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ABSTRACT

Production of oil and gas in the Netherlands isain
mature stage. Production decrease coincides with an
increased interest in geothermal energy produc®n
an alternative source of energy in the Netherlands.
Deep geo- thermal projects target the same reservoi
space as the oil and gas industry, with aquifers
between 1500 and 4000 meters depth and a
temperature range from 50 to 120 °C. Focus of the
study is on the Moerkapelle stranded heavy oitifial

the West Netherlands Basin (WNB). Below this
stranded field a geothermal reservoir with a
temperature above 100 °C is located. In the present
study we demonstrate sensitivity analyses of the
synergy potential of thermally-enhanced oil recgyer
and geothermal energy using a 3-D two phase flow
geological model. The model that accurately account
for the pressure and temperature influences on the
thermo-physical transport properties such as viscos

is applied for showing influences of the various
effective parameters on the synergy potential for
geothermal and oil exploitation such as injection
temperature and reservoir heterogeneity. With this
model it is shown that reservoir heterogeneity can
reduce the efficiency of thermal heavy oil recovery
factor.

1. INTRODUCTION

There is a broad consensus that most of the
hydrocarbon reservoirs in the world, approximately
70% of total world oil resources, contain heavy, oil
extra heavy oil, tar sand and bitumen that theerurr
industry efforts are to find a proper way to obtain
enhance oil producing of them (Faroug Ali 2003).
High amount of the heavy oil viscosity, and hence
slight mobility, plays an important role for oil
producing from these reservoirs that should be
reduced by some EOR methods. In such case, thermal
recovery method is one of the most well-known
methods which are typically implemented in many
projects such as Steam stimulation, or cyclic steam

flooding, also known as “huffn’puff’, Steam
flooding, Steam Assisted Gravity Drainage (SAGD),
In-situ combustion, or fire flood, Hot Water floodj,
Steam and Hot water injection, and Surface mining
and thermal extraction (Teodoriu et al. 2007). Many
authors (Teodoriu et al. 2007; Taber 1998) inditate
that the most effective methods are steam floodd)
hot water flooding by increasing in the recovery
factors about 20 to 30%.

Several factors control the dynamics of multiphase
flow into oil/geothermal reservoirs, including chguiy
trapping (Spiteri et al. 2008); density and vistosi
variations (Saeid et al. 2014); porous and fracture
media heterogeneity (Matthai and Nick 2009);
fluctuations in injection temperature (Saeid et al.
2014); phase changes (Salimi and Wolf 2012); ard th
chemistry of the formation fluid and rock presemt i
the system (Nick et al. 2015). Prediction of tramsp
processes in highly heterogeneous systems is uiffic
due to the complex spatial correlation structure an
the large variations of permeability and porosity.

Heavy oil reservoirs where hot waterflood processes
have been applied for a long time reach economic
cutoffs resulting from high water cutlgjmi et al.
2009) The energy (heat) of hot water derived from
rocks and fluid of deep aquifers that is known as
geothermal energy. Based on the oil and gas
sedimentary basins theory, usually deep aquifers, a
candidate for geothermal project, exist in oil ayjab
formation. Furthermore deep aquifers which are
located (for instance in this work) beneath of tile
and gas formations are important for developing and
utilizing geothermal energy in the oilfield because
knowledge of the reservoirs generally is quite
extensive due to the large amounts of data acquired
during the exploitation stage. Moreover using of th
geothermal energy has the potential to increase the
oilfield’s life and leads to its ultimate oil receny
enhancement. Therefore, a “win-win” project migbt b
appeared due to utilization and implementation of
geothermal resource in oilfields.
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Apart from the usage of geothermal for enhance yeav
oil recovery, direct-uses of the geothermal resesirc
that is applied widely in agriculture and district
heating and electricity generations are ways of
utilizing the produced heat from geothermal resesirc
Although the electricity generation conventionally
requires high enthalpy resources (more than 15@0 C)
power turbines, however, Gupta and Roy (2007)
studied and suggested that low enthalpy resources
might be useful to generate electrical power.

