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Optimal Well Placement in the Theistareykir Geothermal 

Field for the Next Well in Succession 

Basil Alexander Ira Jefferies 

January 2016 

 

Abstract 

The Theistareykir field is one of many high-temperature geothermal fields in Iceland. 

The development of a 90 MW power station is planned for Theistareykir to connect to 

the national grid for this expanding demand throughout the country. The first 45 MW is 

expected to begin operation of by fall of 2017, with the second 45 MW installation by as 

early as spring of 2018. Since Theistareykir has had several decades of surface and 

subsurface studies performed it is expected to be able fit the demand based on results 

from a conceptual and numerical model that have since been generated. The TOUGH2 

reservoir simulation code was used in the following study, along with the reservoir’s 

numerical model to assess optimal well location and output potential for an additional 

well proposed to be added to the field. This location was determined by simulating 

individually 476 cells within the field and basing calculations on the 178 which 

successfully ran to the 10 year point. Of those, 48 files ran fully to 30 years and were 

included in a second trial simulation period. Applying the results of MWh generation to 

a profit calculator and then discounting, the NPV results of both trials were ordered to 

show the highest grossing wells. Three result maps were generated in order to locate 

trends among the output from each cell in the trials. According to the final results, the 

optimal location for a well would be within cell 533 as it proved to be advantageous in 

both trial periods; however the well track for the newly placed ThG-7 pass through here 

and no feedzone was found to lie within the cell. With some exclusions presented voxels 

638 and 743 were then concluded to pose the greatest benefits from the 30 year data set 

while voxels 538, 657, and 654 grossed highest among the 10 year data. A suggestion is 

given to update the model with regards to its inclusion of ThG-7, as well as ThG-9 

which has not yet been coded for in the model, as it could significantly influence the 

location of future wells. 

 

Keywords; Theistareykir, High-Temperature Geothermal, TOUGH2, Steinar7.7
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Bestun á staðsetningu næstu holu á jarðhitasvæðinu að 

Þeistareykjum 

Basil Alexander Ira Jefferies 

Janúar 2016 

 

Útdráttur 

Þeistareykjasvæðið er eitt margra háhitasvæða á Íslandi. Stefnt er að byggingu 90 MW 

virkjunar á Þeistareykjum sem tengja á við flutningskerfi Landsnets til þess að mæta 

vaxandi orkuþörf í landinu. Fyrsti 45 MW áfangin á að hefja rekstur á haustmánuðum 

2017 og næsti 45 MW áfangi hefur rekstur að vori 2018. Væntingar um að jarðhitakerfið 

geti staðið undir þessu álagi byggja á áratuga jarðhitarannsóknum, hugmyndalíkönum og 

reiknilíkönum fyrir orkuforða kerfisins. TOUGH2 reikniverkið var notað í þessari 

rannsókn, ásamt tilheyrandi hermilíkani fyrir jarðhitakerfi Þeistareykja, til þess að meta 

bestu staðsetningu á næstu holu og væntanlega afköst hennar. Þessi staðsetning var 

metin með því að prófa að herma vinnslu holu úr 476 mismunandi kubbum innan 

reiknilíkansins, og bera saman hagkvæmni þeirra 178 holna sem héldust í vinnslu í yfir 

10 ár. Af þessum holum héldust 48 í vinnslu í 30 ár, en þær holur voru teknar til 

sérstakrar athugunar. Hagkvæmni þessara hola var metin með núvirðisreikningum og 

þær hagkvæmustu teknar til sérstakrar umfjöllunar. Niðurstöðurnar voru dregnar upp á 

kort til frekari glöggvunar. Lokaniðurstaðan var að besta vinnsluholan  færi í gegnum 

kubb 533, en sá kubbur kom best út bæði í 10 og 30 ára keyrslunum. Hins vegar liggur 

hola ÞG-7, sem boruð var eftir að reiknilíkanið var útbúið, einmitt í gegnum holu 533, 

en þá kom í ljós að engin lek sprunga var á þeim kafla sem kubbur 533 svarar til. Eftir 

að hafa tekið tillit til þessa voru kubbar 638 og 743 metnir bestir út frá 30 ára 

spágögnunum en kubbar 538, 657 og 654 komu best út þegar horft var á 10 ára 

spágögnin. Lagt er til að reiknilíkanið verði uppfært með hliðsjón af niðurstöðum 

borunar holna ÞG-7 og ÞG-9, þar sem þær niðustöður gætu haft mikil áhrif á mat á 

staðsetningu næstu hola.  

 

 

Lykilorð: Þeistareykir, háhiti, TOUGH2, Steinar7.7 
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1.0 Introduction 

Iceland has an endowment of geothermal potential because of its location as a hot-spot, 

volcanically active island nation in the North Atlantic Ocean. Iceland sits along the Mid-

Atlantic Ridge separating the North American plate from that of the Eurasian plate. 

Approximately thirty high temperature areas have been discovered across the island (Figure 

1) and several have been deemed economically competitive with the also favorable 

hydroelectric developments already established (Palsson, et al., 2010). These conditions 

allowed for 5.24TWh of geothermal electrical generation during 2014 and brought about 90% 

of the district heating used throughout the same calendar year (Loftsdóttir, et al., 2015). 

However, geothermal generation only accounts for 28.9% of the electrical output of Iceland, 

while the remaining 71.1% was a result of hydroelectric instillations. As well, Iceland utilizes 

two wind turbines which accounted for 8GWh of generation over 2014. Finally, there is use of 

a carbon-based generation system which has seen a decrease in output of 1GWh between 

2013 and 2014, accounting for only 2GWh during 2014 (Loftsdóttir, et al., 2015). As of 2011, 

Iceland was the world leader in energy consumption per capita, coming in at 17.9 toe (tonnes 

of oil equivalent). This high level of consumption is largely a result of the access to 

inexpensive geothermal and hydro-electric energy sources and thus a consequent location for 

energy intensive industry within the country (Ekins, Bradshaw, & Watson, 2015). Of all of 

the combined electrical output options from the country 77% is directly consumed by heavy 

industry. The remaining 23% of electrical output in Iceland is divided up between 17% used 

publically, 3% being unavoidable losses in transmission and distribution, and the remainder is 

accounted for at the generation stations (Loftsdóttir, et al., 2015). 

Careful considerations should be made when identifying potential well locations throughout a 

field at any stage of its development: be it for a test, production, or make-up well. Unlike 

costs for infrastructure and required building materials for the plant itself, which are reflective 

of current market conditions, drilling is one of the more sensitive parameters being accounted 

for. As much as a third of the cost of geothermal utilization comes from the drilling stage 

because of the high levels of uncertainty associated with the productivity and profitability 

estimates of each well (Gehringer & Loksha, 2012). As such, a fair amount of money can be 

saved by applying proper research for locating an ideal well within a field. One such field 

currently being developed and further researched is the Theistareykir geothermal field in 

Northeast Iceland. Theistareykir is one of the largest power plant developments in Iceland, 

estimated to have a potential of 348 MWe over thirty years (Armannsson, 2008). The field 

currently is scheduled to have 45 MW online and operational by fall of 2017 with a second 45 

MW phase planned for spring of 2018 (Juliusson, 2015).  
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Figure 1: Map of the geothermal fields around Iceland  (Armannsson, Kristmannsdottir, Torfason, & Olafsson, 2000). 

 

1.1 Site Background 

1.1.1 Geographical & Geological Setting 

One of the thirty previously mentioned high temperature zones includes that of the 

Theistareykir Field in the Northeast of Iceland (Figure 1, marked as postulated) 

(Sveinbjornsdottir, et al., 2013). The field is located 25km south of the Atlantic Ocean 

(Karlsdottir, Vilhijalmsson, Arnason, & Beyene, 2012), in the western most fissure swarm of 

the Northern Volcanic Zone of Iceland. The experienced high temperatures of this field are a 

result of magmatic activity approximately 2500 years ago (Sveinbjornsdottir, et al., 2013). 

The heat source is E-W trending astride the N-S fissure swarm approximately 4-5km across, 

connecting south 25km to Lake Myvatn and north to the sea in Oxarfjorður, all connected to a 

still active central volcano. The rocks in the area have volcanic origins which can be dated to 

the final stages of the last Ice Age and shortly afterwards (Figure 2). This dating holds 

throughout except for the lavas which resulted from an event about 2500-2700 years before 

today (Armannsson, 2008). The bedrock is of hyaloclastic origin formed during sub-glacial 

eruptions in the last Ice Age, along with interglacial and more recent flows, all of which are 

basaltic by definition. Volcanic activity has been relatively dormant with only 14 eruptions 

during the past 10,000 years, but rifting is still active within the fissure swarms (Kahwa, 

2015).  

The field was estimated to encompass an area of 11km
2
 based on the active surface 

manifestations present but upon TEM & MT sampling it was concluded that the field could be 
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as large as 45 km
2 

(Armannsson, 2008). Regardless of its extent, geologically the field lies 

within a rift valley that can be divided into an east and west portion with a highly fractured 

and thermally altered zone (Palsson, et al., 2010). The eastern portion of the field has been 

explored and determined to have a potential of 200MW, albeit only about half the size of the 

western section, but with bottomhole temperatures recorded up to 380˚C. The larger western 

portion of the Theistareykir field is tentatively expected to yield 100MWe but is more difficult 

to assess and utilize because it lies mostly under lava flows from the events 2500years prior 

(Palsson, et al., 2010); as mentioned above, the age of this lava could be as old as 2700 years 

(Armannsson, 2008). Regardless the age of the most recent lava events above, the recorded 

high temperatures could be linked to a magma intrusion event between 2007 and 2008 in 

which a volume change was recorded at a depth of 7.5-8.3km under the northern portion 

(Karlsdottir, Vilhijalmsson, Arnason, & Beyene, 2012). 

