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ISOR geothermal map of Iceland
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ISOR thermal gradient map
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Location of wells in Iceland: www.gagnavefsja.is
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Temp proflles def of LT and HT

400 °C
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lcelandic geothermal wells
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Output curves for wells in Iceland
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Drlllmg methods used in Iceland
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Underbalanced or balanced drilling

Compressed air Water to drillstring
and water to drillstring

o

Two methods used to
“lighten” the water
column by entering

o A goo m_ 4 B Compressed air - miXing

it with the mud or
water.

Water flow similar as
before but air is extra.
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Drilling rlgs in Iceland 2007

OdinnJB 4000 m

Geysir JB 4000 m
JotunnJB 3300 m
Sleipnir JB 2400 m
RFS new 1600 m

Saga JB 1350 m
Trolli RFS 1100 m
YmirJB 1000 m
Langpr. RFS 600 m
Glamur RFS 600 m
Einradur RFS 500 m
Hrimnir JB 300 m
Alvarr 300 m
Tritill RFS 120 m
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1940

43 HT wells were
drilled to less than
250 m from 1940-
1958 at:
Hverageroi
Krysuvik

Hengill
Namaskard

After the arrival of
“Gufubors” (The
Steam Rig) in 1958
HT deep drilling
started.
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Depth of HT wells drilled 1958-2006

1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 2(Q
0 P T . I I ] P P

soo | W@ 1] 1MW M BRI N0 H|H N O O A R
10004 ff ] HEF el -t

E

-]

S 1500 b LR TR R

L

©

(@)]

G 2000 o L T Y

-
2500 |

3000"”“”““““”““““”““““”“““““““““”“““”“““““““““”“““““““““““““““““““““““““aamzmeMJ ““““““““ N

One line represents each well

i' ENGINE Workshop 4 Reykjavik July 2-5, 2007 13



180 production wells at “hitaveitas”

Fialdi  Fjaldi Heildarafkist Watnshit Lengd saft- og adveituasda Afl Al
Hitaveita virkjadra virkjadra |wirkjadra barholna 4 halu- rafskauts aliu-

borholna  hvaradl toppi | Stal | Asbes Plast Al ketil ketil M 1C1 ld. t i t
orhalna | hvara, auge:js ) O?:pm 4 shes Plag 5 Me\ni.rs Me\.ﬂl‘.l's un'IC'Ipa ]S r]c

km km km km

Alls 180 12| 6397 38 1562 65 . 4906 1151 54 BE8 B B0 1705 heat‘i n Serv'ices ta
Orkuveita Reykjavikur 70- 3502 33 767 884 160 - - 160 - 96 g p
Hitaveita Seltjarnarness 4 - 127 4 iFa wre 205 - - 205 - -

Hitaveita Mosfellshagjar - - . . . 4,74 - - 4,74 - - heat frOI I l 1 80 We l lS
Hitaveita Suburnesja 10 - 216,794 150 205 67 - - 67 - -

Hitaveita Sudurnesja — Krjsuvik 1- 50| 34m95 205 .. .. . - - 'th l t :

Hitaveita Akraness og Borgarfardar 2 1 237 B9 8045 97 8951 BB RT - 75 56 - - WI a Cu m u a lve

OR — Akranes - - . . - - - - - - -

OR - Borgarnes - - . . - - - - - - - fl ‘A! f 6397 l/

0OR - Munadarmes 1- 10 2035 ga 212- - 212]- - O o S

OR — Bifrdst og Nordurardalur 2- 46 4516 58608 BB 3- - 3- - d . t

Hitaveita Stykkishdlms 1- 335 708994 87 5134 - - 5,134 - 25 CO espo g O

Rarik — Dalabyggd 2- 12,7 242938 82 23.3- - 233 - -

O — Reykhdlar 3- 26,39 644444 95 .. - - 1 . 562 MWt.