The aim of the present study is to assess and agvel
new strategies for integration geothermal energi wi
heavy oil production of the Moerkapelle stranded oi
field in the West Netherlands Basin (WNB). Below
this stranded field there is a geothermal resenwih

a temperature above 100 °C. Therefore the geottherma
technology might be conducted for enhanced
Moerkapelle heavy oil recovery due to the higheathe
content carried by hot water and the lower heas los
along the wellbore. This EOR method has several
distinct advantages, such as reducing heat loss at
surface and in wellbore, avoiding cold damage o th
formation caused by low-temperature injection water
from surface and decreasing energy consumption and
environmental pollution (fig.1).

HO production well GT production well  GT injection well
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Figure 1. A schematic representation of the model
study (in this figure HO is heavy oil and GT is
Geothermal).

For this purpose a coupled heat and mass transfer
models (ECLIPSE 300) was utilized to investigate th
energy production from geothermal and also from
heavy oil reservoir. In this study, we present a
sensitive analysis and identify the key parametach

as heterogeneity of the reservoir the injectioe &atd
temperature. This is performed to demonstrate how
these parameters could control the ultimate hedlvy o
recovery factor and sweep efficiency.

2. HEAT DEMAND IN GREENHOUSES
CULTIVATION AND GEOTHERMAL HEAT
GENERATION

The energy demand in greenhouses, glass houses
agriculture is not a precise process. However hive
demand is much more depending of the crop and other
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ways of energy providing, such as assimilationtégh
and also isolation with screens and covers. Mongove
improved insulation and reduced ventilation are

therefore the first steps towards creating energy-
conserving greenhouses (FAO 2013). Bot et al. (2005
pointed out that the average energy demand is about
36.7 cubic meter of natural gas, as fossil fuelrgye
uses, per square meters of a greenhouse.

Figure 2: Greenhouses agriculture (red boxes)
around the Moerkapelle oil field (white lines).

Around the Moerkapelle there are many greenhouse
cultivation that consume energy for growing thepsto
Figure 2 illustrates the greenhouses (boxes in red
colour) area around the Moerkapelle oil field. The
total area of greenhouses around the Moerkapdlle oi
field is approximately 3.46E6 frand requires about
126 million n? of natural gas per year. Knowing that
the energy provided by one®rof natural gas burning

is approximately about 31.5 MJ. Therefore, for the
greenhouse area the energy required is about 397 P
per year. This amount of energy can be provided by
the thermal energy which is extracted from a
geothermal reservoir. The energy production by a
geothermal doublet can be calculated through
Equation [1].

AE, =mMc,AT, [1]

where AEi (Jlyear) is the annual thermal energy
extracted in the" year, M (kglyear) is the total mass
production of hot water in the" year, C, (J/kg °K)

is the specific heat of the circulating fluid arNT,
(°K) is the temperature difference between the

produced and injected in tH&' year. By knowing the
average reservoir temperature (here 100 °C) for the
geothermal aquifer, we assume injection temperature
is 30 °C. Based on the temperature difference atid w
assuming each doublet may be operated with a
discharge of ~4800 ffday, the total energy provided
of each geothermal doublet can be estimated of 0.51
PJ per year. Thus approximately 7.735 doublets migh
be needed to supply the heat requirement for all th

' farms.



3. MODELLING APPROACH

The Moerkapelle field (white lines in Figure 2)
located about 15 kilometers northeast of the TUftDel
area and is a heavy oil field with the Delft Sandst

at a depth of about 800-1000 meter. Petrophysical
analysis of the logs from the Moerkappelle wells
provided average properties for the Delft Sandstone
which are listed in Table 1.

Table 1: Petrophysical analysis of the
Moerkappelle oil field
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rock. Table 2 summarizes grid thermal propertiesius
in the base case model.

