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lceland Deep Drilling Project (IDDF

A The plan for IDDP is to drill three (3) wells-8.6
km into the roots of hightemperature
geothermal systems in Iceland and seek to reach
supercritical conditions >37€ and >22.1 MPa.

A A generic well to achieve the above objectives
was designed to serve the dual purpose of a
production and a science well.

A The first well completed at Krafla in August 2009
but reached only to 2.1 km as magma was
Intersected.




Production vs. scientific well

Design premises:

A The well should be of sufficient diameter to be suitable
as a production well.

A Coring should be done in the expected transition to
and inside the supercritical zone, to the extent that
science funds would allow.

A Several well designs and coring systems were
considered and the conclusion was that the final
aSOuA2y o0St2z2¢g opnn Y aK2z.
long spot cores collected rather than the initial idea of
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hole.




Expected geological conditions

A The T&P basis of the casing design were boiling point dept
(BPD) curve to the Critical Point (~3500 m) and a maximur
temp. of 500C in the well. Lithostatic pressures not
expected.

A The wells are to be drilled within three (3) geothermal
fields with more than 30 wells each, <3000 m each. Drilling
there has been troubldree, with a few exceptions, and the
geological conditions are well known down to 2.5 km.

A The lithology is composed of basaltic lava formations and
sub-glacial hyaloclastite formations above ~ 1.5 km depth,
and more frequent intrusive rocks, of different type, below
that depth.
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New challenges

A Risk of intersecting magma and acid fluids, as have
been encountered at Krafla over the past few years.

A Greater depths and temperatures than before.
A Circulation temperatures and life of bits.

A Cementing of long casing strings where formation
temperatures are high and losses are to be expected

A Cement design and mud program.
A Casing and connection strength.
A Wellhead temperature and pressure.




Conventional
large well In
lceland

ADepth 2000-3000 m

Aremperature 240AC-340AC
AMnchor <casi ng-40D@
Prod. casi ngl2002n
Anellhead ANSI 900

Master Valve
12" x 900 ANSI

Expansion spool 18-5/8" x 13-3/8" CSG
Seal

Centralizer

H‘i Kill line ANSI 3" x 900 RTJ

Casing head 20-3/4". Slip-on weld
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2200 m

800 m

MH‘ Valve on annulus ANSI 3" x 900 RTJ
90m

L, 22-1/2" Surface casing (572 mm x 12,7 mm),
srw, butt weld, X-52

26" Bit

21" Bit

18-5/8" Anchor casing (473,1 mm x 12,32 mm),
\ 96,5 Ib/ft (143,61 kg/m), X-56, butt weld, R3.
N

350 m

Centralizers every third joint
\‘ Flot-collar with stab-in 18-5/8"
Float-shoe 18-5/8"

1/2"

\ 3/8" oduLQn casing (339,7 mm x 12,19 mm),

68 Ib/ft (98,46 kg/m), K-55, buttress, R3
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O &Cemralizers every third joint
>/~Liner hanger for 9-5/8"

| __— Float-collar with stab-in 13-3/8"

L_—— Float-shoe 13-3/8"

9 5/8" Slotted liner (244,5 mm x 12 mm),
47 Ib/ft (69,94 kg/m), K55, buttress, R3

12 1/4" Bit

s Drilled 20 mm, 8 holes
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Initial well designs considered

WELL PROFILE B

WELL PROFILE A
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Cored section 1l 3500-5000m
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and liner installed
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liner . .| small dia. coring system is used.
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Drilling/coring options from IDDP
workshop on drilling in 2002

Four Options Rig Capacity [Production Casing |Last Hole Dia_|Core Size |Hole Size Cored Sec |Option
Km

Small Diameter Hole 180 ton T 61y 2.4 379 |DOSECC| 23-34 op-1
34-50

758 Rl o 40 6IL BRR 23-34 op-2
3450

Large Diameter Hole 250 ton 958 sz 2631" sz CCS 23-5.0 op-3
2.4 379 |DOSECC| 23-5.0
4.0 6IT BRR 23-5.0

2631 81z CCS 34-50 op-4
2.4 379 |DOSECC| 34-5.0
40 6T BRR 34-50




Collapse resistance of IDDP casint
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Casing program for IDDP

Depth [m] Drill Bit Diameter | Thickness /| Min. Material | Connection| Collapse Burst
weight Drift MP MP
] [MPa] | [MPa]

Surface Casing 0t 100 Hitt Hit | Y OK X56 Welded
Intermediate 0¢ 300 | @26huy || @24huvy | 162 Ib/ft | 585,8 K55 Welded or 5,7 17,0
Casing |
Intermediate 0t 800 HI +| 918k v U 114 Ibs/ft | 438,9 K55 BTC 9,8 20,6
Casing Il
Anchor Casing 0t 300 Hhut| 913k v U 88,2lbs/ft | 311,15 T95 Hydril 563 29,4 52,6
Anchor Casing 300¢ 2400 Hhut| 213+ v U 72 Ibs/ft | 311,15 K55 Hydril 563 15,4 25,5
Production 0+ 3500 | @12huy H @9k v U 53,5Ibs/ft | 215,9 K55 Hydril 563 35,4 37,6
Casing
Slotted Liner 3500- 4500 28hur | HA 26 Ibs/ft | 156,2 K55 BTC

Ylu,

Hea



Drill bits¢ drill string

A Tri-cone insert bits as have been used in the
past .

