
4_1 Subsurface Fluid Flow



Recap:

Thermo - Defines behavior of fluids and minerals in the crust
Importance of First and Second Laws
Phase change is an important mechanism for heat transfer fluids

Movies: 

Fractional Fluid Flow: https://www.youtube.com/watch?v=cNDUKylb4Ds

Resources: WG4

Reative Permeabilities: https://www.youtube.com/watch?v=A9c0vRU_Jko&feature=youtu.be

Darcy's Law: https://www.youtube.com/watch?v=mxPuiryMjJs&feature=youtu.be

Motivation:

1.	 Motivation [10%] Provide context for the topic. Use of relevant public domain videos are a useful 
method for this. Why is this particular topic or sub-topic important in the broad view of geothermal 
energy engineering? 





















Fluids present naturally or introduced.... and function as a heat transfer medium 
Convective (rather than conductive) heat transfer often necessary 
Fluids may be naturally occurring water/brine  or artificially introduced CO2 (v. exotic)



Scientific Questions:


2.	 Scientific Questions to be Answered/Outline [10%] What questions arise from the 			motivation. 
What are the sub-topical areas that address these scientific questions. 



What controls fluid movement (modulated by permeability and storage)? 

Impacts of multiple phases (vapor/liquid) and changes in permeability?

What rates of thermal recovery may result - and what are the controls? 










































































































Simultaneous Flow of Two Fluids (water & vapor):




































































































Darcy's Law
















































































































































































































































































































Relative Permeability
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Fracture Permeability - Nomograph

Crustal Permeability at Depth



Conservation ofMass Momentumants y ÉÉit

get q 0
y

x f

g
G Ein

n I

gens Edge 0

PETE II et
887 8 II If

7 EYE
I

Compressibility
n

ofreservoir ta
E 109Pa 10 109Pc

U C water Ewater29Pa

C I
Cvapor Egas P



Crn ncaa In I Engg t

Heads h Ey En
h Ig

t

Sw Saw I

Pc Pnw Pw

Ctcf n KILI a Petroleum
Geo then

Ss II Igt Groundwater

FLOW NETS
Streamlines

Equipotential

h const









































































































































































































11
SIMPLIFIED RELATIONS FOR FLOW
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