Table 2: grid thermal properties assigned in the
base case model

Thermal conductivity (W.m™.K™*
reservoir Rock 3
Oil phase 0.18
Water phase 0.67
Overburden 2.2
Underburden 2.2

Volumetric heat capacity (J.kg>.K™)
Reservoir Rock 980
Oil phase 2012
Water phase 4190
Overburden 920
Underburden 920

Properties Value
Average reservoir porosity 0.18
Average reservoir permeability 495 mD
Reservoir thickness 30m
Initial oil saturation 0.83
Initial solution GOR 16 Hm’
Initial reservoir pressure 8.96 MPa
Initial reservoir temperature 37°C

The model contains two sets of well that one set is
used to produce heavy oil from a depth of
approximately 800 meter and another as injector (as
producer in geothermal doublet) of hot water. This
water could be provided from a geothermal reseyvoir
for instance Delft Geothermal Project (DAP), beheat
of the Moerkapelle oil field before (and after for
injection temperature control) transported to the
surface and pumped through a heat exchanger for
energy extraction purposes. In the Netherlands the
geothermal gradient is about 3°C per 100 meters
which is verified by TNO study (Simmelink et al.
2007) on the Den Haag Geothermal project resulting
in a specific temperature gradient (Smits, 2008usT
the reservoir temperature for the heavy oil zone is
estimated using this Den Haag relation (Smits, 2008

Unfortunately, there is not access enough inforomati
data of the reservoir fluid properties. Therefontake

a good prediction, the reservoir fluid data from
analogue, heavy oil, fields in the world are ussoime
missing data, by assuming validation by the oil and
gas community over years, was adapted from the
Fourth SPE Comparative Solution Project, problem 1
(Aziz et al., 1987). As observed in the initial bsés
with single injector and producer, implementing hot
water floods with the maximum injection temperature
of 200 °C did not significantly increase the reagve
factor after several years. Thus in order to evaltize
EOR impacts of hot water injection with various
temperatures, we follow the third pattern of Torabi

al. (2012) which is include four injectors and four
producers with a spacing of 67 m between each well.
The size of reservoir model, as base case sceafrio
the model, was considered 500 x 500% m
(discretisation in 30 x 30 x 6 grid cells as cougsie

for run time limitation) with surface dimension agd

m in thickness. Rock in each grid cell was assutoed
has the isotropic and homogenous properties. THerma
properties including thermal conductivity and heat
capacity of rock were also assumed to be
homogeneous but different from the cap and the base

Here, the relative permeability data derived frdra t
Brook and Corey correlation are listed in Tablen8 a
shown in Fig. 5. In this study, the capillary prassis
neglected. And also it should be noted that, tffiecef

of temperature (Hamouda and Karoussi 2008) on
relative permeability was not modelled here ani it
more desirable to investigate its effects in thiurk
work.

Table 3: relative permeability parameters used in
this study (van Balen et al., 2000)

Coefficients Value | Coefficients| Value

S 0.17 K. 0.4

Sow 0.05 Koo 0.1

S 0.1 Kgro 0.2

S 0 Sir 0.17
Viscosity and density are important physical

properties of crude oil. However, no practical ttyeo
exists for the calculation of these propertiesHeavy

oil at elevated temperatures. In this study, heaiy
density was predicted from API and temperature, and
then the predicted values of the viscosity wereluse
the next step to develop the fluid model.
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Figure 5: relative permeability curves verses water
saturation
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Fig. 6 shows the regression results and compages th

experimental data with calculated values of vidiesi
and densities at different temperatures in °C.
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Figure 6: comparison between calculated viscosity
(solid lines) after regression analysis with the
experimental (symbols) data (EBN 2013)

4. MODEL SET UP

The energy balance and the continuity model
equations (conservation of mass), including hess lo

rate to overburden and underburden and pressure and

temperature dependency of fluid properties, were
solved by using a non-isothermal numerical reservoi
simulator in a 3-D Cartesian domain. It is assumed
that the reservoir model is at the depth of 800emet
and its temperature is estimated to be equal t&éC37
and also all the cation concentrations in the reser
are in an equilibrium state with reservoir rockfieT
model contains 4 horizontally injectors and 4
producers that are extended in x-direction through
third layer from reservoir tops. Furthermore, thellsy
are located in parallel form with a spacing of 6&ten

