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COMPARISON OF FORTIES
KOPANOAR AND TAR SANDS
(IN 1981 DOLLARS)

) (A=)
FORTIES KOPANOAR TAR SANDS
. (UK,NORTH SEA) (BEAUFORT SEA) (ATHABASCA)

DISCOVERY WELL

TEST 4730 BOPD 6050 BOPD -
AREA 22,250 ACRES 21,000 ACRES —
REC RESERVES 1.8 BIL. BBLS 1-2BIL.BBLS 1.1 BIL. BBLS
CAPITAL COST $3.65 BIL. .$6.0BIL. $8.0 BiL.
EST. PROD. 500,000 BOPD 410,000 BOPD 130,000 BOPD
DEVELOPMENT '
COST ($/BOPD) $7,300 $15,000 $61,500
o 7
r— N
BEAUFORT SEA
X DOME 1981 DRILLING PROGRAM
¥ TO BE TESTED
@ OIL WELL 3¢ GAS WELL
- KENALOOAK
KOAKOAK KAGLULIK
MITERK : KILANNAK
AL (Abandoned)
NEKTORALIK
ORVILRUK NERLERK
UKALERK oo
5 TINGM ARK et R

TARSI

DOME INTEREST LANDS
WORKING INTEREST 11,396,000 GROSS ACRES
" 4,705,000 NET ACRES
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COST OF MOVING OlIL
TO EASTERN CANADA FROM
BEAUFORT SEA BY TANKER VS PIPELINE

(CONSTANT 1980 DOLLARS)
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3.1.3 tHES .

T LYY= FAERK—7 s — L DY ECEBE K R HILEHE S LD PANARCTIC
BHROI R > TREY#DH TN D,

ABE-50C~-60C LI ETIHHROB L ANERTD S, Lichs TRKPE RN, X, K
B 300mITCIEE DA, TOMROBERBIRTK I Ay o 72, ALBAHRIETERAL®RZ W,

#Z TPANARCTIC CRBEBRD Ay 37 /47 v s THBT, D2&FA7 v 2 7 TRKETZ
s N 7 a—aFHRERBRAE) 7 BNTHELED TH 5,

3.1.4 DPANARCTIC # = - AHBERRGKATRY COMRTH M - WHAERL I TV
DiEMelville B - Mckenzie King & - Cameron & - Ellef Ringnes B¥ IUThLEED
RIS T D B,

ERFERD O COWRER, EEMNIC S DH AEERTLZ 0Tk b, HEREIN TN,

r . ' N
ARCTIC ISLANDS

WORKING INTEREST- 16,318,000 GROSS ACRES g%,
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ChbnH RABE 2B D OBEFRAMH SN TND, —DR Arctic Pilot Project (APP)
EFENRTWB DT, KRHA I Bk LNGHR CE#X T 55X, tBD—>D Polar Gas Project
(PGP) L ZDLNTVDBEDTRRH A% A4 754 THETHIDTH B, '

3.1.4 EhF LB

COMBE, 7V~ 7 VT 547 4 Y BEIVTF—CRElk- 777 FrEH- =. -7
s Y NS PMDLI N - R R )R YT - New Brunswick 6HiBA@E I 503,
ZhonTFhotiics\nTd 196 0FEMK0 5 RICELFEBZTHI TE .,

BHECEY = =7 77 FIY PP/ 227y THOFPX THROMEARKIC LR T 5 Ld b
ﬁZ'EM@ﬁﬁ%#%EéhTméoC©ﬁﬁﬁ*m%%£l0ﬁﬁ%%#ﬁéUme&%%HH
Bk HAM LB R CTERBID £ v b — 0 L AERENTEEEE L bR TWA B,

3.2 Arctic Pilot Project (APP)

APPIZ PETRO CANADAIK LD 19764FE7 n> 7 ( TORREYEDLHRE, HF LD FAAF—%
PRKELDARTIRINAIDTH S, PETRO CANADAWRAR 7ud 2 DD % LOR BN THEE
bic, BEZBREAERL TS,
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41 Polar Gas Pipe Line(PGP)
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- ICEHOLE IN

TALLATION .

St

SLPPOR‘I FRAME UTIL‘ITY

A - .

ICE HOLE INSULATED LINER will provide support for trans-
ler loads and, with a heat exchanger, keep the inside of the
hole ice-free.

CABLE PULLUNIT .}

A PAIR of cable pulling units positioned over rectangular holes
cutin channelice surface will pull the 914-mm (36-in.) pipe line
strings into position on the seafloor. The cable is guided to the
grip winch in the pull unit above the ice via sheaves positioned
downhole. The grip winch will advance the cable over the up-

per sheave and a second grip winch will feed the cable back -

down through the ice hole.

B4 L1 (st ? Ocean

Industry, Jan

.1981)



AN OVERVIEW of the ice hole bottom pull method. Pull units
advance pipe strings across channel via heavy cables con-
necting the string to pull units on ice surtace. When near-shore
unit has completed pull, a tractor will tow it into position 2 km
beyond second pull unit.

\}!_’E'-'r: A S R DA ‘_‘.'.}v‘ ‘:;:%f:’ﬁ"‘_!(f"":‘
- '~ __PROTECTIO C
b " FROM ICE SCOUR
L

A80tes
et

TUNNELS AT BOTH APPROACHES will protect the pipe
from scouring caused by large ice islands that occasionally
migrate into M'Clure Strait. Pipe line will be connected torisers
beyond scour depth from approaches.

B4 1 2

Hi#e ? Ocean Industry,
_Jan¢1981
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PORTAL
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Pipeline tunnel sea bed connection concept

45 m

SEA BED

N
i GAS PIPE ON ROLLER SUPPORTS __

INCLINE + 025%

- VERTICAL SHAFT
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Th
pipeline strings on the seabed is shown in the above drawing. Divers will be
working at a depth of 1,650 ftin the M'Clure Strait.
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R-J. BROWN AND ASSOCIATES @MBE#Y) b SR b iEBE A L T\wb,

TimmermanlC &5 &, 7o —RIH5EYYOBRSERFIN, o —D<tiE, RULED»IENHT
Bh, K—=7 x— bETE, BH107 4 — L OWPVEIATEETS S5 L0 9,

4.2.5 EEORMEM

BIEK%Z A 774 2 OBEGHER, ket EoMEEERETOXEBIBERT L, —H, K& %
KBBIANA T4 kBT S S KBBT 2ERABRBAEFEEr A E T immerman X E5 Thw
5, :
BB > THALBBEOLEES ¥ MR T 5 ADE—DHEL, A+ =757 4 Y KRS REBLHT S
ZETHD, Ly THEAA T4 2BMESDIRT S,
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5. KiBARAA
5.1 KiEamMmoBRR
5.1.1 dHER#ERE

WKL DEREOFRIC Y » TLHK, 2HEKRUSEXKCHTONL, 2EKE—F %2 ErKT
LEKE DB, BENANIWAOBE FOBMBAKREL, BKEFOBEHEC L > TEEKE K
KCARAN D, FEKIBRCEL THA T, BCBHEHEmE Chasct bbb 24k, B4E
KB, JBBOWKABEE K ZL D> hEEBE L T3,

ZEHDOEBRNZIKENT L BRI b2 013, KEEAGKERO MBIEE % ERCFAT 22 &
bLETH S,

—HIE LT, F—7 a2 — b BLABEROAREUE AL L, EFCREARE 75 A2 D, ko
BNIRLT, BREERHICERL, HHBSHUEEKETCELON L, L L, ThdE s
TN O ACAL LB T D #Ek0tEE B, BMAHICA D EGRIBREE LT—5 0CHECTTFrb,
NokidZ 4 T OB NEHL, TOEIR 1 AthoTH1In, 5 AhAkEHent 25 (BChk->Th
KRATOREAHREC OTy KB5S ATHE THA LT 2 ), %2 KEORTICKKAEIN TEWIC
BOEL - OKRBEIT 2, TOEIEEBCE 2 0 mICET 2, 351, EORHLEREO . EIc 8
WTWATERKBBEETL, F—7 4 — + BRETAAE6 0m, 52 LTR 20 nBEOFHICE T
ﬁL%ﬁéochn%%\%E*&Wﬁh\W@*T@é%sm\%W*Tugé%40mmééféo
—RIC, ZHEKE—EKCHENTELS B, BOKIRKDBE, —FKIRAREZT 680 o x, T
E37 57 OKATHEIN TR 0Ly ZEKIRIESE CTEE > TV 2B 82 n0T, FLES
T3 BEKIRO T H M I E I & > TRBBROBRE 2 5,

—RIC, BHOKOFEL RO IRIBEEL 5 223 KETDH D, KOKERSY > 7 £ 2 K
NESRTA=2THbE, KEORTHEHMBTDrilling LTHET 2005 & EHETH 55, LEE%
WROT— 25 BHO0REAETH L, ki, BUTEEEEMRARSZO1st Order Test D3 %
Tan KEBOHHEOATE FO M2 KB KA E HBRE~HELIFB > THF 9,

HEBEOIRBWRLH 4 0 7P 545, BHARESE > T D, BEOT — 2 5% NWDT, FH
ZIEHRBBON 2N, 2T, EBOKROTF -2 EE L TATHRELLOBRICL > TR B, B
by ATHED L OBAOBE 2O KE OKEHABNEBRL %2 ) K Open Sea OBMMAL#ET S,
7\ FKRBOBRBAFTOROBE LREELLKELHE TS, ABERKXD2 5 » 20HAD
BNV A —sOTHEEREOELLHET S,

ey KEBET 5 AW CERIWAZBUTE2EHFEL TN B0T, <—) v 7BRETOBSR, KE
R[RRT—AEZREFTDH S,

BEDF =256 Ice Chart 1B LT b, L LEIED & T AU O MM HC FIF TEE %
—BILETNA, NEEBIOZTF— 220N,

5.1.2 JKMIAMICE -+ 5 FAORIE A

MR BT B MR AR & L T, By, ##, BERCTRCET 28 A% 5,
(1) 3RE B8+ ARAEA

(a) AEICPER T BkME

Bra ZRET, MERBCERTLKMEDCS17E LT, 3058 RUKELLL S,
B—0DF 4 7 XU E ( Beset Load ) Th 5, TOMERMoKPICITELEL, BROE
T L » KPR EE 452 I BBECE L B 25, BN TIRLUTO 24 70 5 5388 %
b,

BLO2 7OWEIRMAKEDFEF v+ — 2> 7L b, dDNEEROICHTEL THDLE
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. sk E R L TE LA EHRHAECH L, RAHERBRLCFr—v> 7 LT BBICAE
L2, BdBLWEMTTHEF v — v /BREOEHRHERL, NIABOKAIKEOHY ., KRBT
KBEHY b, KHACTREZBETHONLLBICELS, BEBEI—RIKC, 20F v —v> 7K
LABRMHEICH 4, BUEEHEEIZABRCRIIh2TRE AL 2N,

WA ZOKTEOME QKA & 2 BEER D 2 WK 1T 2EMIC L 5RKERIC &
5 THHR TN B, RNEROBA, KROBER~Y = 7 2 —IC L 5 BRBAD 5K E 1)
)y 7 LTEEBKEZRIE T ATICE - TIT 5, 14, MENBICOKER, B4 — o, MEES%T
BT KER, IBH MEEEVET 5, —F, HRHEOFEREEE QMK L KOER T
EK&%mTXbanrmé?ﬂﬁﬁ%u%%ﬁ%@fxyﬁ&Lfgﬁbh,%@%éﬂizo

BLRT DB, i BB T—BERBELEZORMBEORBOBART 7 v <5 LtTd 2,

BZ0 24 7OMEDL, LBOKROFEHELCRNKEFATHWEREICE LS, KOBIKE
BABTE, EMBEL LT105kg/cd RIS hA B LSS, COF 4 TOMHERL, BAkoH
i, BoTE HOMOVWERBELHORKKESUCZ LRI > TS, TDA 1 7DXK% Lce
Inclusion LMY, £O¥ 1 XBZ—RIC 0057 WA TEEL LN B, COF=ZD L 1 7ORER,
BMUEREHCEDbh 5, TOB, MEABICE L 2BIELH45BF O TIEBIEL VN3 2 DRRCT
NETHDH, MESEBRMECH L C#EIIN S, L L, KROERE, BkBaBRkOKE
552 Lkhy ROF v — 2> 7R BALBOREREILC L » TOIRTZ DD TS5,

PKBOBRENE LTE, REOHERE 70503 )y 7L N5dTbh 5, KEOHE
KHEIHull Girder Vibration R 3FFTALERD L,

(b) Z'm~3 EiEEBIOME

KBMMMORKEEN R, MOPKE L HEBRBOLNICL Y KE(HKBIND, ZORDIKE

© NOKEWKERMOHEY 2T 2RO LD THE DV AE OO AL, B, 184

YOBNBRROMEL b 3 KRIBIIEK TS, Flxid, SR186HRBAMAHRINEALSTRH
N7 2 0 FDWT OKBIFKZ » #—CEKEM I 2 35SHP, —#iHc b T~8FSHP, 7' v <5
BEEAWIOMLE 2> Tnd CoORAREHE#LY 27 4Cx L, BOkiRIZKE 2 EBER b
%o - TEBTHXHELHAB/EIKRERY 0 7 RUBEBORI BB ECE D,

76 <5 RUHABIC I T DA EOBRE 75 <5 3 ) 7RRICL D b 22 + BADEHE
KBAKEFCOEMBRT 7o <S5 CEIRAThAKAOBBRUIBE = F AL BT L - T,
LERBRELHTS 7 2 ~5 RUBEBORI D TETSS, ‘

ZE KEBHMO 7 e <5 ORBICF 2 + TRATL2BEENT D55, HEDELETLEW
BRUKZ + 3G EBEERTHARCEE LATRERZL AW, BICEZ 4k BEE 7w 2 L
Ty 7o NIANOKOWMA L T THENEL BT T r20cEELAThd 2L %N,

(c) RAEsHAS

(2)

IBE TR A0 FHREHN—4 0°C, FIE—6 0 CKFE->T 50T, Kl LOMEBRLIER
TRAZFERLAEBEEALEZThEZ L 2\, BRICEH T 2HE CAMAOMRL BR 5—FA
AT&D\E$ﬁ$%%@ﬁ%#ﬁ%ﬁ%LTmé?—ﬂtL1v¥w5-ﬁ§ﬁ&§5L1K%
ER
£ BT 5MAEA
KBTI O UMD IC BT 5 & h % T OFROK B BER 2 H—KOEHUC BT 5 4 DT B

by Y1 XRUBKBLEEL BAEBBED N, 2 T4 AT AEHNICET 2HRITIRA FEBIN
Tk, AL, KAOTE, BRI M. EN Vo VSOEBLONTHAIFIR IR TWEWN,
B—kOPATI 4, BENTD2WEREROE I ONER BT 5 EHICHE L TR BFROMT %

—39-—




% 5.1.1(a) NK Rule Requirement Value for KT-500 Steel, KL33 Steel
KT-50N Steel and KL24B Steel

Chemical Compositions (%) Tensile Test V-Notch Charpy Test
Tens-— Aver- |A Mi-
Steel Yield|ile Elon- |Temp. |age nimum
C Si Mn p S Ceq. [Point|Stre- |gat- Value |Value Remark
(kg/ |ngth |ion (°C) |of 3 |(kg.
mm?) | (kg/ | (%) (kg. m)
mm?) m)
Quenched and Tempered
- - - >6 . -
KT-500 233 [46-55| 220 60 |L>6.2 NK Rule, 1976
L24.2|L22.8 |Quenched and Tempered
by - -
KL33 33 |46~551 220 | -60 |y B lc21.9 [NK Rule, 1978
£0.14|<0.35|<1.60|<0.035|<0.06 | <0.41
Normalized
— > - > - >5, -
KT-50N 224 |41.50 | >20 50 |L>5.5 NK Rule, 1976
L24.2|L>2.8 Normalized
> ~ > -5 =
KL24B 224 |41.50 | 220 0 C22.8[C>1.9 |NK Rule, 1978