 

 

Figure 2: The geological map detailing the Theistareykir geothermal field (Kahwa, 2015). 
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The Theistareykir geothermal field can be broken into five sub-fields (Figure 3) on the basis 

of geology and geochemical signature of the fumaroles within the field; this separation has 

been confirmed by their isotopic composition of sample. Sections A, C, and D are considered 

most promising area for utilization based on the exploration results  (Okarsson, Armannsson, 

Olafsson, Sveinbjornsdottir, & Markusson, 2013). Area A and the northern reaches of area C 

were determined to be the closest portion to the source of deep inflow of the high temperature 

field (Sveinbjornsdottir, et al., 2013) and area D was recorded to have low radon 

concentrations suggesting good permeability. However, areas C and D are more accessible 

than area A and therefore can be the sub-areas most suitable for the initial wells into the field 

(Armannsson, 2008). Area B is predicted to have a cool and shallow flow which is preventing 

primary steam from reaching the surface which is not an ideal condition for geothermal 

installation (Sveinbjornsdottir, et al., 2013). Finally, in a 2008 study based on a conceptual 

model of the field, there was a mention of area E which suggested a possible upflow zone 

within the area (Figure 4). This upflow zone however is weaker than the one observed in both 

areas C and A (Armannsson, 2008). Another explanation to the lack of promise in Area E 

could be related to observations that determined the western side of the fissure swarm to be 

cooling during a millennia without surface thermal activity (Kahwa, 2015). As a result of 

previously being active, the western portion, area E, has a geothermal resistivity signature 

when observed but is that of a false positive for the basis of development (Juliusson, 2015). 

 

Figure 3: a) Location of the Theistareykir field with reference to the fissure swarms that it is part of. b) Breakdown of 

the five subfields (A, B, C, D, and E) and the location of the nine existing drillholes to date and their respective tracks 

(Sveinbjornsdottir, et al., 2013) & (Okarsson, Armannsson, Olafsson, Sveinbjornsdottir, & Markusson, 2013). 

 

As detailed, the field can be broken into five sub-sections but in all cases the recharge for the 

thermal waters are all non-local in origin. Upon analysis, the isotopic composition signature 
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relates closer to that of waters found within the nearby low temperature fields of the western 

most part of the Northern Neovolcanic Zone as opposed to waters originating from modern 

precipitation events. This means that at least part of the water originates from past 

precipitations during the last glaciation period (Sveinbjornsdottir, et al., 2013), with a 

recharge zone likely to be found southeast of the field, and the overall origin far to the south, 

possibly as far away as Vatnajokull (Armannsson, 2008). The neighbouring fields of 

Hafralækur, Laugar, and Hveravellir are expected to have the same deep-inflow origin waters 

as those analyzed in Theistareykir; however those fields experience more mixing with local 

and recent precipitation. Theistareykir, or at least its effluent waters, are also expected to 

connect to the Husavik thermal field to the north, where temperatures are lower but the most 

depleted waters still exhibit an oxygen shift of 3‰ (Sveinbjornsdottir, et al., 2013). 

Interaction with the groundwater table has been experienced during drilling events and was 

concluded to lie 102m below the surface. Upon completion of the first couple of wells and 

generation of a conceptual flow model, an intermediate aquifer was also determined to exist 

between 600-800m depth. Finally, a hot aquifer located at a depth of 1600-1800m depth was 

observed (Figure 4) (Armannsson, 2008). This same model had its potential estimated with 

the Monte Carlo method suggesting that a 30 year production strategy in the field could result 

in as much as 348 MWe, which could also result in 209 MWe with 50 years strategy, or 104 

MWe with a 100 year production plan (Armannsson, 2008). 

 

Figure 4: A conceptual model of the Theistareykir geothermal field based on the results attained from the first two 

wells (ThG-1 and ThG-2) (Armannsson, 2008) 
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1.1.2 Site Exploration History  

Prior to the start of any surface or subsurface exploration in the area, Theistareykir was the 

host of the main sulphur mine in Iceland which provided the raw materials for gunpowder to 

the Danish king. (Armannsson, 2008; Kahwa, 2015). Alongside the mining operations, 

farming was practiced in the area before being abandoned towards the end of the 19
th

 century 

(Gautason, et al., 2010). Following an earthquake in 1958, locals noted that the surface 

activity had drastically increased after the event but has since shown signs of decline 

(Armannsson, 2008). Preliminary exploration began in the seventies and continued again 

between 1981 and 1983 when a comprehensive surface exploration project was executed. 

Geothermometers gave results of temperatures ranging 232-315˚C within areas A, C, and D of 

the field (Armannsson, 2008). The results from this exploration were further contributed to 

during several later visits between 1991 and 1997 when the surface manifestations were 

mapped and the field chemically sampled, from selected fumaroles (Armannsson, 

Kristmannsdottir, Torfason, & Olafsson, 2000) narrowing this temperature range 263-289˚C 

(Armannsson, 2008).  

Initially, four cold water wells were drilled, labelled ThR-1 through 4, to obtain for use as 

drilling fluids with depths recorded at 128m, 102m, 140m, and 150m respectively. ThR-2 

ThR-3 were recorded close to boiling temperatures while the others were closer to 26˚C at 

depth (Armannsson, 2008). In total, eight shallow wells were drilled to obtain useful 

information on the groundwater flow patterns in the area, as well as supplementing and 

supporting the drilling of exploration wells later on (Gautason, et al., 2010). The two cooler 

wells ThR-1 and ThR-4 were used as the primary source of drilling fluid (Armannsson, 2008) 

for the initial deep exploration wells. The first well, ThG-1, was drilled between the summer 

and autumn months of 2002, reaching a depth of 1953m below the surface (Gautason, et al., 

2010). Samples from this well were contaminated by the drilling process until the following 

summer when results came back claiming a temperature of 280˚C, an enthalpy of 2180kJ/kg, 

and a flow recorded at 16-17kg/s, was contained within. From this same set of well results, 

the proposal that the origin of the fluids of the reservoir is near Vatnajokull came about 

(Armannsson, 2008).  

Since the first well in 2002, a total of nine deep wells have been drilled into the field up until 

2012, ranging from depths of 1723m below the surface to as deep as 2799m (Table 1 and 2). 

From these wells, five of them have recorded bedrock temperatures above 300˚C (Okarsson, 

Armannsson, Olafsson, Sveinbjornsdottir, & Markusson, 2013). Drill cuttings have been 

studied from the first six of these wells in order to outline the stratigraphy of the top 1km. The 

rock column was determined to have basaltic origins, such as pillow lavas, breccias, and tuffs, 

which expressed high levels of alteration below a depth of 100m (Gautason, et al., 2010). 

These alteration minerals that are higher up in the strata give an explanation for the zone of 

over-pressure experienced between 100m and 300m depth in wells ThG-1&4 and further 
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supported by the boiling point curve of well ThG-4. The boiling curve for well ThG-3 

indicates that it, and the eastern portion of the field has not yet reached equilibrium and is still 

heating up. Well ThG-2 only had its drill cuttings analyzed until 300m depth, where 

temperature measures show the well to have lower temperatures, possibly a result of localized 

down-welling of cooler fluids. Finally, it was noted that compared to other fields around 

Iceland, the proportion of intrusive rock is lower within the rock column at Theistareykir. 

However, dike concentration at this location still increases with depth (Gautason, et al., 2010). 

Table 1: Exploration wells drilled into the Theistareykir field. The year of completion (YOC) is included with the days 

to complete (DTC), measured depth (MD), and their recorded true vertical depths (TVD). (Gautason, et al., 2010). 

 

 

Table 2: The exploration wells drilled into the Theistareykir geothermal field with coordinates in ISNET93 format 

(Gislason, 2014). 

 

During the early years of site visits in the late 20
th

 century, direct current (DC) resistivity 

measurements were used within the Theistareykir geothermal field. It wasn’t until an ISOR 

run study in 2004-2006 when transient electromagnetic (TEM) soundings were used to come 

to the conclusion that the 45km
2
 area is surrounded by a low-resistivity cap at a depth 

between 800-1000m below the surface; which is the depth limit to which TEM data can 

remain reliable. In 2007, a magnetotelluric (MT) survey was performed to resolve resistivity 

results to a greater depth, as well as in 2009 when 62 MT and 30 TEM soundings were 
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executed which has since been added to in a 2011/2012 survey with an additional 39 MT and 

8 TEM soundings (Figure 5). The 2009 data had a 1D inversion done which revealed the 

shape of the deep-seated low-resistivity layer throughout the field; from as deep as 15km 

below the surface to a dome between four and five kilometers below the surface. The later run 

survey resulted in an indication of the main heat source and up-flow zones for the field as well 

as an inference to the location of the 2007-2008 intrusion at 7.5km below the surface 

(Karlsdottir, Vilhijalmsson, Arnason, & Beyene, 2012). Between both the subsurface 

resistivity surveys and the borehole alteration/temperature data retrieved from drill cuttings, 

there was good correlation between the results (Kahwa, 2015).  

 

 

Figure 5: Map showing the TEM & MT field measurements, and coloured based on the date in which they were 

performed. The yellow patches represent surface alterations observed. Purple lines are indicative of fissure and the 

faulting structures present in the field (Karlsdottir, Vilhijalmsson, Arnason, & Beyene, 2012). 
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1.2 Development 

1.2.1 Why Develop?  

In an attempt to attract power intensive industry to the Northeast Iceland area the 

Theistareykir geothermal field, along with three other high enthalpy fields within a 30km 

radius were planned to be developed together; a project known as the Northeast Iceland 

Geothermal Project. Initial surveying of the locals in the affected municipalities resulted in 

overwhelming support for the project regardless of the impact it could impose on the small 

communities. The prevailing interest in the Theistareykir field comes from the notion that the 

installed power plant for Theistareykir alone would generate half of the needed 400MWe of 

this daunting project (Figure 6). The project included the addition of a 250,000 tonne 

aluminium smelter situated in the town of Husavik; 25km north of Theistareykir. This would 

be one of the largest geothermal projects globally and also would become the first smelter 

powered completely by geothermal resources (Palsson, et al., 2010).  

 

Figure 6: Geothermal power potential available for the Northeast Iceland Geothermal Project (Palsson, et al., 2010). 

 

The joint plan has been abandoned however and Theistareykir is now being developed into a 

90 MW power plant. The new power station is planned to directly connect to a silicon factory 

in Husavik as well as add to the national power grid for the growing energy demand in 

Iceland; about half the energy produced will be supplied for both destinations listed 

(Juliusson, 2015). The initial operating date is now scheduled for the fall of 2017 for the first 

45 MW. This update came as part of a news reveal indicating that as of April 13, 2015 the 

start of construction of the Theistareykir Geothermal Power Station has officially begun. As 

of the date of release it was made clear that from the current wells and flow results, a total 
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50MWe would already be possible from the field (Gylfason, 2015). Prospects for the coming 

two years also indicate that a total of six to eight more wells could be expected to be drilled in 

the field, as production wells for the next 45 MW power unit (scheduled to be commissioned 

in April 2018), and possibly one well being influenced by the conclusion of the following 

study (Juliusson, 2015). 

