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Ideal Case
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Basic Principles

• The reservoir pressure may be 
assumed to be caused by a 
column of cold water.

• The density of the cold water 
exceeds that of the hot geofluid.

• Creating a natural flow when the 
wellhead valve is opened.

• We are interested in knowing 
P=P(z) and the relationship 
between mass flow rate and the 
wellhead pressure.
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Mass flowrate vs Wellhead pressure
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Typical Deliverability Curves
• Curve A, a basic form and represent the results 

obtained from wells that received liquid inflow from 
the reservoir with high permeability. It is assumed 
that water flows into the well and had flashing at a 
certain depth in the well. 

• Curve B shows the effect of the pressure drop in the 
reservoir. 

• Curve C shows the effect of reservoir pressure 
increase, or an increase in water temperature or gas 
content. 

• Curve D illustrates the influence of scaling in the well.
• Curve E indicates the effect of low permeability. For 

both curves D and E deliverability curve at low flow 
(high wellhead pressure) did not increase because 
additional restriction produces little effect on the low 
flow rate.

• Curve F is obtained when the reservoir produces two-
phase fluid (at the same pressure as in curve A).
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Steady State Modeling
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Governing Equations

Wellbore Model:

ΔPt= ΔPa+ ΔPh +ΔPf

ΔPt = total pressure loss (Pa)
ΔPa = acceleration pressure loss (Pa)
ΔPh = potential pressure loss (Pa)
ΔPf = friction pressure loss (Pa)
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Reservoir Model

Continuity Equation:
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krw = relative permeability to water (-)
krs = relative permeability to steam (-)
νw   = kinematic viscosity of water (m2/s)
νs    = kinematic viscosity of steam (m2/s)
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Validation
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Analysis
Analysis on effects of kh on well characteristics (scaling in the reservoir)
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Analysis on effects of well diameter reduced by 
scale deposition
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Transient Modeling

Advantages

• To study the behaviors of wellhead and well bottom pressure 
with time due to mass flow rate change with time at wellhead

• To estimate the time required for fluid flow to stabilize due to 
different period of time for flow rate change at wellhead 

• To analysis well testing results
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Conservation of mass:

Governing Equations: Wellbore

( ) 0u
xt

=ρ
∂
∂

+
∂
ρ∂

Conservation of momentum:

( ) ( )[ ] 0
r4
ufg

x
pu1u

x
u

t w

2
2
ww

2
ss =

ρ
−ρ+

∂
∂

−ρα−+αρ
∂
∂

+ρ
∂
∂

Conservation of energy:

( ) ( )[ ] ( )[ ]






 α−+α
∂
∂

−=ρα−+αρ
∂
∂

+ρ
∂
∂

wswwwsss u1u
x

Peu1eu
x

e
t

Equation of state:

e
e

p
p pe

∆






∂
ρ∂

+∆







∂
ρ∂

=ρ∆

P = pressure (Pa)
ρ = fluid density (kg/m3)
u  = fluid velocity (m/s)
α  = void fraction (-)
e  = specific internal energy of fluid (J/kg)

subscripts: w = water (wellbore) ; s = steam
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Governing Equation: Reservoir

Diffusion equation:
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t = time (s)
k = permeability (m2)
μ = dynamic viscosity (Pa.s)
φ  = porosity (-)
C  = compressibility (1/Pa)
r  = radial distance (m)
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Boundary condition at wellhead:
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Effects of time interval required for flow 
rate change on well deliverability



Method and Techniques in Geothermal Power Plant Training

Presented by _________

Effects of permeability thickness 
on flashing depth
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Reservoir-Wellbore Simulator
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Thank You
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