# 5.1.1(b) NK Rule Requirement V-notch Charpy Absorbed Energy
Value for Butt Welded Joint of KL33 Steel and KL24B Steel

A B,C,D,E
Test Temperature | Average Value | Minimum Value
Material of 3 Absorbed | of Each Absorbed | Average Value of 3 Absorbed Energy
Code (°C) Energy Energy (kg.m)
(kg.m) (kg.m) L C
KL 33 Design Tempera-
ture -5°C >2.8 >1.9 >4.2 >2.8
KL24B = -50°C
Note 1)

A B C DE

Single-Pass

2) L : Welding Direction

C : Welding Direction

A B C D E

Each-Side Single-Pass

= Cross Rolled Direction of Base Plate

= Rolled Direction of Base Plate
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Notch Location

A :

moow

Center of Weld Metal
Bond

H.2.2. 1 mm

H.A.Z. 3 mm

H.A.Z. 5 mm




BROAX—EsnnrrabRohs,
ﬁ—ﬁ*mnwéEMﬁﬁmﬁLr\M@@ﬁ<\moﬂﬁwﬁtéémk@uwlxumapn
FEnmITdy, ThUBREROMRIMTAbI A, TOBR, BHEKCET 5 EIROETERS
PO DOBRH LA E 72,

O FHBIOKTBRT 28 L 2184

@ $hrakuxEEd ¢, BAI L LADOEN

® Mo EEIKRET 584D

EHHEXEM - REIh, B 5 2 — 2 0B LT B Ik, TOEE, KO3 A
CONWTEERAREOBREI—FKL T3,

O 2EIHROEEHIKBROKELT S,

@ WKL EERORTHBNEIESWADLRZ K,

@ XoBEAThREEEMEHLEN,

ExFH—K LR A — 2 EKOFRMEBENTD B, i EKED DL AE L ORIR 4
TR ERFHRIRY 2 RAIBREIN TWE, KEHKICZ D, BESEL R 5 EKERREN O
RCK22ERALELD,

17y EHEMOEKEFRKEMTIEEMON TRnEL, BKE S5 4 —2 & L TH-> 2 ENE
RETEA E A,

BEEAERCEERZTEEHER L W a0, BEHERKEDANRLATWAERIEL RN,

KTOLEE NG L O AEEEE AT 5200, REOREEAEESFALBETHE, Livl,
Tho ORNOBHEO REEHMERCEE NN BOFKBIC L 2ERRBRIC L > TREINR TR B,
- T, REMOKMICEAT 5 ENBOEESHERECKEN, TOER, BFOEREXET KERO
IKRHEED TR o L Bz 28R 54 5,

FNAKBER L T AXBRICET2EREE LS FRTACEF— 48R TH 5, HEUE
Ice Pack P THEL T\ AFKkOTHELEXEIh S,

(8) BB+ HRIEA

IKBREMOBEERICE T 2 E LT, BB, SEk, BEDMRoRENE. BERo%
#B EFOEMER DL, hE, KOEHEECE, 2 TREL-LELOT, Slack Tank TH->T3
RoEMEEBOFRRC L 50 TCHBY BT,

fftsik & BE L CEHA2E 2N 2 HREXBOREHNENOTEBAPOREREAENHOLY
T, MENROBEAAFREICE 2, COMBEICH L TRMABHEORW1 » P 532E Lin,

(4) IfelcP83 5RIE
(@) & #
BKMOABCEERO BRI RO B, - T, BEROBERIHBOBERGEHEILE
Thigaszn,
(b) LT
KEEPARAEH OMMIT LB+ A £ Heavy ScantlingTd» 5, -7, 7 v—r, BREE
HOBGERMOBINIRFREY X7 2 0FHRER LA T » 2582 Z2 20 hid 2 b %N,
5.1.3 KM & HIEAITER
T4, HROKBHFITRB ORI KBRRKECTELIN T 2, KBKETH—OKREELZ
BIC, WS DODOWE—FT )y 72T AT - REBINAIN TR A, £F V27 AF47ELTH,
WAk, HEAK, 774, BRI » 7 A, BHEEEEZ 0BT ONTnk, ThHOFRTHE
TEREAKE T v 7 2ar vy V24 7OEEKO 2EHEEFEH IR THW5,




BAKORYEL, 72> FOARCTEC CANADA TR EEY WM L TARSE L T8RS 2 25,
VY ITRONINENKBTELOT, KBOBEEFHABENLZINTHE, —F, BATH, £4
TEOESL L BEBRET HAFIC, BHETOWH LICE » THEAKEREL TV,

BHKIL Y » 2 RET T 2F 2 2 RERA Ly BETHRILI ¢ TRKEIRTLH L TREL TW 5 85,
BEMHORRKCTHRE L LUOKARTEEL Thb, WHRIC LT KEKEIC D 2RISR,
19704CARCTEC INCORPORATEDTH#H & T KK Z M » THMERK T = b 5472 bk &
K, HAEHAETFTL5,

HAOk LBk E Scaling LawlCxi+ 2850ARS. L2 ICRFRT S5,

Boka O BRAABRIME S ~8 / » P TIT OO T, T HE & BERESYENARFLEL Y, ¥
TEROZBEL NI, - T, BEHHABRIEAKEH N TITPN S,

RIMERIC X 2RBOMBIETN ORI L, EAOK T f - 2 BWAIKER S O AU L 2 EBHED N 71T
RIEF %R 2 BB b Tn 5 25, HEAKICIZIRAR L LTREADD 5, HAKOBRKORAD, BT H
I, NI RERRICERCBRTEZWC ETHE, HET2bh Th B K CORKBO EEE
BRoRTE, MTRIABBEREE F-> TREOEL2EEZB TS, La L, FMEEIEERKD
BLhI2nENELZL D, ¥ FREABCHBICERANMEEL & 5, T LBk EHET 2=
—FEERE—FTtl AT~ FTH 5,

BEEKDZ 7 » 2 2ET I 2F 5 2 2B BE L, BETHRRICI ¢ TKERKE LH L TREL TV 5B,
BAEMBOBRIKIRE O L OKEEHELTWE, WFhic LT, KIEKHEIC L 2R Hn
AT BB,

#5.1.2 Scaling Law

1 K ok R 5 Ok

i E hp/hm=1 O Q
# o vpovm=2% O O

A Rp./Rm= 43 O O
W EE Sfp/dfm O O
¥ v 7K X O
E#H#%E dcp/dcm X O
BE 12 R B O X
H & O O

O AR, X BHRRTE

%Z¥, Pack Ice FOEIPARILI Level Ice TOHEMBAROETITOR B2, KIBEEEDK
HHEHED, #->T, Pack lce W TOBWMARI 1B LHTE AN

— .\ BEBEYORIOK & OHXEE 23 X W BEREKOMITRE L EFBErEE2H T2
50T, BEBSYOBBCHEREK TR 4, BEBEWOKERBICEAKEER TS L, ko
BT REE O MR EACEET 2 WA b, KOWEET — F AEIOWEE — F L Abi < kb, A HK
KOBIWTRBE I HTHED 3 ~4BICA 2D T, 7r~3 1) » 7 RECIZEAKICR L THESDKE: &
B35,

T ORRICHET IR KIS & KK B« OB bh 20T, BEOLRERTH&E L, Bak
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FHNLHBHERN,

BIE, 7> FTENRC (EMXHRA) »AtBRAMMBEERFAT ( Arctic Vessel and Marine
Research Institute! AVMRI) % =2 =77 Y FS3Y N tr Y a vy XD A% TAKFICH
SLFBETHE ED TS, AVMRI ARG KHIEORBEBRET2 982 BME L Te b, High
Arctic &) LKERHCEARBOKBHEERTERT 52 0O HARKOKBHRBRAM R KT
FLAROBERENHEBRTEIRMrBEINLBRLEZ > TH B,

5.1.4 ZhsbokiEBEmn
b oKEERE L TRRFOHELRRIN T B30 TOIOnD S,
() ks ne
HFER—7 -~ VBTEEINLIAME ~—) » 7BIREEA L THEE CHET K88 1
—OBEHRE s TabN A, TOENT 20 FDWTHBHIATK 2~ 7 —OBRBE M TIKRT,

(a) FETSRAE
i e 4,0 0 0 %E
kg 1,50 0788
KER (R RMIK ) 22m
XJE 87 4 — 1t
ok EED # # 874 —1t
¥ & 1074—1t

ko dEE O£ R 6kg o
MR GTERE 1 0kg o
ko FEMERRE # & B 17kg o
WEEHE  22kg/of
oSS I 5/ 3/ 5 b

BokEs 15/ » b
kR OWELKIN BN Kashteljan
& NK, ASPPR
BE 2 2 Fr e

(b) k¥R %> »—OBEFM 5. 1. 1 KR T,
T, TORBRL T TH D,
B BIXAERASIALNRYIRUBREzY 2, BEE
0 BIATASARE, TARARA D
T OBIKEPNHR 22— (RE A RE—r+ 74 —En ) SBIC & 2 ESREKH
TRz DRKO®%, 2~38
WERR kit
TNy Y I HBETY  VOH
35 xp 1 EBT ( Exclusive Ballast Tank ) ©fff, Full & BallastBOK K%M
LCFBETDANT AL « 222 « F 430 T4
(2) @?kﬂ‘/ﬁ—s)
DOME %3 %&R L4 2 0 FDWTO®MK £ > # —OBEE R 5 1.2 1CxT, *OBEILTo@ED

Td5h,
HH Bk 20/ b
oy S $ 200007
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B O ETAo
e~ 28
7YY RETY .o
#3721+ D Full & Ballast8OBKERILKFAETD 5 A « 2 2858 (20Fd)
5K 7 15)S8HP
(3) Wﬁtsvjﬂyﬁf)
AKER Group %R LA 25 HDWTHK+ I 472> »— &M %EHE5. 1.3 ICFT, FOHE

EUTICRT 25, ECOKGIMBRERD, 1251t OBEAOKERKTHRENEBEL T,

Lpp 1300m
Bmld 1 54m
Dmld - 524m

AN— R P ST P 140,000 b

Y 260000+ >~

5 N 1125000 SHP

TG D 3%y, BEE9Sm : ‘
@) ks>

GENERAL DYNAMICS#%E L 42 14 T DEBKLNG 2> #—OBEN%*X 5. 1.4 RUFKE
5.1.51CRT, HAMEE /£ /2 RIBEI ¢ 5 REHERE VI EFHEETL 25, FOoFET
T+ 8htds,

2 B 1448m (BFIhopa387m)
2 g 1695m
®r 128m
5 B 50000SHP ([EFHDPE 7500CSHP)
N 112/t ( " 15/ 5 10)
7 D2gh
ERREI 1305m
BERAMITHEL  183m
AN L E T A
(6) Wz h—RUWAS > h—> ®

NEWPORT NEWS SHIPBUILDINGZS#FELAMK LNG 2~ # —RUBKE#RE >~ H —OFE
MEUEBRBEENENNG. 1.6, 5 LTRUEES 1.3, £5 1.4 1CRT,

BKLNGA > #—RBT7 2107 F—E5H5New Brunswick ® St, John~ LNG % &4
3D0THH, LNGOBEHERE165000mTH b, +DFBRLLTOREI TS,

a5 3

HNGEERE © 4,450 B8

Sk¥GEERE : 2,40 0%FEL
BARME ~ H — ALK OB H 26 KEOFBE~NFEHE ES SO TH Y, RFHHE£BEL
ELTws, TOBEAL TOBED TS5,

& J1:560008SHP X 2%

Fu~5 2@ BER98m

BEOEBHEE : 213.4m

BEWOMETERI  457.2m
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SSIT general arrangement

g ~ | )

Gas turbines

Aft peak tank

Tt
-l - N

. il Tunks No. .4

) - - i .I e l ' M1 I

513 okt Iy 7 gy h—
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CARGO
AFTER COMPRESSOR AND LIQUID OXYGEN TANK PIPING FORWARD
Thim ANk CREWS CARGO CONTROL ROOM  CAP. 673,000 CU FT (18.844M3) TUNNEL TRIM TANK

MACHINERY /// /
T AR § I X 7T b § > =
LNG / D@ LNG / )‘i j’{ LNG
= = — s T
" ' o I.i_\
e - (e ( ) % VARIABLE BALLAST TANK
o
" - - A —r I
" == =
: @ " )C o \ )( e
—1 e T T X, S

. ¢ ) &
STERN PLANE PR ;
TRANSVERSE LNG CARGO
PERISCOPES SAIL BULKHEAD (9] TANK LOADING/UNLOADING BOW PLANES
& MASTS DOME STATION SONAR
CONNING STATION \ Y
~ 1T T T 1¢ Vo T o = T i
= T \ﬁ %x.
(C )(( ] )( ) 'o
T I T— T T T T 7 ';i

. T
THRUSTERS THRUSTERS ——Tj

L‘ 1333 FT (406M) -
S 1470 FT (448M)

SHF; ......................... 50,000 MAIN BALLAST LONGITUDINAL
SPEED. ...t 12 KNOTS TANK (24) h BULKHEAD (2}
. 1,000 FT {305M) \‘

COLLAPSE DEPTH. .......... 7 =

MAX. OPERATING DEPTH ....... 600 FT (183M) DEPTH
SUBMERGED DISPLACEMENT. ... 847,739 LONG TONS 92 FT
(860,649 METRIC TONS) (28M}
k_ BEAM 228 FT __ .I
(69.5M)

4 5.1.4

OAK TIMBERS SHEATHED
WITH PLANKING OR PLYWOOD
£

6 FT (1.83M)

CONTAINMENT HULL CENTER HULL CONTAINMENT HULL
28" (T11mm}
FLANGE 167 X 37 B4 FT (19.5M) 1D 64 FT {19.5M) ID
{406 X 76mm)

—~— WEB 1.50” (38.1 mm)

— SHELL 3.127 {79mm)
85FT
(2.6M)

JII]J]JJ]IJ]JJ]II]’
1131123731313 33317131

(D) 1 \__ WEB FRAMES 063" (16mm) | 10 ¢T
&/ 1 ON 10 FT (3.05M) CENTERS (3.05M)
LONGITUDINAL
SHELL wes FRAMING
(®) 1507 (381 mm 1.00" (25mm) TEES 147 X 6.75” X 34 LB

{356 X 17.0ecm X 194 kg),
@ 30" (76cm) SPACING

1,50 (38.1 mm) 1.00” (25mm) TEES SAME AS @sxcsm

SPACING IS 15" [38cm)
@ 1.00" (25mm) 1.007 (25mm) ANGLES
187 X 67 {457 X 15 2cm)
same as (), ABOVE, EXCEPT 0.50" (13mm) THICK, @
INNERBOTTOM SHELL 1S 0.75" { 19mm) 307 (76cm) SPACING
£ 5.1.5
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MAIN DECK
SECTION
5.1.6 Icebreaking LNG Tanker
$5.1.3
SHIP CHARACTERISTICS
ICEBREAKING LNG TANKER
Length overall 401.27 m 1,316.5
Length between perpendiculars 370.33 m 1,215.0
Beam (maximum) 47.01 o 154.2
Beam (below flare) 42,72 m 140.2
Depth at side 33.22 m 109.0
Draft in ice 21.34 m 70.0
Draft fn harbor 12.19 m 40.0
Displacement in ice 280,000 tons
Displacement in harbor 150,000 tons
Light ship 89,400 tons
Total deadweight 199,200 tons
Cargo deadweight 71,700 tons
Ballast weight (maximum) 190,600 tons
Cargo volume 165,000




