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Tidigproterozoiska bergarter

Senproterozoiska och fanerozoiska
(1960-1750 miljoner ar)

bergarter utanfor Kaledoniderna

Kaledoniderna Tidigproterozoiska bergarter
(fallkedjan) (2500-1960 miljoner ar)
Proterozoiska bergarter Arkeiska bergarter (aldre an
(1710-920 miljoner ar) 2500 miljoner ar)
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- Phanerozoic sedimentary rocks outside the
Caledonides

[] caledonides

- Proterozoic bedrock (1710-920 million years)

D Early Proterozoic bedrock (1960—1750 million years)
- Early Proterozoic bedrock (25001960 million years)
E] Archean bedrock (older than 2500 million years)

Sveconorwegian Province (1.1-0.9 Ga) Phanerozoic platform cover strata
Eastern interior segment '
. Granitoid and syenitoid migamatitic

L‘ Limestone, shale, sandstone

gneisses, granite, and amphibolite (1.7-0.9 Ga) ) Dolerite dyke
Eastern boundary segment ( (Permo-Carboniferous)
- Granitic orthogneiss and granite, syenitoid
and metamorphic equivalents (1.8-1.2 Ga) / / Fault

Bornholm-Blekinge Province (BBP) (1.5-1.4 Ga)

‘ Granitic orthogneiss, granite (1.8-1.7 Ga)

Estimated thickness of the

/
Smaland lithotectonic unit (SLU) (2.0-1.7 Ga) ] crystalline crust

——— Danish Basin

Granite, granodiorite, gabbro, ryolite, dacite «“ (Balling et al.1995)
and metamorphic equivalents (1.8 Ga)

A

FFC-1
SwW

Sorgenfrei-Tornquist Zone

SF: Sveconorwegian Front
BBP: Bornholm Blekinge Province
SLU: Smaland lithotectonic unit

Outcrop areas refered to in the text
) Kullen

(2) soderasen
(3 Dalby quarry

B
DGE-1 Romgleésen Linder_bdsésen
Ridge  vomb Colonus Shale Trough Ridge NE
3 Trough




Rotationsborrning med
mud/Spolborrning

traveling block

swivel . mud hose
/ standpipe
kelly =
Y Nz mud pump
vibrating screen
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Borrkronor

1931 = 1951 012

Impregnated drill bits _
PDC (Polycrystalline

diamond compact)




Borrvatska/mud
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DGE-1 well design

30" casing J

shoe at 155m

20" casing

)|
20" casing

shoe at 1004m
Perf. 1427-1530m

T

Perf. 1685-1717m

(11

Perf. 1827-1853m

[F==Ihie

Perf. 1895-1905m

13 5/8" liner A|
shoe at 1975m

Perf. 3125-3135m

8 1/2" open hole

\

13 5/8" tieback to surface

Top 9 5/8" tieback
liner at 900m

1
1FTop 13 5/8" liner at 930m

9 5/8" tieback liner

13 5/8" liner

IHIIE

|

Top 9 5/8" liner at 1880m

Sedimentag rocks 1946m

Crystalline basement

9 5/8" liner

Top of cased hole
whipstock at 3191m

/' Bottom of cased hole

whipstock at 3198m

9 5/8" liner
shoe at 3310m

Abandoned stuck pipe

3365 m

TD at 3701,8m
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Foderror/Casing




Nagra fordelar med
Rotationsborrning med mud

e Anvandbar | de flesta geologiska material.

(Borrmetoden som anvants for de djupaste
borrningarna i varlden)

e Kontrollerad borrning, t.ex. Vid hoga
formationstryck eller i okonsoliderade bergarter.

e Mojlighet till styrd borrning
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Nagra nackdelar med
Rotationsborrning med mud

e Borrvatska kan satta igen permeabla
formationer.

 FOrdrojd provtagning (lag time)

e Lag sjunkhastighet (Rate of Penetration
(ROP) 1 kristallina bergarter.
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Drill pipe

Rotating

head

Annulus

Rotationsborrning med |uft

Swivel

>

Blooie line

Rotary hose

ir/steam

Water A
/ I vent
l._“_‘

EI
\J’\ Flow inlet

.

. Muffler
Spider
spool
Cuttings (fluid)
outlet
1 e | \E/‘

cuttings<€—ax | Tank

Skiss: Peter Jonsson, Teknisk geologi, LTH, Lunds universitet

Standpipe

“—=

————————

Compressor(s)

=— fluid

Transport velocity of cuttings:
915 m/min - 2130 m/min

QOil

(biodegradable)

Mist pump

Water
( + additives)




Hammborrning (DTH) med luft

DTH (Down The Hole) Top hammer Rotary (non-percussive)
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Hammarborrning (DTH) med luft
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Kompressorer
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Djupast hittills -ST1 Espoo
(Djup 4500 m, 12 % (311 mm))
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Nagra fordelar med
Hammarborrning med luft

e HOg sjunkhastighet i urberg (t.ex. gnejs,
granit, metabasit/amfibolit).

e |att att identifiera vattenforande
formationer.

e Mindre risk fOr igensattning av permeabla
formationer.

e Kan anvandas som seismisk kalla.
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Nagra nackdelar med
Hammarborrning med luft

e Begransad anvandning till harda bergarter.

e Begransad anvandning | vattenfOrande
formationer.