1.2.2 Progress to Date 

During the proposal stages of the original project in 2005, the four geothermal fields in 

question were all at different stages of their exploration and development phases. The four 

fields, crossed into three different municipalities, requiring a strategic environmental 

assessment in early 2008. This policy for high temperature fields is the first of its kind in 

Iceland, joining three municipalities and the state for land use and prevention (Palsson, et al., 

2010). As of 2005, the Theistareykir field consisted of only two deep wells, some initial TEM 

surveying and an exploration license for the field had not yet been granted. Since then, the 

National Energy Authority has since granted a production license for a geothermal plant with 

a total size of 100 MW for the Theistareykir geothermal field (Landsvirkjun, 2015). 

As outlined in earlier sections of this report, a total of nine deep wells have already been 

installed in the Theistareykir geothermal field dating as recently as 2012. Two wells, ThG-2 

and ThG-5a, both had problems during development. ThG-2 encountered circulation losses 

during multiple drilling attempts and then was failed to be sealed off to prevent further losses, 

while ThG-5a resulted in a second, low-enthalpy well with liquid water flowing 

(Armannsson, 2008). Neither of these wells have been discharged since their initial flow tests 

were performed. However ThG-5a was plugged at about 800m depth and a new leg was 

drilled at a steeper angle, creating ThG-5b which has been discharging with much better 

results (Armannsson, 2008).  

Lastly, starting in 2008, the company Vatnaskil has been involved with the Theistareykir 

geothermal project in collaboration with Iceland Geosurvey (ISOR) and Mannvit Engineering. 

Their initial work was focused on the development of a conceptual model of the reservoir, 

which has since been applied to a resource assessment study published in 2011 and the 

generation of a working numerical model of the reservoir (Figure 7). The model has 

experienced ongoing development and updating since the report’s initial publication, which 

included suggestions for important input data. These suggestions include new data 

measurements from the reservoir’s production, enthalpy, temperature, and pressure; modified 

after that the drilling of ThG-7 to providing a better fit of enthalpy and production histories. 

This model has also been recalibrated to take into account the inclusion of the new data points 

which was then compared to the original results of the 2011 model in a sensitivity analysis. 

The analysis was done in order to produce a model with greater predictive value, providing 

insight to its validity and the accuracy of the parameter estimation (Þorvaldsson, Arnaldsson, 
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& Berthet, 2014). As ThG-7 was set to begin production in January of 2012 (Þorvaldsson, 

Arnaldsson, & Berthet, 2014) it represents the latest well included into the model prior to the 

execution of the following study; ThG-8 and ThG-9 are both absent within the coding of the 

model. 

 

Figure 7: a) Theistareykir numerical model's mesh overlayed onto its 45km2 geographical location. b) Enlargement of 

the mesh's centre revelaing existing well location (Juliusson, 2015). 

 

2.0 Methods 

The above mentioned numerical model that Vatnaskil has created and maintained was used as 

the basis for the following study, with edits to include the simulation of an additional well 

within the field, which is the focal point of this project. The primary outcome of this project 

was to locate the optimal location, or voxel, within the model based on the output file from 

running iterations of the model in the TOUGH2 program and calculating the net present value 

(NPV) from the results; the determinant factor of optimal well. By running the model for a 

30-year period and obtaining the GOFT output file, the time series that was generated could 

then be analyzed and calculated with to determine the MWh generation possible over its 
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lifetime. A length of 30 years was chosen because it simulates the full lifetime of a typical 

geothermal well (Gehringer & Loksha, 2012). From both the size of the well, MW, and the 

electrical generations expected throughout the year, MWh, the costs and profits of each well 

was compiled over their lifetime. Finally, the application of the appropriate discounting rate 

was made and the final results over its whole life compared to that of every other well 

simulated, generating a ranking of the most to least optimal location to place a future well into 

the field (Figure 8). 

 

Figure 8: Flow chart outlining the important programs used in order, along with the steps taken at each stage of the 

process for the following study. Research, valuation, and justifications can be assumed to be occurring at all steps 

along the way. 

 

In order for this project to be thoroughly and properly dealt with, a few important assumptions 

and justifications needed to be declared and outlined before moving forward with simulating, 

calculating, and resulting. On top of this, important values that are used will be clarified when 

they are brought about in the calculation portion of the project and justified for their use.  

 

2.1 Assumptions Made to Move Forward  

The most important clarification that needs to be elaborated is that of the time period in which 

the simulation took place. As originally proposed, the ideal simulation time length was that of 

30 years, to be comparable to that of the expected life time of a geothermal well. However, 

after the execution of all sampled cells, the most appropriate duration achieved by the 

majority of output results was that of a 10 year simulation; all cells that successfully reached 

Steinar7.7 
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•Calculate Revenue and Cost 
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that of a 30 year output were assessed in both a 10 year trial, as well as a 30 year one. It is 

being assumed that the degeneration of output between years ten through thirty would be 

similar across all cells, and thus their final placement based on the final NPV would remain 

the same. The only expected change would be that of their actual NPV-values, expected to 

change proportionally to one another. 

A second major assumption was made with regards to the existing wells in the field and their 

productivity experienced based on the coded numerical model of the Theistareykir field. An 

attempted was made to update the model to include working well production codes for the 

existing wells already in place in the field, prior to simulating the additional cells within the 

scope of the project. Due to limitations of knowledge on the individual bottom-hole pressures 

and productivity indexes of each of the existing nine wells, we could not properly provide a 

production regime that did not cause the simulation to abruptly stop because of drying up or 

recorded boiling at depth. This limitation also extended to the shallow, cold water wells, ThR-

1 through 4, used to accompany the drilling process that was apparent and visible within the 

code of the numerical model. As a result because of this limitation, the execution of each 

simulation was run without being coupled alongside the other wells, which could have 

impacts on the reliability of the final conclusions. We are assuming that the wells which show 

promising results in the conclusion are justifiably relatable to results that would be obtained if 

the existing wells were working alongside for their own 30 year lifetime. In other words, “if 

we conclude A to be the best location, it is expected to still be the best when the former wells 

produce alongside of it”.  

A partial calibration was taken into account for this problem. The model was executed using 

its initial coding for the existing wells, running from October 24
th

, 2007 through June 21
st
, 

2011 in order to generate an up-to-date INCON-block. One problem of this calibration was 

that the newest well in the reservoir was coded not to begin production until January 12
th

, 

2012. This is the latest coded start date in the model, calling for production until August 30
th

, 

2012. The model’s coding lists both of these as being well ThG-7; one section in DA717 and 

the other in FA488. As a result, the INCON-block used for calibration and that which was 

imported over into the model used for this project does not include the results of activity 

within either cell representing different portions of ThG-7. Attempting to extend the other 

wells’ coded time frame to this date also resulted in the same reservoir problems previously 

encountered. Again, it is being assumed that this lack of production history in the model prior 

to its simulation is non-detrimental to the results obtained at the end of the project. Therefore, 

the final conclusions made would remain the same whether or not ThG-7 ran for its short time 

which is was initially coded for; assuming it too could not run a full 30 years just like all other 

wells. 
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Another assumption was made with regards to the timing of the simulation period. As 

explained above, the scope of the project was to simulate an additional well for a 30 year 

lifetime into the future. As the current working data only allowed execution of the previously 

in place wells until mid-2011, our INCON calibration was only accurate to this point. It is 

being assumed that changing the date from June 11
th

, 2011 to the future date of January 1
st
, 

2016 without executing the program during this time period, the imposed INCON data was 

still accurate to have simulations based upon. Therefore, it was assume that running the 

simulation from Jan 1
st
/2016 with an intended 30 year lifetime, coded to stop December 31

st
, 

2045, would be equivalent to starting it at the point of the existing well’s termination. The 

effect of this jump in time would prevent any potential errors from developing during each 

simulation; errors influenced by the time frame in which both sections of ThG-7’s are coded 

to operate. It is also expected that the well will not be placed and ready to functioning to its 

full capacity on the eve of January 1
st
2016, but in doing so made the selection of a 30 year 

period easiest. This is assuming that its placement, be it January, May, or September, is 

unaffected by time other than that caused by the production from the existing wells in the 

field and not a seasonality effect on the well’s productivity. 

 

2.2 Technical Programs 

A couple major programs were used in order to execute this study thoroughly, mentioned in 

detail below. Others that were used to make efficient use of time and ease of execution will 

also be noted but are not required to duplicate the results obtained throughout this study. One 

such program was NotePad++, which was used to read, edit, and manipulate the working 

model with ease, as opposed to opening the THR.dat file in word, excel, or notepad; THR.dat 

is the TOUGH2 input file (numerical reservoir model for Þeistareykir) that was supplied by 

Egill Juliusson on behalf of Landsvirkjun, and is an advisor for this project (Juliusson, 2015). 

2.2.1 TOUGH2 

TOUGH2 is a numerical simulator designed as a tool for geothermal reservoir engineering for 

non-isothermal flows of multi-phase and –component fluids within a 1-, 2-, or 3-dimentional 

porous and fractured media. TOUGH2 does this by solving the energy and mass balance 

equations which describe the fluid and heat flow of the system, via discretized continuous 

space and time variables. The thermophysical parameters, nature, and properties of the fluid 

mixture are supplied to the governing equations by providing the correct equation of state 

(EOS) module into the system during its execution. EOS1 (water, water with a tracer) was 

used for the purpose of the study supplying the properties of water in a single or two-phase 

state based on the steam table equations (Pruess, Oldenburg, & Moridis, 2012). 
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Before the model was ready for the execution stage, multiple calibrations and a couple edits 

were required to be made to the initial coding. As the model was supplied with an execution 

period of 10
-16

 seconds before January 1
st
, 1970 through to 10

16
 seconds after this date, it was 

first run without edits to reach a time step that terminated the execution and indicated 

equilibrium within the reservoir. From this first set of output files, the INCON-block of the 

original model was replaced with the equilibrium result in order to update the hydrothermal 

values of the model to ensure that it was executed from steady-state. From here, the execution 

period was adjusted to start at 119323400 seconds after 1970, or October 24
th

, 2007, until 

1308665700 seconds, or June 21
st
, 2011. June 21

st
, 2011 is the most recent pre-programmed 

date in the model for the existing wells in which they were reported to be non-producing 

anymore and before the simulation would report drying up if run any longer. In doing this step 

and copying over the resultant INCON again, the steady-state of the reservoir was adjusted to 

be representative of previously experienced production phases. The coding of a GOFT-block 

was then included into the model as it is the output file which specifies the variables related to 

the sinks/sources within the reservoir; the GOFT data is the output file needed for post-

processing. Included in the GOFT block was a line coding for the generation of a file for the 

specific voxel being simulated; this specific cell would require updating with each iteration of 

the model. The time input was then changed to read 1450656000 seconds to 2396736000 

seconds after 1970, to represent that of the 30 year production lifetime simulated for.  

