ANALYSIS

Modules shall be designed for loads imposed during transportation, dynamic effects are bellow.
The environmental effect has not been considered for this factor.

4.1 3D View & Boundary Condition

Translation{ ) Rotation(8)
Item Clause.
X 1 Z X Y Z
Boundary Condition 1 1 1 0 0 0 Fixed:1,Free: 0

MODLULE-A

3

MODLULE-B
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(2) SAGD ¥ E %F9%5(CWB, ABSA)
1) Ms

G 4 %@ AEL AR 5287 Ssls 7| R 02 ASME 2 ASTM

T A4 T8kl Jom, obgd A|FAE &F el #3F CWB(Canadian
Welding Bureau) % \_%—% 43 S5t g 4 Td AFe A9 UFS g5
g AFoltgts FF At APAS ginlsky] fEiA At FEARELS 4] A
Ak AFo dAVES FFAZ AFol ST T L X7} JHssHAl 45
HEZ Ysta . 2LgME Jfite] a3 dojya e AHEIFE &350
A & g, A dWElF] kAT Al 2 AdF A Al tis) A &3] Fotste A

o] Ao, ofLd] AHEITY oy TH AFY FAAA € A 7] Hd
ABSA(Alberta Boilers Safety Association)®] ZAFdat B Ao thgk A& o)s)7}
B 23,

WELDNG — IWELDING

VISOIR CEETI

GLIPERY

chprgdla Lew

| |

<713 13> CWB(Canadian Welding Bureau) <154
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<1¥ 14> CWB(Canadian Welding Bureau) WPDS & x} 4]

9410 - 20 Ave N.W.
Edmonton, Alberta, Canada T6N 0A4

s Tel: (780) 437-9100 / Fax: (780) 437-7787

February 28, 2018

Attention: Jiah, Yeng Email:ailene0810@gmail. com
IDK CANADA CORP

3500, GARRARD RD

WHITBY, ON L1R2L9

‘The design submssion, tracking number 2017-06782, orig nally received on October 26, 2077 was
surveyed anc accepted for registration as follows:

CRN: Yes5532 Accepted on: February 28, 2018
Reg Type:  NEW DESIGN
Drawing No. : VIT-PH-TK2017-001 Rev 1

Design registered in the name of : VITZROTEGH GO LTD

Description MAWP Design Temperature NMDMT
Internal Pressure 800kPa 180°C 20°C

An invoice covering survey and registration fees wil be forwarded from our Revenue Accounts.
If you have any question don't hesitate to contact me by phone at (780) 433-0281 ext 3386 or fax (780)

437-7787 or e-mail brandor @absa.ca
Sincerely,

LBl

BRANDON, GREG, 2. Eng.
COP Cart. No. DIDO0GBEE.

201706782 Pagetof1

<9 15> = 87] ABSA(Alberta Boilers Safety Association) 1%

- 114 -




3) A3t Fxeol mE Ayt =ARlS FE A Y

O Auere] AlFA 52 CSA <

olN

Audte Be FolA A ddd AFol thall CSA FAAFES TEF 14
skal 9lom, o] AlFEol CSARISS oA AU F A B=2 SAAFES &
A o dujEE A HEC st AAL AR, Bl AHE S0l sAEHH FUAFY
Brole w2 AAEsE Y w5 A= old Myt AFe] a7AS U
A7l BHOE RIZE 713 CSARIS S e A9 AR713] F AAd=9 A
A s)le e F7HA Bl ded ' § stuE Addstoiof g

F AAET Y s0e Te A-HABSA) sl i 1Y HHrl #d F= IAH
A, Hythel =2 488 ATl et AAS T HARE sk s Lotoll sl A
s =

Mkt A5S Wi FHCSA) At 2 F= BE Ao AH Bo] WY,
FUSAAEE Hof 9lof AF We AT ALDE B2t 2 FHIES Hof ¢
S
=

olo] F AAFTY AAE Wi £EFE R Hrhs CSAUZS WI 53
of FElEtm, B F AAFTOR AANH L AFlME Brbssta X
YAAE BT b5

Hky

e . Ao 2= ‘§‘§J .
Canadian Standard Association(CSA)

O &84 : CSA 252 Yl 7= /st #ed

L Felata glom 15090000 o1& Fd 55 Au2E FwuoA Hx
O 71EAHBAB 2 CSAY 7|EHE/E AZo AadAda B8 53
S Mgl @ AYS B

O FHAERSAN 2 - FAA 0 B3 =2 FF2] /Mol F=4 AZlA

O AUt F9 2 ZRAgA ole) e F FAoE AFo|Y Ax
og AZAN s AW

O Myt &3 =(CWB)

7% _ 7N ‘41:1? H=
Canadian Welding Bureau(CWB)

O CWB+= CSA W47.1, CSA W47.2, CSA W55.3, CSA W186, CSA W178.1, CSA

a4 W178.2 & CSA W48} & H ol Ut 8 FAES F535F=A &<lsr] {3

AATY S Botel AL AAZIBl HF A5 S APk g

O CWBS| Bae 571 A% =t 2 QA9 54 2Ad 2gd Avre] §4

9 REE BT CWBE AvichlA Agstr] 9@ AFRY ohie §47] %

S0 #dE AFS s 83 IJAE ASde AFE st U=
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O dWE} Hdel b F3IJ(ABSA)

7% Ry SIS S v
Alberta Boilers Safety Association(ABSA)
O et 79 ofg Ao thek FH7|# o2 ABSAE b F& WHE o o}
A% Wuiek Fof gre gule) obd 23S sk WYl ohek kA A A
gto] A=
O 49 AH A HE, ¢ 9 55
O &8 Aol gk 2% Ha HE
O &g An7k dAol A&7 Aol b= Arlol] thak AAL 571 SHA Eg
O Aet 79 g 52 w2 Az @ 4 31 54 /1%
R0y O AAL s ¥ o9 A9 #4847 9 &4 AAE 55
O AL Arl g AL #49 AF 2 55
O Aaut 71 A8 TP o 21 24
O 4 #g Az"s B8 05 ¥ BYUEHA] 58 & =22 F4 ot
YR E5S FdstE G s d FTH AA
O kA A4 9 53 /M T3 ¢ A7 2= A=A &t ARE-st
A Ee Ve 2 B4 s WstE F83517] 98 ABSAE 4, A4, A3 9
B Hzte] Aol o
O Hdus @ A A oAs 98 2A, Az, AR AAL s 2 dd
AHE ZEete e wSH FHE B b Ao diE tFe A F
Ell
O g Aul, dH4, 71 Arle] b 2haol gk WAl 87 A A &
AY 2%
ORJdF 2 d=F F5& #7157 Hdl A 71l g 74 &5 2 H A
gl
71E O CSA, ASME 2 716} 9l = ® mzo] we} Al qregu 47, 52
9 71E g AH WA i A, AAHE 9 T
O MEL v AAle 55 F AR, B 39 ZE, 7E, 43 87 A
2 Fad At 25 H

