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7.2.1.1 Injectors in the Gaiselberg Field 
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7.2.2.1 Monitoring wells in the Gaiselberg Field 
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7.3.2.1 Total dilution method 
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5.3.2.2 Tracer quantities and dilution volumes in the Gaiselberg Field 
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10.5.1.1 Temperature response during a multi-rate test 
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All graphs can be seen in Appendix E. 

10.5.2.1 GA-040 

10.5.2.2 GA-035 
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10.5.2.3 GA-081 
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10.5.2.4 GA-061 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

-
-



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

-
-



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

- 
- 
- 

- 

- 
- 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

  



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

.   

[



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

Volumeservoiroduced
VolumeservoirInjectedVRR

RePr
Re=   

( ) gsogwwoo

ww

BRqqqBqB
iB

VRRInst
−++

⋅
=.   

1=+++ WDICDISDIDDI   

HCV
NE

DDI o=

HCV
EmN

SDI g=

tito BBE −=   

( )ssigot RRBBB −+=  Eq.5 

( )[ ]sipgtp RRBBNHCV −++=∴   

( )gig
gi

ti
g BB

B
B

E −=   



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

( ) ( )PP
S
CCS

mBE i
wi

fwwi
tifw −

−
+

+=
1

1   

HCV
BWBWW

WDI wiiwpe +−
=    

- 
- 
- 
- 
- 

( )CDIDDIIWDI +−=

VR
VoidageTotal
NE

VoidageTotal
BW twii =−= 1   

rockandfluidreservoirofExpansionVRR −= 1   

( ) .exp, factoransiontotaltherepresentsPPfEwhereEEE itfwot −=+=

( ) 0lim =
→ tPP

E
i

  

Abbreviations 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

oiltheofvolumenhydrocarboinitial
capgasofvolumenhydrocarboinitialm =



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

Observation of GA-001 in SH 12

0

5000

10000

15000

20000

25000
02

.1
1.

19
87

29
.0

7.
19

90

24
.0

4.
19

93

19
.0

1.
19

96

15
.1

0.
19

98

11
.0

7.
20

01

06
.0

4.
20

04

01
.0

1.
20

07

Date

N
aC

l [
m

g/
l]

GA-001
water-flood

Observation of GA-077 in SH 12

0

5000

10000

15000

20000

25000

29
.0

7.
19

90

24
.0

4.
19

93

19
.0

1.
19

96

15
.1

0.
19

98

11
.0

7.
20

01

06
.0

4.
20

04

01
.0

1.
20

07

Date

N
aC

l [
m

g/
l]

GA-077
water-flood



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

Observation of GA-083 in SH 12
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Observation of GA-008-A in SH 12
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Observation of GA-010-(A) in SH 12
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Observation of GA-013-(A) in SH12
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Observation of GA-026 in SH 12
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Observation of GA-078 in SH 13
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Observation of GA-085 in SH 13
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Observation of GA-005-(A) in SH 14
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Observation of GA-090 in SH 16
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Observation of GA-052 in SH 19
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Horizon Thickness Porosity Water Sat. Area 
Dilution 
Volume 

  [m] [-] [-] [m²] [m³] 

SH 12/1 3 0,31 0,9 277500 232268
SH 
12/2+3 3 0,31 0,9 277500 232268
SH 12/4 4 0,31 0,9 277500 309690
SH 12/5 5 0,23 0,9 277500 287213

SH 12/6 5 0,28 0,9 277500 349650

    Sum 1411088

Injector Dilution Volume 
Correction 

F. MDL Saftey 
 Active Tracer-

amount 
Tracer-
Amount 

  [m³] [-] [kg/m³] [-] [kg] [kg] 

GA-088 1411088 1 0,00005 10 705,54 924,51
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    Distance to Dilution Volume 
Horizon Thickness Porosity Water Sat. GA-083 GA-010A GA-083 GA-010A 

  [m] [-] [-] [m] [m] [m³] [m³] 

SH 11 5 0,29 0,9 800 560 2623858 1285691
                
SH 12/1 3 0,31 0,9 800 560 1682888 824615
SH 12/2+3 3 0,31 0,9 800 560 1682888 824615
SH 12/4 4 0,31 0,9 800 560 2243851 1099487
SH 12/5 5 0,23 0,9 800 560 2080991 1019686
SH 12/6 5 0,28 0,9 800 560 2533380 1241356
                
SH 13/1 3,6 0,31 0,9 800 560 2019466 989538
SH 13/2 5,5 0,31 0,9 800 560 3085295 1511795
SH 13/3 3 0,31 0,9 800 560 1682888 824615
                
SH 14/1 4 0,31 0,9 800 560 2243851 1099487
SH 14/2 17 0,32 0,9 800 560 9843992 4823556
                
SH 15/1 2 0,31 0,9 800 560 1121926 549744
SH 15/2+3 7 0,31 0,9 800 560 3926739 1924102
SH 15/4+5 3 0,31 0,9 800 560 1682888 824615
SH 15/6 2 0,31 0,9 800 560 1121926 549744
SH 15/7 4,1 0,31 0,9 800 560 2299947 1126974
SH 15/8 4 0,31 0,9 800 560 2243851 1099487
                