Finally, a single line of code that specified the extraction of the well was included using the 

table option (Pruess, Oldenburg, & Moridis, 2012). This code was input into the model under 

the GENER-block, with the format shown in the formatting below; 

 

GENER----1----*----2----*----3----*----4----*----5----*----6----*----7----*----8 

EA###PRD11      fb11d    0.2e-12 

 

The first letter, “E”, represents the layer within the model to which the well was producing 

from. By using the Steinar7.7 program, it was identified that layer E has a central depth of 

1450m below the surface, with a top boundary of 1300m and a bottom boundary of 1600m 

below the surface within the model. In relation to the background of the reservoir detailed in 

the introduction, this would be equivalent to the layer directly above the hot aquifer located at 

a depth of 1600-1800 below the surface, but was chosen as most wells already in place are at 

a depths between layers D through F. The letter “A###” in the coded line is part of the 4-digit 

cell identification code, found also in the Steinar7.7 program, and the numbers specify which 

exact voxel is being sampled from; from here on the “A” will be dropped from the cell 

reference when referring to it. Fb11d indicates the execution of an external disk-file which 

was triggered to be read, supplying the flowing bottomhole pressures of the well related to its 



16 

 

constant wellhead pressure (10 bar-a) as the flow rates and flowing enthalpy changes with 

time throughout a well’s life (Pruess, Oldenburg, & Moridis, 2012) (Appendix A – Coupled 

Wellbore Flow Table); this table relates to a depth of 1525m below the surface (Juliusson, 

2015), which layer E includes. The last value in the code line is the productivity index, which 

was set at a value of 0.2e
-12

. Originally, it was to set at 0.2e
-11

, but was reduced by a factor of 

ten to further prevent subsurface boiling or drying up within the reservoir. Due to time 

restrictions and limitations of the knowledge about the individual voxels, each was assumed 

to use the same PI rather than calculate for each separately prior to each simulation event. 

2.2.2 Steinar7.7 

The second significant program that has been used throughout this study was Steinar7.7, or 

otherwise known as RockEditor within the application itself, developed by Vatnaskil. This 

program can be used to generate the MESH-file for execution in TOUGH2, allowing for the 

inclusion of rock properties such as specific heat capacity, density, 3-dimentional 

permeability, etc. It also allows the user to create, reshape, and manipulate the grid structure 

within a reservoir while attaching the generated profile to an image or geo-referenced location 

which thus connects the individual voxels to X and Y coordinates of the globe (Figure 7). It 

does not function with topographical differences and therefore the model mesh it creates is 

that with uniform layer thicknesses set by the operator. The multiple save files that this 

program generates such as the CONNE-, ELEME-, and INCON-blocks can be copied over 

individually into the working model file to be read by TOUGH2. It should be noted that for 

the purpose of this study the above mentioned properties of this program were not used. The 

model was supplied ready for use, with additional generation and cell manipulation not being 

required to progress. 

Initially, Steinar7.7 was used to identify the specific cell-codes within the field to be sampled 

as it incorporates a function which will display cell identities when activated. The sampled 

area was first determined by identifying the active portion of the field within the model, by 

locating the existing wells and choosing neighbouring sections of the field first with the 

assistance of Figure 7b. The sample size was further increased by checking the layers of the 

field within Steinar7.7 where it was noted that the currently producing wells are located in 

differently coloured portions of the field; the colours each represent different sets of rock 

characteristics. The total selected area to be sample was then extended to include everything 

until the first row in the outer most colour visible in the field within the layers at depth 

(Figure 9). After the simulations were executed and the output data was calculated, Steinar7.7 

was also used in order to generate cell profile maps displaying the profit results attained from 

the study. The existing model was manipulated by changing the colouration of the cells in 

accordance to their ranking of NPV for both the 10 and 30 year trials, as well as an additional 

map showing the cells’ applicability to the study (discussed below). A final map was also 
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generated in order to display the suggested cells for the optimal location based on the 

combined results from both the 10 and 30 year trial. 

 

 

Figure 9: The nine layers below the surface as displayed in Steinar7.7, extended to the full extent of the sample area 

for the project. i) Layers B&C, ii) Layer D, iii) Layer E, iv) Layer F&G, v) Layer H&I, vi) Layer J 

 

2.3 Execution Process 

In order to execute TOUGH2, the model was altered to include the voxel number in the coded 

line displayed above, as well as in both the GOFT- and FOFT-blocks which are a couple of 

the output files of each simulation’s execution. The coding for the GOFT and FOFT lines 

looked the same as the first half of the extraction code displayed above ( EA###PRD11 ). 

Between each execution, the model was saved to apply the three cell changes that were made. 

After this step, in the Windows-Run option, using the command (cmd) window, TOUGH2 

was triggered by opening the correct chain of folders within the computer (below as XXXX) 

and then commanding the model to execute using the EOS1 protocol: 

C:\ XXXX >EOS1 < Thr.dat > ###.out 

As each well sampled consisted of a different number, it was easiest to save the output file in 

accordance to it. The .out and GOFT file generated from each execution were then retrieved 

from the same folder in which TOUGH2 runs from, ensuring that both files included the cell 

specific number. The remaining output files were then cleared from the folder in order to 

allow execution of the next cell, without user-end problems arising. Upon each execution a 

note was made beside the cell number being simulated to avoid duplications and missing 

cells. This was done with the use of a list of all cells within the sample which was typed out 

previous to any of the runs of TOUGH2. This process was repeated until all cells had been 

tested. The NotePad++ file could remain open for edits of the following execution, so long as 
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saves were made when TOUGH2 had finished and generated the previous output files. This 

was done to save time during the execution phase as it took close to 50hours to run all 476 

simulations. 

 

2.4 Excel Workbook Calculations  

Initially, all of the GOFT-output files were unorganized directly from an output state of 

TOUGH2, sorted as rows of text all within a single column. Using the text-to-column 

function in excel and then delimited by tabs and commas, the 50-500 rows in each output file 

was separated accordingly into their respective columns, remaining in their order from earliest 

to latest time steps achieved during program execution. One column among the data indicated 

the Index Number which associates the voxel code into a second identification number 

specific for each cell, as the output file does not include a column designated to the voxel 

number itself; i.e. EA715. The index number was used in the identification of a human-based 

error in which cell 715 was saved as a duplication of 836, most likely during the GENER, 

GOFT, and FOFT renumbering phase. This mistake would have most likely occurred when 

the Thr.dat file wasn’t saved before the next execution was initiated; likely 715 was input into 

all three blocks of the model but never saved as such yet the execution was still title 715.out. 

2.4.1 Percentile justifications 

Upon the completion of executing all of the proposed cells for the project, the cut-off run time 

of each output file was compiled together; all files that failed to generate an output file were 

recorded as non-working and ignored in future steps and calculations. The time data was 

sorted in ascending order and the twentieth, twenty-fifth, and thirtieth percentile results were 

generated. This level was chosen because initially, all output files would have been analyzed 

had they all made the 30-year mark. Since a portion of the files were reported to have their 

maximum time below the 10 year period, a method for removing the error files was required. 

As Table 3 exhibits, the 20
th

, 25
th

, and 29
th

 percentile results were also below that of a 10 year 

extraction simulation yet the 30
th

 percentiles resulted in files that included only those with 

runtime 10 year and above.  

As was noted during the calculation phase with the files, one duplication was accounted for 

and eliminated from the data set and another file had its time input incorrectly recorded which 

both affected the cut-off value reported for the thirtieth percentile result (Table 3). Due to the 

change in result, one of the files ignored under the initial cut-off point when moving forward 

with the 30
th

 percentile data was then included into the working sample set; cell 725 which 

reported a run time of 10.3486 years. Since this correction was made towards the end of the 

calculation phase, a time value of 10.362 years was used when graphing the results to attain 

the best-fit line for all files except the newly included file; as data from cell 725 did not reach 
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a time of 10.362 years to be included in the plot. All files that successfully ran to the 30 year 

mark were included in both a 10 year and 30 year comparison to base a second set of results 

on for graphical and numerical presentation. This was done to supplement the shortcoming of 

a majority of output files that did not achieve the desired run length and compare among files 

that did reach the 30-year lifetime, as to be expected in a geothermal well.  

 

Table 3: Percentile-Time results for the working output files 

Initial Years 

Achieved 
Percentile 

Corrected years 

Achieved 

9.3843 20th 9.3775 

9.6876 25th 9.6501 

9.9884 29th 9.9884 

10.3621 30th 10.2925 

 

As the output data was set in time with respect to the zero date of January 1
st
, 1970, the first 

calculation that needed to be made was that with respect to the output time series. Since the 

start time of the program was input to be 1450656000s from this point, this value was 

subtracted from the reported time in each line of the output data. This was followed by a 

division of 31536000, which is representative of the seconds in 365 days, to generate the 

placement within our well’s lifetime, from 0-30 years. For this step, 365 days was the chosen 

time interval because it generated a final step in all outputs of 30 years to be equal to that of 

30, whereas using 365.25 in this part of the calculation, albeit representative of the leap years, 

the result generated a termination time of 29.9783 years; this could be a result from either the 

coding to the 30 years mark not allowing another time step before crossing the 30.0000year 

point or that TOUGH2 does not account for leap years within the program’s coding. 

2.4.2 Well Output Calculations 

Using the newly calculated time result from above, a scatter plot graph was then generated 

with two sets among the data. The respective values from both the FlowRate (kg/s) and the 

Enthalpy (J/kg) were plotted with the time along the X-axis and the former both plotted along 

the Y-axis. For all of the files within the now reduced sample size, the time step cut-off time 

used was 10.362 years. All files, except the one late included file, was allowed to be graphed 

to this point in which all remaining points were ignored thereafter. The trend line was then 

imposed onto the graph along both slopes to generate the equation for the line of best fit. In an 

attempt for the best accuracy, the equations were extended to present four decimal places for 

each variable of the equation.  