(4 cells in x-direction) between each well. This is
useful since it renders the impacts of injectiorteva
temperature on the displacement efficiency compared
to that achievable from conventional water flooding
schemes clearly visible as well. In order to achithe
objectives of this paper, two scenarios were used f

(a) homogenous media; (b) ,and, heterogeneous media

with different net to gross (35%, 50% and 65%)
generated by Flumy software which is an advanced
process-based simulator of water and sediment
transport developed by Ecole des Mines in Paris
(Grappe et al. 2012 ). For both scenarios hot water
with various temperatures, starting at reservoir
temperature (37 °C) up to 200 °C, were injected
through injectors for 10000 days. Heat dissipated i
reservoir fluid and rock through hot water injeatim
injector wells by various discharges (injectionejat
and, hence, oil can be produced through produaeezs d
to viscosity reduction. The considered injectiotesa
are 79.5, 156, 238.5 and 318%day (500, 1000, 1500
and 2000 BBL/day in field unit) of each injectoy b
maximum 17.24 MPa (2500 Psia) well bottom hole
pressure as injection well constrains. We assuimad t
water phase is in liquid and can be applied
continuously without well integrity problem in the
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case of unconsolidated sandstone in the entire
injection period. The producers were controlledhwit
the bottomhole pressure of 0.7 MPa (100 psia) hed t
target rate is 156 ffday. It's worth mentioning that
retaining of the water production rate at minimwsn i
one of the main issue of the production well caistr
(e.g. economical options). However water is injdcte
as much as possible without exceeding the maximum
water cut constraint.

5. RESULTS AND DISSCUSSION

5.1 Homogenous porous media

Before presenting results which document the impact
of injection temperature and, also, rate on healy o
RF, in this section it is first shown how the well
spacing between injectors and producers can affect
oil recovery factor. In other to investigate this
parameter we develop a simple model including an
injector and a producer which are located
approximately 417.5 m apart (Fig. 7).

O

_ |
0.2525 0.456

Figure 7: Oil saturation (top panel) and temperatue
distribution in °C (bottom panel) for a simple
model after 10000 days hot waterflooding.
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Figure 8: Water cut (FWC) and oil recovery factor
(RF) obtain from a simple model with 79.5
m®day hot waterflooding.

As shown in figure 8 which represents schematic of
this model, we allowed the production wells to
perform as natural depletion for 3000 days by odte
156 ni/day and then implementing hot water floods
with the maximum rate of 79.5 day and a
maximum injection temperature of 200°C did not
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significantly enhance the oil recovery factor after
10000 days. One of the key issues of the hot water
flooding process, is temperature distribution
achievement around the producers. In long interval
between producers and injectors, the high temperatu
profile does not arrive to the producers and hedhee
oil viscosity reduction just happen around neathef
injectors. In other word oil saturation alteratinear
the producers was not observed. As a result, eftoe
ongoing to improve the temperature distribution and
allow the heat to reach the producing wells, emapli
production of oil with reduced viscosity. This migh
be occurred by reducing the distance between mjgect
and producers. However, should be noted that,¢h su
case the high water cut may provide another chgdlen
of hot water flooding. Therefore highlighting what
variables could potentially improve the temperature
distribution and ultimate recovery factor is deisiea

Figure 9 displays predicted recovery factors peofi
for both various temperatures and rate injectidre T
curves depict the behaviour after 10000 days of
continuous injection.
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Figure 9: analysing the effect of the injection temerature and rate on oil recovery factor for 4 injectors and 4
producers model relate to figure 4 with productionrate of 156 ni/day.

