Geothermal Data
Management System

Eqgill Juliusson
Chief Reservoir Engineer
Landsvirkjun — National Power Company of Iceland

= \What's Next?

SIS Global Forum 2017

September 13-15 SC|I|IIIIIIJBI'!|EI'

Le Palais des Congres de Paris




.-_l Landsvirkjun

About Landsvirkjun

Project Aim

Solution Overview

Next Steps
Q&A Session

Agenda

Geothermal Data Management System 2



.-_l Landsvirkjun

* Hydro and Geothermal and Wind Power

generation \"e/-r'u
« Hydro production, 1953 MW in 14 stations X
Ve Wa Wa W/ W W W e

 Geothermal production, 63 MW in 2 stations
» Third Geothermal Plant under construction
» Geothermal wells similar to 0&G = Steam

About Landsvirkjun o
» +130 wells, declining output = 1 new every
Mission: 1-2 years
«Landsvirkjun's role is to « Total worth of LVs geothermal wells on the
maximise the potential yield order of 100s of MUSD

and value of the natural

resources it has been * LV focus both on plant construction and

entrusted with, in a operation
sustainable, responsible « All employees and most consultants and
and efficient manner.» contractors based in Iceland
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Geothermal research and operations data stored in various places

= Petrel, Power plant SCADA system, Share Point, various files and
databases (MySQL, Oracle, PostGRES, SQLite, Excel)

Key information systems outdated

A good information system fulfills the requirements of the field

Project Aim

operators, the power plant development team and the R&D
Information system for wide division.
range of data in geothermal . : : :
Ope%ations ) * Need to facilitate cooperation (both in-house and outside)

A thorough requirements analysis for a new information system
carried out
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Requirements Analysis

Schlumberger Solution
scored highest in quality
and cost, both with and
without Avocet Dashboard

Schlumberger chosen with
aim to develop a long-term
relationship with a
dedicated partner

Geothermal Data Management System

Est. solution quality
NGoWw B
o

[EEN

o

Data Integration and Validation

Well established solution
Field capture to analysis
workflow

Est

Standardization

Ties to geothermal industry
Tools to incorporate own
analysis and plug-ins

SLB-GDMS with and
without Dashboard

. cost



- Well Well Logs Well Chemical Facility
.-_l Landsvirkjun Production Configurations  Analysis measurements
and Injection .

-

senerating
~ Unit

Solution Scope

System and data integration
from field data collection to
geospatial analysis -

— Steam Tables  Well Output Geochemical Power Plant  Horner
3 Link Calculations Calculations Performance Analysis

Image Source: British Geological Survey
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Well Readings Disconnected Capture
through Windows PC/Tablet

DB
synchronization

Data Reporting /
Engineering Analysis

Prop_osed Solution = =] R
Architecture irom PoSIGRES g
(ISOR) _ -
System and data integration - _- 7 s
from field data collection to Dally auto update @ -~ 7 ;7 (oatamanagemeny
geospatial analysis e — %
TE =
R =
= E SRR
MySal
Wiski ViewData
All historical data migration

Data Visualization
In Petrel
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Project Scope
Data from legacy data
systems into Avocet

Build key calculations into
Avocet and OFM

Link OFM to Avocet and set
up preliminary analysis

GIS from OFM and Avocet

Create common item
hierachy and nomenclature

Geothermal Data Management System

Integration of Data from legacy systems

Well Wellhead Pressure & Temperature, Orifice Configuration etc.
Production

.. Flow Rate, Enthalpy, Thermal Power, Electric Power, etc
and Injection

Data Verification, Operator Remarks, etc.

frer Homuply [ Mew
o Filter T Delete I s
scad O, Pacel X Dolste |

Well Production Methods - BJ-13

Datetime | 11/10/2016 14:00:00
~ Atmospheric Conditlons

Pressure (barametnc)