 Halsinstabiltet och dvertryck i formationen
begransar anvandningen.

rotationsborrning.
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Vattenhammarborrning/
Mudhammarborrning
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Karnborrning
(undersokningsborrning)

T KIMMEKUELE
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Framtida borrmetoder

Laser, Plasma, Spallation drilling, Millimeter drilling etc.

1. Pre-existing flaws in rock

Flaw '\Driiling head
\

Hot fluid jet,
flame jet

~ ___ Compressive
S stesses

e :
3. Buckling

Confining
cold rock
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4, Ejection

https://Itr.ethz.ch/en/research/spallation_drilli
ng.html
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Mechanical Specific Energy (MSE)
(Teale, 1965)

Input Energy
Output ROP
4WOB N 480rpm - T
1t D? D?ROP

MSE =

MSE =
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Geotermianlaggningen i Lund

1

District heating net in Lund

\
Geothermal _ \

heat plant

Wﬁj
-~
D /

)

fil fueld district
“heating plant
250 MW

" Injection wells

Production wells

District heating in Lund
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 Akvifer: Campan sandsten

 Produktionsbrunnar : 4
e Injekteringsbrunnar: 4 (Initialt 5)

» Borrmetod:Rotationsborrning med mud
* Borrdjup: 650 - 800 m
» Undersokningsborrningar: 2

* Produktionsfldde: ca 1600 m3/h
 Produktionstemperatur:

Initialt: ca 22 °C
idag: 12 - 20 °C




Geothermal heat pump plantin Lund
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Erfarenheter fran djupgeotermiska
undersdkningar (>3 km) i Lund och i Malmd

DGE-1 FFC-1
24" casing
30" casing T
— 155m
13 5/8" tieback liner 17-1/2" 13-3/8" csg
20" casing
28" s — 622m
— __687m
— 704m
—_ 1004 m
12-1/4" 9.5/8" liner
Perf. 1427-1530m
9 5/8" tieback liner e
Perf. 1685-1717m Perf. Zone A
17172 13 5/8" liner —_1828m
— 1862m
Perf 1827-1853m Perf. Zone B
— 1880m — 2071 m
Perf. 1895-1905m ]
7-5/8
—1975m i it
170 mm —h
— 24m
6-1/2" Open hole
12-1/4" 9 5/8" liner
—2652m
= —3125m 6-1/8" Open hole
Perf. 3125-3135 m—= =
= E— —3135m
— 3%2m 3133mTD
Whipstock
Quaternary: glacial till, sand
—3310m Paleogene: limestone
8-1/2" o .
1.4  Abandoned U. Cretaceous: limestone, sandstone

3365 m stuck pipe
L. Cretaceous: claystone, sandstone

Jurassic: sandstone, claystone, coal
Open hole U. Triassic: claystone, arkose

M. Triassic: claystone
Precambrian; gneiss, amphibolite,

3701.8 m TD metabasite, dolerite
(Rosberg & Erlstrom, 2021)
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(Rosberg & Erlstrom, 2021)
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- Phanerozoic sedimentary rocks outside the
Caledonides

[] caledonides

- Proterozoic bedrock (1710-920 million years)

D Early Proterozoic bedrock (1960—1750 million years)
- Early Proterozoic bedrock (25001960 million years)
E] Archean bedrock (older than 2500 million years)

Sveconorwegian Province (1.1-0.9 Ga) Phanerozoic platform cover strata
Eastern interior segment '
. Granitoid and syenitoid migamatitic

L‘ Limestone, shale, sandstone

gneisses, granite, and amphibolite (1.7-0.9 Ga) ) Dolerite dyke
Eastern boundary segment ( (Permo-Carboniferous)
- Granitic orthogneiss and granite, syenitoid
and metamorphic equivalents (1.8-1.2 Ga) / / Fault

Bornholm-Blekinge Province (BBP) (1.5-1.4 Ga)

‘ Granitic orthogneiss, granite (1.8-1.7 Ga)

Estimated thickness of the

/
Smaland lithotectonic unit (SLU) (2.0-1.7 Ga) ] crystalline crust

——— Danish Basin

Granite, granodiorite, gabbro, ryolite, dacite «“ (Balling et al.1995)
and metamorphic equivalents (1.8 Ga)
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SF: Sveconorwegian Front
BBP: Bornholm Blekinge Province
SLU: Smaland lithotectonic unit