The right-hand side panels (Fig. 9a, b) show that t
recovery factor are slightly affected by the
temperature of the water injection when injectiater

is lower than production rate (156 m3/day) at each
well. In other word comparison with the conventibna
water flood (37 °C) curve shows that by increaghmy
injection temperature up to 200 °C the recoverydiac
has been enhanced only by (~5%). Moreover the
recovery factor is approximately high even with
conventional water flood due to water breakthrough
time reduction. It is further observed that in fé as

the injection rate increases (still less than potida
rate), the RF slightly enhances of ~5 % and results
similar to figure 9a still remained. Noted that,seen
in fig. 8b, about 3000 days after injection oil sgery
enhancement is observed due to injection temperatur
increasing. These effect might likely be relatedhéat
advection regarding to the injection rate. The tefbd
side, by contrast, panels (Fig. 9c, d) demonstrate
recovery factor prediction when the injection rige
more than production rate of the producers.
Comparison between figures 9¢ and 9d shows that

5
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although the RF is highly sensitive to the injeatio
temperature (20 % RF enhancement is observed by
hot water (200 °C) flooding) but injection rate
increasing does not effect on the recovery factor.
Nevertheless the low RF of conventional water
flooding might be related to the rapid water
penetrating to the producers. As a results, irmjecti
rate increasing, when greater than production raie,
only the RF is not enhanced but also it leads to RF
reduction remarkably because of the rapid water
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breakthrough. Overall, results show that at ingect
rate higher than the production rate the RF iserath
insensitive to increasing the injection rate.

Fig. 10 shows results similar to that of Fig.t8ut for
equivalent injection and production rates. Based on
the wellbore constrains, in the figure 10b RF
enhancing is observed about of 12% for hot water
injection by temperature of 200 °C.
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Figure 10: Recovery factor for different injectiontemperature and injection rates: a) 156 rifday b) 318 ni/day.

In other word, it is observed that more oil is proed

for a period of time for the injection rate of 318
ma3/day. Moreover higher rates swept the reservioir o
producible oil in a shorter time (almost half raliere)
than the lower injection rates and also better
maintained the pressure after breakthrough occurred
It might be a possible reason to mention that highe
rates lead to more advection mechanism and can help
to heat distributes throughout reservoir to redtie

oil viscosity.

5.2 Heterogeneougorous media

Considering non-isothermal flow in a heterogeneous
porous media, a series of simulations on several
heterogeneous reservoir is conducted to examine the
effect of heterogeneity together with temperaturd a
rate alteration on the heavy oil recovery factoor F
this purpose we use Flumy software to generate
heterogeneity base on net to gross of the reservoir
geology. The Flumy modeling results is calibrated t
an extensive data set on depositional patterns. The
simulation output provides synthetic stratigrapmg a

is used to set up models of reservoir architecture
(Willems et al. 2014).

For generating of permeability and porosity
distributions we have used the combination of
extracted data from core analysis results of

Moerkapelle field such as average permeability and
the model architecture derived from Flumy modelling
(Henares et al. 2014; Donselaar et al. 2015; Veigka
et al. 2015). This step is simplified and translafier
incorporation in Eclipse 300 reservoir simulator.

Figure 11 illustrates the heterogeneous of the
reservoir properties (permeability and porosity for
65% net to gross (N/G). It worth mentioning thag th
minimum porosity and permeability for instance shal
rocks are assumed of 0.05 and 0.1 mD respectively
(fig. 11).

Figure 12 displays effect of various net to gross o
recovery factor between conventional water flooding
and hot water flooding (100 °C). It is known thiae
dispersive behaviour of two phase flow is a functio
of scale, correlation length and heterogeneity
(Berkowitz et. al. 2006; Nick et al. 2015). Moreave
if the viscosities or densities of injection flusahd the
formation fluid are different, both porous mediadan
fluid properties control the dispersion (e.g. Neatkal.
2009; Nick et al. 2015). Therefore, variable
dispersivity, early breakthrough times, and lonijsta
of breakthrough curves are characteristic of such
heterogeneous system. Here, the focus is on pregent
the effect of net to gross of formation (heterogghe
on non-thermal recovery of heavy oil reservoirs.
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Figure 11: Schematic of a heterogeneous reservoi6%% N/G) for a) porosity distribution, b) permeability
distribution (mD) c) oil saturation and d) temperature distribution (°C) respectively after 10000 days

with 318 ma3/day hot water injection.