BALUT = *
l PI8 CARGO |TANKS P/8 )cmoo
:Ec: C | MMAACW\'. Aux'ﬂ'é%i. [: ) <—— BALLAST
CARGO ( . j 7
PLAN VIEW
—— LIVING SPACES
C:mEE/ _Jﬂ CARGO
S T
Upocking caviry CENTERLINE
SECTION
— NUCLEAR REACTOR
TRANSVERSE
SECTION
(517 Crude 0il Submarine
#5 1.4
PRINCIPAL CHARACTERISTICS
CRUDE OIL SUBMARINE
Length 304.8 m 1,000 ft
Beam 54.9 m 180 ft
Depth 29.0 m g5 ft
Draft - normal surface 27.1 m 89 ¢
minimum (harbor) 8.5 m . 28 rt
Displacement - submerged 424,512 long tons
normal surface 403,881 long tons
minimum (harbor) 116,288 long tons
Deadweight - total 285,444 Jong tons
cargo 278,466 long tons
Cargo capacity 2,103,000 barrels
Speed - trial ) 21 knots
. sea (90% power) 20 knots
Crew 40 men
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P.G. Noble,et al:"Ice Forces & Accelerations on a Polar Class Icebreaker”,
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V.I.Kashteljan,et al., "Ice Resistance to Motion of a Ship”,1968
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Arctic Tanker”, SNAME, Spring Meeting/STAR Symposium, June, 1981
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P. Takis Veliotis,et al, "A Submarine LNG Tanker Concept for the Arctic” »

GASTECH, 1981

J.B. Montgomery,et al, "Commercial Marine Transportation of Arctic Natural

Resources, SNAME, Spring Meeting/STAR Symposium,June, 1981
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W 310 B A - # AOERSIEBOMMIL, 197046 AD »F FHACHIT bArctic
Waters Pollution Prevention Act (AWPPA) O#f% B3I ¥ 2 ICE>%, AWPPA L,
LBABSICRE SN B HRWED S 1 7 L BICBEL T, BREMHET I 0, » > FIER
ORER LUMEKRC T HHEREHETHCLEENELTE D, BNOT 2% T —% LUMBEA
ORI F B » + FBIRORE L, BROEBRORFICH T HBOERIMILLIOTHD, K
Act 3\ ABARITE T ZMOFTEEDO 3 ORFBAT S LAThEEIES L, B L FFoRsX
BRicddaarbr—ntBEl, B Shipping W LAREHSEFTOMERBICHET 23+
a—AbBE LTS, —HNon-shippingBEICHTEa >t v —ad, BARCEITLZKED
PN IRBRWETRRT HERO D2 HEIC S RATE Y, Thbid, RS, il LW
BOHAM ARXROARV =¥ a3 EEFATNWEG,

FAct OERBBERPHAOREL B TAL LWL D505 TAEC L TEELTLE -ABE, 50
RBEFTEORRMLDZBE, TORAREEDCERET 2 EELHE L, EbICEBOTE% M
THLOBTBMERERBNCEL, BCEOHBEEA NV —2 ~CABIL, FALOADICA <L —
FICBRIERNOHHEE BRL, FARBECONTHIHE L ABEL TR L. Act OBFT R MHET
b5 Pollution Prevention Officer DEROHERET KEKE5LTNE,

LD L 5 %REHL LT FAct dESFEE, BREN2EBE2RUAZL, 24, £ L —v 3>
Lo EELRAbELLEVI LS, BRRBROGHEE L, BUEFEORSR B ERREEC
BEbCEIFENLbhAbT A, Act EFNhIC#E< Regulations ORX%E 24Bb ¢ bR L
Zofk,

e\ FActld, "F FEARBBMORDO 3EFIC L Y BEBINTAD ! —
® The Ministry of Transport : JbLBARIC 1 5 Shipping iGE
® The Department of Indian Affairs and Northern Development: Hudson Bay

& Hudson Strait B < 60°NEIkC# 3 5 Non=-shipping i&8)
® The Department of Energy, Mines and Resources:Hudson Bay & Hudson

Strait T B Non-shipping &E&,

AWPPA D FTiKHlxE AN/ Regulations »5Wid Order # Amendments 3 ARTFELEDY 2 +
K3,
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@® Arctic Shipping Pollution Preveation Regulations (5. 12) .oeeeeivncieenens. CRC. Vol. I11. c. 353. p. 2237
SOR/78-130 24/ 2/18
SOR/78-430 8/ 5/73
SOR/78-507 9/ 6/18
SOR/73-547 23/ 6/78
SOR/79-152 12/ 2/79
SOR/79-781 26/10/79
SOR/30-100 25/ 1/80
SOR/80-503 26/ 6/80
SOR/80-503
SOR/81-3)0 . 24/ 4/81
SOR/81-45) 8/ 6/81

@ Arctic Waters Experimeatal Pollution Regulations, 1978 .......occcovececne. SOR/78-417 8/75/78
SOR/79-355 17/ 4/79

@ Arctic Waters Experimental Pollution Regulations, 1979 ... .THee.eo... SOR/80-9 19/12/79

@ Arstic Waters Pollution Prevention Regulations (5. 9) ..oovroeooceeeneeeenneee CRC, Vol. l11, c. 354, p. 2275
SOR/73-556 30/ 6/18
SOR/79-1 18/12/18

SOR/79-406 10/ 5/719
SOR/80-75 11/ 1/80
SOR/30-41) 5/ 6/80
SOR/81-437 8/ 6/81
C‘Z) Goyc.rnor in Council Au(hoﬁry Dclegation Order CRC,I Yol. I, c. 355, p. 2281
® Ship’s Deck Watch Regulations, amendment SOR/78-508 9/ 6/78
SOR/79-493 22/ 6/79
SOR/30-549 it/ 1/80
(@ Ship Station Radio Regulations . SOR:’?S-ZW J; 3578
SOR/78-529 16/ 6/178
SOR/78-756 23/ 9/78
® Shipping Salcty Control Zonax Order -GRC, Yol. I, c. 156, p. 2283

ChbRegulations D5V Order OF TKBEMMOF V1 Y CER(BETH30L LTE, @
DOArctic Shipping Pollution Prevention Regulations @D Shipping Safety
Control Zones Order @ 2D05%Ifbhs, LT ZhLORBICOWTEHRICIERT S,

%4, SHIPPING SAFETY CONTROL ZONES ORDERIZAWPPA® Section 31{C
"Arctic Waters” & L THEINAMER (60°NLII, 141°WLIR, »7 #4E+ L b 100 %R
Py fBEL Greenland L OBRICEH W~ TEIERERA 100 BEND & & X SERRE T) & KOTEE
ERBOBRY L, H5.2.11CRTL 9% 16D Zones M ( Zone 1 RS HL (. Zonel6 28
BRIELN ) TN ThOMBHNERRERE L2 4OTHh, Thb Zones BRICHE~ND
Arctic shipping Pollution Regulations @B Ih TWn3,

ARCTIC SHIPPING POLLUTION PREVENTION REGULATIONS (ASPPR) i,
Shipping CBAL TAWPPA % L b BIAMICEBR L % Regulations T» 2, *OMK & WA »10E
THEKRT, LFICASPPRYOCHED £ FIZE L, WA\ EHELT 5,

Short Title ( "Arctic Shipping Pollution Prevention Regulations” &#EFk, )
Interpretation ( fZkMEEOMHB, )

Application (#BI% B & 100GRTZ L 2L HRETH, )

Construction of Ships ( Non-Canadian ShiplX{3+ 2EBEEROFHER, 453 %4
fe M ESHCTI LT, FO N T T Y — KL L THBRD Schedule V CONSTRUCTION STAN-—
DARDS FOR TYPE A,B,C,D AND E SHIPS 3 %WwitSchedule VI HULL DESIGN
FOR ARCTIC CLASS SHIPS# kU Schedule VII MACHINERY REQUIREMENTS
FOR ARCTIC CLASS SHIPSO#M%ZER, 24, #»57Y —KIEUTSchedule VIII®
% Zone RMITHIIZ F5 & & T ER, )

Navigation Equipment (GRT & Zone & 77 o) —WIG LTy, Y4BT 232 b gL
Ta—Y s F—HORMBERTE., )
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Charts and Publications ( Canada Shipping Act® F{C#® % Charts and Publicat-
ions @ Part 1 o@BLEKR, )
Ship Station Radi:g(( Ship Station Radio Regulations @ Part I, Section 20%
BnL 37 il L EREELVRRECROEM, )
Bunkering Station ( Deck BXICHI} B, 77~ o% 1 X% Schedule IXTHZE, )
Equivalents ( Pollution Prevention Officer 3R +5 ¢ % &KL LT, FRegula-
tions BR&EEOMD Construction, Machinery,Appliance %%380b5, )
Arctic Pollution Prevention Certificate ( ¥/ 5H%HS 3 RITETEE, FX i Schedule
ICED S, )
Dangerous Goods ( Canada Shipping Act ® F{C® % Dangerous Goods Shipping
Regulations DEB% &R, )
Navigation PersonneT*( Deck Watch OfBRICOEHE, )
Qualifications of Navigation Personne>lk*( fiEF X U Deck Watch REZOGREH
KOEHE, )
Acceptance of Certificates, Licences and Warrant:'*( A I FDeck Watch @
FEFREC DN TOBBREORE H A IEROERESE, )
Ice Naviagator ( #¥ H—([I\Wwwhk b Zone CHWT % Ice Navigator OEBHBLE, £ 4
—LIANT b Zone EEEHAIC X DL E, Ice Navigator DEBICOWTIHAE, )
Fuel and Water (RETN2REL LUBKOED AN EKEE, BCHSBIOEHKICOEH
Eo )
Sewage Deposit ( BN THELAFEW - HKOREELZHE, )
Oil Deposit ( MOREXHBETLHPUEBEWEH-—FlLE, AGRBELI_RKEOH ILED
BE-K2EHE, )
Reporting ( BRWHLTREE LA, 25 d2T0oZhod 558, BRABLKFTOERERFIO
Pollution Prevention Officer CHE L 2T hiT L AW, )
EEEECH- T, TELO SCHEDULE I~IX#MELTW3,
SCHEDULE 1: Arctic Pollution Prevention Certificate D&,
Pollution Prevention Officer DEBFORERY X+,
Deck Watch DEREH,
EOBREL,
CONSTRUCTION STANDARDS FOR TYPE A~E SHIPS
Type A~E s BEXERRHSD Ice Class Notation & T, filnd
OREBHEDOBERICES T Lo
4 V: HULL DESIGN FOR ARCTIC CLASS SHIPS
ZArctic Class Shiplt2%, MR LU 7 Vv —3ITDR A Y IER
WHh7WHD Ice Pressured L ¥ Ice Loading 1 &> 20F/MMg, RER
KER£€Y) 74— (Ice Breaker (X 1 X, fid 2 RERACHLAZ L),
fitx b b ORE~— 2P LUREBBEO X € — FILD & BIE,

"

14

14

"

< 2B =

*

*ok

Amendment SOR/78-430{CT ASPPR % &L Kikk,

(Ship Station Radio Regulations #:Canada Shipping Act & X ¥ AWPPA oo F
KREAEIN, )

Amendment SOR778-507 T ASPPR % & it Bk, .

( Ship’s Deck Watch Regulations, Amendment #: Canada Shipping Act % I T¥
AWPPA o TRAIBHEIN 2, )



SCHEDULE W: MACHINERY REQUIREMENTS FOR ARCTIC CLASS SHIPS
%Arctic Class ShiplKD&, RABEN, FBHOK, 7o <508, &K
F—CYROKA 7O, LD Shock Load 05 DRBFE, 7o~k
U7 xsTHEREQADLD Ice Torque, 705 & IVBOMET 2+, 7
B N5 OREME N~ 25 LFRTEAR, 7o 5 @EHX, REREO b 12
N— R, KEREE 7B N T B BERERN, BEHIKY 2T 4k L UGB 27
AL EHE, ' '
" WI: FArctic Class & Type XL Ty Zone BICHFTETRE R #ARI % 2R,
- (R5218R)
" K: Bunkering Station®7” 7 ¥ o<+ R,

BETbhbisrb, ASPPREEODA 1 b adb K CRED fhk\nwas, #ithy L U0 7 ¥
17 BES STHRENKBRMHELHRRE dnhi 5,

&P, ASPPRHOETICHEMAS2bIT TS, Arctic Class 2t EFE, +OMRAHE
. 7137 5 M CEERKETVWE S Level TceDBEI (74—t )CHETEENDR TS,
‘, 5.2.2 MHEAE LUSEOHE

BIRD & <, Arctic Waters Pollution Prevention Act 3 IV Th%EEBBELAZ Regul-
ations BRRHL TH1 0EAHFBLTH S, 2O, »F F£UBBRICE T 2 BEEBE Mo —a %
eE>TnBH LI LEREO O, HEETRGOLZ G RBEOR TRITHELREL 265
BRAINTWE2EETSH ), TOBKTIE, RPCHIEIhA Regulations CldfE4 FES TS
DEFBRTH Y, FBOTL { ASPPR (Arctic Shipping Pollution Prevention Regu—
lations) ZIJT %, 10ECH% » TAmendment BRFANTNBEEDD SHALATH S,

MA T, »F F£AEHICE T 2 AHBERRERIL R ABEOZTH b, IR N AEEE L %
CREL T, BERSS-E L TR ZEBERBCHEBGTES,

KEBRPAKENT D, FROEWMDLNWELNGOBMERELZLE, 20FDWT225Wd 14 5m 2
5 ATANERENEDENE WO TE D, BEOKES 5\ HEAORNK £ H~2 & A%
FAXMERD, BEREDVEIETCALRAMERNTT — 2 OELFT > TW 20 8BRTD B,
ASPPR®Hul!l Design®»5W@dMachinery Requirements DA D, TNLDOF— 2% &
LASBROMRTHAIN T LBbh B, &0 E L, DOME®DMr.B-M.Johansson

. f£2:1981 40 SNAME STAR SYMPOSIUM TR LAHRX “Technical Development of

An Environmentally Safe Arctic Tanker” ©OFFC, Arctic Class 10 Of3ic DT,

ASPPROMBEEICKT ABBRORERIT-> T bz L BBETLN 2L, Thicihif, Local Ice

Pressure 2SADHKEE A —FICL > TKE K EBERT 2 L2 ZBANS L, BAHAICH

MIARBCHL TR SF == 2D b V¥ 7E% D, BICKE { OABNOMICH L TRABIK

BMETRELZ D, BCHEBMNCE A TEOHEARE LW L EEBLTWA,

SEORELENTY, A2 7Ce T2 27 FBABRELD : —F 4 ¥ ZEWT, SB0EEE
LT,

@® ASPPR®Ice Pressure /Load OEZRETAFELD LD 2

@ EKERMNHN S5 boHE, KEBMITF oMM, KENTPOBEE v 1% 3517 ASPPR

CHE 5% 25, REMOTFE 4D 5 20 7

@ ToMEIFLAREHAZELTENS B 7
COWTHEMERE LAL TS, OREKCLSDOTED A5

© KHLTE, wokiEWwiiWng, Ice Pressure/Load KB 5% { OFFE OB T, EE

BEefT>TW5DOMED 3 Did Best TH A0 T, B#KfERIZ Regulations KRMEN LT
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(3)

(4)

(5)

(6)

(7)

59,

@ KHLTE, ARSRED T v 75 ACITATRTH D, BEELRAL - T, WTIhid&E
OTHL %, HrHoREKBEL Tk, B&EHeat Flowll oW TEBNAZRRET-> Tn3,
TEHbb, #27HWDOHeated Products LERICBIN S 2> 27840 Heat Flow,/Condu-
ctivity EIRNTHMHRREOBE LIS ETHIOTDH 5,

® kxL T, Canadian Shipping Act, Arctic Water Pollution Prevention Act,
IMCO Gas Carrier Code —Resolution A328(IX), Proposed Canadian Gas
Carrier Regulations® 42835 5420 T, INLEHE LAESHLETH S,

LOEERD o/,

7, HF FBAE Ice Navigation ZHRAALBERY I 2 V-2 ORBCOWTIREFTDH,
XL Ice Navigator ORFAFEOFR ChEWMOIANL LK ADH—LORE D d b KEHT
DEERMCHH LT, #F FBHBBEBRNSAD7 Vv TARRYEHATWE Z 6L A,

(AFFBRED I =T 4 ¥ ZRBEOFHMCE L Tid, BROSBHENEERELERINAL N, )

E

The Canada Gazette, Part II, Consolidated Index of
Statutory Instruments, Jan.1,1955 to Sep. 30, 1981

Arctic Waters Pollution Prevention Act

Arctic Shipping Pollution Prevention Regulations including

Amendments

Shipping Safety Control Zones Order

R.W. Parsons, "Canadian Acts and Regulations for the

Prevention of Pollution from Ships"

International Association for Pollution Control

A. Jones, "Rnalysis of the Arctic Water Pollution
Prevention Act"1973 Pollution Control in the Marine Iudustries,
International Association for Pollution Control

B.M. Johansson, A.J. Keinonen and B. Mercer,

"Technical Development of An Environmentally Safe
Arctic Tanker"

S.N.A.M.E., Spring Meeting/STAR Symposium, June 17-19, 1981
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6.