Outcrop areas refered to in the text
) Kullen

(2) soderasen
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DGE-1 Romgleésen Linder_bdsésen
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FFC-1 Malmo
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FFC-1 Rate of penet- Caliper, Gamma Ray Density, Heat flow, Linear fracture Volumetric fracture
ration, m/hr inch API kg/dm? mWwW/m? frequency/m density, m2/m?
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DGE-1 P ( . ppm . ppm . percent)
e o Potassium (K). % 4, Th/K ratio Heat
£ o : o
52 o morum o o T predicion - (Bicker and Rybach, 1996)
oE . UK ratio :
1600 0 Uranium (U), ppm 50 o
FFG-1
o _Potassium (K), % 4, Th/K ratio Heat
- . ; roduction
£¢ o Thorium (Th), pom g, Thit atie Ay, pwim:
oE 0 Uranium (U), ppm 50 o 20 0 5 10
2100
2200 |
2300 |
2400 | —— =
2500 ] S
=
2600 3
2700 | =
1 .
2800 | E
2000 | || ;
T —
3000 —
3100 | E -
[] Lower Cretaceous claystone
[ ] Middle Triassic arkose
[ Gneiss, red-greyish red, biotitic
[ 1 Gneiss, light red-grey, quartz-rich, biotitic
[ Gneiss, dark red-brown, foliated, banded
[""] Granite, red, potassium feldspar-rich
Il VMetabasite/amphibolite, dark grey, black, fine-grained
[ Dolerite, black, fine-grained

(Rosberg & Erlstrom, 2021)




m drilled

0 20 40 60 80 100 120 140 160
1900
I DGE-1 before whipstock installation Air rotary 12 1/4"
. § IADC Interval (m) IADC Interval (m)
2100 | ¢ s I 445 1944.0- 1996.0 627 2542.9- 2655.0
I 625 1996.0-2016.0 627 2655.0-2749.0
445 2016.0- 2023.5 637 2749.0-2837.0
5500 I I 625 2023.5-2044.5 637 2837.0-2878.0
° s I 637 2044.5-2095.0 n/a 2878.0-2972.0
o I 637 2095.0- 2116.0 647 2972.0-3025.0
H I [ 347 2116.0-2119.0 637 3025.0- 3102.0
2500 627 2119.0-2214.0 647 3102.0- 3180.8
627 2214.0-2299.0 637 3180.8-3290.8
627 2299.0-2391.0 627 3290.8-3364.8
2700 I I 627 2391.0- 2542.9
'é s I Test percussion DGE-1 after whipstock installation Mud rotary 8 1/2"
= 3 I drilling using air IADC Interval (m) IADC Interval (m)
£ ! I / 637 3197.0-3207.1 637 3578.0-3611.0
& 230 I 627  3207.1-3280.6 617  3611.0-3666.0
I 627 3280.6- 3390.0 n/a 3666.0- 3675.0
625 3390.0- 3502.0 615 3675.0- 3702.0
3100 I 625 3502.0- 3578.0
FFC-1 Mud rotary 61/2" & 61/8"
X IADC Interval (m) IADC Interval (m)
2500 E MSi613 2264.0-2319.0 MDSi613 2651.0-2726.0*
7613 2319.0-2338.0 MDSi613 2726.0- 2749.0*
7613 2338.0-2340.0 647 2749.0- 2814.0
Test water I 837 2340.0-2413.0 Z6 2814.0-2832.0
39907 hammer I 637Y  2413.0-2416.0 647 2832.0-2901.0*
¢ ¥ 637Y  2416.0-2441.0 647 2901.0- 3002.0*
I 637Y  2441.0- 2505.0 647 3002.0- 3133.0*
3700 * ¥ MDSi613 2505.0- 2651.0*

* Downhole motor PDC-bits are underlined

—&— DGE-1 before whipstock installation == DGE-1 after whipstock installation —— FFC-1

(Rosberg & Erlstrom, 2021)
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FFC-1 DGE-1Y Gravberg-1 Bh32012 in Outokumpu Hunt well,
2) Lake Vattern®) R-2500 4) Western
Canada
Depth, m 3133 3702 6957 1820 2516 2363
Temperature, °C 84 85 116 37 40 47
Q, mW/m? 51-66* 58* 50 35-47 40-45 51
Gradient, °C/km 17-24 22-24 14-18 15-20 14-17 20
K, W/(m K) 2.4-3.6 2.5-3.6 3.4 1.8-2.8 2.5-3.3 2.5
A, pW/md 3.0* 5.8* 2.0-5.0 0.1* 1.6-5.4 2.9-3.4
Dominating rock Gneiss, Gneiss, Granite Diorite Metasediments Gneiss,
types amphibolite amphibolite Pegmatitic granite, granite,
ultramafic rocks mylonite

D Rosberg and Erlstrom (2019), 2 Aldahan et al. 1991, ® Sundberg et al. 2016, 4 Kukkonen et al. 2011,

5 Majorovicz et al. (2014), *Weighted average

(Rosberg & Erlstrom, 2021)
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Injection and fall-off test

Injection and fall off test
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Time

Transmissivitet 5.0-107 m?/s

Hydraulisk konduktivitet 9.9-101° m/s
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— Pressure
— Injection rate




Erfarenheter fran djupgeotermiska
undersokningar (>3 km) I Lund och |
Malmo

e Bergarter

o Sprickor & sprickriktning

e Termiska egenskaper och geotermisk gradient
« Hydrauliska egenskaper

* Mekaniska egenskaper t.ex. bergsspanningar
e Borrbarhet

e Vatten- och gaskemi

e Seismiskmatning under borrning
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Tack for er uppmarksamhet!