CSA AER

- FHCICE HIE R A= HE - WY EEE 2 ER

- BEE G AIEMH2 -ouE Y =235 2

- BEBSMH| - SRE2HEY Heo g sl

- IlEEBAYA
CWB ERCE
- FiLbC) B - WEHBY SE W 77 S - 0L 7| Xh 2 g B
- RUHH HE U - S mpE LA, W G - GILE KRR W W O
-BTTE A A 8 | |- olm, Hat 9 e - T FEAY Y
- B SaAE A - greEdc] iR WA HE LT EE T

———————

T BE Ee
- R 88 FH BPVTC

-HIHAE A ERE Y
HEHAE 2 Ty 5cC

ABSA
<9 16> A= JISHE AA 7R 4
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[J CSA, ABSA, CWB <l=

%2
rd
2
M
1

dnrt 54 CWE
HE2AH By 3 HHa CWE ZLUER
P T T R ?| {Prefiminary Application} (£S5 WAT1 Division FH)
e ¥

Mckrowledgement Letter:
s guplEuE B

-~

Hu2RIY Ty-

——|

yaqEs |

| Welder/suparvisior 58 |

S8 TN | 44 |
v v
Ailab x
ATHE e ey ik | &9 |
- 20| HF
1 - BEShared) HE : 1‘
Rt Crrger B :
2 B Preliminary Repont rr—
{Findings Letter] : B4 |
ETF A AR
csa o &
| ¥
| ggvaqegsue | e
¥ | cRmaict EBE) #S |
Certified Prn-dl.-:l.s
ikl i EanTED
4 )
| 3 | | aer @ 71t 33712 0o |
w3 3 B o
Enginpering T
¥
| ew
v
| &5
ABA 2THE AR
e At AFe] B HAHEE 7, A B2
A Fe] ARzl
S 2 =2
-

AzAg, 7Y £= 719827 7|55 Z3eE AT B
<
o

te AFA,
AE Az Mg

NS W

4
SECICE AL
Az gAY, Fh % AYA
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O A4t Fell e iyt &5 SEAY

CSA 9 ABSA QIFol thst &, tidEs,
™ CSA 158 A+= CWB 3 H 542 <
+ ABSA wAtsQlo] HE 34 01]/‘1 e
SEAA e F AA ) ZE2A 2 %311 %‘?l
55 A= Welding Engmeer 2 Weldl g
2 =3k %
Muthe] AFo] 7S A= W = &
EE AR7IES F AAGTY A sle Be A W
& CSARIES % al
= A9e e

rl orl

A, 8 B7F AAl, 9 3

re ox
to 2 o
i) nSL

A <l %
%%@ﬂ e = ZM] S ZEA2E T S ASE F I CWB T4 <
52 AxE= Welding Engineer 2 Welding Supervisors 52 A4$ zb: 5 2445
24, 4 B AA, 9 2 F5he] FAE uE.

>

A8 9 B AFLS AUTE £E87] M 1 EA 02 ASME @ ASTM
5o FAFA4S 2781 Qov, okge A%S B3 F5or I

AUt FAE $EL 99 CSA ABSA 1% AFA THIAFR 8 F45E a7
So 22T AAEAE Bl AT IS @_ 49 Bart 9%
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O AlF= 7dt H7} A3}

Ao A AAGEHE BT s SAGE FrE NES. SAGE Sl
AbEE = AT FEEAQ] ZdS AA SAEClE, o]&3 2d, dAYod A
of ZA3I M GgdAE A -0 AEHE RE AF, F AREA, A
AL, BAEAL T AYste GAY. I b T3 SAGHTTERH A=
E A4 3 uix|jgro 2 A4bE A5 38U FEUAAE BP0 & T
stA] X A9 v 2 w7hA] A4 € &d AAE WA AFEE A4S vEg

FAGH (G 3O A ""ﬂ(R)-"/] gl o] & Mge BAACE Sy Fo|gta
AHE. At A DA FoE oe Hom EAE,
G=R-S ©)

ESAA8 B4 &8l 32O AFRY =2 g5 AASA HHA, A E
(Failure probability = 1- Reliability)4F 2 4 =

Py = G(R < S) ©)

a71A A3 (Failure)s GO0Y w] w85, Ad o] 528 AU A Ei= 43
(R< 9o FHE & 5. Wi#Y F& AU s B8 &FE, tvs, dde
?L—rﬁtt], 2 doAE AFEd o FE AYY Y AR TE SEl 2

o tigk SAGE = FA o7 FAE 2H3E | F

=

Zl:tidmax (7)

A7) A t=E] BT, Zmax & HhEA 2ol
St o] ddd=EHy SAUHo| 2HE = A

iz

EiR=N
22 = Pourst _pop (8)
o JyWE
A R A wWAdrIZHLife time) B AT PAEEE HIThE 219,
d(7)=dy+ V,(T— T;) )
n=1,+v,(r-1,) (10)
A7 d(1)E NHAT ] wE Qi (Radial) F2l 2ol Ve QA a4
= V.5 F UG RAGE4LE A AL ool AVH(TO)oﬂHal R A%
A



0:]7]A‘] Pbursf ‘—]-% 0].‘]:'::" t=HH3—';_]‘-J—:[:—7]:”, D=37‘:]-7g’ ineld=z']‘)"\" 62-‘2"%2’ I =1§ﬂ_ 7%61:}-‘71_1
ol . Bt FAAY ol Al FAAT ol (dmaxe] 122 7H43s3 =

A Z(Ee E48E)S Aststes WS 24 A4 H(Approximate analytical
method), Monte Carlo simulation, % é_lﬂ S (Nested reliability method) 37}x] = toj
HE 4 915, Monte Carlo simulation® 2 342 sl|7} &A15FA] FAY HASEH
Fol dafixe X4 ZAE & F °'°1 de] AMEEHT oy A-EE Fo|7]
TE 58 A U ALHAZEe] ST @ o] . Monte Carlo®
Z+9] ¥ #H(Random variate) S M EH 3= WY F 7}% ] AHEE =
S EA XY T4 XY JFTE BYH HEFES Tuie HHE4.
Crude Monte Carlo(CMC) ”ﬂ,j—% 1% &-&(Failure probability)S Al4+Hs}l7]
Ho g Alggoldo 71dt g i, 3 52 “stF” F AR X

A AESY e Bl ofsf dojAH, o]E o= YEUY tad e

oE, 2 Lo EL?E

2 do
5 2L
rﬂ U
ﬂ—l

of
XU

f
u
Dy o

ZI[GR < S) (12)

7—1

O Separable Monte Carlo *H{ A<t

“tF” I “AGY” Abole] FE JEAC] fittH HEFS MEIE o FA A
EP9S 7Y o Qo] A 5H6HoE MEF S FYHAE 4T &G o
2 922 fslA %S o9 79 Separable Monte Carlo(SMC) Al &)< 2&
5 2= o]o
2 T Mxu

JdME RE3t FWE FYH A2 Process fluid®2 TS A OabA F
&l

A5 rE BE 2718 ¥4 H5HS AT S QL o2 A% A L FAn
o THltelok & ol & 98] BHIAADFAE AABBE} HESE T AA
4 22 8 Ssga AT Aol e FhE HAHAS