KEBAMEY - EERR
6.1 ATLBFR

6. 1.1 B &R

Ty Y =T IECETHATBOREEE (1980 FHRE) ¥ R6.1.1KRET, 2AALED S
P77 rArg6 1. 1KRT,

1973% 406 1978F % TICESSORCOBRIC15OATRERE LA, TOL3ALEBEAM
CBE3IN, TOBREFHEIKOPCREDIT IR L 5 » 7 TKEBRE LABDHEBOA T IE
T YN, IRY I T v e —FCATEB R BT L0 TH S,

BOD1 28R EMCBEINL, ThOREALDEERT 50, TOBOBEOHEFIFT
HEnE LR,

BOND LR T BBV P2y 2 TRMEL A, FRBPEHOTTEFELELLN 1976
FRKREROBEA~ANetserk F—40, Netserk B—44, Kugmallit H-59 TRzoTFETE
E3hte, " BCALEONBICHIKEOEBAFTCTHE Y 2 ) 7 4 ¥ s r—F Ly o5, 755, KB
DBRAFITREELTY Y V2w 78RR TnEA, 1977 FCRBEINAL Isserk N EAE
4374 — b EHBOKESENFTDL, 72V 74 v 2 €—FnBANLNTHnE, ThLDA
TEARSEMEL BMETI2LE0DL5, BB LT (LARCBHRNELDT, CORXHEMT
%, 2R ZOMOALRBRMEE. L1WKRTEOKEHEE LTy V3w 7% EERNNEELOBF
OEBHFND SOOKEBR 2 BERBOUHLEL 2D, BENCKINE 25, BloliTgs &
OREFACIAHoMBERE#T N, ALBOMAERSED ¢\ »OoBMARTEZWZ LAY
BRRELTBDTOoNS, M6.1.2@0 72+ F—-—BTEXXONEUNION OIL 281977~ 784K
BELAKDALBO L%t =T, COAIBHE—BH2 0TS, FICEB) CHEARTIEL % -
oo M6.1.3, R6.L2IKCHMHIATS v+ 7 + — 2 ODBET X P BRI F—7 + — b BT HAT
BOREHAEFE BEL L URT,

6.1.2 SROHE

Th3 CICEEINA AL I B KBOBRANERIC S % 53, 5RIEIKROBASBROBRELLE
ERb, Chic#IL LAATEABEXEFIEEhDDH S,

DOMER+OBFEEXTHA TarsiutTCaisson Retained Island 2 BE L TW 5, (TH
RUHe6. 1.4 BR)

PR S —

ég;‘__ I}Om ////Sm

2P COBOATER T EOEMEERCTELDOT, WOROERHMFTNFENCANTS 5,
ESSO % Caisson Retained Island & L T7 v —F 472 F—n% 8 AR KCHEDbLEAL
Stressed Caisson FROATIER2@EELTW5S,
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Retained Fill

COEATERBRBERETD ) BEFOR IFECENTD Y, BERFLEOHAICEL THhd,
GULF L "Mobile Arctic Caisson Rig” &3 59—/ Y HOBBRATELZEBEL,

1984 FEDWAIY — XV hob HF &« K—7 2+ - BTHREBILLFETHSL, (H6.1.588) ‘
HICDOMEZ + 0 % B X HIEOETIhE TOATEOEE,® C 4/ Arctic Production

and Loading Atoll (APLA) b HTAATEH#IBELTnb, (06 1.65H)
LOATEBRERICHOBATREAZ KRR T XKBEL 0T, AT s —Y » TCHAE LTINS,

APLA TR AEER., AWMAE - T, HR%Z L O#ER BB HED - T 5,



%6.1.1

Artificlal Islands in the Mackenzie Delta

L Sftberm  +15 #t freeboard, 600 ft diameter
i +11 fi treeboard, 400 ft diameter ,N\___ A

Quarry stone or equivalent protection

Con-
struction Fin
Con- Weter time Surtace Free- volume
. struction depth Mode required ares board (1,600 Cost
Name Operater began () of fin (days) (tt) (tt) cuyds) ($miltion)
Immerk 8-48 Esso Rasourcas Sum 73 10 Drodge 10 300 dia. 15 240 5.0
| AdgoF-28 Esso Resources Sum 73 . 7 Oredge 0 -150 x 600 3 48 25
| PulenE-17 Esso Resources Spr 74 5 Truck 48 225x 375 10- 84 3.0
Unark L-24 Sun Oil Spr 74 3 Truck 50 200 x 400 8 57 -
Pally B-35 Sun Ol Sum 74 7 Dump dbarge . 50 270 x 515 [ 45 —
Netsork B-44 Esso Resources Sum 74 15 Dump barge 80 320 dia. 15 400 11.0
Adgo P25 Esso Resources Sum 74 5 Dredge 30 225x 470 2 36 25
Adgo C-15 Esso Resources wWin 75 5 Truck 4?2 165x 515 10 92 3.0
Netserk F-40 Esso Resources Sum 75 2 Oredge, 100 320 dia. 15 380 15.0
. . ‘dump barge
Sarpik B-3S Esso Resources Spr 76 - 14 Truck 44 320 dia. 22 155 5.0
Ikkaiok J-47 Esso Resources Sum 76 5 Drecge, 30 150 x 425 7 50 —_
- fat barge c
. Arnak L-30 Esso Resources Sum 78 28 . Dredge as 320 aa. 17 1,500 5.0
'Kannerk G-42  Esso Resources Sum 76 28 Oredge 30 320 dia. 17 1.500 3.0
Kugmaliit 049 Esso Resources Sum 76 17 Dump barge - 37 320 dia. 15 310 -
Adgo J-27 Esso Resources Sum 78 6 - Dreage 30 165 x 350 10 90 -—_
Isserk N. Esso Resources Sum 77 43 Oredge 80 320 dia. 15 2,500 —
Sag Detta Sohio Win77 3 Truck 14 325 x 400 4 52 R
Issungnak D-61 Esso Resources Sum78 65 Oreage, 158 328 gia. 20 5,362 11.0
dump harge
(Of fshore,May 1980)
—
Side profile of gravel island
8 ft berm

it

Grave! 11l : ”4‘2’;0}5\\:?”%‘:}'2 Bran e
-301 oINS O 11§~ — fedgeq ™
T T T e TN T
- — e — - — — — Exploratienisiang . — — — — — .
; - e e e e e Prodoctionisiand - — — — — — — — —— — -
®6.1.1 (Of fshore,May 1980)
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Cost comparisons for Arctic drilling piatforms

(8 millioas)

Floating ice platicrm

Cost/well: S2.5-$4.0
Data base: Panarctic Oits/Arctic Islands

Crounded ice ptatform

Cost/well: $4.0-$5.0
‘Data base: Union Qil/Mackenzie Delta

Unretatned gravel istand

Cost/well: $18.0
Data base: Esso Resources/Mackenzie Delta

Calsson-retained grave! isiand

Cost/well: $24.0-$28.0
Data base: Estimate from designs

Orliship

Cost/well:  $30.0
Data base: Dome Petroleum/Beaufort Sea

Menocone

Cost/well: $50.0 - $80.0
Data dbase: Estimate from designs

and pvadabaity of Mt materal

| *Cost may vary $1.0 - $20.0, depending on watesr depth

Ottshore, May 1980

B16.1.3




#6.1.2

Beaufort Sea gravel island design criteria

Environmental parameters Exploration Production
Water depth Joft 301t
Storm surge (inc!. set up) 61 8
Wave height 10 ft 14 1
Wave period 6 sec 7 sec
iceload 270 kip/ft 570 kip/ft

Gravelfill properties

Unit weight above water 1151bs/cu it 11Sibs/cuft
Unit weight submerged 651bs/cuft 65 Ibs/cu ft
Friclion angle dredged 32 3
Trucked 34° 34°
Freezelrontlocation —-101t -131t
Safety factors

Load factor 1.3 1.3
Materiatfactor 1.2 1.2
Overall 1.56 1.56

(Of fshore,May 1980)

Caisson-Retained Islavid

The first drilling island of this design has heen built in SO feet of water on the Tarsiut
structure. The drilling is currently heing moved to location and will drill throush
this winteranumber of directionally-drilled delineation wells to the 1980 Tarsiut oil
discocery.

The istand can subsequently he concerted to a production istand after minor
maodifications and approvals.

(DOME #H2u7)

46 1.4
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X6.1.5

(ITHT 24t)

WAREHOUSING

PROTECTIVE

-

1/2 MILE
PRODUCTION WELLS
OIL PROCESSING & STORAGE

LOADING
TANKER o

&

ARCTIC PRODUCTION AND LOADING ATOLL

(APLA)

X6.1.6



6.2 YI/HREH
6.2.1 BURERMEA
N FABEONKBICE T 5 ) 7 HRBFW L 5 AWARORRE, *—7 + — ¥ TDOME PE—
TROLEUM 238 Y ZiC & 2BHI 1T » T b EECR E > Th 2WHHETRATE SO £5E «
FatTbh b C L E »TWh, 27, BEE TIXPANARCTIC OILS#3K 73 5 b 74— kg
CELMAAIAY 7 B0 Y 72V UM ZET - Twab,. COMRDOEEL SPSIKL230L
HEIRTWS, '
K< DOME OB LU PANARCTIC O KT T v F 7 » —a HRE RIS REFE Y 2T 2 ICDN T
FRT B,
(1) EHAIA

DOME (X% 4%t CANADIAN MARINE DRILLING LTD.%:@LU T4 £0WEMREHA
LIBAEREZIT > T b, Tho 4 ERMhISGCERTS 0, BHR K6 2.108EY TS5,

FERICRTAY, 2hSoEHBOBERIKEE*HOCBEZ WO TEERELTE 21,
6 Bt #—7 # — F \BOXHET i, 7 BICREIBS~BEH L, 9 AKRICE->Tid 1 0 A%
BT THEXsETIN LT, FHK 0 BAEEPMTH Y, BRI EMTHEREL 5, (K6 1‘
2.1 2R) chboWBMROKBF TENTEATE ZANOT, BkBICL 2 BHXEHSLETH S,
DOME T2 7 = 4 D@k "KIGORIAK ™ 84 L. BRI T 2 BIES 17 9 & RECK
WBRIC 510 2 MR BT 2 BEREL BIS LAMEBRREEBL TV 5, '

DOME Ok #EBIMRIC L 2K~ = 5 &, BHEIEEABRKIcOABEIN L T 55, REIE
HBEN Z EBFAKOMBBRATS 2, HHPHEZER Lok¥Eh T  fEETRE 2 BN FOKEED £
rhRIERL RN,

DOME DK —7  — F BO#XEFEE L CPolar Pack Ice & Land Fast Ice D40
%5 Shear ZonelCHr L, Polar Pack Ice WEIKH1.5~2im B OERITCHRH L TNLEDT
Shear Zone DK 3 BIE .V » o2E L B, fE- TP THEET 2EHHBE. COXFMECTL B
DRI OMKENEHk Rk & F, % R ERE BRI =7 2 R BHF 5LEHD B, CERS
AT ARKEEEERLCREHIARAEALZNZ L3 ARTH B, »

FEKIEHIR T L b h % 9K A NERKBORBEICE, ZOKBLRMBEHI L 274X
BRI AORET 22 0 O RERERL - BRY 27 o RUBEMY 7 2ORBHLETSH S,

(2) K75 v b7 x—skFK .

H—7 +— rBERD, BEEBCEFTEKBIES A TH2S 9 A LA TED TENFKH
FRHOICRE RN, T2 T, COHMTHEAIZTT > T2 PANARCTIC OILS BAOBELFHL
KT Z v b7 x — 2 HFRMEEORRBICHRIIL TS, 19734, Jackson Bay Strait B-16
KERINTHUR, BRCH200KT T » + 7 2 —253EN I N, BEWEENRTTDR TWE, ZAR
1T e OKBEEAED 5 b TR IBERAFNL TWE EEbN TV 55, LAcorELh s ARY
KBBE L 2N EBREL 2 EROMETHL, HL, 74 F—d KX —nr 24>+ %&SH LTBOP
ERATON2OT, KOKFBENIKRD 5 BELHEIN, TOT EvbEHNTRIEL b kRs
HBHOKXE WKkKBRICAWbN 5~ E 2 ka5,

K779 b 7a—2id1 1 BTAKKEY—2 5 CUTIIETT 2 EER:BBIN, RAROKE
HCBAkTBE 1 B4 25~351 FOEBTKELEL T, FIEOKERBLALE, O
te@gBo ) 72 BE LIEBHI2AE 2, KEOREDOADHIC, PANARCTICIEkO EMFHEE %140
~220psi ReFHE 2~3 L L.FEMEHEZIT - T3, —fli& LT, BRERLT600, 7
7o b 74 —aBREI13074—FX40074—FOBEMELT, BAREE2174 1847 7F
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\

~2374—F,ERBLATWE, A

FICRE I REYM L IER T 572 OICPANARCTIC TR Y V2> 7 » — 2 ORAE ERL
o K77 5+ 7 2 —2OFHBICENPRITEIC Y VEY 7 s —6D 7w » 25BATHE, THh
AREEHSEEDBEAUSZNOTENLET, W TKEZHMTE, 75, p 7 2 —2BROAK
%15 AMBEAMITEL LTnws, (K6.2.28R) .

K77 » b 72— bRFEEIND Y 7 RUBHIBERHE TN THESRXE 22 Brnw0T,
) ZREHTREXEROLOTATNZ AL %\, PANARCTICTRIEE 3 B2BHI ¢, Bl
ErBEPTDH B,

BYIOWH CADECO LZEHLEZD "Rig 4" 8SBwbRTwa, Chid~) a7 2 —c L 28
BEHETETHZ 8, ¥ 7252 F ¢+ —20 BB XLOTEEREE L Ofi#nd2, V) rsig 7
B 114mTERBREKE3I65m, FXEMHIEE 4600mTH 5,

"Rig B"dBHBRI O oMo TRIEIh L /BERBOKEY) 7T, 1977 ERCBH
LTwnag, FYrsa 78k 127m, GRBEKR450m, BRIEHIRE 3800mTH 5, BES:
HEiEHE 1,360 b T, HBRRUCMEHERE SO Hercules BEBICL 2 120 B OBXTHRE TS,
VZ7OBEBE A F—F2 bk 2.7mX134n D 2% , FCORLNDL L 9K E Va2 —n{bkIN T
b, FHENCZ T0mX14mOFPICR DO BB TTHELZRBY Y T2 52 F v —DbBL T
BEL, K75 5+ 72 —4DIENERDPEIL TS, “Rig B" dBEEEIFAOY 7~ -~ BOP%
MABABDICFYINZ7aT—OTFL36+YHEZV—"%HF>TWnE, Bk, FE—9—220DTK
BBE#ET & —> T A2 bB5THROTRET OKE ZAREERT T 5, BHEBCRERE
R =7 &pHRAER, vr s b KETY S HRDT XA ¥ —% ) ZOBEAORICERE LTH
B+5C L0 Y REOBHER > T b, | ,

"Rig A"id "Rig B" OB E S THETAUEI N, 198041 2 BREIEI BRSO
ITH5, FIAr 1 T7RIE114mTRRKBEKRERFEHNRER "Rig B"tELTHI KER
X1630+~\ Hercules MiXHiIC X 22 BEMA 125ETH 5, ¥ a—rfbid 21mX134m
OxF 5 FENRNBRIEL LN, 84mX31nOEHFOFT IR DLN, “Rig B” LEHOERICES N
ABEEEE L T»wd, 721525 +—diB73m, §2104nTHbH, TOFIKBOPRZ 7
E—thTBBTESL o246 b v BB V-2 2 WA TN S, BIEBE 4 SORBRMDRY |
Bh#h & BB Y 27 4 L IC L b BIAKERIIC LTnD, BER 2= » b &7 7~ SELQE EE%
BNE->Thnb, COBARY A7 AERECMY L THh20T, BELTY Y 7OEBICREY %3
TEHZzn, (H6.2.38R) .