1,013,000 mbar Enthalpy 1559 kifkg

~' Well Head Flow 3100 kg/s

Thermal Pewe 431 MW
Pressure 2036 barg e et

HP Separ; 125 kg/s
= Twe Phase

LP Separator Stesm 19 kegs
| Contral Orifice

Discharge Steam 0.7 kgt
| Contral Valve

Discharge Water 159 kgfs
' Measurement Orifice

Turbine Electrcity 63 MW
~ Two Phase Lip

* Method
Dhamet 154 mm
Pressure barg Method

| Steam Phase History Errors  Navigator
~ Steam Tracer

= Water Phase
= Water Welr

Head

.....
v Water Bucket

| Water Tracer

| Well Configuration

Froductan
Open

“ Verification

Duata Status Raw
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Project Scope

Data from legacy data
systems into Avocet

Build key calculations into
Avocet and OFM

Link OFM to Avocet and set
up preliminary analysis

GIS from OFM and Avocet

Create common item
hierachy and nomenclature

Geothermal Data Management System

Integration of Data from legacy systems

Chemical
Analysis

Sampling Data
Water, Steam and Gas Analysis

Data Verification, Operator Remarks, etc.

I filter CHiGeugly [ Mew  BF Dupleme [T Edi B3 Recakulate History (3} Load Data [T GIs Map
I, sove Fimer T Dvlete Hsme @ temin (3) save Data 7 Call Watch
Eifeoad O, Eacel 7 Detete w1l Edit Chant
Watch Proces P
|zeothermal Fluid Chemistry - BI-13 Chart
Datetime 170772013 163000 Enthalpy [kiflg] # Flow [kg/s] & pH d Salds (TD! ]
Sampée Mumber 803108 L
Well Head Separator
2000
Pressure 14.5 barg Enthalpy
Sampling Flow 1500
Enthalpy 1 a1 A
Enthalpy 1658 kifkg Pressure 1000
Flow 356 ka/s Ternperature
500
Pressure 14.3 barg Steam
Temparature .2 °C Flew 0
Water Analysis Carbon Dicxide, (02
pH 262 Hydrogen Sulfide. H2$
PH Temp. 226°C Hydragen, M2 History Errors Mavigator
Conductivity £4,300.0 uS/cm Methane, CHA Temperature ['C] Flow [gs] | Cak | pH  Hyd | pH Temp. [*C] | Hy | Cenductn/ =
Tatal Dissalved Salids (T0S) mgfkg Water | I-‘-32| 23"':3' | e.s.t | 32'6°| |
Total Suspended Solids (TS$) 1400 mo/kg Flow o it o
50 200
silica, Si02 4670 mofkg i i i
Dissoived CO2 15.0 mg/kg T-pH
{5.30 B 130
Dissobved HZ5 75.51 mafkg Carban Dicvide, €02
720 B3 1760
Sulphate, 504 12.20 mgfkg ticarbonate, HOO3
710 50 2070
Phosphate, POA mafkg Hydrogen Sulfide. H25 —
Al O NH: fydr , H2
mmonia, 3 mg/kg Hydragen, B 7190
Nitrate, NO3 mafkg Methane,CHA | o e o500
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Project Scope

Data from legacy data
systems into Avocet

Build key calculations into
Avocet and OFM

Link OFM to Avocet and set
up preliminary analysis

GIS from OFM and Avocet

Create common item
hierachy and nomenclature

Geothermal Data Management System

Integration of Data from legacy systems

Facility
Measurements

Power Plant Production Parameters
Weather Conditions, Air Quality, Sound Intensity

Steam Transmission, Fluid Discharge, Groundwater Level, etc

Navigation Tree

i Group By Y Mew R Duplicate  [T7 Edit Validations

AsCfDate 4 141z B0 Y Faer

Saved Lists Active Staton ™

B Reset to delault (i heiosd I, Excel.
Navigation

* ¥ Weather Data - Vedurstod

I8 Recatculate History [T GIS Map
Hsee @ neniie [T show Acive Validasioes Only
2% Detete 1/l Ecit Chant [ Recaculate Sereen

Actiong. Mg

History Errors

Datetime & | Presssure [mbad | Dry Bulb Temperature [C]