1. (AFAHE) 398 H2E W dA-F354 AE

2. V12 E) AFEXA B H (A4 F57), NFPA, IEC 5 59 /AT #
d 9

3. (34W7h IdEl B T % 2I9LH 2AHE BT 24 HE 2 U1E AR
AE
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- AQA kA FFH EF AR

-2 2 FAAY oy AE 9 BRUHAY oAF g2l

AEJY : F 34

S 7 2B F A - A AR D ET A AHA B

ANEFH . Y99 AFE 2249 H)

A E I HEE V9@ AT A g g, vk A) 2 A AFA E A

<19 18 Y B §37) A9 WHENE QLD
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O ¥dsl ZHE AHu wA=
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L B 1 2 ] ] ] ] 7 [ ] ] 1
(L] 5" Wge | Q6o W | H Wi D Figes | Oela W o B &)
aw kgt 14 ] FL e FLH L] L 218 1804 ]
s L 8 (1) e ol (] 2 &1 [} i e -
ol ksl T i 1 OoE s 1o 10 DL ma2 1.3 oar
w e Ha S0 WA 188465 [ [ER % [T AR W
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Fabrication Envelope Size Area J-Class Vessel
7.3 m(W) x 3.6 m(H) x 24 m(L)
3.6 m(W) < 3.6 m(H) x 24 m(L) Main Rack Area
KOREA 2.4 m(W)x2.4mH) x12 mL) 1
3.6 m(W) x 3.6 m(H) x 24 m(L)
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2.4 m(W) x 2.4 m(H) x 12 m(L)
(W) e5Hute] O3k ZEAo|= 4H4
Fabrication Envelope Size(ft) Area No. e Remarks
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24°'W x 12’H x 80°L Main Rack 7
12°W x 127H x 8oL | am Rac 10 1
; ; - Area (See -
KOREA 8W x 8 H x 40L 19 : C- Container
12°’W x 12’H x 80’L Picture
' , , Other Area Below:) ‘
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KOREA g : : ,
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3) AP A 7= AAR Y AT &4
B A2 7z dF 84 dF5S st Ut dHE tistolA AFgE 3]
2 FAH] 42 AlEEolH T2 O9E T3 7S 72 Oid] SR A o] AAAH
AlZA ol gk el S SHSIA T
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st AR BRI 5, JEF 25, 4182 Jxe w5 e gd o AlE 71 sk
7] 2 FAHE AlEH ol 3 A= thF 2O
E DAY 71z AAH 2 AlF4 4 (Chaojue and Ming, 2015)
oE 5 84 v e} 5 dA4 Bl 25
%7] o o [e]
19 1048 2% e i 0%
F FAH| $ 892,968 $ 1,089,585 $ 1,305,974
U 18 F Al FH] $ 2188.65 $ 2837.46 $ 3886.83
24zl G AlFH| $ 305.50 $ 328.98 $ 583.02
AW - 260 hr W= ;290 hr WX : 460 hr

T H4a 10%

r

av)

n

2
R\

= 71 71< w8 7] &=
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<E 8 ¥4 3 FAH] 4E Y9 (Chaojue and Ming, 2015)

Type Qty Unit Price Total
P1 72 $570 $41,040
P2 182 $990 $180,180
P3 30 $1,260 $37,800
u , ,
AR P4 20 $1,300 $26,000
P5 8 $2,123 $16,984
P6 96 $1,730 $166,080
Total 408 $468,084
Type Qty Oty/Load Trips
P1 72 96 0.75
P2 182 55 3.31
P3 30 42 0.72
P4 20 42 0.48
P5 8 23 0.35
R RE] P6 9 33 2.9
Total 408 8.51(=9)
- 53 ft Step Deck tri-axle Trailer : $205/hr
- 3 hours x 2 (round trip) + 1 hour loading + 1 hour unloading
+ 1 hour rest time +1 hour contingency = 10 hours
.9 X $205/hr X 10 hr = $18,450
Construction Manager (w/truck): 260 hr @ $147/hr = §38,220
Supervisor (w/ truck): 260 hr @ $147/hr = $38,220
Install Equip. Operator: 260 hr @ $93/hr = $24,180
Loader Operator: 260 hr @ $75/hr = §19,500
54 Swamper: 260 hr @ $62/hr x 2 = $32,240
Welder: 260 hr @ $100/hr x 2 = $52,000
Survey Crew: 26 d x 2 hr/d @ $316/hr = $16,432
Field QA/QC 260 hr @ $62/hr = $16,120
Total cost $236,912
70K 25 Ft Reach: 180 hr @ $265/hr = $47,700
156K 33 Ft Reach: 80 hr @ $425/hr = $34,000
Z+d] v] Komatsu Loader: 260 hr @ $125/hr = $32,500
Crew Truck: 260 hr @ $27/hr x 2 = $14,040
Total cost $128,240
Orientation: $65.00/man/hour x 3 hours x 10 = $12,432
Drill Rig: 16 hr @ $100/hr = $1,600
71l 2 A9 Barricades, signs, signals = $1,000
Stand by: 30 hours @ $810/hr = $24,300
Total cost $41,282
Al $ 892,968
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<E P e ¥5 FAM 4= W9 (Chaojue and Ming, 2015)
Type Qty Unit Price Total
P1 3 $655 $5,243
P2 102 $803 $81,877
P3 8 $1,180 $9,442
P4 40 $1,059 $42,363
Z}A) 8] P5 126 $1,013 $127,671
P6 4 $1,340 $5,361
P7 8 $1,572 $12,579
P8 16 $1,686 $26,977
P9 72 $2,056 $148,039
Total 384 $459,552
Type Qty Oty/Load Trips
P1 8 56 0.14
P2 102 46 2.22
P3 8 30 0.27
P4 40 33 1.21
P5 126 34 371
P6 4 26 0.15
S-uhy) P7 8 22 0.36
P8 16 21 0.76
P9 72 17 4.24
Total 384 13.06(=14)
- 53 ft Step Deck tri-axle Trailer : $205/hr
- 14 hours x 2 (round trip)+ 1 hour loading + 1 hour unloading
+ 2 hour rest time + 2 hour contingency = 34 hours
.. 14 X $205/hr X 34 hr = $97,580
Supervisor (w/ truck): 290 hr @ $135/hr = $39,150
Construction manager: 290 hr @ $122/hr = $35,380
Install Equip. Operator: 290 hr @ $95/hr = $27,550
Loader Operator: 290 hr @ §75/hr = $21,750
B Swamper: 290 hr @ $62/hr = $17,980
Rigger: 290 hr @ $62/hr x 2 = $35,960
Welder: 290 hr @ $92/hr x 2 = $53,360
Survey Crew: 33 d x 2 hr/d @ $370/hr = $21,460
Field QA/QC 290 hr @ $62/hr = $17,980
Total cost $270,570
100 Ton Crane: 290 hr @ $380.15/hr = $110,244
Hydraulic Lead: 290 hr @ $51.25/hr = $14,863
Hydraulic Hammer: 290 hr @ $45.75/hr = $13,268
2] H] Helmet: 290 hr @ $27/hr = $7,830
Loader (Volvo L120): 290 hr @ $123.75/hr = $35,888
Crew Truck: 290 hr @ $23.15/hr x 2 = $12,644
Manlift: 290 hr @$45/hr = $13,050
Total cost $207,785
Orientation: $65.00/man/hour x 3 hours x 10 = $1950
Predrill: 16 hr @ $777/hr = $12,432
Hydrovac: 8 hr @ $777/hr = § 6,216
Pile Cushion: 4 @ $100/ ea = $400
718k 3 H] Hammer Cushion: 4 @ $100/ ea = §1,500
Barricades, signs, signals 370 hr @ $23.15/hr x 2 = §1,000
Stand by: 30 hours @ $1020/hr = $30,600
Total cost $54,098
A $ 1,089,585
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<R 10> @4 A 45 AR 4FE W9 (Chaojue and Ming, 2015)
Type Qty Unit Price Total
P1 8 $323 $2,576
P2 226 $496 $111,870
P3 8 $660 $5,280
1A ) P4 46 $695 $31,954
P5 8 $1,229 $9,835
P6 16 $897 $14,351
P7 24 $2,770 $66,480
Total 384 $242,346
- The total weight of rebar : 87,963 kg (193,925.22 1b)
- 193,925.22 1b / 60,000 Ib/trip = 3.142 (=4) trips
o whu] - 53 ft Step Deck tri-axle Trailer : $205/hr
= - 1 hours x 2 (round trip)+ 1 hour loading + 1 hour unloading + 0.5 hour rest time
+ 0.5 h contingency= 5 hours
.4 X $205/hr X 5 hr = $4,100
Supervisor (w/ truck): 460 hr @ $125/hr = $57,500
Foreman: 460 hr @ $105/hr = $48,300
Drilling & Casing. Operator: 460 hr @ $95/hr = $43,700
Loader Operator: 460 hr @ $82/hr = §37,720
Skid Steer Operator: 460 hr @ $65/hr = $29,900
2] Swamper: 460 hr @ $62/hr = §28,520
Rigger: 460 hr @ $65/hr = $29,900
Pump Truck Operator: 460 hr @ $82/hr = §37,720
Survey Crew: 46 d x 2 hr/d @ $370/hr = $34,040
Concrete Testing&Inspection 460 hr @ $120/hr = $55,200
[ron man: 552 hr @ $80/hr x 3 = $132,480
Total cost $508,300
Drilling & Casing Machine: 460 hr @ $510/hr = $234,600
25 Ton Crane: 460 hr @ $105/hr = $48,300
Concrete Pump Truck, 110” Boo _
§ m 460 hr @ $128/hr = $58,880
A Skid Steer: 460 hr @ $100/hr = $46,000
Loader (Cat 950K): 460 hr @ $120/hr = $55,200
Crew Truck: 460 hr @ $23.15/hr x 2 = $21,298
Total cost $464,278
Orientation: $65.00/man/hour x 3 hours x 10 = $1950
Barricades, signs, signals = $1,000
P H
71ek 230 Stand by: 70 hours @ $1200/hr = $84,000
Total cost $86,950
Al $ 1,305,974
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_ 4y =4
A3 Cases . — - . .
gy x A5 Hatd g2 9A ggx A