The generated equations were then used to calculate the flow and enthalpy at regular time 

intervals in an attempt to make calculating the output and NPV easiest and uniform across all 



20 

 

samples. This was done on account of the fact that each time step of the original data was 

independent between all files, so few saw the same spacing between steps and not all files had 

the same initial first step. It was determined that the best spacing between time intervals was 

three months, or a quarter of the year. This was based on the notion that the smaller the time 

gap between each point, the more accurate to the actual expected value the results could be, 

but since the calculated results are uniformly changing over the year a six months spacing 

could be appropriate. However six month could also too large of a temporal gap for reliability 

and the values for one through five months were not simple numbers to replicate for 

calculation purposes. The selected three month spacing also made it so that among results 

where the changes were subtle they could still be accounted for over the year without 

excessive calculations needed to find the change. Such subtle changes were most apparent 

when using the steam tables with the calculated enthalpy.  

As a quarter a year was the time interval, it should be clarified that results for 0.25, 1.25, 2.25, 

X.25, etc. means results for a theoretical period of January through March. This can be 

brought into the other times such as X.50 being April through June, X.75 being July through 

September, and finally X.00 being October to December. As mentioned in the assumptions 

section, if the well was in place and ready to function at a period not that of January 1
st
, the 

three month period would be from its start date until three months later, and so on for the 

other intervals.  

Once the table was set up from a time of 0 through 10 at 0.25 intervals, the best-fit equations 

were included in the next columns replacing the X of the equation with the time step it was at; 

the columns of FlowRate and then Enthalpy. Next a column was input for Steam Fraction 

which was calculated using an external SteamTable (Holmgren, 1997) using the section 

denoted as “Properties given pressure and enthalpy” and setting the pressure at 10bar-a; 

wellhead pressure common in the Theistareykir Field (Juliusson, 2015; Palsson, et al., 2010). 

Each resultant enthalpy was copied over and the “Vapour fraction” percentage result was 

copied back into the newest column of the working file. The vapour fraction was then 

multiplied with the resultant flow rate in the next column representing the Steam Flow from 

the well for that quarter. Next, the MW for the quarter was calculated by dividing the steam 

flow by 1.77 kg/s/MW, which is the value for the efficiency of the turbines used at the 

Theistareykir Plant (Juliusson, 2015). Finally, the last calculation that needed to be performed 

was that for the megawatt hour (MWh) production from each quarter. This was done by 

multiplying the MW result with 2191.5 hours or the value of one quarter of 8766 hours in 

every 365.25 days; taking into account the time influence of a leap year. From this point, each 

year to date was summed up giving the generation for each year over the 10-year period of 

functionality of the well; the output from year one through ten, as there was not output in year 

zero.  
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2.4.3 Net Present Value (NPV) Calculations  

Net present value takes the concept of the time value of money into account, or assesses the 

notion that a dollar in the future is not worth a dollar today. This difference in values through 

time can be a cause of arbitrage, but can be accounted for by applying a discount rate, 

sometimes known as the social discount rate; typically it can be related to that of a relevant 

interest rate (McAfee, 2006). For the purpose of this study, the value of 12% was used as the 

discounting rate; represent by the r in the following equation. (Gehringer & Loksha, 2012). 

This equation describes the conversion of all financial streams, initial and yearly costs as well 

as revenues, which are occurring at different times (years = n) throughout the project period 

and aggregated together which results in the overall worth of the investment for the total 

duration of the project (McAfee, 2006). 

 

     
                  

      

 

   

  

 

The final set of calculations that were made before determination of the optimal wells was 

those associated with NPV from the wells’ projected outputs. The expected revenue stream 

was based on the yearly MWh summation from above which would be generating $35 USD/ 

MWh; 3.5₵ /kWh (Juliusson, 2015). The next calculation was for the costs expected from that 

of the well itself as well as both the yearly fixed and O&M costs of generation. The cost of 

the well was determined from the maximum achieved MW value throughout the 10 year life 

span of the project, costing 1,200,000.
00

 USD/MW. An average a well costs $1.2 million to 

$1.5 million USD per MW installed in a typical 50MW plant, where the wells are drilled to 

reach 2km below the surface (Gehringer & Loksha, 2012). Specifically at Theistareykir, wells 

have been recorded to be in the range of $2.5 to $4 million USD (Juliusson, 2015). Based on 

the chosen cost above, a well ranging in output from 2.1 to 3.3 MW should be expected if it 

was to match wells previously drilled into the field. As the cost of the well is only paid once, 

it was recorded in the year zero line, whereas the yearly costs were calculated to be inclusive 

through years 1 through 10. The fixed yearly costs were calculated by charging 35,000 USD 

per MW, the maximum reached over the whole lifetime of the well, and adding this value to 

the O&M costs, which was set at $2 USD/MWh-generated for each respective year 

(Gehringer & Loksha, 2012) (Table 4).  
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Table 4: Equations used for the various financial streams calculated for. 

Year Revenues (USD) Costs (USD) 

0 -- 1,200,000 * Max MW achieved overall 

1 - 10 35*MWh each year (35000* Max MW achieved) +  (2*MWh each specific year) 

 

The final step in the process was calculating the NPV from the whole generation period, 

which was done by applying the NPV equation above. The combined results of revenues 

minus costs for each year were discounted for before a final summation of the results from 

year zero through ten was performed. It should be noted that NPV was based on whole year 

values and was not calculated at quarter year intervals as the generations from the four 

quarters of the year were summed together before dollars were calculated and discounted. 

From this final value, a compilation of all voxel results was combined into a single file in 

which the data was sorted from greatest revenues expected to the most costly wells calculated 

for. 

2.4.4 Differences for Calculations within the 30 year results 

The major differences between the execution of all calculations in the 10 year comparison and 

the 30 year one was that the time intervals of 0.25 were continued to reach a point of 30 years. 

The graphing of the initial output data was also different in that there was no cut-off time 

implemented for the data being graphed but instead all data points reported in the output file 

were included to influence the two generated linear equations to then be used. All steps which 

extended the calculations through to year ten were thus extended to through year thirty, 

including the back and forth inputs required when using the steam table to calculate the steam 

fraction. There was also no prior-to exclusion of some of the files, as all who reached the 30 

year output time were included into both study sets. 

 

2.5 Map Generation 

Using the sorted list of results for both of the 10 and 30 year trial calculations, the data was 

broken into manageable groupings. The result outcomes were grouped according to the 

breakdown in Table 5. This separation was done so that graphically, a higher concentration of 

the map would be that all blue tones representing the bottom 60% of the results while the cells 

worth recommending and researching further would stand out being more vibrant in colour; in 

a geothermal sense, the cooler wells are blue and warmer wells are red. Cells that did not turn 

a profit at the end of the project period, but instead left remaining costs behind were not 

excluded from the graphical representation but left respectfully in their placement among 

other wells, at the bottom of the list and colour profile; those being cells coloured purple.  
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The colouration from hot to cold output is only used with the two generated result-maps, 

which show the most profitable potential cells where as one addition map was generated. The 

third map shows all cells that were sampled from but instead of red representing the best cells, 

it was coloured like a traffic light, where red represents cells that failed to perform during 

execution, or had stopped. The cells failing to reach the desired 10 year project life were 

therefore set as yellow, while green cells include all those above trial period which were 

calculated for the other two maps. Finally, blue-green cells represent the 30 year wells that 

were included in both trials, keeping to the traffic light colouration but being left 

distinguishable in map for visibility within the reservoir. This was done in case there is a 

visible trend of where in the field the full-trial output data was generated from. A final map 

was generated without a colouration analogy but where each colour represents a suggested 

optimal location for placing a new well based on various factors; five colours were used for 

five different suggestions. 

Table 5: Breakdown of the colouration applied to the two Steinar7.7 result maps, and the count of inclusive cells 

Ranking Percentage Colour Count in 10 year Data Count in 30 year Data 

91-100 Red 18 5 

81-90 Orange 18 5 

71-80 Yellow 17 5 

61-70 Green 18 5 

41-60 Light Blue 36 9 

21-40 Dark Blue 35 9 

0-20 Purple 36 10 

 

3.0 Results 

A total of 476 voxels were included in the sample selected for this project. This is not 

inclusive to the displayed area shown in the maps because of a human-made error at the start 

of the process when copying the list of all cells to be simulated. The displayed area actually 

includes 482 voxels, in which six were not simulated. This was determined after calculations 

were complete and the map generation had already begun. One of these exclusions includes 

voxel 715 which was explained earlier as being a duplication of another cell. The other five 

wells excluded can only be deduced to be an error made during the initial copying over 

process without justification for each; either being written out wrong or not at all. These other 

excluded voxels can be identified as 277, 590, 636, 656, and 795. The results generated a total 

of four different maps. In the first of these, the error cells are included in the grey-portions 

which represent all cells outside of the sampled area (Figure 10). The enclosed boxed-area of 

Figure 10 is meant to represent a uniformly zoomed-area for the maps generated by the results 

(Figure 11, 15, and 16) but is larger than dimensions used in the map of Figure 17. 
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Figure 10: Map showing the cells outside of the sample range (grey), existing wells within the reservoir (black), non-

generating cells (red), cells running shy of the desired 10 years (yellow), and calculated outputs in the 10 year trial 

(green) and both 10 & 30 year trials (blue-green). The boxed area matches that of displayed in the maps in Figure 11, 

Figure 15 andFigure 16. 

 

Of the 476 cells within the model that were simulated, a total of 220 failed to generate any 

form of output data. The remaining 256 cells displayed varying levels of run time in the 

output data. There were 76 samples that generated output data running shy of the 10.362 year 

cut-off period and were excluded from calculations; 17 of these files failed to achieve output 

for even one year of simulation. Of those 76 voxels, one was excluded from calculations by 

only reaching a runtime of 10.006 years, which was below the 30
th

 percentile mark. The 

remaining 178 files all were included in the calculations for 10 year lifetime trial. Out of all of 

the voxels that were sampled from, 48 generated output results that achieved the 30 year 

projection and were therefore included in both trails (Figure 12).  
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Figure 11: Map showing the error cells within the sample range (grey), existing wells within the reservoir (black), 

non-generating cells (red), cells running shy of the desired 10 years (yellow), and calculated outputs in the 10 year 

trial (green) and both 10 & 30 year trials (blue-green). Also visible are the in-place well tracks (purple lines) and the 

two neighbouring mountains have been labelled. 