Datetime 25/08/2013 18:09:00
i LB/ 201 L0160 AT
Favarite Screens
Air Conditions Air Conditions Output ) _
| Well Schematic View Joaro8/2013 M
- Presssure 996.7 mbar Wet Buib Temperature 44°C
Well Logs 03/08/2013 &4
Dry Bulb Temperature 69 "C Diew Point Temperature 08 "C
All Sereens 04/08/2013 L0081 4D
4 Well Broduction and Injectic Rakativg Humitiy % 08TE2013 10128 33
[ well Production Wind Dwection 1800 degs 06/08/2013 L0168 55
- S Hicn ety Wind Spesd 44 mfs 07/08/2013 L0130 145
L :ﬂrllrrw\;ﬂ lPI(xI,lkl‘([IIIII o r e — P o
eather Station Measure 1
Observer Name GBIHMS o
Y i Ouality 09/08/2013 L0059 B
7 Discharge 10/08,/2013 10038
[ Gecthesmal Station 11/08/2013 L0083 &l
7 Groundwater pe— 3
™ : Chart 12/08/2013 L0 1401
Sound Internsity
» 13/08/2013 1.003.0 1544
Steam Transmisson Dry Bulb Temgerature ['C] Wit Bulb Temperature ['C] @ Presssuee [mbar] — Dew Point Temperature ['C
. 14/08/2013 960 157
43 L -
: 15/08/2013 9530 123
Navigatar 8 |
Mame A suetl 15 i \ . ey =0
Kratia 1 KHA T 10 M Ry * sante, **" y 17/08/2013 9920 43
AL § o Peseteg O *
Krafla 2 KRAE % i L g . - 1 e 18/08/2013 9950 &8
o PR R gL L il I L Al
3 A 1" (AL o Ltk b \ LIy a 5 111 s
Krafla 3 KRAF 5 1 i i\ \ ._.“.' T .J_Il M [‘ 1 'h‘lwl - 20082013 LO1LE 5.0
e don ge® b0 . ? 1 T WUPINAT - i
Nésnafall BIAR Hie e k@ -.&f H' " Wl ik ! it J208/2013 10081 14
’ v 0
Reykjahlid - arkorusted VI BIAR | <15, | 3,08/2013 9920 1064
beistareyiir mif | 20 850 240812013 9967 125
[ I-.-'o-.'!urr.m KRR o | I—JS.’WZHIJ 9967 [t
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Integration of Data from legacy systems
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Well Logs Pressure, Temperature, Flow Rate (PTS)
Gamma, Neutron, Resistivity, Spontaneous Potential

Caliper, Cement Bond (CBL)

Slb AvocetVM.Client Screens Common.Ger  Errors  Chart | Ii:,_tuq,.r

Dol &) TabwisikeT | Provic D) | i ”
PrOJECt SCOpe ‘7: 24868 . 1200 _a";
Data from legacy data s “ f
systems into Avocet i /
Build key calculations into L = §
Avocet and OFM
Link OFM to Avocet and set o
up preliminary analysis = 255 |
GIS from OFM and Avocet . R I
Create common item L — —
hierachy and nomenclature e == e
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Project Scope

Data from legacy data
systems into Avocet

Build key calculations into
Avocet and OFM

Link OFM to Avocet and set
up preliminary analysis

GIS from OFM and Avocet

Create common item
hierachy and nomenclature

Geothermal Data Management System

Integration of Data from legacy systems

Well Trajectory

Configuration
g Casings

Schematics

(4 Of Date 4| 1408/201% ® B ] G By
hveran Tfﬂ* i i Versicrs OLAOLAS00 - OLAOL/H000
Syved Lists Wes - Yo Swve Fiter T Dot Eport =
5 gt to cefault T feload O, Eucel I save 2 Delete B L AddVersion  punace Completion Auembly *
Navigaticn Main Vession Toolbar Table
Navigation Tree * 8 Table * b Schematic: PG-04
_ O Name Top [m} Bottom [m] | Lengeh fm} | 00 fom)
Pla !
Favorite Screens | Baaiad i
v 18_5/8 inch . . "
1 ? 1230 6637 TEST | ATEIOC
[ wen Schematic View cp APy 1 :
a Wedl Logs m L
Y Caliper & 480 %287 2747 | 33900 ) |
Y Cernent Band s 1
\ 080 BS54 BT AT |
Flow (Spinner) g \
Gamma GU 7 i i TH060 221285 142225 177.80C \
| Pressure and Temperature
7 Neutron NU
[} Duat Neutron
! Spontanecus Potential
1 Resistivity
) Screens
4 Wedl Production and Injectic
0 well Production
Mavigator Te
well Subsyste |+
|
T. T e b |
I BG4 THR Sean 7
v] Swing View [Flat\iew] Completion View ®,| Vertical | Trajectony
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Key calculations in Avocet and OFM
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List Names Keypad