Case 1 1 40 mm 100 mm

Case 2 1 140 mm 100 mm

Case 3 2 40 mm 100 mm

Case 4 2 40 mm 150 mm

Case 5 3 40 mm 100 mm

Case 6 3 40 mm 150 mm

=3ets w4 A, Ca stgo] HAFHA o™, Case 2014 7+

A F3kstEo] Id 7Hﬁ“*7} Oe 2F 292 gd o S3st
< Zpol7} FEsiA e~ A Aol F7gk A5 Aol L7 74A|
T3tz ol ST st = ol Ho g2 270 A 9d o A
Ao & FdFE 7NAE=

20 25

Orniginal ground

—a—(Case 1(40-1-100)
= (gsg 2 140-1-100)
—— ("pse W40-2-100)
—— (Casc 4(40-2-150)
—o— Case 5(40-3-100)
—— (ase 6{40-3-150)

Settlement (mm)

1 4 > Case 2 Az 99| stg-Hsl =4

i

M A3, Case 29 A5 Algto] 7H Al o™, Case 69 Al5°] 7}
2174©] 150 mm<l Case 49} Case 6= ®lustd, Y2 74 7t
| ¢F 7.9% S==H YA A2~ 274 o] 100 mm<l Case 1, 3, 5]
Ae dY 2 g ST el AlE AIZEe] HskE vk gls. @El Jlr) 270
Case 3, 49} &Y~ 77} 3702 Case 5, 6ollA= A~ 2 o] Z713Ho) ule} AlF
AZrol 247t 9.8%, 26.3% T=EHT ALSE FRJAEAS. wetA, F FL Y A 34
2 FHoltk ALY 9], Y A, AYXx V| o2 FFs weva dHE.

— 150 —



W
o)

)

<& 18> Cased gz <

~
N
N
i
‘7|L6w5loooo
rab AN IR AGE
Ho
<
~~
S8|o|c|lg|a
== AE=1=1k=10s)
[T A A=
[ L T BT BT B
— | TN ||
S BT P S Il I i
=A== ==
S
C((((((
MR IS
OVl gl oo
SSSSSS
33 I ]3|I
Ol8|o|d|o |0

R

)
te}

=

2
o

—

el

H

G\

=

)l
~AO

[0
{
T
o

o
o
o
<
70
s
)

o
T

—_—

X
K
M

qr
Ho

B

1_]:7
600 mm=,

A
T
o
)=

A

o]

10]
153

s

4
bl

S

< g
X T E
AN
mﬁ_naaﬂé
R
.a_'dﬂ o
io%A_
—_ E_H
< T e
T B ©
DE g
B o S
%aEMﬂ;
AT

X
oﬁoﬁwﬂﬁw
SXBR o T
o e L RT
U=
o B4
S o =
Mmoo en

(Dh/Ds) 2.

(Ph/D)%I 1/29} 1/3
=

ﬁo

3L 100 mm, 150 mm=
302 WHFE Uron,

=zl
2l

g

ol

T o

3]
294 o)

Ax}, B AZte] wWEA Y2 Ph/Dh7} 1/2<1 Caseoll

29 el e b A%

3
=
3l

=

of @Y 2k 57 ¥AW

s}
2 F

of 2
W

—_
o

ol

B

49

ojp

-

g7} 570

3
=

(b)

(@ Y27} 57) 525 dgd 3y

<19 43> 292 9d A

NAT R
mjr Mo E M

S
o 7 = 2

-0
ey

17}
2]
]_

2

3

=
7
=

X
£}

mK

73
F2E
|- &<
378 4

1

o) ¢

SICES
27} 37
vrq_ol
, d

3|
=2
7

JJ N

AT
i
o 2
Az
2 A
= ~—

)T

1%
S
2y

3l
=

)
735

TNEY
B

Zz219]

Pﬂe

1

5
yul

W o

A
g2

o, @Y 2r} 5 B
[e]]
=

o .O#
T B g

omg %

]2
=

"
A

= o

2
=
5)