 

Figure 12:  The breakdown of all 476 sampled cells. Red are those cells failing to be simulated, Combined, the yellow 

represents all below the 10 year mark; broken into groups below and above a period of one year. Combined, the green 

portions are all within the 10 year trial, while the dark green section alone is also included in the 30 year trial. 
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In order to generate the next two result maps, many calculations were needed as detailed 

above. In both sets of trial calculations the first time step of the initial output data was at 

0.0876 years or 2.191 years, distributed evenly between files in the 30 year trial, but with a 

greater concentration of the 10 year files being the former time point. The late time step was 

not solely recorded to be in files that reached the 30 year point but also in some that were 

short of the desired 10 year mark and several throughout files remaining in the 10 year trial.  

 

3.1 Ten Year Trial Results 

Throughout all of the enthalpy calculations during the 10 year trial, and thus the resulting 

steam fraction values, cell 651, was the only one to report a fraction equal to 100% steam; it 

only occurred once during the last quarter of the final year. This file also reported the highest 

attain maximum MW outage of the simulated files during the 10 year trial, with a record value 

of 4.493MW during the first quarter of year eight. The line of best fit from this file suggested 

an increase of 87.92kJ/kg (Figure 13) in enthalpy per year, which was the steepest positive 

increase in enthalpy reported among the files also. In contrast, voxel 718 reported the second 

highest steam fraction, valuing 98.69% during the first quarter of production, and the steepest 

decline in enthalpy per year at 116.34kJ/kg (Figure 13). The lowest steam fraction attained 

throughout the data set was in voxel 472, which came in at a low-point of 16.94% during its 

first quarter of production, and increased thereafter for its 10 years. Close to a quarter of the 

best-fit enthalpies result in an increase over the 10.362 year dataset which was graphed, and 

the other three quarters are decreasing over that time. As a result of being the highest MW 

attained, it was also the highest MWh for all of quarters of all files with a three month output 

of 39359MWh in cell 651. Cell 472 holds the record for having the lowest recorded MW per 

quarter, with an output of 0.4811MW or 4243.8MWh/quarter. Finally, the two cells 616 & 

777, expressed a change in enthalpy of zero over the 10 years.  

 

Figure 13: The change in enthalpy in the 10 year trials, for well 651 (left) and well 718 (right).  
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As for the flow-rates attained throughout the simulations, the slowest extraction rate was 

recorded during the first quarter of operation in voxel 718, flowing from the well initially with 

a value of 4.177 kg/s and increasing at a rate of 0.6561kg/s/year; the highest increase in flow 

rate observed over the data sets (Figure 14). Cell 368 attained the highest achieved flow rate 

from the simulated wells, at a value of 12.912kg/s during its first quarter of operation. The 

same cell resulted in a change of flow rate of 0.5007kg/s/year, which was the greatest 

decrease in flow recorded as well (Figure 14). Overall, there was even split among the files as 

to whether there was an increase or a decrease in flows over the 10 year lifetime.  

 

 

Figure 14: Change in flow rates from the wells, in the 10 year trials, for well 718 (left) and well 368 (right). 

  

Finally, the largest grossing well that underwent the calculation phase was that of cell 463 

which has been projected to generate a profit of $838,871 USD after 10 years. Runner ups for 

generating the highest profits were that of voxels 533 and 651. All three of these cells were 

calculated to generate profit above a value of $650,000 USD. A total of 24 wells grossed 

above the $500,000 USD point as well; all but six of these are visible in Table 6. Of the 178 

voxels in the trial 99 reported net gains above $400,000 USD, which are made visible in 

Figure 15 as the cells coloured from light blue through red. A breakdown for the NPV output 

range inclusive to each colouration can be found in Table 7. On the opposite end of the 

spectrum, nine wells were concluded to cost money at the termination of the 10 year period 

and three reported with less than $10,000 USD of gross profit. Of the 178 values calculated, 

none experience any ties with another well’s value in terms of profits over the 10 year period.  
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Table 6: Top 10% of NPV results from the 10 year project lifetime. 

Voxel Number Simulated Until (Years) NPV Result (USD) 

463 12.946 $   838,871 

533 29.999 $   718,439 

651 12.628 $   671,378 

538 11.118 $   587,529 

657 12.786 $   577,669 

654 29.999 $   560,960 

652 12.751 $   558,425 

640 12.603 $   550,037 

642 11.109 $   549,601 

650 13.251 $   548,059 

719 11.116 $   542,258 

625 12.205 $   539,536 

749 29.999 $   528,004 

758 12.551 $   520,907 

648 11.210 $   519,851 

750 11.820 $   519,580 

722 13.035 $   517,200 

659 29.999 $   514,105 

 

 

Table 7: Range of NPV results in each colouration breakdown (Table 5) for both the 10 and 30 year trial sets 

Ranking Percentage Range of 10 Year NPV (USD) Range of 30 Year NPV (USD) 

91-100 $838,871 - $514,105 $2,268,285 - $ 2,139,605 

81-90 $509,965 - $493,313 $2,041,475 - $1,988,895 

71-80 $491,502 - $470,519 $1,983,326 - $1,831,111 

61-70 $469,979 - $447,686 $1,808,851 - $1,572,630 

41-60 $446,732 - $380,885 $1,512,392 - $1,350,049 

21-40 $378,979 - $265,074 $1,349,632 - $1,073,000 

0-20 $262,296 - $-58,765 $1,071,201 - $450,238 
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Figure 15: Map displaying the 10 year NPV results in pre-assigned intervals (See Table 5 for specifications); red being 

the highest 10% of profits, light blue the middle 20%, and purple being the lowest. Black cells represent the existing 

wells within the reservoir whereas the black line segments are the well-tracks in place. Neighbouring mountains are 

labelled for reference. 

 

3.2 Thirty Year Trial Results 

The highest reported steam fraction obtained in the 30 year trial was in voxel 749 during the 

final quarter of its extraction lifetime; at a value of 90.98% steam or an enthalpy of 

2594.9kJ/kg. This same voxel was reported to have the highest increase in enthalpy per year, 

changing at a rate of 32.419kJ/kg/year. Voxel 555 attained the lowest steam fraction value 

during its first quarter of operation with 17.48%, or an enthalpy of 1114.7kJ/kg. The greatest 

declining enthalpy rate was that observed in voxel 762, changing at a rate of 0.774kJ/kg/year. 

Of all 48 files assessed within the trial, only five of the graphed enthalpies declined during its 

lifetime, none reported being stagnant and constant, and the rest all increased to some degree.  

As for the range in flow rates, the highest flow was in voxel 659, flowing at 12.2954kg/s 

during the first quarter of its simulation. The weakest flow rate was in cell 555 where the flow 

during its final production quarter was at 4.5347kg/s. Voxel 659 saw the greatest decrease in 

flow per year changing at 0.1734kg/s/year. The greatest increase in flow was in voxel 654, 



30 

 

which lost 0.0065kg/s/year of extraction throughout its 30 year lifetime. Change in flow rates 

were evenly distributed between increases and decreases among the voxels based on the 

graphed best-flit lines 

From the 48 cells that reached the desired 30 year lifetime, the highest grossing well was 

voxel number 533. It turned a projected profit of $2,268,285 USD which was one of two that 

crossed the $2.25million USD mark. A total of nine wells broke the $2 million dollar point 

(Table 8) while 5 wells grossed less than $1,000,000 USD. None of the wells in the 30 year 

trial returned NPV results that suggested a debt left over and unaccounted for. The result of 

well 555 turned a total profit of $450,238 USD which the least profitable well in the trial. The 

range in NPV results of the whole sample set can be seen in Table 7, which brought about the 

colouration and generation of Figure 16. 

 

 

Figure 16: Map displaying the 30 year NPV results in pre-assigned intervals (See Table 5 for specifications); red being 

the highest 10% of profits, light blue the middle 20%, and purple being the lowest. Black cells represent the existing 

wells within the reservoir whereas the black line segments are the well-tracks in place. Neighbouring mountains are 

labelled for reference. 
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Table 8: The top 10 producing cells, based on NPV results, making up 20% of the files within the sample size. 

Voxel Number NPV Result (USD) 

533 $        2,268,285 

766 $        2,252,985 

838 $        2,178,473 

718 $        2,170,949 

638 $        2,139,605 

743 $        2,041,475 

816 $        2,025,534 

785 $        2,023,921 

480 $        2,005,791 

631 $        1,988,895 

 

4.0 Analysis  

It can be noted that the active area of the field is represented in layer E (Figure 9) by the two 

blue portions, which can be supported by the mapped results in Figure 10 and 11. In layer E 

of Figure 9 the area marked purple contains a majority of the shortcoming files excluded from 

the calculations; yellow section of Figure 10 andFigure 1111. Another similarity between the 

same two figures is that the files that achieve a runtime of 30 years seem to concentrate along 

the border regions of the active field section. In the result maps (Figure 15 and 16), the cells 

being coloured dark blue and purple represent the bottom 40% of results, also congregate 

around the exterior of the calculated area of sample sets. These poorly producing voxels also 

appear to generate the same results within the placement categories between both the 10 and 

30 year trials. The only voxel number with results appearing in the top 10% of both trials 

times is that of cell 533. This is notable in the overlap of cells present in both Table 6 and 8 in 

which the latter includes the top 20% of the 30 year results. As for the results in-between the 

top and bottom NPV’s accounted for, there seems to be no consistency between the 10 and 30 

year trial outputs. This could be because a large portion of the files that reached a simulation 

period of 30 years are in the bottom 60% of NPV outputs in the 10 year trial; 39 of the 48 

files, or 81.25%.   

In the result maps (Figure 10, 11, 15, and 16) the two existing wells in northeast corner are 

that which represent ThG-7 within the script of the numerical model; the two active sections 

of the 2.5km long well. Both of these cells share edges with simulation voxels 533 and 651; 

the second and third highest grossing simulations in the 10 year trial. Voxels 652 & 642 

which placed 7
th

 and 9
th

 in the 10 year trial calculations are also attached to the southern of 

the two cells listed as sections ThG-7. The highest grossing well, cell 463, is connected to 

southern ThG-7 cell by a corner (the east corner of ThG-7). Within the Steinar7.7 model, this 

space is referenced to account a difference of 3.124m, which is a vector spacing of X: 0.58m, 
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Y: 3.07m. In reference of size, the south cell for ThG-7 has an X-distance across of 261.94m 

based on Steinar7.7 and the referencing labelled in Figure 7b. Aside from those already 

mentioned, none of the other high grossing voxels touch existing wells in the reservoir. The 

majority of the top 30% of NPV results seem to be in a linear concentration which is striking 

roughly along a southwest to northeast direction. 