A Drilling with mud motor to 2400 m.

A Anderdrift tool in the drill string for logging of
Inclination.

A Two check valves in drill string.




Cementing program

A For the first three casing strings to 800 m the
conventional inneistring method. If there are
large losses cement up to loss zone and then
top-job, maintaining the loss zone open.

A For the 2400 m and 3500 m anchand
production casing. Stage cementing by use of
GFlex tool. Then first stage inner string and
fill-up. Then the annulus packer is set and
cementing to surface through the ports.




Mud program

A Bentonitewater mud treated for the
temperature for all drilling to 2400 m (16.5"
hole). Additional cooling tower was installed
to maintain mud temperatures below 1€0.

A Below 2400 m (<12 ¥4" hole) water only and
high-viscosity polymer pills, if there is
iInadequate hole cleaning.




DATUM IS TOP
OF WELL FLANGE

IDDP-1 WELL DESIGN

87 m

254 m

785 m

!

—~FLANGE

! SURFACE CASING
932x4", X56, Welded

Dl Bit 826%:"

ca 2400 m

| INTERMEDIATE CASING 1
! ©24%", 162 Ib/ft K55, Welded

Dril Bit 223" 4

ca 3500 m

ca 4500 m

INTERMEDIATE CASING 2
@18%", 114 Ib/ , K55, BTC

ANCHOR CASING
) Top 300m: 13%°, 88,2 bift,
T95, Hydril 563

300-2400m: 013 %", 72 M,
K55, Hydrll 563

Drll Bt ©16%"

PRODUCTION CASING
T %", 53,5 Ibit, K85, Hydr 563

Drill Bit 092%"

————— SLOTTED LINER
a7", 26 ibfit, K55, BTC

Drif Bit 88%"

e

0127, ANS| Class 2500

DATUM IS TOP
OF WELL FLANGE

IDDP-1 AS BUILT

90 m

257 m

2 ¥) 1
|

i 3

— FLANGE
812", ANSI Class 2500

P
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788 m

1935 m

1949 m

Drli Bit 236" |

Orll Blt @26%" |

Drll Bit @23

2077 m
2072 m

Drll Bit 016%"

Drlll Bt 912%"

Bottom Flil 19 m

-SURFACE CASING
#32x%", X56, Welded

INTERMEDIATE CASING 1
V244", 162 Ib/ft K55, Welded

INTERMEDIATE CASING 2
018%", 114 [bif | K55, BTC

ANCHOR CASING

Top 290m: 913%", 88.2 b,
Tas, Hydri 563

290-2400m; 913%", 72 |bift,
K55, Hydrll 563

PRODUCTION CASING
094", 53,5 b/, K55, Hydrll 563

——— PEAK C-FLEX RPL P-110
Cementing Valve 9%°, 010.4", SC 09

SLOTTED LINER
09%", 47 Ibift, K55, BTC

TD 2086 m
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2500 ANSI

500 / /
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HYDRIL connections, type 563

Exceptional torque strength s
deveioped through the simuftans-
ous engagement of opposing
flanks of the “double hooked"
dovatal thraad. The thread fanks
provide a posiive forque stop
which virtually elfrminates pin end ID
restrictions caused by over-torgue.

Excelient for geothermal, steam
injection, and other high com-
pression load applications.
Elimination of stab flank clearance
by preloading both stab and load
flanks on make-up afiows the
Wedge Thraad 10 cycle between
very high tension, compression,
and bending loads without relative
pin to box thread movement
Compression srength is rated at
100% of the pipe body.

Ideal for highly deviated,
extended reach and other appli-
cations whera rotation-whila-
bending capabiity Is paramount.
The dovetal Wedga Thread pro-
vides superior performance in
combined torsion, banding, and
tension or compression load envi-
ronments,

100% collapse rated thread
seal is created by full form contact
of the dovetall threads. The
threads also provide s secondary
Internal pressure seal rated at
100% of thé pipe body.

Visual confirmation of make-up .

Is attained by making up the cou-
pling face to the circumferential
roller-stanciad make-up band at
the pin thread run-out.

X

v

High tension and bending
strength are developed using a
run-out, dovetail thread machined
on non-upsat pipe. The dovetal
thread with its double roverss
flanks resists the tendency for
ragtal disengagement of the partial
depth threads inherent with high
tension loads

Trouble free make-up & devel-
oped with the rugged, coarss
pitch thread and steep taper for
deep stebbing. Threads are field
repairable

100% Intemmal pressure rated
metal-to-metal seal mairtains
gas ssaling capabiity under high
axdal loads. The shallow angle run-
aut chamier on 1 pin 1D of heav-
ler waights and the nosed and
bored ID on the pin of lighter
weights promote uniform stress
undeér the seal around the il cir-
cumfarence of the connection.

Improved stress distribution in
the coupling Is provided by stream-
lining the exdal load transfer across
the coupling *J* area. There are no
Intemal forque shoulder reaction
forces to interngt load) transfer
aong the couping length. Altention
10 stress dstribution and low stress
level makes the Type 563 sutable
for sour service.

Identical couplings are used for
al weights of an interchangeable
thread profie, Saparate coupings
Bra not needed for each pips
weight

Special clearance OD retains ful
tension and pressure ratings of
the connection. All couplings ane
beveled o reduce the potertiy
for coupling face hang-up during
unning.

LS. and foreign patents apply.