— 151 —



<219 dE2 v dE &

Ad AT
Y AL (&)
2 714 | Du/Ds P o+ (&
e (= Il h/Dn e ond 3 HT (&)
5 1/2 22.95 22.75 22.57 22.76
571 1/3 30.58 32.45 35.99 34.51
3 1/2 18.07 17.77 18.30 18.05
1/3 24.47 24.77 25.63 24.96
2 22.52 22.73 28.33 24.53
37 1/2
3 18.09 20.15 17.66 18.74

mm, @2 27 100 mm, FA 2 , A9 @ 74
AR AP YUY AN Wz 44T AYx HHE Dol FU B
T FAEE 71FCE 25 50 mm, 75 mmZ AP
3 ) &
'y f.;:l "
1 | 75 mom (1500 |
50 mm (1D) f::;._\. g
_ 25 mm 0smy{ O | — | A = H
g =T g 7 % -
' 7 ; 2 i | Do
= - —L L o 75 mm (1.5D) N
15 mm{lumI oy x W s ) |J X e o
=T o T 17" g
g i -
% mmm_;uf 'x_ ™ sommilhy| “= Y |75 mum ( L.5DY) )
o [ & — | & -+ |
4 - E s L] F'l .___.:
IETERN) s o= 1T D50 x 1T
(2 25 mm(0.5D) (b) 50 mm(1D) (©) 75 mm(1.5D)

<19 44> A2 v R0 & A2 5 Case

FX A A3, BE CaseollA d5-Fst FHoA o A RE(linear region)S &
Y 1% W3} w}e A& Zol7F YERUA] k. sHAINE Ho] F-E(transition
region)FE = Y2 x| F7lo| me} FEH5HA S3ketso]l SUskR e Al 7HA &

92 Ao FA YO R FHSFS AT Ak Al 7P FA Y BFo) A
o

@Yz w29 Zobo) we R Ao FHHFOl FrhAE Ag HARKL
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Davisson (1973)

O’ Neill and
Reese (1999)

Elkasabgy and
El Naggar (2014)

Settlement
(mm)

Ultimate load
(kN

Ultimate load
(KN)

Settlement
(mm)

Ultimate load | Settlement
(&N (mm)

2.27 0.84

9.96

5 7.82 3.51

2.40 0.84

10.34

8.13 3.52

0.84

10.90

3.52
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100 : :
a0 b I 1 op helix

I Middle helix

S0F [ Bottom helix

70 [ Shaft + End bearing resistance

Q (%)
ol

60 |

cach member

Load sharing ratio, )

25 mm (0.5D) 50 mm (1.0D) 75 mm (1.5D)
Pitch of helix

(¥ 45> AY2 vz Wl mg Py AXE &

ol
M
A
i

(BH) Y2 Yo 2 dejd g A 9 £33 A 74
Y Ao w2 A gdo| Az F3 AR Y 9 FH F3 AR HE
Y~ FAS AAs= HEEo] Al g A% vA= TS B4 ¢
3o ABAQUS/CAE = 7 #(SIMULIA, 2016)S &3] Fxa4S 2354 S

£

A2 Bl ZHgate 92 dEe delF sy TR HLGEE sgon,
3 3= ke 4Hsko 2 AR E AASE S, AY o A =) o] & A

o] ofy7] wjEo 79 stz Y29 JA A Urd A& st
A 47y AEE NS AY29] X7t HAE H B E o] 7 wol Mol v
S Direction 1.2 #H3}a1 WhAIA WaEo g2 90° A 3| A A A Z+Z}; Directions 2, 3, 4
2 AAA =

718 Aol Agd FddS Aoty AP~ 74, AH, A E Y "R AA S
6712 caseE AHolA . ZF cased HlnE {5l 7|E ndZ A3l A g F

o
Y9l 47 DE0 mm)E /1 FO% Gelox 121 4D, AeA2x 47 3D, 5“2_/: 5% 1D
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Vertical Load

Hortzentnl Load (Direction 21

larizominl Load (Directon 1)

Hurizamial QTS RIS TR
1 Horlzontal RS RIRTESITE §]

<1E 46> 22 Ao 2= AHe WEF
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enicnl load (kM

W stz ol Wkl wE AAHY Aol E &ls]

— My spicang - 4750,
—— Helix spacing = 4750,

Lateral displacement (mm)

(@ AY 2 344 4.75D

=8

|

- 20f

20

g —— Hleli spaging = 3 51 Direerion |
= Hlelix spacing = 5 53 Direction 2
L —— Hleli spacing = 5 $1. Direction 3

—— Heli spacing = 5,513, Direction 4
1 5 1] 15 H 23 L]

Lateral displacement (mm)

(d) Y2 214 55D

<13 49> &3 ¥

5 Mmoo I. ro} I| ki l 41 =1

Lateral load (kM)

. 53, 2 A I3 AXF) /M E FE vAE bee €929 FHAolF

Yenical load (kW ‘|
5 M 1+ I| 39 l l‘ ‘ll 14 5 o1+ M 28 III 39 l -l‘ ‘ll
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—Helix prich = 150, Miregtin

Lateral load (kM)

Lateral displacement (mm) Lateral displacement (mm)

(b) B2 74 3.5D (0 &2 1A 1.5D

Lateral load (kM)

18, p
sl sl
| |
sel = 15}
| 2
) Z 1}
| B
15} =5}
| = | 7 %
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Step4 1 13 5
Step5 1 e 5
Step6 1 e =
Step7 1 e T
Step8 1 413 s

(uh A3
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<E 29> W9 Hed FAHE mE] 7] AF

K ks

95

b ] = = -

) (day) 3 (mm) (mmiday) | o EE
Stepl 1 30 2.247 0.003 13.8C
Step2 2 61 2457 0.007 19.7C
Step3 3 91 2.572 0.010 21.3C
Stepd 1 122 2.687 0.015 27.5C
Steps 5 153 2.722 0.016 31.5C
Step6 6 183 2.724 0.015 19.8C
Step7 7 214 2.725 0.016 12.2°C
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(2) A 7HFEE Fd AF
1) EFEAg oA gy 7] 4 Pilot Test (FHE F¥)

D %A D g

AR BgAeol R4y BE fulol BE HUg HAES AAstel LYHE =
EUE AEAE Ao oY A% BEe SE 5 $8 ARAAEd el @d
HYe B8 Bgdelolnar] 99l 44 3 29 H55de oS

- YA AR ZATAE oA A : 7FE30m, AlZ 60m, ¥°] 8m
¢ AP AH=(HE 14m, A= 8m)
- B} Al Adujel A FEHoz A
o] FAE 1mQ EIEZIAYE FERE
F5% . A" 1.3ton, A7) 8% : 450kW

@ dA Pilot TestES 93t A|WHAFSE F=4]
- BaEl oAy RE-7|A @ AX A% v E 2 xR EF

ol L LI 2F i A e . - - -
- } ] :l-
e P = 1 f =
" e bl -
<o SLALE] & ) 3] > <@ Ax AY B A

- Bt g)oj ] 2E-9 7] A Trailer
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@ B3tgs)elo]ut 7] Pilot Test& A 2 Data 3