Figure 12 shows the recovery factor after 1000Gday
of operation in a homogeneous (Fig. 12d) reservoir
and a heterogeneous reservoir. The average value of
the permeability of the heterogeneous field is étma
the permeability of the homogeneous medium. Note
that rate at the injection and production wells lept
constant (318 fiday) for the entire 10000 days of
simulations. As seen in this figure thermal recgver
factor of hot waterflooding seems to perform better
than conventional waterflooding when the amount of
degree of reservoir heterogeneity reduces. By aentr
strong degree of heterogeneity (below 50% of net to
gross) significantly effects on the heat distribatin

the reservoir and hence leads to lowers RF. The
possible reason might be likely acknowledged that t
injected fluid tends to follow the high permealyilit
channels and therefore heat is propagated in these
channels. In this case the viscous crossflow psoces
occurs (Zapata and Lake 1980; Nick et al. 2015)nwhe
the injected hot fluid from high permeable regiasns
diverted to low permeable regions due to the change

of formation fluid viscosity induced by temperature
changes. This behaviour leads to low recovery and
delays the thermal effect to propagate to the dcsal

oil.

Overall, results show that heterogeneous mediaesaus
early breakthrough times for both conventional and
hot water flooding in the reservoir resulting inl oi
recovery reduction

5.3 The relative role of geothermal doublet

The results presented in the previous sectionsghitou

to light that hot water, that can be exploited from
underground geological aquifer, flooding can enleanc
heavy oil recovery. Figure 10b shows as temperature
increases up to 100 °C, approximately 12% enhanced
oil RF is observed. This means that about 158080 m
extra oil can be produced from reservoir by 1272
m>/day of hot water injection for 10000 days (Fig).13
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Figure 12: Comparison of RF between 318 ffday hot water and convention waterflooding for vaious amount

of reservoir heterogeneity based on N/G.

By knowing the approximate energy released by
burning one cubic meter of crude oil (~38.37 G& th
total energy generated is calculated about 6.1fted a

10000 days. Thus the average energy per year is
determined about 0.2226 PJ. Based on each doublet

operation it should further be mentioned that this

amount energy can derived by 0.265 of a geothermal

6.0E+05

5.0E+05

4.0E+05

3.0E+05

FOPT (m3)

2.0E+05 A

——FOPT37

1.0E+05 |

——FOPT100

0.0E+00

0 2000 4000 6000 8000 10000
Time (day)

doublet. It should be consider that burning offthesil

fuels can emit C®and other undesirable greenhouse
gases. These unfavourable gases can inject together
with cold water in geothermal doublet as a prongsin
way to avoid atmosphere pollution.
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Figure 13: a) Cumulative total oil production of the model (nf) b) temperature profile in production well

number 4.

Apart from these items, the temperature profilehef
production wells is catching the attention. As shamw
figure 13b the temperature goes up and reacheg abou
80 °C after 10000 days. Therefore it might potdigtia

be another geothermal source choice. Furthermore,
since the temperature drop in oil producers is not
expected to be high (=20 °C), it seems likely that
consideration of these wells would potentially Ibeeo
geothermal sources option.
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Although these inferences from the model
investigation are deemed fairly robust, the roleaof
number of processes, which were still simplifiedhia
present analysis, would need further evaluation.
Likely the most important of these is the optimum
well location of injection and producers of a daaitbl
and also oil production wells. This process shdéd
expected to induce additional field operation costs



3. CONCLUSIONS

In this work we proposed examining different thekma
enhanced recovery strategies by utilizing the stmpl
reservoir model for a sector of selected field
(Moerkapelle). For this task, a non-isothermal
transport modelling were conducted to handle the
combined heat and multiphase flow simulations. We
investigate the role of injection temperature, rate
alteration of injection and reservoir heterogeneity

thermal enhance heavy oil recovery. The following
conclusion arising from this analysis can be drawn:

Well spacing plays an important role in thermal oil
recovery factor. Although short distance between
injector and producers leads to favourable RF,
however, well space reduction is not a best way
because well drilling costs and also early water
breakthrough time in the producers.