Visible in the 30 year map (Figure 16), the same two cells for ThG-7 in the northeast corner 

both connect to the north-northeast and south portions of cell 533. The more southern cell of 

these two also touch voxel number 718 which is the 4
th

 highest grossing cell simulated in the 

30 year trial. Also voxel 766, the second highest grossing well, touches the ThG-4, the 

southernmost existing well displayed. As there are far fewer resulting cells in the 30 year 

reservoir it is harder to locate a trend among the mapped output cells in comparison to the 10 

year data. It does still support the notion that the higher grossing cells are within the central 

portion of the reservoir’s centre, and the cooler wells are on its exterior. There does appear to 

be a concentration to the left of the centre of the map (Figure 16), which could denote a 

potential area to research further as five of the top ten cells are located in a cluster, including 

voxels 638 and 838. This centrally located cluster lies between ThG-1 on the left-hand side 

and ThG-3 and ThG-6 on the right-hand side. 

 

4.1 Discussion 

As assumed at the beginning, the results attained in the 10 year trial should be relatively 

similar to that of the 30 year results. As exhibited by the outcomes of both trials, as well as 

during the calculation phase of this project, this assumption is not the case. During execution, 

the graphs which were used to calculate the best-fit lines in the 10 year model changed for 

those cells in which a 30 year trial could include. Some of the outputs saw an increase in flow 

rate and/or enthalpy while others saw the opposite; this change was not a uniform relation 

between files. Therefore, in a judgemental sense the results of both trials can be justly 

defended, but it is not reliable to base well placement on data calculated only for 10 years. 

One such example would be the results obtained from voxel 654 which in the 10 year trail 

was among the top 10% but in the 30 year trial was between the top 21 to 30% of results. A 

note on this can be made with regards to cell 533 which seems to fit the original assumption 

that success in the short-run trial can relate to the same success in the full-life execution. 

4.1.1 Ideal Well(s) 

According to the data it would be most apparent that voxel 533 is the optimal location for the 

next well to be placed in the field. In following through with this plan, it can be expected to 

generate a maximum amount of MW between 3.4113, based on the 10-year data, and 3.2500, 

based on the 30-year results. In an optimistic view, generating with the higher output, it would 
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cover 3.790% of the desired 90MW for the whole plant or 7.581% for the 45 MW of the 

second phase of development. It is also expected to generate a gross profit in the range of 

$718,439 – $2,268,285 USD for Landsvirkjun; depending on the termination point within its 

lifetime should it fail to make for a full 30 year period.  

Aside from 553, any voxel within the top 10% of either trial period should be inquired about 

for full potential; those listed in Table 6 and the top five results in Table 8. Theoretically, the 

highest grossing wells should be selected first before any second or third placed cells because 

they would statistically be the most beneficial based on the current results obtained through 

this study. Based on the 10 year data, 533 should be the second recommended cell location to 

be selected, following voxel 463 and before 651. With regards to the 30 year data, the optimal 

well would be voxel 533, while the second and third wells placed would be expected to be 

766 and 838 respectively.  

This method would not hold if the assumption that existing wells would not affect future 

well’s potential held true. If existing well location did induce a large effect on the productivity 

of the simulated voxels, the best locations would remain in the current order, potentially 

excluding results that touch or neighbour existing wells. This would leave the 

recommendations from the 10 year trial to be voxels 538, 657, and 654 in that order. Special 

consideration upon moving forward with 654 should be noted because its productivity 

decreased in the ranks when extended to a 30 year lifetime. The cells to be selected first based 

on the 30 year trial would conclude voxels numbered 838, 638, and 743 respectively (Figure 

17). 

Another important factor influencing the well’s placement would be accounting for two of the 

three newest wells in the field; with or without the model’s inclusion of their productivity 

during the simulation period. ThG-8 would not be expected to cause complications with the 

results presents as it is located outside of the cells accounted for in the 10 and 30 year trials. 

ThG-9 was placed vertically into the eastern corner of cell 838 in late 2012 and therefore 

cannot be expected to host a second well based on these results; the third highest grossing 

well within the 30 year trial. ThG-7 was placed in such a way that it ran through three of the 

voxels, directed towards the northeast. In the southern cell, 717, the feedzone is present in 

layer D of the reservoir model and in layer F in the northern cell, 448; both above and below 

the selected layer for this project. Within the confines of layer E the well runs through cell(s) 

533 &/or 651, but it happened that there was no active feedzone present for production to 

occur from (Juliusson, 2015). This would mean that although production appears to result in 

the highest NPV, it would not be possible to produce from, eliminating both second and third 

place in the 10 year trial. As voxel 463 is attached to cell 651, it may be expected to 

experience the same problems as encountered with ThG-7 and therefore could be a cause of 

its exclusion of a resultant location.  
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Figure 17: Map of recommended cells. Red is that of voxel 533. Yellow cells are the 1st and 3rd place of the 10 year 

trial. Orange cells are the top in 10 year trial with no connection to existing wells. Green cells are 2nd and 3rd placing 

wells in the 30 year trial while blue are also suggested without a connection to a previously placed well (placing 5th and 

6th in the trial). Well tracks are the purple lines and crosses, where the black cells are those of existing wells. 

 

In accounting for these exclusions, voxel 538 would be the next best location to place a well 

based on the 10 year trial as it was the fourth highest grossing simulation. This is followed 

closely by voxel 657 as they result in less than a $10,000 USD difference in expected NPV 

between each other over the 10 year life time. Voxel 654 is another potential location for the 

prospective well, grossing $17,000 USD less than the results of cell 657; however it did report 

to be less ideal in a 30 year trial than other cells. As for the 30 year trial, the first cells outside 

of the exclusions zone are that of 638 and 743, placing fifth and sixth respectively. However, 

with regards to cell 638, it almost touches the same cell which ThG-9 was placed within and 

might experience the adverse effects of being next to a well; like any other cell already 

eliminated.  
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5.0 Future Research Suggestions 

The first suggestion to improve this study would be to attain or generate a more up-to-date 

version of the numerical model for use. This would be because the majority of top 10% results 

are centred about the cells labelled as ThG-7 which are both currently active and producing in 

the field to date but are not accounted for numerically as the start time within the model was 

after that which was able to be calibrated for. If the model could be advanced and updated a 

year, this well would have effects on the field, and the continued productions from the 

existing wells would also be accounted for, making the new output and NPVs calculated for 

more accurate than those in the above study. Ideally, updating the model with knowledge of 

the past four years of production history for all existing wells would be the best solution if 

simulations could only be conducted while other wells remain inactive. 

The ideal addition to the model would be that which leaves the existing wells active and 

producing alongside this simulation well; possibly include coupled wellbore flow tables and 

productivity indexes for each respective cell. Having competitor wells in the field as it occurs 

in practice, could result in less results concentrating around existing wells and more 

simulations pointing towards newer reaches yet to be exploited from. Without the inclusion of 

these wells, the natural subterranean thermal recharge that is ongoing allows the field to 

recharge fully within those areas currently experiencing production and loss of enthalpy, or 

flow, or both, if at all. It is understood that this inclusion would be complicated, especially if 

all wells, existing or simulated, ran on the DELV option; DELV assumes extraction occurs 

during the entire simulation period that has been coded for. Having all wells coded as such 

would require multiple cycles of starting, stopping, and recalibrating the INCON-block 

because not all wells have the same 30 year termination point.  

Finally, with extensive coding it could also be possible to optimize and locate multiple wells 

at once. One approach could be optimizing wells that have been coupled with recursive 

history matching steps and genetic algorithms. This method would utilize time dependant 

information, such as production data obtained from the drilling processes in order to aid in the 

location determination process and suggest prospective NPVs (Ozdogan & Horne, 2004). 

Another option could be utilizing well-pattern optimization (WPO) techniques. In this 

approach, the parameters of different pattern types and geometries are optimized leading to 

the suggestion of ideal locations (Onwunalu & Durlofsky, 2011).  

6.0 Conclusion 

It appears that this study determined the next location of the optimal well for the Theistareykir 

geothermal field to be approximately where ThG-7 was introduced in 2011. Based on the 

numbers attained from the results however, cell 533 might be the most likely contender for a 

new well location. Cell 533 was modeled successfully for its full 30 year extent and remained 
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in the top results of both trial periods, being the second most prosperous voxel in a 10 year 

trial period and the highest grossing cell for a 30 year trial. If the initial assumptions that were 

made were invalid, placing a well towards the centre of the field, such as cell 638 and 743, 

might be the best choice upon moving forward (Figure 17). Another recommendation could 

be placing the next well within cell 538, 657 or 654 which lie along the concentrated area of 

top results within the 10 year trial. Either of the latter two options would be better understood 

for their potential to succeed if the model was updated to account for the effects of production 

induced by both ThG-7, and ThG-9 since their introduction to the field. 
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Appendix A – Coupled Wellbore Flow Table  