- Bgdol iy @8 LA

Mode FDL/FDH
Voltage(V) 380

Power Frequency(Hz) 50
Power(kW) 550

Max Output Pressure 2

Oil Well Depth Range(m) 300-3,000

Temperature of Heat Carrier (0C) 12-350

Max Air Flow Rate (Nm3/hr) 1,200

Max Delivery Pressure (MPa) 25

Max Fuel Flow Rate (L/hr) 125

Max Gas Flow Rate (Nm3/hr) 110

Heat Carrier Flow Rate (t/hr) 1-5.6

% Al Data
1R | 5AQD U= WERS A7) S A N RN T8 T

E E

AR COMER, FLOW & PRESS.

i ——pPREs

(© 10,000BPDH #

o=
>
o
X

<Pilot Test &% Data #2]>

| A48 & = 947 B8 A AEE AA
EER7IAE 1H3 7E AvY FFe 52 B¢
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T B F 8 4y & v 1
R - 165m2 x 8Set = 1,320m2

- A 471(22.2m2), HP Air Comp.(45m2), L.P Air Comp.(6.5m2),
A<471(12.2m2) x 8Set

= A Az - 8hr/<d, 30 -
AT A - SAGD 2YME Egsgloldy RE ZAE AH
Al A8 - 270C, 10MPa, 28,800Nm3/hr
s A 71 b - 12719
AR ‘ AegxA | &+ 94 + Air | EF 94 F Steam A

- Utility 71

T = Q TY F 8 4 & B 1
Combustor Part 8 - 150kW, 380V, 3PH, 60Hz x 8t
HP Air Comp. | “O™P- 2 - 110kW, 440V, 3PH, 60Hz x 24T}
Motor
L.P Air Comp. Motor 8 - 225kW, 380V, 3PH, 60Hz x 8t
Softener 8 - 10kW, 380V, 3PH, 60Hz x 80|
Combustor Control Power 8 - 0.5kW, 220V, 1PH, 60Hz x 8t
H.P Comp. Control Power 8 - 1.0kW, 220V, 1PH, 60Hz x 8ti

® @A Pilot Test(HAHE F¢) 234

5P Ee] BES BgAelol By BE- 974 ALE AF 2 Pilot TestE
% 39 AAE 109 HFES AAE RS, WY ALEE F U A AT
Beo] Gz AW FEOE e < 3

B el 84 7ee] wE7A e 712 t¥st ¥ SAGD YAl e
A7 AR A9 we ARG AA AL BE D AT oH Lo B

o} A=
= @I v vk g AL & Aiue dA R ol & A olEd 75 HES HF T
T A= ZHel d=

3] NAEFS B
Test 4Ql U=
Aol Ao st B M F)EE Qﬂagi = %% el &

Pilot Test= 7] Setting< 93 713 & F 4AZF St 48]0 A AA o, 150 &
A A 9 3023 &5 21 FAYE. oldd g 2942 AN FEEUHIY S F
o 2AdCHE 3 d3, £ F dHolHe &4 2 ERste 24 4559 e
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(3) LR 33 2§ AT
1) LYW= 300BPD 34 &

300BPD Pilot Plant A2} 2&2 /iyt 2L = & =
2E A M9 208 2T F JE AVE dHT SAE ddd AAg T ed
TY AHSOCHZAE H2EHE 3 AXE P3RS

Pilot Plant Wol| A X5 +&= AuES 2 Moduledls o] o]% @ M x|7} go|3l==
3l Module ® 2} Plant2 TA1%E. &¥] #wjX = Piperack ModuleS F4 02 =mol Utility
Zone, & Carrier Zone ¥ #H<4 A g Zone, #]7]17} 28] Zonel & FA3taL $=do| Oil
Tank, FWKO, IGF, P. Water Zone®. & Al3sla] Utility Zone¥} Bitumen2 &
T

— 184 -




AN 7+ 71718 ZrsAAh o4 Test, 2%, 3 Setting 59 G H2ES} 3]%7]7]
Test, F-5-3} Test, #-3} Test 5o AFHAEE £35S dEHAFA R 93 7+ 7 71H
Az A 9 7 J7E AdE F8S A &[S AR 3

— [ vevavusan |4-| HUB PN Y YE2L | —
&t v
g | B 1 Tast |
o]
E“ * -—| H M2 L Test | 20 EI
ﬁ | Moduls BE 717 4E Teat |—-..I
E | ;
E _| N, 4447 S Tast |
L | BL, GI%) S8 Setting 8 A4 | —
N "' PEV SR Satting | i i
- | HAZ Satting - R
* |_{ WY AR U Sering | e
| Litilsty B51 I_+ Wates, Oil 7
E 4 Tank & |
.E. | Haater THE
e 30
6 ] |
= BH7(7] 748 a4 Chack
E | —
¥
| 258} TEST |—...| Modulal SEHE 521 |
= ) TEST } ---| 7170 A ol |

B % 7 ey AdEelE WH R A
= B9l OPEN, CLOSE “¢e}E CHECKS}o
@7 o] OPEN, CLOSE 2 4¢3 A7|9A WEo] A54es 502 sl
Bo| ZEANLUANLL AL 5 YEE Pulshe] 1 BHo] glg.
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:

qEaH
Teg NO 77wy Sev | OiERE [ 220D Y PEDI BT Ea oy
G- 101 Gate Valve Hh | W As | BB Open | Open ox
GV- 102 Gate Valve pairy L0 E NE Clne | Oene =}
GY-103 Gate Valve SOM [Ea T Ciperi | Open o
GV-104 Gate Valve HA | W= | ¥E Open | Open o
PCV-1001 Conral Valve 25a | w7 | HE D5kPa Open | Open | % cos o
PG1001 | Pressune Gauge wa | Wx | ¥E Open | Open |SiEScans| x
GV-105 Gate valve S0A | vemi 1= | HE Open o
PVSV-1001 | Pressure W/SAalve | 1504 | N, 1= | 88 | 2 36kPa 025Pa HNEE | DX
PSV-1003 | Pressure SAalve | 4508 | N 7R | HE 28kPs yaE e | Ox
GV 106 Gate Valve T5A_| GEd Open | Open o
10-TK-101 | Feed O Tank wm' | wFW | 130c 35kPa - . CEL) o
10-E-101A | Boctic Heater : HA® 27 Sk - : 5 450 [
10-£-1018 [Bectnc Heater - HAEE 2 B - - - TH- 30 3
| Gv-r Gate valve TSA_| HEw Open | Open ]
G- 108 Gate Valve 75a_| uisd Open | Open o
PG-1003 Predsune Gauge ADA HFE Open | Open =3
G109 Gate Valve Wa_| Hnw Cione | Clone [
10-P-101 Ol Feed Pump | 23m'she | HIGD -
PV 100 Presure 5 ahe 204, &N G5bar. 307m'he | Open | Open o
PG 1004 Prevsure Gauge A0 Hi @ Open | Open [
oV Check Vahe 04 | HAX Open | Open ox
Gv-110 Gate Valye 2om | Hpw Open | Open o
GV-110-1 Gate Valye 204 | ﬂ [
G111 Gate Vaive s0A_ | Gimd Open | Open ox
FIT- 1002 Fiow_I.C oA | HaW Open | Open o
Gv-112 Cate Vaive 150A | Him® Open | Open [
TR e
E
Teg MO 717wy Size o) ﬁiﬂ 25{C) ey WA e H| 2 a
Gv-113 Giibe Valve 204 H 5N Cloie | Close o
Cv-102 Checs Vahve 1504 | HIEW Open | Open o
GV-114 Gate Valye 20| HaA Close | Close o
GV-115 Gabe Valve T5A HFE % l_.'a:erl ox
[ Gv.118 Gate Valve 24 | HAES Clowe | Cine 0
GV-117 Gate Valve ThA__| HA®E Open | Open o
Gv-118 Gate Valve 1004 | Ginw | Clote | Chase o
LTA001 | Lewel indicator | 504 | WIS® | 150°C 35Fa Open | Open .
TIT- 1001 Terng. LC 4l HfA | 130C 0 Bagfem” Open | Open
| 16:1002 | Temp Gauge doa | uipw Open | Open X
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O ANE A 2E 717] 28 A3