SH 16/1+2 12 0,31 0,9 800 560 6731553 3298461

SH 16/3+4 8 0,31 0,9 800 560 4487702 2198974

     Sum 55339883 27116543

Injector 
Produce

r Dilution Volume Correction F. MDL Saftey Tracer-amount

  [m³] [-] [kg/m³] [-] [kg] 

GA-012 GA-083 55339883 1 5,00E-08 10 27,67
  GA-010A 27116543 4 5,00E-08 10 54,23
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    Distance to Dilution Volume 

Horizon Thickness Porosity Water Sat. GA-083 GA-010A GA-083 GA-010A 

[m] [-] [-] [m] [m] [m³] [m³] 

SH 11 5 0,29 0,9 550 500 1240183 1024945
                
SH 12/1 3 0,31 0,9 550 500 795428 657378
SH 12/2+3 3 0,31 0,9 550 500 795428 657378
SH 12/4 4 0,31 0,9 550 500 1060570 876504
SH 12/5 5 0,23 0,9 550 500 983593 812887
SH 12/6 5 0,28 0,9 550 500 1197418 989602
                
SH 13/1 3,6 0,31 0,9 550 500 954513 788854
SH 13/2 5,5 0,31 0,9 550 500 1458284 1205193
SH 13/3 3 0,31 0,9 550 500 795428 657378
                
SH 14/1 4 0,31 0,9 550 500 1060570 876504
SH 14/2 17 0,32 0,9 550 500 4652824 3845309
                
SH 15/1 2 0,31 0,9 550 500 530285 438252
SH 15/2+3 7 0,31 0,9 550 500 1855998 1533883
SH 15/4+5 3 0,31 0,9 550 500 795428 657378
SH 15/6 2 0,31 0,9 550 500 530285 438252
SH 15/7 4,1 0,31 0,9 550 500 1087085 898417
SH 15/8 4 0,31 0,9 550 500 1060570 876504
                
SH 16/1+2 12 0,31 0,9 550 500 3181711 2629513

SH 16/3+4 8 0,31 0,9 550 500 2121141 1753009

     Sum 26156742 21617142

Injector Producer Dilution Volume 
Correction 

F. MDL Saftey Tracer-amount 

  [m³] [-] [kg/m³] [-] [kg] 

GA-020A GA-083 26156742 1 5,00E-08 10 13,08
  GA-010A 21617142 4 5,00E-08 10 43,23
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    Distance to Dilution Volume 

Horizon Thickness Porosity Water Sat. GA-083
GA-

010A GA-083 GA-010A 
[m] [-] [-] [m] [m] [m³] [m³] 

SH 11 5 0,29 0,9 675 525 1867962 1130001
                
SH 12/1 3 0,31 0,9 675 525 1198072 724760
SH 12/2+3 3 0,31 0,9 675 525 1198072 724760
SH 12/4 4 0,31 0,9 675 525 1597429 966346
SH 12/5 5 0,23 0,9 675 525 1481487 896208
SH 12/6 5 0,28 0,9 675 525 1803549 1091036
                
SH 13/1 3,6 0,31 0,9 675 525 1437686 869711
SH 13/2 5,5 0,31 0,9 675 525 2196465 1328726
SH 13/3 3 0,31 0,9 675 525 1198072 724760
                
SH 14/1 4 0,31 0,9 675 525 1597429 966346
SH 14/2 17 0,32 0,9 675 525 7008076 4239454
                
SH 15/1 2 0,31 0,9 675 525 798715 483173
SH 15/2+3 7 0,31 0,9 675 525 2795501 1691106
SH 15/4+5 3 0,31 0,9 675 525 1198072 724760
SH 15/6 2 0,31 0,9 675 525 798715 483173
SH 15/7 4,1 0,31 0,9 675 525 1637365 990505
SH 15/8 4 0,31 0,9 675 525 1597429 966346
                
SH 16/1+2 12 0,31 0,9 675 525 4792288 2899038

SH 16/3+4 8 0,31 0,9 675 525 3194858 1932692

     Sum 39397241 23832899

Injector Producer Dilution Volume 
Correction 

F. MDL Saftey Tracer-amount 

  [m³] [-] [kg/m³] [-] [kg] 

GA-035 GA-083 39397241 1 5,00E-08 10 19,70
  GA-010A 23832899 4 5,00E-08 10 47,67



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

    Distance to Dilution Volume 

Horizon Thickness Porosity Water Sat. GA-083 GA-010A GA-083 GA-010A 

[m] [-] [-] [m] [m] [m³] [m³] 

SH 11 5 0,29 0,9 950 700 3700050 2008891
                
SH 12/1 3 0,31 0,9 950 700 2373136 1288461
SH 12/2+3 3 0,31 0,9 950 700 2373136 1288461
SH 12/4 4 0,31 0,9 950 700 3164181 1717949
SH 12/5 5 0,23 0,9 950 700 2934522 1593259
SH 12/6 5 0,28 0,9 950 700 3572462 1939619
                
