Temperature registrations at geothermal small scale heat pump imediately south of Delsbo
in Hiilsingland (by Sixten Hillgren), after a nearby earthquake in Jan 2003
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Earth quake registrations in the Swedish seismograph network January 2003

3.1 January

Event list for January is given in Table 3-1 with date, time, latitude, longitude,

X (RT90), Y (RT90), depth and local magnitude (ML). In January 17 events were
located whereof 1 with magnitude above 2.0 and additional 4 larger than 1.0. The depth |
range varies between 5.1 and 31.3 km.

Table 3-1. Date, time, latitude, longitude, X (RT90), Y (RT90), depth and local
magnitude (ML) of recorded earthquakes in January.

Date Time Latitude Longitude X X Depth ML
RT90 RTS90 Km Local
Km Km Magnitude
20030102 051653.4 62.715 17.629 6957.2 1593.1 171 0.9
20030103 0415346 61205 17.067 67883 15677  20.8 0.1
20030103  110639.5 62257 17.366 69059 15809  12.1 0.4
20030103  195807.3 61.779  16.957 68521  1560.6 5.1 -0.3
20030104 0035459 61.701  16.876 6843.3  1556.5 6.9 -0.3
| 20030104 174759.0 61.745 16540 68481 1538.7 109 2.6
20030105 0631551 64.811 22,670 72072 18254 139 0.7
20030107 0315418 62.618  17.501 69462 15869 223 0.7
20030109  162301.3 63.041  18.554 69952 16389 135 0.6
20030109 2146365 61.748  16.541 6848.3  1538.7 6.8 1.0
20030112 1041256 62.219 17.520 6901.7 1589.1 74 0.2
20030114 2223234 61905  17.304 6866.5 15786 134 1.2
20030115 2147364 62145 17.105 68930 15676 252 0.4
20030118  112810.2 58.436 18.587 6482.5 1662.3 58 1.0
20030123  113559.4 60.529  15.169 67124 14649 313 0.7
20030125 0326228 60.175  19.598 6678.9 17102 187 0.3
20030130 0805253 62.728 _17.259 6958.2 15742  18.7 1.1
Interpretation
Assumed seasonal temperature variations added to the diagram
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Location of observation well and major tectonic features

Eﬁ'j\ Niuparn‘a 'Q?";; g P e n o s Hanh-f(ak;fiw"u"wm
) Raka WA Fiasm, i e ot dhagia I biirsta 6
ﬂﬁ il = : v ; D mk—L s ]
Angebo vt e Meliantiarden
mfnla 52 Sumdysjd e enmoattan Tiawsn Jdrthoimama
.ﬂ‘m v s Lonnanger
nlm berg ! i
Yiterhav)s Nﬂrrt Evedjel \ E"’a.“[, 2 .
Brls Harm-= Morangsviken
naer Stacka
WS Sﬁimﬁnk
Ll 1.
e * Sagtikten
o §vm ) = Bergd fiskehamn
AFralland “*vmgan
ety i al;h ’l‘anh Spiumdy),
o P ¥ = o) = Grakra.rger ’Stensdn 16
| Eckels 2 ) s (Gauc” Nartag
- Jarmalti ‘,5 . Storsand
E.érlshu E \ 1 Lakbéck A 0
-+ Valsja Li "‘ "“ P“! g F rd,lé ~Rifasranhﬁul( Kapel
~-Lingat &
:UffanNums‘ s ;u " ’EB}i Bk \ "35'3'%&"
- 4berlis- e, A
it cwailen), ol Sl f—};\, RE Armon
v 8| len
E] bl Hamre Horns}'andaf
5 g Gackerpi
4:*;’ " % : ra e i_'“mis’almk i
arypodrs ) ¢ fiser m"f"‘ll..m rusen
B Y
er- 51
= berg Srnrbarga; \—\’Hﬁgas . Y o el %ﬁmrra
. ) . [ ten) He Mﬂ""Mh!u 2 gD mmlﬂ
i F IHOgsved ot ‘n
Bt Medsand N‘ Ll Tor Ivr B HBE%‘:;;E""N Burgan BOTTENHAVET
E med Ostansjo: i '
PP Druf'l{ b 5.‘ Y rv’r Gaminel B ﬁ‘rlnnﬁrﬂmmm -tﬂl_(rlkuhamn
ema” ig3) -. F sy | ordsio Grangsio /7 | nanmges, ot
- rsip, =5 s — Mbrtsiohsen— < ) VAt Agdn
"”" A ¥ Snaten Vsberget J Badennaeyy 4' NANGSr Eningers), | i ,,{;%gﬂ,ﬂ n.-ﬁA :}:"1
iz o S A PR ! Bods Bk i . e g8 hamf—— —— -
NC- Vallet Sl Hansdtter |~ "“@' \ g udmnr 87 R _nmnka 15H Tindlan " 7} Salskyddsome 1
©  Jocation of well 1550 T fault zones g e

W earth quake epicenire _————_ Perimeter of Dellen impact structure

South — north section to illustrate hypocentre location

S e well Delsbo N
Y

6 km +20 °C
accumulated
displacement
appr= 10 km
11 km
100°

granulite facies
Ljusdal granite

amph. facies
Ljusdal granite

M26
EQ hypocentre

2003 0104

INTERPRETATION

Observed IN temperature difference: +8 °C

Assumed geothermal gradient: 1.5 °C per 100 meter

Depth of well: 150 meter.

Approximate connection to ground water of 8 °C higher temperature:
700 meter.




- Discussion

The rise in temperature in spring 2003 follows, with a normal delay, the rise in outdoor temperaturs. = - -
The fault system is in contact with the Dellen lakes, which form the interior of a ca' 20 km diameter
impact crater. Delsbo is located within the outer brecciated part of the crater with potentially
enhanced ground water circulation in the upper 1 km of the crust. A temperature of + 8 °Cis
normally expected in a heat pump well reaching down to 150 m.

About two months after the earthquake in Janunary 4, the IN temperature of the heatpump system
was observed to rise although the outdoor temperature still was low. A certain delay in time 1s
expected in the correlation between outdoor temperature and IN temperature. The observed rise was
unexpected and mtu1t1ve1y suggested to be related with the earth quake.

If the summer and autumn 2003 was very warm, extra energy is stored in the uppermost crust to
where the heat pump well reaches. This can be retroactively confirmed by consulting historical
temperature measur’ementé ﬁfom SMHI.

If the energy demand in ihe au‘tumn 2003 and early winter is less than that in autumn and early
winter 2002, the IN temperatiire may remain high — (that could have been confirmed by also noting
the OUT temperature of the heat pump system).

Lonclusion

A potential shift in water circulation pattern may have occurred soon after the 2003 earth quake and
was still observed in the winter season ca 1 year later, connecting the heat pump well with water
from deeper sources (up to ca 700 m) with higher temperature To confirm this requires a
comparison with the outdoor temperature during the missing second half of year 2003 and a log of
the OUT tempera‘fure of the heat pump system.

The measurements in table 1 have been conveyed to the Seismological department at Uppsala
University in 2003. S1xten Haligren is meanwhﬂe deceased.
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