Furthermore under the circumstances, increasing in
well space may leads to recovery factor enhancement
This may happen, as a major issue, whenever the tim
injection period dramatically grows to convey treah
toward, around, the producers.

The influence of rate injection on the magnitude of
recovery factor is more complex and depends on
operational conditions of water injection and
production. For injection rate greater than proiunct
rate may create some channelling due to quick water
breakthrough. The favourable RF of high rate ohbot
injection and production would have to be evaluated
relative to possible undesirable effects inducealrtsh
breakthrough time.

Studying the effect of injection temperature reseal
that recovery will increase due to oil viscosity
reduction. However viscosity reduction occurred
around the injection well and it should be more
interesting to how improve heat propagation
throughout the heavy oil reservoirs.

Permeability and porosity heterogeneities in a fieav
oil reservoirs considerably impact on enhanced oil
recovery factor. Suggesting that characterization o
heavy oil reservoirs is essential for evaluatingrinal
recovery factor in such reservoirs. Noted that
regardless of the degree of reservoir heterogeneity
thermal recovery shows better performance to digpla
heavy oil by conventional waterflooding.

Results show that by 0.265 ratio of a geothermal
doublet, enhanced oil recovery is observed

approximately 12% . However this ratio can be

reduced when the oil producers consider as another
geothermal sources.

REFERENCES

Alajmi, A F. Gharbi, R. and Algharaib, M.: Invegting
the performance of hot water injection in geostiatdly
generated permeable medimurnal of Petroleum Science
and Engineering, 66(3—4), (2009), 143-155.

ZiabakhshGaniji et al.

Berkowitz, B. Cortis, A. Dentz, M. and Scher, H.: Mbdeg
non-fickian transport in geological formations as a
continuous time random wallReviews of Geophysics, 44,
(2006), 1-49.

Bot, G. van de Braak, N. Challa, H. Hemming, S. Ridswij
TH. van Straten, G. and Verlodt, |.: The Solar Giemise:
State of the Art in Energy Saving and Sustainabiergy
Supply, ISHS Acta Horticulturae 691])nternational
Conference on Sustainable Greenhouse Systems (2005).

Donselaar, M.E. Groenenberg, R.M. and Gilding, D.T.:
Reservoir Geology and Geothermal Potential of thétDe
Sandstone Member in the West Netherlands Basin.
Proceedings World Geothermal Congress, (2015).

EBN B.V., Hoetz G., and de Jong S., Synergie vamdad
fields met geothermie & Geothermie mogelijkhedent me
olie/gas putten na productie, (2013).

FAO, Good Agricultural Practices for greenhouseetelyle
crops, Principles for Mediterranean climate aréamg and
agriculture organization of the United Nations, Rome,
(2013).

Farouq Ali, S.M.: Heavy oil - evermore mobilkyurnal of
Petroleum Science and Engineering, 37 (2003) 5-9.

Grappe, B. Cojan, I. Flipo, N. Riviorard, J. and VihnL.:
Developments in dynamic modelling of meanderingiéil
systemsAAPG Congres (2012).

Gupta, H. and Roy, S.: Geothermal Energy: An Altévea
resource for the 21st Century. Original edition. [Siuis,
Missouri :Elsevier (2007).

Hamouda, AA. and Karoussi, O.: Effect of Tempemtur
wettability and relative permeability on oil recoyefrom
oil-wet chalk,Energies, 1, (2008), 19-34.

Henares, S. Bloemsma, M.R. Donselaar, M.E. Mijnlieff,
H.F. Redjosentono, A.E. Veldkamp, J.G. and Weltjel..G
The role of detrital anhydrite in diagenesis of hao
sandstones (Upper Rotliegend, The Netherlands):
implications for reservoir-quality predictiorfedimentary
Geology, 314, (2014), 60-74.

Matthai, S.K. and Nick, H.M.: Upscaling two-phasewf in
naturally fractured reservoirBAPG bulletin 93(11), (2009),
1621-1632.