SH 13/1 3,6 0,31 0,9 950 700 2847763 1546154
SH 13/2 5,5 0,31 0,9 950 700 4350748 2362179
SH 13/3 3 0,31 0,9 950 700 2373136 1288461
                
SH 14/1 4 0,31 0,9 950 700 3164181 1717949
SH 14/2 17 0,32 0,9 950 700 13881567 7536806
                
SH 15/1 2 0,31 0,9 950 700 1582090 858974
SH 15/2+3 7 0,31 0,9 950 700 5537316 3006410
SH 15/4+5 3 0,31 0,9 950 700 2373136 1288461
SH 15/6 2 0,31 0,9 950 700 1582090 858974
SH 15/7 4,1 0,31 0,9 950 700 3243285 1760897
SH 15/8 4 0,31 0,9 950 700 3164181 1717949
                
SH 16/1+2 12 0,31 0,9 950 700 9492542 5153846

SH 16/3+4 8 0,31 0,9 950 700 6328361 3435897

     Sum 78037883 42369598

Injector Producer Dilution Volume 
Correction 

F. MDL Saftey Tracer-amount 

  [m³] [-] [kg/m³] [-] [kg] 

GA-081 GA-083 78037883 1 5,00E-08 10 39,02
  GA-010A 42369598 4 5,00E-08 10 84,74



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

    Distance to Dilution Volume 

Horizon Thickness Porosity Water Sat. GA-083 GA-010A GA-083 GA-010A 

[m] [-] [-] [m] [m] [m³] [m³] 

SH 11 5 0,29 0,9 725 660 2154946 1785863
            
SH 12/1 3 0,31 0,9 725 660 1382138 1145416
SH 12/2+3 3 0,31 0,9 725 660 1382138 1145416
SH 12/4 4 0,31 0,9 725 660 1842850 1527221
SH 12/5 5 0,23 0,9 725 660 1709095 1416374
SH 12/6 5 0,28 0,9 725 660 2080638 1724282
            
SH 13/1 3,6 0,31 0,9 725 660 1658565 1374499
SH 13/2 5,5 0,31 0,9 725 660 2533919 2099929
SH 13/3 3 0,31 0,9 725 660 1382138 1145416
            
SH 14/1 4 0,31 0,9 725 660 1842850 1527221
SH 14/2 17 0,32 0,9 725 660 8084763 6700067
            
SH 15/1 2 0,31 0,9 725 660 921425 763611
SH 15/2+3 7 0,31 0,9 725 660 3224988 2672637
SH 15/4+5 3 0,31 0,9 725 660 1382138 1145416
SH 15/6 2 0,31 0,9 725 660 921425 763611
SH 15/7 4,1 0,31 0,9 725 660 1888922 1565402
SH 15/8 4 0,31 0,9 725 660 1842850 1527221
            
SH 16/1+2 12 0,31 0,9 725 660 5528551 4581664

SH 16/3+4 8 0,31 0,9 725 660 3685701 3054442

     Sum 45450041 37665708

Injector Producer Dilution Volume Correction F. MDL Saftey Tracer-amount

  [m³] [-] [kg/m³] [-] [kg] 

GA-040 GA-083 45450041 1 5,00E-08 10 22,73
  GA-010A 37665708 4 5,00E-08 10 75,33



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

Te
m

pe
ra

tu
re

 P
ro

fil
e 

- G
A-

08
1 

af
te

r 1
7 

hr
s 

sh
ut

-in

11
50

11
70

11
90

12
10

12
30

12
50

12
70

12
90

27
28

29
30

31
32

33

Te
m

pe
ra

tu
re

 [°
C

]

Depth [m]

P
er

fo
ra

tio
n

E
ve

nt
 I

E
ve

nt
 II

E
ve

nt
 II

I



METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

GA-035 Spinner Response with 40 m/min (DOWN)
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GA-035 Spinner Response with 60m/min (DOWN)
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

GA-035 Spinner Response with 80m/min (DOWN)
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GA-035 Spinner Response with 60m/min (UP)
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

GA-035 Spinner Response with 80m/min (UP)
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GA-081 Spinner Response - with 60m/min (DOWN)
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

GA-081 Spinner Response with 80m/min (DOWN)

1150

1170

1190

1210

1230

1250

1270

1290

0 1 2 3 4 5 6 7 8

Spinner [rps]

D
ep

th
 [m

]

Perforation

GA-081 Spinner Response with 100m/min (DOWN)
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

GA-081 Spinner Response with 60m/min (UP)
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GA-081 Spinner Response with 80m/min (UP)
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METHODS OF MONITORING FLUID PATHS IN THE GAISLEBERG-FIELD WITH A SPECIAL FOCUS ON TRACERS 

Author: Markus Zechner Page: 

GA-081 Spinner Response with 100m/min (UP)
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Author: Markus Zechner Page: 
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