O — Sudureyti 2- 15 156873 Bl 36- - 36 1 3

O — |safjdrdur — Eyrin - - - - - 10 10

O — Isafitrdur — Holtabwearfd - - - - - 1 3

0% — Patreksfidrdur - - - - - 3 3

OV — Flateyri ; ; ; ; ; 1 2 A fl ll
O — Bolungarvik - - - - - 3 3 ve raqe OW er We
Hitaveita Drangsness 2- 25 2B455 B1 001 - 0,01- - . th 3 5 5 l/

Hitaveita Hinapings vestra — Laugarbakki 2- 28 GBS 7 95 03- - 03- - 1S us 2 S.
Hitaveita Hinapings vestra — Hvammstangi - - . . . 7h- - 75

Hitaveita Hinapings vestra — Reykir i Hritafirdi 1- 4 02787 1 96 ... -

Hitaveita Bléndudss 2- 70,0246 114 75 2 13- 15 - -

Skagafjardarveitur — Sauddrkrdkur 4 - 140 19943 0 25 05- 3- - A 8 7 MW
Skagafladareitur — Warmahlid 2- 215 431278 90 003 - - 0,03 - - Ve . power 9 t
Skagafladarveitur — Steinsstadabygad 1 2 24, 2442 B0 ... - - -
Skagaflardarveitur — Bard i Fljgtum 1- 35 042735 65 ... - -

Rarik — Siglufjarsur 3- 428 BF1945 73 4B8- - 468 - 25

Hitaveita Olafsfjardar 3- 4914 54 B2 72- - 72 - I d d o t . th

Hitaveita Dalvikur — Dalvik 2/- 120273 14 B3B 25- - 25 n a ] ]O n e re a re
Hitaveita Dalvikur — Arskdgsstrind 1- 203721 33 748 5 - a- - °

Nordurarka — Hrisey 1- 813937 778 11 03 14- . 200 P rivate we l IS )
Mordurorka — Akureyri 14 - 332,15 73 89 5187 - 118 B3 7 9 12

Mordurorka — Svalbarbsstrind 1- 4/ 034188 5] - -

Orkuveita Hdsavikur 3 3 11875 438644 125 16 315- 475 -

Hitaveita Reykjahlidar 1- 99 2 2| 4- - i . .

Hitaveita Oxarfjararhérads hf 1- 47| 11 BEa7 95 - - 34 34- . Ref: porgils Jonasson 2004
Hitaveita Egilsstada og Fella 4-

Ba5 112912 755 B - 3 g 2.4 www.orkutolur.is/mm/efni/toflur.html
) ) ; 25

0
0
(i)

Rarik — Seydisfidrdur -

ENGINE Workshop 4 Reykjavik July 2-5, 2007 14




HT Drilling

1. Developers/owners: HS, LV, OR
2. Drilling works:

-Jardboranir hf.: drilling, casing, cementing, fishing etc.

- ISOR: geoscientific and logging services.
- VGK-Honnun: design and supervision.

- Foreign service companies:
for directional drilling and aerated drilling.

- Competitive bidding.
3. Summer of 2007 4 drilling rigs are drilling HT wells at:
-Hellisheidi (OR)
-Reykjanes (HS)
-Krafla (LV)
-peistareykir (LV)
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Geothermal Drilling Problems (usa)

Stuck pipe

Tw st off
Cementing
Lost circulation
Side tracking
Fishing

Sloughing hole

Rig repair

Casing

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18

Relative Impact (normalized freg*days)
Ref.: Pers. comm. J. Rawley (1990)
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I Internal flow - underground blow-out

| -Steam cap. Kicks and can not land liner

Inwell "
,-—E—il - _~Low water lavel
{ |~ Insufficient head =

I.' '. " ~Waell heated up

- . “Air unloading from aerated drilling
Blow-outs =]
| \ ~Short casings

\_Qutside well .-:H':F-Hnla in casing
|~ Steam seepage
\-Effect of steam cap

~Break in casing

HDIE in casing ¢ THDIB im weld

." ~Casing wear during drilling
DI"I"II'IQ Casmg oo | “~ Tear in collapsed casing
Challenges f.:

damage . Collapse of uaﬁingef-- During cementing

. “~In annulus, tapped water
-.‘ Leak on connactions

Loss zonaes, while drilling

p
[ GCasing cementing T——Nﬂfﬂ'lﬂ-l
{ Cementing |c 1 “-Reverse

'u_ Plugs for sidetracking

_Leaks on flanges
."( Leaks on valves
Wellhead |1 ]L Pressure class

xx Outside casing corrosion
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Control lost KR-4

|
. SRS gy | |”"’”“T“ « Heavy mud mixed and pumped
a8 into well. (p= 1.8 g/cm3; eq. 450
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Po fell from 38 bar to O bar.
BOP opened.
i 10-20 minutes later the well

! \\\ starts to flow.

e Drill pipe “blown out” of the

k‘ well.
« BOP’s fail to close the well.

e« Master valve can not be closed
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Blowout at Krafla KR-4
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Pressure rating of wellhead

API 5000 N\ ws' 2500
300 \\ \
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Underground blow-out NJ-11

Temperature (°C)
50 100 150 200 250 300 350 400

200
400 H
600 —1

Ry

—m

1600

1800

—m—Measured 17-18th of May

'85 |

2000

2200

Temperature measured inside drill
string.