I Variables lg — e
s
steanrSs [ox ] e e
o -
ol =1 (51 [s] [ kit
i ) () Well Output
Project Scope Steam Tables 3 P
Calculations

Data from legacy data
systems into Avocet

Build key calculations
into Avocet and OFM

Link OFM to Avocet and set
up preliminary analysis

GIS from OFM and Avocet

' o Power Plant _ :
C.reate common item i B Horner AnaIyS|s
hierachy and nomenclature e S Performance —

RS AEtr e Pl Sty
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Project Scope

Data from three legacy data
systems into Avocet

Build key calculations into
Avocet and OFM

Link OFM to Avocet and
set up preliminary
analysis

GIS from OFM and Avocet

Create common item
hierachy and nomenclature

Geothermal Data Management System

Link OFM to Avocet to setup preliminary analysis

Analysis v A

4 L7 Analysis
4y My Analysis
4 ¢ 1. Annual Summary Reports
-l Power Plant Annual Report
= Well Decline Report
*! Well Power Output - Annual Report Krafla
4y 2. Field Measurements
b g 2.1. Plant Power Production
b g 2.2. Weather Measurements
- Wiski-Campbell HF Data - Last 7 days
| Wiski-Campbell Power Data
| Wiski-Campbell Data Summary
! Well Power Input Parameters - Battery Level
4y 3. Well Measurements
b g Flow and Enthaply Methods

x

Electric Power

Krafla Power Production

%
TURB_ELEC_POWER (MW)
—— Krafla Turbing 1
-a—a Krafla Turbing 2 . 190
I | @030 0, )
30 - -
] : 1“% 205
] e
*®
25—
. 1]
20
15
14
10 M e

198 B2 6364 856667 36699091 929394 9596 97 98920001 020304 050607 0808101112 1314151617
Dato

b {up Sample Analysis
b g Casing and Drilling Data
b {up Cutting Data

Power Station Annual Report
Krafla Turbine 1

b4f Log Data Reports
a4 g 4 Workflows
b g 4.1. Well Deliverability
b 4uf 4.2. Predictions
b4g 43. Monitoring Wells
4 3. Documentation L
' FormationTemp i
' Well Logs Plot and Horner Analysis "
€ Launch GIS Map ]

FE pEEEU=E

HRRUERE




Fil Eamalion va - — Landsvirkjun Geothermal Production Basemap 13-AUG-2017
es 00311  Well Deliverability Curve Cinste
~Square for Linear Fit : O. BJ-11 ._ Landsvirkjun )
525 - Fiowrale (kg5 - F— Skidiavatn dtfal
- — Lineat Fit His ik
- - ) Poralisstadad »
45.0 b BRAS
o0
4 BV-01
75 ]
* COMPLETION
© CONDENSER
= DISCHARGE
* LAKE
300 Wrafla 294
I \:«;Is)clr"u:cn.lwp ® EII:SR
1 He02 | & SEPARATOR
. © SPRING
225 » STATION
STREAM
Geiras! : -y » SURFACE
Grapg@LUD-a1 s UNIT
15.0 o v ®
KJ-14
3000 Enthalpy Prediction
3000 T T T T 4
2800
13- 1 .l\/‘—\/
= farks . !
2500 +4 S 2600 P
A . - Enthalpy ( kJdikg ) r - 1 Case Name : Enthalpy
i T 1. ==eeee=  Enthalpy_Prediction { kJ/kg } | E b 10 X
! 1 Axie 2 La0|w | Di £ 0.000216435 Man.
i w  HP Separator Steam ( kg/s ) |} £ 2400 - | ?il ‘]';107‘&,‘0'1: ke
2000 1" 4 Flowrate (kgis) S ] e  10/31/2026
; =——=— HPS_Prediction { ka's ) Final Rate 1 2647.46 klkg
* === TolalFlow_Prediction { kg/s } |L_ aq T gum. g:;d :IE‘UO.;D?OI;.‘; kg
1h t ] Reserves 087123 kI k
!" ot 2200 — | Recerves Date 10312026 ©
L hi 1 EUR : 10501.3 klkg
1500 7 Chak e I 4 Forecast Ended By : Time
o | DB Forecast Date : 08/14/2017
- 2000 Reserve Type : None
. 198618283648556878685990919203949506079898000102030405060708091011121314151617181920212223242526
1000 —— Date