*fb11d* Bottomhole pressure for BJ-11 at 1525 m depth 

14   22       

5.000E+00 1.000E+01 1.500E+01 2.000E+01 2.500E+01 3.000E+01 3.500E+01 4.000E+01 

5.000E+01 6.000E+01 7.000E+01 8.000E+01 9.000E+01 1.000E+02   

7.000E+05 8.000E+05 9.000E+05 1.000E+06 1.100E+06 1.200E+06 1.300E+06 1.400E+06 

1.500E+06 1.600E+06 1.700E+06 1.800E+06 1.900E+06 2.000E+06 2.100E+06 2.200E+06 

2.300E+06 2.400E+06 2.500E+06 2.600E+06 2.700E+06 2.800E+06   

1.434E+07 1.388E+07 1.242E+07 9.674E+06 6.748E+06 3.978E+06 3.149E+06 2.688E+06 

2.401E+06 2.191E+06 2.029E+06 1.900E+06 1.793E+06 1.705E+06 1.630E+06 1.566E+06 

1.511E+06 1.466E+06 1.431E+06 1.411E+06 1.421E+06 1.153E+06   

1.448E+07 1.404E+07 1.260E+07 1.016E+07 7.197E+06 4.129E+06 3.299E+06 2.844E+06 

2.557E+06 2.354E+06 2.204E+06 2.089E+06 2.000E+06 1.931E+06 1.880E+06 1.844E+06 

1.823E+06 1.820E+06 1.839E+06 1.893E+06 2.022E+06 2.224E+06   

1.453E+07 1.417E+07 1.268E+07 1.039E+07 7.485E+06 4.306E+06 3.486E+06 3.038E+06 

2.765E+06 2.580E+06 2.450E+06 2.359E+06 2.296E+06 2.257E+06 2.238E+06 2.239E+06 

2.261E+06 2.309E+06 2.390E+06 2.525E+06 2.769E+06 3.333E+06   

1.461E+07 1.419E+07 1.275E+07 1.056E+07 7.761E+06 4.531E+06 3.713E+06 3.280E+06 

3.026E+06 2.865E+06 2.761E+06 2.697E+06 2.665E+06 2.658E+06 2.675E+06 2.716E+06 

2.783E+06 2.883E+06 3.026E+06 3.239E+06 3.589E+06 4.356E+06   

1.464E+07 1.423E+07 1.280E+07 1.073E+07 8.045E+06 4.799E+06 3.978E+06 3.566E+06 

3.333E+06 3.197E+06 3.121E+06 3.087E+06 3.087E+06 3.114E+06 3.168E+06 3.249E+06 

3.362E+06 3.512E+06 3.716E+06 4.002E+06 4.453E+06 5.407E+06   

1.467E+07 1.426E+07 1.289E+07 1.091E+07 8.367E+06 5.132E+06 4.290E+06 3.888E+06 

3.678E+06 3.568E+06 3.520E+06 3.517E+06 3.548E+06 3.610E+06 3.701E+06 3.823E+06 

3.979E+06 4.180E+06 4.441E+06 4.799E+06 5.348E+06 6.479E+06   

1.470E+07 1.431E+07 1.297E+07 1.102E+07 8.619E+06 5.424E+06 4.654E+06 4.221E+06 

4.053E+06 3.969E+06 3.950E+06 3.977E+06 4.040E+06 4.136E+06 4.264E+06 4.425E+06 

4.625E+06 4.875E+06 5.193E+06 5.620E+06 6.267E+06 7.571E+06   

1.475E+07 1.436E+07 1.307E+07 1.117E+07 8.898E+06 5.844E+06 5.007E+06 4.620E+06 

4.452E+06 4.393E+06 4.402E+06 4.460E+06 4.555E+06 4.686E+06 4.849E+06 5.050E+06 

5.293E+06 5.590E+06 5.964E+06 6.461E+06 7.208E+06 8.685E+06   

1.485E+07 1.447E+07 1.328E+07 1.151E+07 9.439E+06 7.238E+06 5.821E+06 5.437E+06 

5.305E+06 5.296E+06 5.360E+06 5.478E+06 5.637E+06 5.835E+06 6.071E+06 6.349E+06 

6.676E+06 7.069E+06 7.553E+06 8.188E+06 9.158E+06 1.046E+07   

1.497E+07 1.461E+07 1.351E+07 1.196E+07 1.019E+07 8.320E+06 6.709E+06 6.317E+06 

6.212E+06 6.249E+06 6.368E+06 6.545E+06 6.768E+06 7.033E+06 7.341E+06 7.696E+06 

8.108E+06 8.594E+06 9.189E+06 9.966E+06 1.122E+07 1.296E+07   

1.513E+07 1.476E+07 1.376E+07 1.241E+07 1.088E+07 9.329E+06 7.790E+06 7.244E+06 

7.157E+06 7.238E+06 7.411E+06 7.648E+06 7.934E+06 8.267E+06 8.647E+06 9.079E+06 

9.575E+06 1.016E+07 1.086E+07 1.180E+07 1.332E+07 1.545E+07   

1.530E+07 1.495E+07 1.405E+07 1.287E+07 1.158E+07 1.027E+07 9.000E+06 8.215E+06 

8.130E+06 8.252E+06 8.479E+06 8.776E+06 9.127E+06 9.528E+06 9.980E+06 1.049E+07 

1.107E+07 1.175E+07 1.257E+07 1.368E+07 1.544E+07 1.794E+07   

1.549E+07 1.514E+07 1.435E+07 1.333E+07 1.224E+07 1.115E+07 1.011E+07 9.237E+06 

9.128E+06 9.286E+06 9.566E+06 9.923E+06 1.034E+07 1.081E+07 1.134E+07 1.193E+07 

1.259E+07 1.337E+07 1.432E+07 1.567E+07 1.746E+07 2.043E+07   

1.571E+07 1.537E+07 1.465E+07 1.378E+07 1.288E+07 1.198E+07 1.113E+07 1.038E+07 

1.015E+07 1.034E+07 1.067E+07 1.109E+07 1.157E+07 1.211E+07 1.272E+07 1.339E+07 

1.414E+07 1.502E+07 1.610E+07 1.773E+07 1.953E+07 2.292E+07   
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Appendix B – Example of Calculations (Cell 533, Ten Year) 

Time 

(year) 

Calc. Flow 

Rate (kg/s) 

Calc. 

Enthalpy 

(J/kg) 

Steam 

Fraction (%) 

Steam Flow 

(kg/s) 
MW MWh 

MWh / 

year 

0 -7.4991 2328975 77.75% 5.830821 3.294249 7219.347 

-- 
0.25 -7.5386 2323310 77.47% 5.840315 3.299613 7231.102 

0.5 -7.5781 2317646 77.19% 5.849624 3.304872 7242.628 

0.75 -7.6176 2311982 76.91% 5.858673 3.309985 7253.832 

1 -7.6571 2306317 76.63% 5.867538 3.314993 7264.808 28946.91 

1.25 -7.6966 2300653 76.35% 5.87616 3.319864 7275.483 

- 1.5 -7.7361 2294989 76.07% 5.88456 3.32461 7285.883 

1.75 -7.7756 2289325 75.78% 5.892737 3.32923 7296.007 

2 -7.8151 2283660 75.50% 5.900692 3.333724 7305.857 29122.18 

2.25 -7.8546 2277996 75.22% 5.908425 3.338093 7315.431 

- 2.5 -7.8941 2272332 74.94% 5.915936 3.342337 7324.73 

2.75 -7.9336 2266667 74.66% 5.923224 3.346454 7333.755 

3 -7.9731 2261003 74.38% 5.930291 3.350447 7342.504 29279.77 

3.25 -8.0126 2255339 74.10% 5.937135 3.354313 7350.978 

- 3.5 -8.0521 2249674 73.82% 5.943757 3.358055 7359.177 

3.75 -8.0916 2244010 73.53% 5.950156 3.36167 7367.1 

4 -8.1311 2238346 73.25% 5.956334 3.36516 7374.749 29419.76 

4.25 -8.1706 2232682 72.97% 5.962289 3.368525 7382.123 

- 4.5 -8.2101 2227017 72.69% 5.968023 3.371764 7389.221 

4.75 -8.2496 2221353 72.41% 5.973534 3.374878 7396.045 

5 -8.2891 2215689 72.13% 5.978823 3.377866 7402.593 29542.14 

5.25 -8.3286 2210024 71.85% 5.983889 3.380728 7408.866 

- 5.5 -8.3681 2204360 71.57% 5.988734 3.383465 7414.864 

5.75 -8.4076 2198696 71.28% 5.993356 3.386077 7420.587 

6 -8.4471 2193031 71.00% 5.997756 3.388563 7426.035 29646.91 

6.25 -8.4866 2187367 70.72% 6.001934 3.390923 7431.208 

- 6.5 -8.5261 2181703 70.44% 6.00589 3.393158 7436.106 

6.75 -8.5656 2176039 70.16% 6.009623 3.395267 7440.728 

7 -8.6051 2170374 69.88% 6.013135 3.397251 7445.076 29734.08 

7.25 -8.6446 2164710 69.60% 6.016424 3.399109 7449.148 

- 7.5 -8.6841 2159046 69.32% 6.019491 3.400842 7452.946 

7.75 -8.7236 2153381 69.03% 6.022336 3.402449 7456.468 

8 -8.7631 2147717 68.75% 6.024958 3.403931 7459.715 29803.64 

8.25 -8.8026 2142053 68.47% 6.027359 3.405287 7462.687 

- 8.5 -8.8421 2136388 68.19% 6.029537 3.406518 7465.384 

8.75 -8.8816 2130724 67.91% 6.031493 3.407623 7467.806 

9 -8.9211 2125060 67.63% 6.033227 3.408603 7469.953 29855.59 

9.25 -8.9606 2119396 67.35% 6.034738 3.409457 7471.824 

- 9.5 -9.0001 2113731 67.07% 6.036028 3.410185 7473.421 

9.75 -9.0396 2108067 66.78% 6.037095 3.410788 7474.742 

10 -9.0791 2102403 66.50% 6.03794 3.411266 7475.789 29889.94 
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Example of Calculations (Cell 533, Ten Year), Continued 

Year Revenue (USD) Fixed + O&M (USD) 

NPV 

Revenues 

(USD) 

NPV Costs 

(USD) 

NPV Total, per 

year (USD) 

0 $                       - $        4,093,519 $             - $  4,093,519 -$ 4,093,519 

1 $        1,013,142 $            177,288 $  904,591 $     158,293 $     746,298 

2 $        1,019,276 $            177,639 $  812,561 $     141,612 $     670,948 

3 $        1,024,792 $            177,954 $  729,427 $     126,664 $     602,763 

4 $        1,029,692 $            178,234 $  654,388 $     113,271 $     541,117 

5 $        1,033,975 $            178,479 $  586,705 $     101,274 $     485,432 

6 $        1,037,642 $            178,688 $  525,702 $        90,529 $     435,173 

7 $        1,040,693 $            178,862 $  470,757 $        80,908 $     389,848 

8 $        1,043,127 $            179,002 $  421,302 $        72,296 $     349,006 

9 $        1,044,946 $            179,105 $  376,818 $        64,587 $     312,231 

10 $        1,046,148 $            179,174 $  336,832 $        57,689 $     279,142 

Total NPV (USD) $     718,439 

 