To quench 44-59 |/s pumped down
the well. Residual pressure WHP
=6.5-6.8 bar

In 1900 m and 2200 m full deflection
on the Amerada temperature gauge
T>381°C

Upflow of fluid hotter than 380°C
from the bottom region (2190 m
aquifer ?) to the main feed zone at
1226 m, which also swallows the
injection.
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BOP stack

X

AT N

[l L Drilling for
@ —production
'\ casing.

Drilling
production
interval.
Master

valve on well.
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E
Drilled 1949
Steam eruption 1999

?’ ;p“

KrySuvik 4952
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Photo : GOF
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Photo : GOF ' R T s s e S S e

Krysuvik
Steam eruption of 1999

Hole where flying
rock came down

Photo : GOF
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Bjarnaflag after producin
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Casing collapse - trapped water

- - e = N
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A casing collapse in 9 5/8" prod. cas. at 73.5 m depth in well 5G-5.
It was removed with a drop-chisel and the well used for another 5 yrs.
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CCL

Detection by calliper and CCL

Depth
[m]

120

200 A

|

T Gap detected by a calliper log

Bad casing connection (coupling)

/

/

— —

<— Meas. 82.09.25

/
_,,%_, Normal casing coupling
.t / as shown by CCL

L
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Leak through a cemented annulus

Wellhead 12°x 10" Expansion spool
Po=64barg > / without packoff
t=280°C mTTTTTT

! | Temporary slip
[ | / seal with packing
q F o &
ApnulesEmRage 2" pipe for sqeece
el cementing

22 1/2" Conductor casing

|

1 l§§

| \ to 40 m depth, cemented
!

18 5/8“ Surface casing
Upper / to 90 m depth, cemented.

reservoir - 4 4731 x 11,1 mm,

P =22 bar API H-40, weldable

t=220°C 13 3/8“ Anchor casing to
<€&— 300 m, Blow-out problems

during cementing (see note).
Casing head flange is
attached to the anchor
casing. Top casing is

extra heavy wall

355,6 x 17,5 mm

DIN St. 35.8, weldable

anchogfasing from 4 =

steam/gas into the
cement column and

blow-out €——9 5/8" Production casing to 806 m
Cemented to surface, HT cem.
on Casing is free to expand into
emporary gland to stop the leak :

g to

L up uie sanunuS,

CEMENT IS NOT

STEAM/GAS

TIGHT

Path of steam leak through cement

completed with a slotted liner
from 806 m to bottom

i

|
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Temporary repair of
leak on casing
connection @ 11 m
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Failed connection

Above:
Buckling of a threaded casing joint.

Right:

Excavation to replace the top 11 m
of casing to the first coupling.
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HT Wellheads
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Expansighl
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Casing
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7 mm
corrosion
at top of

cement
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Wellhead evolution in Iceland

2 . . i ISeal
60-90 m _‘: gJ LL Surface casing 4 A A A I}i- h

Anchor casing

250-350 m _ 4 4 \ 4

Production casing

700-1000m—‘7::_:7-L 7::_::_L Aa-- -k a4---h
- Stotsatier
oom_ |
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Min. cas. depth

Assume boiling point depth
curve (BPD). The reservoir
pressure is shown as “Water in
formation”, and also the
“Overburden” pressure.

eDraw a near vertical line from
well bottom representing the
density profile for saturated
steam (“Steam in well”).

eThe minimum casing depth is
where the steam pressure
intersects the “Overburden”
pressure.

- ENGINE Workshop 4 Reykje
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Conclusions

e Lessons have been learned from past failures

o Still not completely resolved is:
- Integrity of the casing
- Cementing procedures and materials

- How to cope with a steam-cap induced by
drawdown

- Problems of underground blow-outs
- Sealing of BOP 's during prolonged HT exposure

e In spite of this most HT wells are completed
successfully

igR ENGINE Workshop 4 Reykjavik July 2-5, 2007 38