WA E AirgE AHEES fA2E st o9 ZAE AFEE Aeolls dFaAlA
AANE whofof

AT (ZE FR0E AESFEo] 9 bar o]3te]H,

o] mgab] Aol werel FH R9U7k 9 AS A mEshe] A

=
h
oY Tk TA AR T RS ERIRE F, ool jleAl SRR SR Test YA

® Leak Test 2 AFg}

- Leak7} 471" HW&(Snoop)Z AAF-EE Check 3ok &1, Leak7} TAZ F-9)=
Marking & 3t3 Z=aate] o) el el 2X8 A,

- Leak Test7} EUaL ¢ & EE WE(Snoop)s A + 7H3eHA He-

J

=
o
r(
o
o5
7\“

@O AN 49 7154 2 4EA
- Aol AMBE= Pressure Gauget Al@4#ES] 15H] o] (F=7k=bdsA 71E4.) 9

Range7} 7Ps@ GaugeS Ag3le] 3hv] $<bo2 Hel /5@ 2ol &S dAstolol
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(TR

Al A DA

Description PDF DWG No. lzgfzg Te%{;rczsgs)me Remark
Bitumen to 10-M-101 1179-BD-PFD-101 7.0 9
Hot Water to 10-M-101 1179-BD-PFD-101 9.0 9
Hot Water to 10-M-102 1179-BD-PFD-101 9.0 9
TO 20-D-101 1179-BD-PFD-101 7.0 9
TO 10-P-102 1179-BD-PFD-101 9.0 9
TO 10-P-103 1179-BD-PFD-101 0.5 9
TO 20-E-101 1179-BD-PFD-201 7.0 9
TO 20-TK-101 1179-BD-PFD-201 7.0 9
TO 20-E-102 1179-BD-PFD-201 6.6 9
TO 20-P-102 1179-BD-PFD-201 0.0 9
TO 20-P-103 1179-BD-PFD-201 0.0 9
TO 20-E-103 1179-BD-PFD-201 0.0 9
TO 30-D-101 1179-BD-PFD-201 0.0 9
TO 30-D-161 1179-BD-PFD-201 0.0 9
TO 30-TK-151 1179-BD-PFD-301 0.0 9
TO 30-TK-161 1179-BD-PFD-301 0.0 9
TO 30-D-161 1179-BD-PFD-301 0.0 9
TO 30-D-101 (From 30-TK-151) | 1179-BD-PFD-301 0.0 9
TO 30-P-102 1179-BD-PFD-301 0.0 9
TO 30-D-101 (From 30-D-161) | 1179-BD-PFD-301 0.0 9
TO 30-P-101 1179-BD-PFD-301 0.0 9
TO 30-P-103 1179-BD-PFD-301 0.0 9
TO 30-F-101 1179-BD-PFD-301 7.1 9
TO PW Cooler 1179-BD-PFD-301 7.1 9
Make-up Water 1179-BD-PFD-301 3.1 9
To 30-D-101 1179-BD-PFD-401 0.0 9
TO 50-TK-101 1179-BD-PFD-401 0.1 9
Waste Water 1179-BD-PFD-401 0.0 9
To steam Generator 1179-BD-PFD-401 0.1 9
Steam to Deaerator 1179-BD-PFD-401 5.1 9
To steam Vent 1179-BD-PFD-401 0.0 9
Hot Water to Emulsion Mixers | 1179-BD-PFD-401 9.0 9
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GNSS &2 5 133 o] toly 4 T2 I318 o] &3t 29 13]9] HolHE
Alstd e, PDOP7} 1.7, HDOP~7} 0.9, VDOP7} 152 F4lo] W f 453t Ao = dAohe.
GNSS &2 5 H 45 HolH= dud AXNE2E 24 + oy, gt o]
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<GNSS Egol o3t #A] W3 a1

GNSS RERRE F218 HoleE ol gdle Hdg dsnEe] W9E E43 Ax
2AE A9stE o Eeh 2ol XF WFoZE FF 0.004mm, Y L

s o e P
0.023mm, Z= WaFoaE= P 0.014mme] HY7F HAE Aoz BAEgS.
(GNSSE. &l o3 e ASF 24>
(&% © mm)
X Y Z
) 306.890 161.026 276.000
H 2 -306.884 -154.366 -279.000
¥ 0.004 0.023 -0.014
, o "
HE=A B HolA AgA wolH 4 B>
74 EA RET HolA AYAZREE FHE dHolHE £4% A9 o Fof 22 WY
2 =24 3 £ UUS. =A4H dolE e SHzE %9 539 o7} A7 wEe 0.2%
992 =245 gk 2D gikS 9.88 Fote /P08 Faketa, 0.2%E 2 A B3HA
HE maHE Aggtel oA F. weA olE mmE $bstE o E9k ZE
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PEEA Z HolAAGA S A7
(449 ‘mm)

M =A_X TV&EEA Y N&EEA_Z | AEEA2X | AEEAY | HEEA2Z Wl X WY WY 7
0.0527 0.0505 0.0528 0.0516 0.0500 0.0533 543.5740 | 385.3390 | 51.1880
0.0437 0.0397 0.0402 0.0429 0.0390 0.0391 542.5000 | 375.0830 | 50.1880
0.0478 0.0456 0.0460 0.0471 0.0439 0.0456 536.6307 | 380.9712 | 50.6880

M| of | B | By
AN B2

Y

0.0006 0.0008 0.0010 0.0006 0.0009 0.0010 5.9727 2.0765 0.2893

1A 7IE£EA 258 S dolg 5 X522 HYgko] 0.0527mm, & 5:3ke] 0.0437mm,
Hatgkel 0.0478mm, EFHA7E 0.0006 2.2 vi-¢- wAlstA Estl &S & F A& Y=
S 2= HYigko] 0.0505mm, #4=gke] 0.0397mm, ¥ F#kol 0.0456mm, EF=H=}7}F 0.0008, Z5
S Z = FHYgko] 0.0528mm, #4=4ke] 0.0402mm, ¥ ++3ke] 0.0460mm, EF=H =271 0.00100.2
u]-¢- AsHA] X5k ‘RA%% & T As

2AA HEEAREY SAHE Holy § XSFo=2 HYgho] 0.0516mm, #H44ko] 0.0429mm,
Hegke] 0.0471mm, EFHX }7} 0.0006°. 2 )% wA3HA A3ty S-S & 4 Qe Y=
S 2= Huigko] 0.0500mm, #4=gke] 0.0390mm, ¥ F#kel 0.0439mm, EF=HX}7F 0.0009, 25
S Z = FHYgko] 0.0533mm, #F4=4ke] 0.0391mm, ¥ +3ke] 0.0456mm, EF=H =271 0.00100.2
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h F=ZdYd 2 4 == % oY 2E AA
O edMedTd dFdF FWEE Fust] 5d =5 A 83 72E dd §4
EEHHE FHFALH, ofdf AAXAE A& T2 (steady state) 33 e 2

o
<ol &, &4 Tl FA Q] o]Fo] Wol WVF /M Bol dojd AL
UEH A8 S Astid=.