. “Rig 0”@ "Rig A" LABE LTHENTTHY, 198241 AICEEIN 2 BICBAIES
~NEREAND, ' '
Lo "Rig A,B,C" 3FRBBLERL, THRAOHLLEBAOHREE > TWn5,
6.2.2 AHOEE

BB OKERC T HMHB Y 7RUEER TS o b 7 + —2 & LTREROBERENEBRIN
TWa 2, —HBRBEZENOHIN A IR DA 300N IRALERE A bk i (. KED 248
HOREHEN, Thb2REIHET L EBEREFERLCHT b, ke ROKABCHFIN 2,

AT

€IV T=—v TR

3= OB ( FRR XL MR )
FOfh

TN
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5 e T/ a—
o b
KT, FOREHLZ L DI DN TaHk~NS,
(1) P
B ) 7 )RR SREE R BoKBENICIR R 435 2 O CBERB & W SR T, BBt D
ERAIND b BkHEEL 2L, BOKBMC L 5 X84 S0 CREM % @0 ICIER T 2 05588
#Thb, -1 RIKEYVNEBLETE T2 L4B0H b EERBICHFER 77 » b 7 2 — 2% Hn
DT EAFFECHETS > T, BB 1 v CRIMREBLRIESKLEOFBELZERT L2 ED
HRIBETD B, )
@ FYaAv, T

MYy 7L LTI DOME PETROLEUM#AFIA LB R~ 7 + — } BIC THRETO 4 £0O
ARG S 5 25, ThOLEFNTIEEMTD » THEI W b OE £ W, LEEOKERREIRD
FELEBYOTT 4 5~ FORAUMA—REPOLA® Mantyluoto THIK TITbhTwnsb,
CNLE Y BB RE LA 38T, B3 1494m, 1§240m, 3,750BHP OF 4 — ¥ L #452 ‘
ArEMLBELHETLLOT, 1981~2FCFEINLIFELE > TWa,

b) ®3I¥7Yy s

1 %Y ROMANAGEMENT AUDIT AND CONTROL SERVICES#:iDet Norske
Veritas LEEAZWMIOD LIWERE LA Ice Maiden {1 63742 K — o B O Rk HE
1Y) SRR ML A 30T, KE2 mT b BEIEEATETS L ERRIA TR D,
AKY)7E—50COBELMLONE L SERIN, BEROBERRUEZER N —2 %KL, 3
ZWHIERRED M5 7 b 2RI LA BBk 7 ) 225 #BL b, RBHEOT > H ) v 7.
YRTAWEKPRC7 2TV IS, KBS500mE CTHEBTEDL,—F, 2 ¥ a—2H#H
REBBEADRTRAZEMAABALLAF I 52« Kov = v 276 08E3H, ch
ERNBBEICERABEKRL1,800mE 25, BRIBHIEEZ 7600mTH5, (H6.248
i)

(c) Fig-~—vaY 7

7 A) #OEARL & WRIGHT 23385t L APOATH LW bh Arctic Drilling Barge
BT 30° MRS K - ok b 0K & 2 AFHECHLL T b, o

8O T —CHREIN, HKOFAH—ETHLERTHEHINLBEICIEL, TOFHEICH
KRERBEDERNT L L L VRBS 1 v KB NENILSTHTENRTE B, BEARL
60~60074—+TH5b, (M6.2.5E8)

o= B 7, BREEHEL €. CORNBRRE L&KM L EBHIET 5 HRA0R
TINTH 5, RREFOARMANMOKFELTEEZTT2NOTY) 73ELTH 55, BRFOH
FCHEnS D, BOoBREBCTRERATE 2L,

KBBEBO LAEEKBRIC ~— o8 72 BHT ARG, EBKBELCHLTA AT #—T
FRBINLHXBRRIN TS, KBOZLOBBIKHEL Tk, BEICTI R AL « v 2T 4
TR, kEBBEL CUBRFETACENTESL, (H6.2.65K)

(d) MR -<— o’y 7

GULF CANADA RESOURCES m:=H:&##IC 567k LA Conical Drilling Unit @K
HWHEHORE ) /7 THREIDKFTELER LEBRAKRTCIBHTE 2 X S¥AMEHE L, =
BROMKBEL L Tnd, KB18~61milyr\»T12 ARBEHRK TAWL R BEXIESIEE I
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6,100mTH5, 198343 AEMFIE I, ¥—7 + — rEBIRRHMHIh B &, HFTCHVOTO
KMBEEW Y & LT cticrs, (H6.278R)

DOME PETROLEUMA¥ER L% Round Drill Shipd @tk BN THHIhALID
Ty EOHMDEOKFAEC 2 5MHATELDOT, KOBHE A BMLBRCOIEBICHEL Tn
b, AY 71 6 RIFE AT, HBBOWAFEREDE, BT 5XKBE P L > THFFL, Y
IOEEEHRTEIECLTAD, (M6.2.88R)

GENERAL DYNAMICORFELA Arctic Drill Hull 8D Y 7 Td - T BB
BEKTRIZ 60~6007 1 — b, BrAIMAIEER 1000071 —+Th 5, AHXY 7Ok K
BOACEHINCBE L THD &) 7akBECERY Enib, ) 7OREEFRET 1 ORIENL
DEFLTRMEDOICL > OKEHETE2I30TH L, K 7OMBERIC L, FRRECE
E57 44—t Ok, BREL100/ 5t THEI 47 4 —+ OKHBBEHEINL T EBERINCTAD,
(B6.2988)

(e) = o

(2)

SEDCO & SEA LOGRKEROBAKBHIC T 2 BERFEL HHE L Tlce Cutting Semi
— submersible Drilling Vessel #B%¥ LA, Chid EEEE L THBEr BREE C&
ATEERSS) 7T BERIBISIC Tce Cutter DN WARE I CARBIN T b, Cha@EET 2
CEREYVEI16mDY) » P FKBTBREMCYNITE 2L EbRTWa, BRI £
FIvZ e RKIVYa=mr e YRFARLLDL, TORT A2 eHERHANDLZEICLDEKY /
v b OEADMAE D, 1710 MREEE AN ERBTDh, TOKUBEENSEEIL THE,
(M6.2.108R)

HEERBHENT S » b 7 2 — 2 DOWTRRIN BB #2535, ESSO PRODUCTION
RESEARCH®D Arctic CaissonldKROLBAMECH ZMBIRICANL R BHE) - £ « FEK
THME LAY 2V — b e 5=V THE, EERENL 100000 -V B, FRENZ
500,000 —LAT, KEIL000~15007 1 — PEZHAEBEHAIC T, 1,600~3200 74—}
BEAF I 7 FoYa=rs e vV RFARTHNERFEINS, 77 » b 7 2 — A3 BBEEE
OLMEEMERmS Y 2 e ROKE A THBEDE0OM S, KEKE T AHKkE— L b L
BRI E T HRKEL 28 B 25, RBRTET HIKO B 2RHENOT, 14mFDY » 22 BT 2.5
mEOKBOS 2BHTHREITE AFEEBBOLATWE, Fkicid s — Y~ B S0BEHBBIKED
ETHREI 125K b, BB EMESERE LAab L THENEREH >k Actively
Induced Reaving Systemz2iEBIN TS, (X6.2.1 1E8R)

G & K ‘
AN LBHIKBROBRABRICHANL N 205, REFEHELAE~OT, HESKRICERTE,

EEAWMGORELZBBICHEL b, 2, EEXME L UEHTE 2H8ERH > (w5, LEE
W& BEMBE L DMWY EEHGEICIBARAS, EERM. SR E5RT bh, ARG NI

NI RNE I WHERERA Y 2R ECHWLR A, EREEOBEKET LAEERKL, EEIhs
L LERANHER L CABEL2WE 9+3LE L, HEKRSHBRTE I A5 TR T4 8

LTHETHT L 4ELLN L, LHHE L ARBE S8 SN 5 TR ENEES C O TR

KENEMNET L0 TR ATKBEZ b0 Erd b, FHFANTA—RICHREBEFRCBHT L2 L

BEFINLOT, BELOHERELORENTHRAREE LS,

(a) *T:/Tﬁ-yl"

IMPERIAL OIL ©@Monopod Drilling System{Z/KZE 607 4 — b THERETE LY 7
TRKEOMEEREE, PR EIEBERF RO 2 HEIEETY v 7 r 265, RS THICH
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BAEEORMEEBEE LAY T« ¥ 2RI BE~NOMEBEEHBL T 5L, FkfENR 1.5~
ANSBETBETE137 4 —FEOROKBRE 457 4 —EOLXOY » vaxtREIH, T
hE B REWKHEICHL T Y 7 BB TE 2L 92 RBBEAABBEL 2> T, XAHAE
T 5 ANERED Cook BICEWN T, FEICAERME L THIKPTHERL Tn 25, tEEcoE
i, (F6.2.1 28/)

b) =/ a—r

IMPERIAL OlL R#IGCE / # » FORKENEHET L4 OK, TOEREY + 7 P ETBE
KON » 5 — e AT Monocone 2BAR L T %, 75 —ONBICE sk B2 %17 S hk
BeEELTHb, BBAKBRZ41nTH5, (H6.2.1 32R8)

THE OFFSHORE#%E®Arctic Mobile Drilling Structure ugm%ﬁs@wrs&mﬁ
& LTRKEENE R, FOTNRICMBER Y HVT OKOMNBEEBETA LI L hkoK
FHEERL Tnd, BEEEOECE R Y- 2RTEEL OB BELH LTV 5, BEK
BIX 20~607 4 — b, RKEHBER 2000074 —+rTH5B, (H6.2.1488)

GUIF CANADA RESOURCES #iB8% L 74 Mobile Arctic Gravity Platform (I ZfH
HOLEE246° T0° O ZBREMOMHHTH . FCEO EBBEHO AT L2 >TnD, Bk
NE—idy KBR20~30m TR 45° 9 - KL B HIVTREE, ABE30~40mTiE 70° 7 —C
IHMITHE, 40~50mTE AT AL 2EMEEL 2L, EHBEOTHE AR —2H T3
2P xr 2l LTHWLNL A, XK—2 ORI 2L I MBBABLEIh S,
(6.2.1 58®) _

DOME PETROLEUM (/KB 150~200 7 1 — b OXKBRTBERKETOEEM 77 » b7 #
— & Arctic Production Mono-cone 2 8FLTWnbE, ThidF—F vREBEELE XL
FLEHEL PO D, EBEEOREY v 7 N BAC Yy » X7 » THBICL D ETEBOTEEL
FHBsEATLnDE, BEX107 4 -+ 2 TCOFKEREY v+ 7 F BT 1157 4 — b2 TO
Vo i m—vWMeHETOhMTE— P I VBRI DBRKZ - THREHINh D, Bt
Mg & LEMEE LB © & SETRET, EJOKILOSEES LB, HERMEr R LA T > LIS
RO, BETOBILLENTE L, EEENT 120000~V /BTD5,
(H6.2.1 6 5) |

(c) & O b

7 A 2O SHELL OILIKK X hBFEINA Controlled Stiffness Steel Arctic
Cone X EEPFIAERSS & A 45° O TESHSMEBEN OMAEETS » + 7 2 —4TH 5B BEAT
74—t OFBKEFS507 14—+ DY) » VI A BT HEGIBEGIRERE, AABERLU NIRRT
B Ih, AREBELOMCERBETRIT LT LR L > T EBPHRER LAOKTEL S84,
BORILNERETHL OCTEREN TS, £ERERNL 60000 —vr /AT, SREBROK
Brdas574—-rTH%, (H6.2.1788R)

THE OFFSHORE @ Arctic Drill Barge d&AKB 7~307 4 —  OHBHORBLCEEI &
THW 2 HRHOMBIFRET, TMRL 45° AR ¢, K2R DT THRINLFIRT DL, LEH#E
R 2RO F ALY A=v 207 4 - OBICELLNAETO 1 ABHEAIAL —> 7 —n &
LTHBEEINS, (H6.2.188R8)

TAY AOBROWN & ROOTHAERAOMultiple Leg Platform%ZERL Tw5b, Th
AEBRBEERLATREEL AXOMBEHTER L, SHICETHA#E OERD D, O
ABWMECEETLIOTH S, EBROFHKE MM CHE, TOKEDOEIZBICMHH
HOoEEHRT T, Bykodht QLB THRIBRICLTnE, HRFERXZTERE L LA ~



7)—hERBML TS, LEENL150000 - — v H, KBE30~60 7 4 — } BHRT

b5, (K6.2.198R)

#6.221 DOMEDHESNM

0 %, Canmer Canmer Canmer Qanmer
Explorer Explorer | Explorer Explorer IV
By i g s 4T Todd Shipyard " IHC Holland Tampang;ipr
o g 1976 " 1973 1973
FRHBRIZK R 600" " 1,000’ 600’
RRMBIRE 25000’ " 20,000’ 20000
(WBEEZEE )
& 2 3777 v 5015’ 379.3/
i) 70" —2” " 707 —4” 825’
B 3 28’ —7” " 41’ —-1" 287’
FHERIEER 104 " 102 106 |
(2> 27FR)
Bulk mud 6,000cf " 867t 7,769cf
Cement 8,000 sacks " 300t 4803cf
Liquid mud 3187bbl " 670t 11,230cf
Fuel 5,5225b1 V " 2500t 54279cf
Drilling water 3,685bbl " 1,150t 17.057cf
Potable water " 271bbl ” 8546¢f
(FFREE )
sv—v 1X86¢t,1X401t " 1X40t,1%X251 2X47t
FY 2 160' X100%1bs " 160'X1337%5 Ibs | 160'X100%5 1bs
NV aFEF L% Sikolsky S-61-N " 80" dia 74" X74'
(BRFER)
HREEE 8 point v v "
30,0001bs Anchor 4 ” "
3,300"% 2 3,74” wire y " "
5‘4%577&‘7’“/3:7}'
Cann> PysomT,
BEHH 4X750 SHP " 4X1,750 SHP| 4X750 SHP
AR 1-FPP " 2—CPP 1XFPP
E N Tkt 65kt 14kt Tkt
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(Offshore,May 1980)
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RIG SHELTER
SURFACE B.O P. STACK
1
oo
' .
1
FINAL POSITION -
ORIGINAL ICE SHEET- 10%" MARINE RISER
"
WATER DEPTH 421 /3%" DRILL STRING
SSORAUUC 1 SUBSEA B.0.P. STACK
NN R
ECTO OCEAN FLOOR
l 13%" AT 515’ KB
o4

IR AT 941' KB
8% BIT

(Ocean Industry,Oct. 1975)
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6.2.3 PANARCTIC Rig A

6.2.4 Ice Maiden
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(APOA Report, 1971)

6.2.5 Arctic Drilling Barge

DRILL BARGE

POSITIONING WINCHES

ICE

ICE MELT SYSTEM

DRiILL

[46.26 TAXRTYH—

(POAC Paper, 1973 )
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Specifications

Width of octagonal deck: 265 ft

Depth of hull: 61 ft .