1988182838485868788899091929394050960 798580001 0%1?0405060?08091 011121314151617181920212223242526
ate
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GIS from OFM and Avocet

C 0 | @ 17216172864 o 1 Q0

[ Landsvirkjun Landsyn =
+
N
O LUD-
Project Scope T G
Data from three legacy data o
systems into Avocet
Build key calculations into
Avocet and OFM i o
ACD s .E'“
Link OFM to Avocet and set om ¥ i
up preliminary analysis
GIS from OFM and Avocet

hierachy and nomenclature
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Project Scope

Data from three legacy data
systems into Avocet

Build key calculations into
Avocet and OFM

Link OFM to Avocet and set
up preliminary analysis

GIS from OFM and Avocet

Common item hierarchy
and nomenclature

Geothermal Data Management System

Common Item Hierarchy and Nomenclature

¥ |

S

[All Screens

Well Production and Injection
|: Well Production
Facility Measurements
Chemical Analysis
Wells and Facilities
Bore

Completion

i i |

Condenser
Cooling Tower
Discharge
Lake

Mixer

[l HAOA

Pipeline

Separator

Spring

Station

Streams

Sub-system

i It

Surface
Unit
Well

o m

QOrganization Viewer

Start Datetime -+ End Datetime =  Operation Area -
= » [m/m/wm |m/m/9000 Myvatn Operation Area
Start Datetime +# End Datetime += Site =
& |01/01/1900 01/01/9000 Bjamarflag Site
= |01/01/1900 01/01/9000 Krafla Site
Start Datetime  ® End Datetime = Power Station |
& ‘01/01/1 900 ‘01/01/9000 | Krafla Power Station ‘
Start Datetime +# End Datetime # System +
= ‘01/01/1900 ‘01/01/9000 |KRA Other wells |

Start Datetime -+ End Datetime + Sub-system -

= |o1m171300 |o1/01/3000 | KRA Cold water production
Start Datetime & End Datetime = Well | Function | Product - Active
01/01/1900 01/01/9000 AE-01 Water
01/01/1900 01/01/9000 AE-02 Water

Start Datetime = End Datetime # Sub-system Ll

4 01/01/1900 01/01/9000 KRA Drainage well
= 01/01/1900 01/01/9000 KRA General research
Start Datetime + End Datetime + System -

= [01/01/1900 01/01/9000 KRA R&D data system

Start Datetime + End Datetime + Sub-system =

= |01/01/1900 01/01/9000 KRA Measuring stations
& 01/01/1900 01/01/9000 KRA Sampling point
B 01/01/1900 01/01/3000 KRA Weather Stations
Start Datetime + End Datetime +# System -
= 01/01/1900 01/01/9000 KRA Steam systems

Start Datetime = End Datetime #
c 01/01/1900 01/01/9000
4 01/01/1900 01/01/9000

Sub-system Ll

KRA Injection wells

KRA Steam collecting system and wells
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Future Work

Geothermal Data Management System

o Start capturing manual field data through Avocet web
» Define views for partner collaboration

 Connect OFM to other data sources

« Standardized reporting to field operations
 Extended functionality for geothermal applications

* Design Dashboard for KPI monitoring

18
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Q&A

Geothermal Data Management System

Thank you!
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