Nick, H.M. Schotting, R. Gutierrez-Neri, M. and Jahaen,
K.: Modeling transverse dispersion and variable sitgn
flow in porous mediaTransport in Porous Media, 78 (1),
(2009), 11-35

Nick, H.M. Wolf, K.H. and Brhun, D.: Mixed C@Water
Injection Into Geothermal Reservoirs: A Numericalic§t,
Proceedings World Geothermal Congress, Melbourne,
Australia, 19-25 April (2015).

Saeid, S. Al-Khoury, R. Nick, H.M. and Barends, F.:
Experimental-numerical study of heat flow in deew-
enthalpy geothermal conditions&ienewable Energy, 62,
(2014), 716-730.

Salimi, H. and Wolf, KH.: Integration of heat-engrg
recovery and carbon sequestratitmternational Journal of
Greenhouse Gas Control, 6, (2012), 56-68.



ZiabakhshGaniji et al.

Simmelink, H.J. Vandeweijer, V. and Ramaekers, J.:
Geologisch locatiespecifiek onderzoek voor het Bemsn
Plan Geothermie Den Haag Zuid-WestNO-rapport
(2007).

Smits, P.: Construction of an integrated reservoodeh
using the Moerkapelle field for geothermal develepinof
the Delft sandstone, MS thesiDelft University of
Technology, Delft, the Netherlands (2008).

Spiteri, E.J. Juanes, R. and Blunt M.J.: A new maxfel
trapping and relative permeability hysteresis foll a
wettability characteristic§PE JOURNAL, 13, (2008), 277-
288.

Taber, J.J. Martin, F.D. and Serigth, R.S. EOR Sangen
Criteria Revised — Part 1: Introduction to Screer@ngeria

and enhanced Recovery Field Projects, SPE 35385, ,WEA
SPE/DOE Improved Oil Recovery Symposium, Tulsa,
Oklahoma, 21-24 April, (1996).

Teodoriu, C. Falcone, G. and Espinel, A.: Lettind Sttam
and Getting into Hot Water - Harnessing the Geatlagr
Energy Potential of Heavy Oil Reservoirg0th World

Energy Congress, Rome, Italy, (2007).

Torabi, F. Qazvini Firouz, A. Crockett, M. and Emrep8.:
Feasibility Study of Hot Waterflooding Technique to
Enhance Heavy Oil Recovery: Investigation of thesEiffof
Well Spacing, Horizontal Well Configuration and Icen
Parameters, SPE 15785@PE Heavy Oil Conference
Canada, Alberta, Canada, 12—-14 June (2012).

Willems, C.J.L. Nick, H.M. Weltje, G.J. Donselaar,. B
and Bruhn D.F.: Influence of fluvial sandstone amtture
on geothermal energy productidPr,oceedings WGC, April
(2015).

Willems, C.J.L. Weltje, G.J. Donselaar, M.E. and Bruh
D.F.: Reservoir modelling of Lower Cretaceous West
Netherlands Basin aquifers for geothermal energy
production. Proceedings 76" EAGE Conference &
Exhibition, Amsterdam, Netherlands, (2014).

Van Balen, R.T. Van Bergen, F. de Leeuw, C. Pagnier, H.
Simmelink, H. van Wees, J.D. and Verweij, J.M. Mdidg

the hydrocarbon generation and migration in the tWes
Netherlands Basin, the Netherlands, Geologie enbdijmv

/ Netherlands Journal of Geosciences, 79 (1), (2000), 29-44.

Veldkamp, J.G. Mijnlieff, H.F. Bloemsma, M.R. Donze,
M.E. Henares, S. Redjosentono, A.E. and Weltje,:G.J.
Permian Rotliegend Reservoir Architecture of the Butc
Koekoekspolder Geothermal Doubld?roceedings WGC,
April (2015).

Zapata, V.J. and Lake, LW.: A theoretical analyefs
viscous crossflow. SPE 101186™ Annual Fall Technical
Conference and Exhibition of the SPE, San Antonio, Texas
(1980).

Acknowledgements

The authors would like to thank the EBN for
supporting of this work.

10