Height from water-line to deck: lightship-35 ft
full load-20 ftﬁf‘

Draft: lightship-26 ft
full load 41 ft
Displacement: lightship-18,000 tons
full load-27,500 tons
Height from deck to drill floor: 68 ft
Height from deck to derrick top: 226 ft
Riser diameter: 21lin.
Crane boom length: 120 ft.
Accommodation:
106 persons

6.2.7 Conical Drilling Unit
( Offshore, Sept. 1981 )

SRR
. -4"-:\’.}_-? ’

[ 6.2.8 Round Drill Ship
( Offshore, Aug. 1981 )

X 6.2.9 Arctic Drill Hull
(OTC 1687, 1972 )




2 6.2.10 Ice Cutting Semi-submersible Drilling Vessel
(Offshore, Dec. 1977 )

6.2.11 Arctic Caisson
(POAC Paper, 1979 )
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. 6.2.12 Monopod Drilling System

(Ice Tech. Paper, 1975)

16.2.13 Monocone

Z

[

(POAC Paper, 1977 )
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B4 6.2.14 Arctic Mobile Drilling Structure
(POAC Paper, 1979 )

DECK EQUIPMENT & MODULES

ENCLOSED DECK
STORAGE, WORKSHOP, CONTROL
CONSOLE & ANCHOR WINCHES)
STEM
L i & =
t N .. N ~ 70° CONE - CONE SECTION
o N e S L. & (STORAGE AREA
SAND BALLAST 2 ’\ = - 45° CONE UNDER)
\ = Sy

SPOKES — WATER BALLAST AREA

- INNER
OPEN BASE g '(‘3&\ PERIPHERAL
BETWEEN ==L TANKS
SPOKES & . “““ & WATER
W7, BN DIAPHRAGMS 4{ BALLAST
TANKS i QSRS AREAS
A ,
RO OUTER
: .g, N Sy A\ PERIPHERAL
% oS (] TANKS
SPLAYS FOR AFEI T e A
PROTECTION e 1
FROM ICE i
FLOW LINE
PREPARED SAND ANCHOR COMPARTMENTS  TUNNELS '— POSSIBLE FUTURE
MATTRESS {8 — ON UNDERSIDE SPOKE) 4 TOTAL) CONCRETE RIM

6.2.15 Mobile Arctic Gravity Platform
(POAC Paper, 1981 )
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6.2.16 Arctic Production Monocone

(OTC 3630, 1979 )

TEMPORARY ROOF

SYSTEM MEL 1 DECK
u +160°
PRODUCT ON Q @ +130°
DECKS
w +J00°
v EL *70°
CONE SMELL 5
e e e EL *85°
N we

DL INE T
RADIAL BULEMEADS

[ 6.2.17 Controlled Stiffness Steel Arctic Cone’
(OTC 4113, 1981 )
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6.2.18 Arctic Drill Barge

( Offshore, May 1980 )

[46.2.19 Multiple Leg Platform

(OTC 3886, 1980 )

—80—



1.

1

1.

1.

1.

1.

m &5 M5 538 & &
ARCTEC CANADA LTD.

#16, 6325—-11th Street SE. Calgary
Alberta T2H, 2L6

1 MAOHE

il
19734 ;

1.1.1
Montreal BT Lio
Montreal ZEMXUBEOF LM TS Y,

BiE, BEOPLHTHL50ttawa ICHBEFER Lo
AMEXEOHFLHTH S Calgary WHEFZFERE Lo

19764 .
19804 :

TEEIB S LT &g THENT
BiVWZe i, 2y a2y P SHOMBIEEICHE L Tz a4 Lo T

-
KB KRBT & B BRI B
TR ER N O B B
Remote Sensing ( ALEIC L 2KEHE )
B (g s & 58554 )
(5) FEMY I o v — v v ROTERBET
1.1.3 % 1
BIK & 6 3 5 AR A
MO R30.0mXETImXEL2m
BMEE | RER
#OKEE 30nm./H
HREFOBE | FHGEE
1.1.4 I A -
5 5%, 9 LASHEHTE

1.1.2

)

2 i EBae
198141 0H130 98F~1 3833 045
3 m O &

Peter Noble (#£)

J ason Edworthy (Project Scientist)
M &
S A

4 Fh

5 bz

198 1410H13H 9825, ARCTEC CANADA LTD. HHHLERICT, Peter

NoblettE 2

LEIMOEEROGKERFRICET 538 % 2, Jason Edworthy K2 LILBEDOS

R R OKRICHET B HWHE 2 HBLETTT o oo TN T, AWK % AT 5oKkaKE, a2



ETEBO RE% 1T oo FOH. FHE M L KERMCE LA 7 e v 2 2 + OBE%* Rxo
12BXb1 363043 CStampeder InnDPARE TRAT LD 2ALKERFCET 40 %
B ko

1.6 H p4
LITFOHEBIGE® 1T > 2o
(1) EBEOHEBIT - 2 DT
() K74 - PEDHLARKRE D F FRENON - tRVWORB, MRERIKETFT -2 E¥0 &
SICL TR T 5D ?
(%) BHOKOHUERDLOTRIFEEL A7 A-R2FKETHD, BEREY ¥ 7R 2 KRNLE
HTdbo o T KEOTF -2 E0IENERZHUERL 25, KEOWERFMTDrill -
ing LTRAIET 200 R IEHTD L2, KBHAAZMBROT - 2 2B 2ORRAET 25,
IBEO R EFBRN ARG 40 7 Fid5 0, BAAEBROE-THY, BEOT - 2 820WO T,
THERFEHRVBON AV, LT, MBOKET - 23X L L TATHEL LR LhDBEFHD
BECI-> T KECOKED#ENWER (LS ) RUFOpen Sea OBHMERINT 5o 4. K
RGO AU XOHRORE LBREEL KEEMRET S, RAEIKkDOZ 5y 70535
A -2 OFELEREOELD GHE T Ho BETIEBDOI s F1( Canadian Coast
Guard, Transport Canada, Petro Canada, DOME PETROLEUM, SOLIOZnD &
fIAT ) OFtHENE % A T 5,0
T, =74 - b BHLLHANOHBORR. BHR. KRT - 2@dEh 2 KEBnT
FRNCEBINABUFELHTE L ChBDO T, N— ) 7RI T - 2 3 BIFTH 5,
(F9) HRKOBMIEERUEBFRRCET 527 - 2355017
(&) BERBOARINAT - 2Ebn0n2i KEADEEFRIL0.2~0.5Td5, K& BEW
OEBFREEBEMICIKTET 5,
KOBHIME AT T 52w OBBN A HERERICEEI N TR WD, KEHO~5mD
KOOGS .
BiVS9%E © 150~800kPA(1.48~7.90kgf ch)
FERESREE /HFoRBE ¢ 2~5
Y 7R HMPBE © 1,000~10,000
(2) HAIEEORKXICDONT
(B AL(BA) & LBRBXEYEBOES RUFFMAL 2BHEBLAE TS50 %, KB,
MR, KRRICE LTI THR Lo
(%) HAIRBOBES B KEKI-TRAIOTHILLAELRTE A W, BUTO 3 XK
AT U bo |
() #F FEEMHE | KEBK BREHIE LN HLLOKUBTN T 5ETER L THRE)
LEOWMELRTEIN D, ML, #F FBEBTE, €I 97, Yy FT 57, Fhrvy, 7
DEFOWANEE LB L TWbe » F FILEMTEEREARAMETH L, HEABEI IhTthA
o MRETHKEDO 3 3 7RG MY Ay y Z7HRFLICEB IO EB bR A,
(b) HLBE © AHI(10A~BETATT)CWAE XY 775 7 LTI, KETHEL
TAIE L LTER T2, B EHO ) 725,
) F=7x—tiE | KEHES(BK60m), 2 OHF LAERIFERIN TS, P
BETIUERELTRELAATLR (BHE FOEFEHL 0 0nBEOKE X )2 64l LTw

82—

$



2o REWBALEOGRAN 11 1 9 TKEHNE 25 EHEFHICRIL L% 2 b KEDENVE
BAKY - R AATBPERINBEINDL LR otk v — Y Y HlREz 2 Y —
PRpiBH D, 52 OPRENTTRET S H, Bth~LH L TR T2,

GULF OBy — 7 v THIZZHE L2 d’, BEX2.0mO Ring Structure Th5b,
ESSODHEs -/l 87 D2=y rHLBRINTEY, Steel Cable TH & LiFT
N | A WP

BRI, A=hAR F2F v+~ BREERIN TS, CREEETCAWD LEKK LT
CBBHRENEHBT L 6T b, ~BRKDI AN AL 5 7 F v — [0 LETRLEDK
FIEE TN, KERARTE CREAKPBRABOKMERGETEIOTH(E\n, & — ¥
YOG, Rubbleir — 7 Y OREER O T, KAVWKIR LFE TR CIKMEDOE ~- 2
BAATHEBEBHMOENTVWE N, ARINAT - 2 dban,

hE, BHEROTARE. Q1 AFRTHR TActive KMETEL ZHICTHE, Kis O
BHBA LN Do QMEMORE AT o WINOHE S, FEESA + FRICE b FE
FICIE T DKFTESMEIC & 5o BBEREH LWBLE TS 500, AHMRE T ~NAHIANE o

(3) Fpkfipic ot
() Level Ice, Pack lce RURidge WHTHEHEFME FO LS5 LTWEL?
(%) Level lce CxJHENMMADKBAE TOERERICL > Tndo HRIEROKRD LE
MOBHEEHT LTND 2, TOREEIT 1 0%KEEL TN D,
Pack Ice BURidge KOHRMENTIT v £ 2Thh, BBIELEV, > TLevel
Ice FTOMRELDY BN TE D, EHAEOHEEHHEETHS, B, Ridge TO I ODOERE

MEUHEZR~NTW b,
Pack lcePTOEHARB LI Level lce FTOHKEBOK TIT oA KELEMERELICE S
DTRETH 5,

(M) BBEHmoMkn?

(&) Active ZHEELTH Qx7 -~ 7, @B, OREMRED DS 25, wTho
THER T AAXY 2B L, #ENHPBRINDGSEFx v wr L, BEMICRS ERR NI,
Passive ZHEE LTHBENRICER 2 M T2 HEkrnd b, COFEIRIGHEMECEA
ThH, MBEHOE GBI IR N,

(M) POKBCRERICIERT o ERAER?

(%) FKMOERERIC I > (EHRAKTELEESHIL Twb, POAC 1979 ICHRKR LB
BT (MBADK ICER T 5 OEB HRRE M O HORHET Rz HE ) dRAVEHE—
AUTHY, EROFZ ATz 7ICIFAL TS0 HHRABEL L2 0%HRTH 5,

() T TEKRIC Y > ORESEYCE LABMTER?

(&) HWEWOFERRIC L > URFHEYICIER T2 BHK M EIR % 5o KB KEIC 3 5 EE
KRR R EMETIIC & > Ok BEL T 5,

TN FEALALTIF v - RS - A CERTAKBERAMAQOE 2 DB TH 5,

(H) M2 dBEFEMEYWIOKICH L bh OB EE T

(&) AMOBECE Beset fTETHBOL LABE S5, FHEOBE ICEARKEEOEHE HEIC
H#ET 5 &g

(M) Ze~sCERT2KGHEOHETEERE 7 a ~5 ORBIFE 1

(&) a3 )y 7H8B%1T- T, b A2 RUTIENEHAIZET 9 X BFEET AL L AT
ST 7o NSCHERT HKMAEHE T Do FTOMRED BB T RT HXKEHR 7 0 <52 %5



TERNTE b,
SANBT RN PKEFGRTLIOEN (RELEBL LTOHREDE 2, ke 7e v LT
7'n NG ~OKOWMAT T THEFIMIC 2 By @/ XA BROBEE., Ok #ED A St Dps
Thridh, 4%OHRMET 550 |

(FF) HBEECEHTHEHOIBE & O LR 7

(%) EBEOKRIMEWD T, HAPOBRBE S ~ERURAKICHEHR L T4 >+ piidsh
BNRIC L > TIRENROBRABIBEIC 2 5, BAMEE LT, BBEHOBE V1> } 2828
THIDOVR VG % E A2 b 3K &k OBBIEH O BRIT $ 337 D0

(F) MAKEBMRT HBFOES, HEOEM TOAIBEOREE LT

(&) FHEOREITHTSS, Ze, EMICELBKFTEDOHTEEL L T, Ok Estz B&Es
BICHA T EEET T 2 Htk, RUQMENARICES — ¥ 285 L, BENCHEY + » *IC L 5
BHEXGEBRTCIAEENETH v ) Tv— ¥ 2 v 27\, BOHEED LENICE LD
KETEEHRET S HEAH LA TNE,

(R e HaF~ - X CILEMB~HE T 2 ARKkMOTER, FMEH, TAXZv— Fd?

(&) PKBOFEBRIMNID LELLAB30THD, BHARETE LD TIEE WV,

(4) EEARICOWNWT

(F) MbYoRBTEHEL? .

(%) HBEOLKBEIEEICEAD T, MHEIER TORE LAESOEBSMLENRL O %0
THLENRD D,
—H\ AF FORERTIRE RS LAER L FEREC T35 25, KBS T O & BHEYICH
HMHBER I N TV BRBEAE o o T BEHF A THEAINTWE#H CRIEK 2533 %
l/)0

(5) K\AKMIC DT

(F) HmAOK & BBEK O RERX SM 1

(%) KEBAETHERATZAIIKICREAK & BEOK 2 Do WIHOBA & EISHEME s LA
WRETLIRCEBHI LT, £ TOBEWMTHRAEECT D5, HAKEERERERE LETS
HEHIETRET 20, ¥ 7RO S IVERWKDT & 50T, BHEXRZEER 2 & CRUKE
BERB(TA2HMBUETDD, BB »y 7 RET752F 5 2% B L. B THBe LTKE
HCH L LB k345,
HAK EBADKOBHR TROB L T B,

12 KoK K
K B h,/hpy=1 O O
b B v,/ vpa=1% O O
N R, Ry = 23 O O
M ME o o, =2 O O
¥ v 7 F Byp Bym=14 x O
FEMRE o, 0m=21 X O
BEREH #,/ 8,=10 O X
KERDKE py/ 05m=10 O O
2 O | BHRE p . Prototype

X | BHEAATEE m . Model




Bk OEPIABR TR, MOTRE L B BRI TN ARF L2 D, Y 7 BORBR/IE N,
o> T EHEABRAEAKEHTITbh b,
—7j. MBEEREEY O BRITK & O AR HEE 25/ T WIB AT, KO FRE &L FMAEEAEEL2R
FICABOT, Bkt ER T3, BEBEMO KGHARICEAKE BT 5 &, KO FHE
DOMREDBBIET VD b, KOFEHEE - FHREBROIDOLEE LR b,
%k BAOK O BIMTIHEE AT BEED 3 ~4 {5 A HDP T, ARCTEC CANADATR 7 » <
73 VRBRICEEEKEERA L T\nd,

(B B0k & 5 HBAER L BUKIC &L 5 HERFROB Mt 7

(&) #RO & 5 WCEAKKE & BHEUKAE LA » OFZICHe¢ bnhbDO T, MEDERETEL Lk
L. BT B~BLEE 2 e

(M) #EB&EEEROHAEROBESR?

(&) #ROALAIE A TER LERBROYIGFT 217 > Ty a5, B IhAFHERLZ YV,
g, EMRTHORTVETF -4 @B RX5AMRE 12 THD, BERCTRERECOF-2T
o

1.7 R 18 _
ARGTEC CANADA CalgaryB#Ric #) 24 Hw THEICH b RBLO P CTbn,
Noble#EHF#RUNCHAE L HICEL T MKk, BOTEEREALETH o7,

1.8 AF&EHM

1) ARCTEC CANADA > 7 v » + [Cold Region, Technology | (F1.1,H 1.1~ 1.7)
2) ARCTEC CANADA-*~¥ 7 Vv » t [Ice News Canada] (18)

—-85—



Facilities and Capabilities

Towing Basins

Saline Ice
Model Basin

Hydraulics
Basin

Basin
Length
Width
Depth

Towing Carriage
Drive System
Maximum Load
Speed Range

Wavemaker

Ice Preparation Method

30.5 meters 100 ft
4.9 meters 16 ft
1.5 meters 6 f1

5 HP
2.3 tons

0.006-6.5 m/sec

Electro-Mechanicat
Plunger type

Freezing with liquid
Nitrogen

and conventional
refrigeration plant

18.3 meters 60 ft
6.1 meters 20 ft
1.0meters 3 ft

10 HP
1 1on
0.001-3.0 m/sec

Electro-Mechanical
Plunger type

Synthetic ice

lce Preparation Capability 6 mm/hr 3.0 cubic meter/day
Temperature During Preparation to -60°C Ambient
Temperature During Testing 010 -20°C -Ambient
Cold Room

Minimum Temperature -40°C

Length 3.1 meters

Width 5.5 meters

Height 3.7 meters
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Ship Model Testing

The testing of model ships prior
to construction, to determine their
performance characteristics, is a
well-established practice in ship
design. ARCTEC specializes in
testing model ships and offshore
structures in model ice using our
unique laboratory facilities.