-
BN
[
=
jule
[o -
u
b

A&t=(Dead Load) : A=
E23x &3} (Live Load) : 5kN/m2 (Z]A14A)

5
=& 24mfs (AAH)

PAR-101 2.5m(W)*12m(L)*5m(H)

PAU-201 3.Im(W)*11.1m(L)*5m(H)

[NCASERIA o)+ Load X : +02g Y : *02g

ATEH T Z 8 g : 2874 5(9.81 m/s2)
Case A L e
SS400 AAstE - 2 BE AXsEF AL

- 7814 21 (PAR10I-A, S5400)

Afo] 2 2.5m(W)*12m(L)*5m(H)

Case?2
(PAR 10D

ol
p'g
ofy
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- PAR101 - A(SS400) +Z& &4 Z=}

HAEZ(DL)

Hh-52 : 72.8MPa

EEEE!
MR e e

T2 DL+LL *% ﬁ;ﬂ?ﬁ.}.ﬂ.,k,h.“l._,hg._.lhl

- nono

Case2™ | 2019 91 (mm) 15545 10.749 NERP Semesant

A -3 (MP
985 72.8

(SS400) | a)
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2) TEZHYY Y Aol mE MM HA

(V) PAR-101 & AA 9%

<198 78> 2E Node(Green)/Element(Red) Number

| l | | _— 1l
(@ =4

| 1

| | B | |

<29 79 2E Node 2 AlA Bz 9%

Node ¥ 9] (mm) Beam forces(Mpa)
215(Element) 138.87
224(Element) 138.87

150 3.36
152 6.35
143 7.8
149 7.29
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(th) PAU-201 =& AlA £

23

=

<213 80> 2E Node(Green)/Element(Red) Number

! | sl
=
il -
. . l i e gt
i _l . l e 1&TOmm
<I¥ 8D BE AlA & X(HAE 9 SUE)

Node H ¢} (mm) Beam forces(Mpa)
86(Element) 188
107(Element) 185
86(Element) 0.052
107(Element) 0.052
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5) A3 BI7HE 913 WSN ZYE & Al 2~F] Pilot Test

LM FWE ZE AXH WSN Al="H AF7hA] oA A= dd Ahk g
ZE ASHE d2A A 2 7259 AFse AFHOE At FRE A7 ASHE
Al 2~®ll(long-term structural monitoring system)d. wh2bA A= Al Fo| A HE AAe] A, Al
Al F FAN ] AX] T AAFR] ASHE Al2" FEFEA ASHY A" T <t
S J_E% 01'99\‘5‘ 3] AUA g e Fdl 40C e oMz Mutd Z2EE]o] 2HE7)

1(

dHk A 8l B2E WEE WSN A 2-Hl

to
e
>

EHE g A2 WON Al=jle] &% A 84 HF7LE S8 FAAME )&
Aste e 2o MY B dHE AAE Add 2ed B

Ho ofy I
o 1
O

S 3eld 4= 9)+= LVDT (linear variable differential transformer), 238& =
strain gauge, /N&d ZEQ HHE ﬁﬂ7}z‘s}‘— LT AE HAX st Ax X 9}
EHEia«l 7ﬂﬂrL O3 25 53] @A 42 HolHE §3 PER 4HHA H4
1%«1 STAEE WSt A3E =23 S

‘1) + Mo
%0 T ofx

rlr

{OoZiu_'_O,h
>m9i'2££

] L ]
- L] 1 1l e 1] 1
+ a3 HEZE 200 - 250 + HEZ 200 - 250
i
+ FlE el PUR XA Y BT + HIHEL ER ISR v & LT
. 2EH A LVDT
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(5) FW JISEE ATAT $4LF AF

B aA=o Ayl AT Oilsand SAGD Pilot Plant H| 2~E H| &=
& AT ol AR Mz 2E(Fr]E DA A- SOC
Oilsand SAGD Pilot Plant H|2E W= A(A 7| = AHdFI7HA] &
=
=

=2He F5es W9
WA 7h3 rasta AAH HA Mg HASI, 23 2 ol HX W F2Bo| )
A7t YES T2 Ry AESC] A4% 1AANS FHste] FFES FEIH, L0 &
B F 7EE ANE 1Y PAR A YD Brshs AAE 23F
3 YUY REY £4LES AYSHUA, B A 87 NSRE] 5 A, A
: | AT 5+ ug 18, AUAE 2 5 5 48T %
&

ghxteFe] Q187 A}, &% F
2E9 SA4&4S Simulationo 2 A %3}

= = o =4 =
Mt al oA 9. 206 BNE
0
088 F2A02 AEA UWSD 20| 2YED LIC 8IILE Xt 2E SYHIIEZAF LHEA
ol#atoior BLICH [ 4829 El]
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= p——— Fx2 53 ) i
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2019. 8. 13 HEE NGO XY HRO HORY BL0 QENEFT
ok & Al
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8) 812120 28 €
9) A ANIA HBE SNPHNN, 2
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10) MY YD KOO0 OIAY VS SWHI HX® ¥R
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2) et U L 4 A MIAAY

FTEF= A4

T 8 F A LXWxH T T 7
— apm - 11,500 % 3,300 % 4,300 mm
ZZEFWKO 2E) (AAro] = N=wE 714 13,000 kg 1 EA
71 A AQ
AHFHS aHF + 3=

T 7 > = ==
Eay g ol Z T FFTH FTH
(m) (m) (m) (ton) (ton)

217499018681 73 7198113653
TEAF  A82416239  A7181MK6272  23.760 33 46 7.027 33.72
(cdl8)) (=)

et il S R L
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© It PROCESS

AR xdol ot 552 2AEs F2E RS oot Zow BOX ¥ ZFd
(13%)°] BOX % 24344 AVTH 5288 Zahap) toh

O n% ds
STA. 33 A HaAFo
0+000 ~ 122+800 24 7V (FHE H=4.5M) 4.8M(N3S- 1)

STA. 93 THAH iz
0+000 ~ 1224800 9 7Vs (5FE H=4.5M) 4.8M(913511)

O ®g, Astat= A&

STA. Lk ST 5 Haxol

0+000 ~ 122+800 2 7V (5FE H=4.5M) 49IM(FZTHY)
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