Model testing of ships is normally
undertaken at about 1/50th scale
and experiments conducted have
covered the following perform-
ance parameters:

¢ level ice resistance

* manoeuvering in level ice

* ice flow visualization around
the hull

* resistance in ridged ice

s moored ship system
performance

* propulsive efficiency in ice.

Other structures and conditions
modelled have included: =~

* seabottom scouring by
moving ice features

* water intake design (hydro
power stations)

e effect of moving ice on man-
made oil production islands

* propelier ice milling tests

e offshore structures in
moving ice fields and floes

* model docks in ice fields
and floes

e open water slamming experi-
ments of ships in waves.

In addition to what may be con-
sidered ‘standard’ icebreaker
models, ARCTEC has investigated
a number of advanced concepts

Model ACV Icebreaker being tested
in level ice

band et M4

- 3 "‘1 y
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for breaking ice or reducing the
resistance of a ship in ice. These
have included:

heated hulls

air bubbler systems

low friction coatings
mechanical cutters

high pressure water jets
heeling systems.

A number of novel icebreaking
systems such as the ‘Alexbow’
(upward breaking bow), the ACV
icebreaker, and the Archimedian
Screw Tractor (AST), have been
tested also.

We have also conducled a wide

variety of laboratory experiments
covering ice properties, abrasion
of ice and hull coatings, {riction

coatings, ice impact, and equip-

ment testing

il
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Ship Trials and Field Experiments

ARCTEC CANADA LIMITED's per-
sonnel have extensive experience
in the instrumentation and testing
of ships both in ice and open
waler. This experience goes back
to 1974 with the trials of CCGS
N.M.ROGERS. ARCTEC has had
major responsibility for trials on
16 ships to date and is currently
performing such frials at a rate of
3 per year. Since 1977 we have
been responsible for the instru-
mentation and testing on CCGS -
LOUIS S. ST. LAURENT, CCGS
PIERRE RADISSON and SIR
JOHN FRANKLIN and the unique
Dome Petroleum Vessel CANMAR
KIGORIAK.

Trials conducted have included
measurement of:

* level ice resistance

* broken ice and fioe
performance

* performance in multi-year
ice and ridges

¢ piropulsion system dynamic
performance

¢ loads and forces on struc-
ture during impact with ice

* open water performance
including manoeuvering and
crash reversals, etc.

* ship motions in open water
and ice

= rudder impact and torque in
ice

¢ hull friction measurement
and coating evaluation.

CCGS Louis S. St. Laurent

ARCTEC's involvement in these
trials has ranged through design
of the instrumentation system,
design of components of the sys-
tem, development of software for
real time data reduction, installa-
tion, calibration and operation of
all instrumentation and directing
of the actuai tests. We have also
acted as consultants to ship-
builders during owner's accept-
ance trials.

On-ice measurement of properties

n g
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Design of the instrumentation
package has included detailed
finite element analysis of hull
structure 1o support strain gauge
calibration and measurement of
structural response.

ARCTEC has conducted a number
of trials involving novel forms of
vehicle or attachments, such as
the upward breaking ‘Alexbow’
and ACV's.

ARCTEC has also undertaken a
wide variety of field projects both
in the Arctic and elsewhere. In
1978 we mobilized a large convoy
of over-ice vehicles for a survey
of ice conditions from Resolute to
Melvilie Island. During this com-
prehensive survey, 33 first-year
ridges were profiled. Another
interesting project involved the
installation, instrumentation and
monitoring of a full scale ice
containment boom on the St.
Lawrence Seaway. The boom,
which was required to hold back
ice but allow passage of ships,
had been previously modelied in
our laboratory.

In support of almost every field
trial, ARCTEC personnel measure
ice properties including strength,
thickness, size and shape, ridge
counts and profiles, salinity, snow
cover and ice crystal size and
orientation via crystallography.
We have also become experts in
logistics and transportation in

the Arctic.

Alexbow

T g
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Remote Sensing

ARCTEC has performed numerous
studies 10 assess ice conditions
in support of Arctic operations.
These have included selection of
sites and orientation of fixed
structures such as loading docks,
estimates of ice loads and
hazards on offshore structures,
and forecasting of ice conditions
along Arctic shipping routes for
route optimization. ARCTEC's cli-
matologists have experience in
statistical analysis of meteorologi-
cal data for prediction of potential
hazards to Arctic and sub-Arctic
systems and in the design of alert
systems for Arclic programs such
as olfshore oil drilling

ARCTEC has experience in_the
interpretation of remolely sensed
data including:

* LANDSAT satellite imagery
— localized areas or detailed
analysis of large areas

* NOAA satellite imagery —
for gross ice conditions and
movements all year

* LASER PROFILOMETRY —
ice ridge data

* SLAR imagery — localized
conditions, all weather.

By using meteorological data in
conjunction with the above, and
other remotely sensed data
including time-lapse video we
have become experts in evaluat-
ing ice break-up and movement
phenomena.

Landsat image of entrance to

Lancaster Sound

Environmental Studies

ARCTEC CANADA's activities in ~
the field of environmental protec-
tion include oil pollution control,
marine traffic effects on the Arc-
tic, and ice effects on Arctic
marine operations. For a number
of years ABCTEC has undertaken
evaluation of commercial oil spill
clean-up devices (skimmers) and
oil containment booms, to assess
their effectiveness in water.
ARCTEC has also studied fire-proof
booms and has experimented
with oil combustion promoters to
reduce the residual oil from a
spill requiring mechanical clean-
up. The effect of oil spilled under
the ice has also been studied
both in the laboratory and in the
field.

ARCTEC CANADA LIMITED has
also studied the effects of ship

passage on ice break-up to ascer-

tain both fong-term climatological
eftects and the short-term prob-
lem ol interruption of over-ice
transport routes for the Inuit.

Evaluation of oil skimmer
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Simulation and Computer-Aided Design

ARCTEC CANADA LIMITED has
developed an expertlise in simula-
tion of marine systems and in
computer-aided design. These
include digital, analogue and
hybrid simulation techniques.

Digital simulation of the propul-
sion machinery control system for
the 'R’ Class icebreakers was
developed and run for the Cana-
dian Coast Guard in 1975. Per-
formance of all system compo-
nents from bridge order to ship
response was modelled, simulat-
INg various manocuvers,

ARCTEC has access to a modu-
larized propulsion system simula-
tion program capable of handling
a variety of propulsion system
types, including stcam and gas
turbines, diesels, AC/DC, DC/DC.
CP props, clutches and gearboxes.

ARCTEC has also developed vari-
ous simutations of ship and
appendagelice interactions,
including a mathematical mode!
which can be used 1o examine
steering gear and rudder loading
eftects, and a simulation of the
forces and ship motions gener-
ated when a ship impacts against
a variety of ice features. Pro-
pelier/ice encounters have also
been modelled.

In addition, ARCTEC has com-
puter programs to aid in selecting
a suitable propelier design from
stored propeller series data. Pre-
dictions of propeller thrust and
cavitation in the towing condition
are two options availlable.

A large transportation simulation
was developed in order to model
all aspects of tanker shipment of
LNG from the high-Arctic 1o the
eastern seaboard, using actual
weather and ice data files com-

bined with icebreaking resistance
predictions 1o monitor the prog-
ress of two vessels throughout a
simulated one year period.

A number of preliminary design
tools are held in our inventory.
Examples of these are:

* a ship motion math model
which simuiates the rigid body
response of a moored ship 1o
impact by ice floes

* seakeeping programs which
predict the motion response of
a ship to any sea state in five
degrees of freedom

* a program 1o estimate the
vibratory response of a ship’'s
hull girder

* standard hydrostatic and stabil-
ity programs.

ARCTEC’s Icebreaker Feasibility
Design Computer Model simu-
lates the interactive ship design
process given the owner require-

NRC Hybrid Computer

ments as input, and has been
used in preliminary design of a
Class 10 LNG tanker.

The poter cotr ot e Gy W

““ARCTEC has terminal finks with
several major computer bureaux
as well as an in-house HP9845T
mini-computer. Another important
tool used by ARCTEC is the
hybrid computer shown below,
which finds application in pure
anaiogue or full hybrid simulation
or in a variety of data processing
and analysis requirements.




The Laboratory Facilities

ARCTEC CANADA LIMITED oper-
ates world class ice modelling
facilities. Our laboratories include
lowing basins using a patented
saline ice system and a proprie-
tory synthetic ice modelling sys-
tem, and scientific cold rooms for
producing and testing samples of
natural ice of controlled proper-
ties, and for environmental testing
of equipment and components.

In addition to simulating level.ice
conditions for the estimate of ship
level ice resistance, ARCTEC has
modelled many different ice fea-
tures such as ridges (first and
multi-year), refrozen channels,
rubble fields, floes and pressure
ice fields.

Seakeeping tests in the hydraulic basin

Saline ice basin

1
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About the Company

ARCTEC CANADA LIMITED pro-
vides applied research, develop-
ment and engineering services in
Arctic and Cold Regions Technol-
ogy. Marine Technology and in
support of resources and trans-
ponation industries.

The Company has facilities and
experience in conducting labora-
tory experiments, field trials and
analytical investigations.

Since its incorporation in 1973
ARCTEC has grown steadily,
opening its Kanata laboratory in
1977 and a Calgary Office in
1980. Between 50% and 150%
of its earnings have been re-
invested annually in improving the

" physical plant and developing a
competent stall of engineers,
scientists and technicians. The
invenlory of electronic instrumen-
lation and field equipment is con-
stantly being augmented and
improved.

This continual growth of staff and
heavy investment in {acilities tes-
tifies to our commitment 1o pro-
vide a stable source of Arctic

clients.

:\-De ign: Hewson-Bridge Associates Lid., Ottawa
N,
KR\ \ -

technological development to our -

ARCTEC CANADA LIMITED is
affiliated with the following
companies.

¢ SNC Group,
Montréal, Québec
— Civil Engineering, .
Project Management

* ARCTEC Incorporated
Columbia, Maryland
— Arctic R&D

¢ Offshore Technology
Corporation
Escondido, California
— Environmental testing of
ocean structures and
vessels at model scale

Kanata location

ARCTEC CANADA LIMITED has
two locations:

Ottawa Office and 'Laboratory

311 Leggett Drive
Kanata, Ontario
K2K 128

(613) 592-2830
Telex: 053-4730

Calgary. Office

No. 14-6120 11th Street, S.E.
Calgary, Alberta

T2H 2L7

(403) 255-5595

Telex: 03-82 1972

Detail

oo
v R

Eagleson Or. Exit See Detail f

ARCTEC @ a—I Leggett Or.
-¢—4—— Schneider Rd.
— < HWY 178

HWY 17> -« Herzburg Rd.
Kanata - Eagleson Dr.

y Exit
Queensway
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NEW SYNTHETIC ICE LAB FOR CALGARY

ARCTEC Opens Expanded Offices

o s e v i e

1§3-25 115 ¢ rReT
3=

- {3 TS

ARCTEC's new 11th street offices.

ARCTEC began thinking about moving to Calgary more
than five years ago. With so much of Arctic activity being
controlled from there, it was the logical place to have an
office. The office was opened in January of 1980, with
three employees. Now, in June of 1981, as the Calgary staff
approaches twenty, another ARCTEC milestone has been
reached: the new Calgary Polar Enginecering Laboratory.

The major feature of the Polar Engincering Lab is the
new Mode! Ice Test Basin which incorporates many design
improvements resulting from ten years of ice basin
experience.

Some of the features of the new tank, located at 16-6325
11th Sireet S.E., Calgary, are:

°Length 100 ft (30m)
°width 24 ft (7.3m)
°Depth 4 ft (1.2m)

°Control room and electronics shop which overlook the
tank from a second storey;

°Synthetic ice production double boiler is an integral
part of the test tank, which allows for easicr and more
consistent ice production;

°Large size allows for greater variety of testing;

®10 HP carriage drive system;

°Wavemaking facilities of ice/wave/structure inter-
action studies.

In recent years there has been considerable interest in
ice forces on offshore structures and in ships and floating
structures of specialized design. The new lab will tend to
specialize in this area. The properties of ARCTEC CANA-
DA’s synthetic model ice will be ideal for this purpose since
ability to simulate crushing more realistically than other
types of model ice can be important for offshore structures
such as man-made islands or moored platforms. The new
basin will be a focal point for the further development of
synthetic and modelice and related testing.

The first test program, a floating Arctic offshore
exploration platform, began immediately upon commis-
sioning of the basin. ARCTEC CANADA are gratified that
their perception of a need for the new basin in the Arctic
Offshore Capital of the World is certainly proving to be
true.

Although the ice basin is a major part of the Polar
Engineering Lab other activities are underway, including
the development and testing of a varicty of ice force
sensing panels for Beaufort Sea offshore structure.
Devclopment is also underway on a computer simulation
of ice protection concepts while our remote sensing
specialists are busy analyzing shipping routes in the
Northwest Passage. ARCTEC extends a cordial invitation to
all our clicnts and associates to visit the new Calgary
facility. We belicve it is worth sceing!

A view of the new ice basin.

4] 1.8
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2. DOME PETROLEUM LTD.
333-7th Avenue S.W, Calgary, Alberta T2P 2H8
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. BSRP(Beaufort Sea Research Program)
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2.2 PfE K
98141 0HA13H 14B~1608F ® Four Scasons Hotel
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2.3 B #®

Mr. R. W. Lancaster (Executive Assistant to the Senior Vice President)
Mr. Mike Cogut (Manager, Japanese Business Relations)
Mr. A. E. Huntley (Assistant Manager, Japanese Business Relations)

Mr. Gordon D. Kelly (Manager, Corporate Economics)

Mr. Peter G. Barr (Corporate Economics)
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1 DOME BEAUFORT SEA ACREACE
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1,2 MILE —-
: PRODUCTION WELLS
Olt. PROCESSING & STORAGE

LOADING
TANKER ¢4

WAREHOUSING

2.3 ARCTIC PRODUCTION AND LOADING ATOLL
(APLA)

COMPARISON OF
CONVENTIONAL TANKER VS IBT

CARGCO OIL
CENTRE TANKES

CAROO O
CONVENTIONAL WING YANKS 4 houaLe 6OTTOMS

TANKER NOSIMALLY FITTED
CARAGO O

CENTRE TYANKS ONLY

WATHA SALLAST BT
WANG Tanxs

N WATER BALLAKRT
WEBREAXKING OOUELE BATTOM TANKS
TANKER
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Calgary, Alberta T2P OT9

3.1 PE%ofE

196 8FCHN INAMNBHEE LT 2 AMAFMRBESH (Operator ) TH- T, PETRO
CANADA (BHE ) 21895 0 6O HOFEFROAH T 5, FHBEXACHELC KA ZBERER
Ly MEAHIRE IR TNWEH, BXOMESARBROLDEEIA > TWhh, - T RIbK

1 34Ffle v 2 225V, REABHISTL(19804F), 9Hb4 54 %HMHBD Superviser & LT
B LTWnb,

3.2 FHM AR
19814108143 146~168

3.3 H % &
Dr. Chas. R. Hetherington, President & Chief Executive Officer
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3.7 AT EH

1. Address of Chas. R.Hetherington, President and Chief Executive
Officer, Panarctic 0Oils Ltd., Calgary. Alberta, Canada,
to Japanese Ice Breaker Mission. October 14, 1981.

Development and Marketing of Arctic Energy Resources.

2. Japanese Ice Breaker Mission
Tour of the Canadian Arctic Islands,
October 15 Vv 16, 1981

(1) Itinerary

(2) Passenger List

(3) Panarctic in the Canadian Arctic Islands
(4) Seasons of the Arctic

(5) Bases and Staying Areas

(6) Sealift

(7) De Havilland Otters C-GPAO and C-GPAZ
(8) Operations Summary

(9) Rigs Operating in the Arctic Islands
(10) Drake Point and Hecla Gas Fields

(11) Panarctic Drake F-76 Experimental Offshore
Completion

(12) Geology of the Arctic
(13) Panarctic 0Oils Ltd. 13th Annual Report, 1980
(14) Arctic Pilot Project
(15) The Polar Gas Pipeline update 1980
3. Exploration Prospects in the Canadian Arctic Islands
4. Getting Along in the Arctic Islands
5. High Arctic Handbook

6. Canada (map)

7. Canadian Arctic Islands (map)
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tation)
Kathryn Cooper (Manager of Public Relations)
Don Hunt Toolpunhen «:-:-e: E.R.I.Rig A Unit ‘
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--------- E.R.I.Rig A Unit
Molescht (Foreman) «-eoweee Rea Point Base Camp
Bujiak Edward (Supervisor of Construction)
--------- King Christian Is.
Rene Thom (Air Pilot)
Ken Mcallister (Air Pilot)

B727 # +— % —#CTEllef Ringnes 5@ Edmonton ZE#
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F+ 7 )MKing Christian BH%

Melville & Rea Point Z&

Hfk, A BHELS
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LA AHDI M EE 4.1 IR T,
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flesr

¥ 72 CSSRAGIMO S - BHE L VBETHCASI L4 90 D& i L UBEFICHF
AEEMA Y - ABBTL D5, ThLDRHHKITIE 20000 AUEAEBIR T, S AL
HICLB1980FEDEERIT I KNI % ML ko REICITKRD 3 EELD 5,

E&E (Full) @ fEEENERF 200 A% B2 RTFENEH § 2t OEIE X5

#2 8 (Associate) ! REENEE 200 ALLTOP NFEMAH, BHEZEMKE 24

B TX&H (Allied Industries) ! S TRICERED2NWEy— X e it 0%, 8

HEEHIL 4 %

CSSRAEEHDEARS G 15 BLED * v A —THE INLIBESTREIN, TOERTS
ROBONIED, HRAD G LICEFKHTBE, MBHE&, HBBEL En OrOEEREAELN
CSSRADEBE LA TD,e 3 LICTA L OIEEHAIC LR, BB I & 0% RS M
INTED, ZOGBFBREITLHLNEL F, EERN. JlEr RHICER ) AhT, XROES
ERFNEL DI DICHEBNL Tnb, T4 — b AEHBA, (Bl ExArE—DREERS
ERER L, ThE 8L THRIFICREMICH) L TW»WaAiEs., BATF - 2REIC 2 DO Ve E& A 5T
LRTAWT, B - ¥FBRICEH A~ TL T 5 #TEE BT < BHSE2HWTW S,

I3 - BEY — e X EBLIERICIT A>T b, SAEEEE, WEHEERE, EREEEE
Lo, LRSI RIMBERIE, 4/~ P AVBEEBOFI A E 2 FIFLTW s,

(2) #F X EREOTM

B FOMMEER (100 GTELE ) D 97 %Ll EACSSRA MADERFTEEIN TN S,
AFENCR 16 DERFNRS L2, DD 12 REEHK400~2500 ADHBTSH Y, F DM
BENTZNERIEERIM200ALT TS 5, SKEMFHDS b, 3 OMRKFHEEIC, 204> b
RV Y AENC, 3O0KEHRICD b HMEDKSHESRNMBELIEDLL{TA S 5D
DEFTHTH12,000ATH 5,

ALAE DREAT O FERL AR S WA, 7 = ) —, IREUD (BB ) . BEWIESY) 2. Bokia.
2 h =2 TEBHICE > Thwb, L L2 CHEMERBIEEIL Thin,

ATEK 31X CSSRADK KRR DY | #OEBHE, WG, REOFEMETRLAIDTH 5,

CSSRAZRAHD 1980FEE FI TEDOMED Th ok, FERPILATESL L 288K (%)

(AN IS .

FERICH T B T & 353,100GT (+9.9)

R RS 141,771GT (-39.2)
5l 106500GT (-34.7)
HIER 683,759F A (+181)

A, FEmR 476,651F v (+19.7)

& - BIRR 20710 &FrFr(+144)

kAR 14619 A (+30)
WEHR 1AL DEES 59926kr (+15.8)
REERSFIRA (18R ) 3968410 (+81)

CSSRARZNLDHE 7 — 4505, 1980FERAEHOKAKHAIC L o THBEHANETS -
REBTED, TRIALVEEGDORUARERNADMUDE Y 246 TH 5 & % et
DHHbh&FHEL Tnb,

—H=AFRBMEL T BN —2DF|EEDI5% L DEIMB L2, 2t 1976~1977
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EOZFROFELARE L LA LD TH b, ZERCOWTEKFLEMERL THWAR, T
NETEEIRD LAADLZDL SR R oA KT ES, A ) ZRLDEABREIHL Tnd,
HE1IBOEFATEED 95 % HIXBRED 20 %O/KECH > FHAKZ I TH b, 1980
ETHALARBEER OB TTFOhABER, 6 7 BHFHAZSER1976FEXkE 4L % L, FR
R L TREED » F FERE EREDETH - #o

19814 HAOAERGRBRIC L 2EBMIKRD X 90k 5T b FERPIEIFEL D E HBIEF
LDORBERT,

= 55§ 323222GT (-9%)
PHREE 19% 24075GT (K@EM)
71,260GT (+69%, 2ZL 1979, 1978&Fn6d
FlEE 17 % ORI ),
PR _ 389944F M (+17%)
M. FE 223,73 8F I (+4%, X LEBTHES )

i - BER 166,20 6FFA(+41.2%)
EEEH 16154 A (+68%)
RZERAFHPA (184 ) 442k (+12%)

(3) KEBHMOBEIC DN T
KRR EE EORMNEIESE L TTROHERD S,
@ FERMEROE b K-, T e L RS
@ @A, BFP L ORI
—IKDEIA (Ice Injestion), &K (Ice Build-up)
® MEHEP L CEMEORIL
ki FAARAN O BEE I & 7o NPk AT & LT TR 33 5,

@® HFED2REMFTHHDAVIE SHIPBUILDING LTD . % X U°SAINT JOHN
SHIPBUILDING & DRY DOCK CO., LTD. Tk, HELINLZAEMM (18, =%
L2E)RBETLAD, Y— FOEEHEEF>Th b, :

DAVIEE&NRAH DR L& FRETEICIZA AND P APPLEDORE CANADA LTD. &
HL TwWa,

® DOME TR A—7 +— METLELINSHEBRMBED D, ERFOHRE 2T TICA
AND P APPLEDORE CANADA LTD. K 2005 FATHREIN TR,
STEBERERD B b TS 5,

() 200,000 DWT % TOX#MH VLCC % B0 TREAKEARMABET 2 5, * ZBHEMM
HOBEOMRER = Y 2~ — v OlE: CLEEASIEEE A T 5,

) KBERMMCE T AR BRICI AL SN 2EHOMEBENTEN*HL L D ET 5,

¢y EEFEMSEAINTIETL 100000 b &35,

AF, 1984 FOFEE TCRRLEECAL EFEINTE Y, ThRERTHED > £
REEMAIOENT D 2 ELLEDBBREN 2D b, MMM T EICE W TR R DERT &
RHETHH9,

® FOMOGEKRABL CHEERAMBOBELToTe ), TODFLFTAIRBRETAEL Thb,

(4) ASPPR (Arctic Shipping Pollution Prevention Regulations)liC>WwT®» CSSRA

R ‘

ASPPRIZ@BENOIRER & @EEDIEERL Z AT O XSG « BRI OB U TR 7 — £
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T RREIC AT L 72 SESE RO 2 DICd & SnWTHIE A hA 4 DTH b,

L7ehio TH7c % ISR & 7 — 2 8RBT 2 B L 9l AN, ASPPROKIEAZWET AL &
%o T BAHEMNKE N,

() BRIRICDOWNWT

(& FBOFBARECH T 5 EMIc Wa lsh &REAGEIE I, ) EHEERILCE > TIHE
B TBELATLE OGN TWw A,

Ko P TThbh i RRCE T 5808 MSLDT, T — 4 H A%MAT 5,
(AFEE6 )

6.7 =
7 L TEMRIERE T T B BAUEA, HD2TD 40 %5 b 20%~, ILC19804TH1HK
BE9WNEFITHLRTED, $nbWBE 2RANMNY 2 v 7B OMANZ BLEMNOSE D &
ROT, P RERGOEFECEABEArE RTINS,
ZDRDERDBHEMFECALRED LD T ADD 9 o DL O BERE Y BIC IR
Gl # AFFHCAPP DRAKILICHE 2 HIHR—E5% 3 > T b s D LRI N, ThICkES Hill
HRICHIL T B, BIRIEL SLETIS DKEBEEL Twb T L219 2hi 4 2o
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7. ARCTEC CANADA LTD.

3

71

7.2

7.3

7.4

1.5

7.6

11 Leggett Drive Kanata,Ontario K2K1Z8

Bil=Ls
1981£10H19H 14530 ~16KE307

&
Mr. R. Abdelnour (Eng. Vice President)
Mr. I. Majid (Program Manager)

AFEH
Fick L

FA®
KEAKERIEE R L, ERRNSOEHRIELZTT 5

SHiE) S DI

ARCTEC CANADA /19734, 5 &I THE LA KBENE EhE LaRitaryar s
L£HTH B, SO0 Kanata [CEBKEHM BHEFZEL, X, 19810, bdCalgary
T EBRK A, BB LKL Tnh b,

RS HARED ARCTEC INC & G R EEBIFRIC 2 b Bl MO T TN T b H35il
O ARCTEC CANADA DOREESSIBEOLE DBV DR L BT, %5~ HDEFETRIC
FTBELTHD, BETHSHBMELARCTEC INC.L DY 3 K& % 5 Tk bFADKMETZ 4 —
nNEER, EMERT L CER, KEEMRECI VHE OB RAER LB TR ICHEEERD T
\WWhe X, ARCTEC CANADAI#F #ENTEAERICEFDS S 3> ¥ o £ b &4t SNC-Group
DA S=Th Db b, _

KanatalT® 2 HEFICIL Engineering Office,Saline Ice Basin,Ice Milling
Facility,Cold Room H% L. HECHs HRIFER L EMARBICL hokEIH L L TEH
[CESL OB REBRL Tnb, HFiC, ERRUIKET 1 — 1 MR BET—2IRECHE AN
TWAEFZHELTHD, TOLREBAINEHNOEE13E M | HE=75: 256 T &h
535 mpibh b,

R 7
(1) ARCTEC CANADA DED X %R 5
(a) Level Iceh TCORKEHMOME, Saline Tce Basin IC¥ i 5ERIL K ICEMAER:
LA DHEBE NS, ERBKEBROEEELZHEIL Thnd, TOHREF 10 %FTHRENS,
(b) _bERICBELTHIKC.C.G, Fokit" PIERRE RADISSON " BT X 2%E# - #E DR
o
{¢) Saline Ice Basinliitafa DKBOHHY 27 4
Bl Level Ice
Rafted Ice (Frozen Bond Between Ice Floes)

Refrozen Broken Ice Field
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Broken Ice in Ship Channel
Pressure Ridge (First YearMulti-year)
(d) #HEOK(7 v 2 2) K TBATHE~DKDBHH D= F 11t
K—=7 4 — MBICET BEYICK T 5 1740, 1720 24— TOEER, ®REAOTC K THEXTFE
(e) Ship-Ice Interaction OHEHE:

Ice Impact Force KDWT Simulation Program %BASEL 4o KOWHEAEM & LT

AEA - ZZEL Te bERCHTIRERL20 %M TH 5L N9,
(f) Conical Structure (XI55 kDEESH)

KD Conical Structure CHI<IKES, Tce-movement FOMMPEHHEK (R4 —

A 1/20,1,30,1740) TITWEM & OLEEIT> T,
(2) KIERIEHOBE
(E;) Saline Ice Model Basin

WL ARCTEC CANADA D45 Y b THHHEEF v ¥ 27V A BERUEE OGHBED
IR~V 3 Thb, KERBCEF vV RATVAHD / XAnEZFANC 2 &8 1 0425
INTERILBETDHKOBE LRI ZF vV DIBEIC L > THEL T b,

KHEEET LT A OKBERICH LT 2FMEERFTO L no T LT b, KBEEBENE
DORL1EBRINW ( EICHERKA ),

(b) Synthetic Ice-Basin (Hydraulics Basin)

7K T O B, WATERORBAKIE TS 0 hICHEBOK (7 v 7 2, BAK DN T
ARCTEC CANADAD A7 ¥ FCHhoTW3 ) b HEHTEARICL Tk, LA L Synthetic
Ice Model Basin #: Calgary Office KT 1981 EDIHEEHLADT, TOMEDT R
M i Kanata Office 22 5EMEL Tn b,

COMDT R MET » 7 AWSE BACHEIE LT LWL b, HEME, v o3, BE,
HESOMEE A€ LT L5 TE, ThIC LY AR ABAOKOFEE AL TE S L ORT
M1/ 40 UTOMEKTT A+ 2 EBLTNE, EiK, HBNEECOXK -t oM
MR EHIN T b,

{¢) Cold Room

RO KDY BT A7 OOERETH Y | BARKEN LT v 75 2 2 DI B
% 22HPX6 v } (Saline Ice Basin A &3 ) KL Tnhb,

HBBRHC DY Takid e b RE%Z 7w v 7 (EBOHBRRCHE<T) 2 F54T742
THHLAARETHALEHERERL TKD LN,

RBHEBRDIFORL1E2EHIN N,

(d) Tce-Milling Facility
MK (7 v 22 ) ETOPropeller Milling Test HOMRMTH 5, T r~7 HEY
15 ~ 25 Mg KB REL DT & TH 5o
o) ZOMORME L TETERME, KBS HIHESE B¥ L Ao
(3) BMADARCTEC CANADA OFFEEBOBEIIC & 5 BN
(a) Efa HHEskE (C.C.G #KE “ PIERRE RADISSON ” 5" LOUIS ST. LAURENT”
(b) BT L WK EDBEEIC DN T DKM /1R IR ( Alex-bow © ACVIE(EMR)

T = M

HENDO DS A Kanata (& Ottawa FLEMLLETH 30 HREN~E-ABESARICH B, 4
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Wi L AMr., Abdelnour,Mr.Majid HEETEABE TR LEADL Tk, 3 v iy
MCHA B ARCTEC CANADAZD b R « SMAHBEEICLLRTH Y, SHESELL
HHEEBDTEIL THhEZnEn S PRICESNTWAED D S EINLZ WAL, &I En I & 3
SFRTOPRBE, HRMHF T ABLCFL THRCHHL T Ch 2B IRBEEHL Twb,

KT, Kb &L b, BRI ITORL Tnadoic k. BERRIEN D & DLIBERE A D o i,
PARHINT—TEN LB 2D (FENCORERBL RFET L0 T TS, i b
RBENIEABLD oD b N nA ) BRI IR CHRCE DI AT ETH 5, HANICE
HEHTHBKIELEL BHN, TOECRZLAT D EloTe D, —RARLBEENCEET 0%
NT, ZiABERTRRODELT B> T ERBICRL %,

F DB~ FL D VIEHRICOWTHAE ZT R TH 5 2%, Ed 2 Refiif2 OFRT B3
b otk BEILELTINCET O WHHHTRA o /e ORIHNE LU TELBECE > T2,

Ldbdh, EANCEELZRBO—oFr RFE T AC LHEBEARERTS D, 2 3FEHE—RK
A ERUARRE TS %,
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ARCTEC CANADA

MrioAbdelnour
My Majid
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o} 2

SRR EiE R

1. Arctec Canada Ltd.

2. Dome Petroleum Ltd.
3. Panarctic Oil Ltd.

4. Government of Canada

5. Canada Shipbuilders and Ship

Repairers Association
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