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1. Geological & Geographical Basics
2. Geo-zones, geo-types, physical & 
chemical properties
3. Thermal Heating

a) Fundamentals
b)Case Example, Boise City Mall
c)Past and future

4. Utilization of geo-Inactive Region
5. Quiz Review

Agenda
Fundamentals of Thermal Heating 
for Geo-active & -inactive Regions



Ta
bl

e 
1.

12
 D

ef
in

it
io

ns
 &

 
S

yn
on

ym
s

T
ab

le
 1

.1
2 

D
ef

in
it

io
n

s 
&

 S
yn

on
ym

s



References & Data in some Slides is noted when 
from optional reference Geothermal Utilization, 

Wiley, 1979, E F Wahl  Copyright owned by Edward F Wahl
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Review of Basics
Chapter 1 of Wiley book(optional reference)

Review geo- data, concepts and 
theories necessary to understand the 
geothermal fluids that are available at 
the earth's surface and therefore how 
to use them profitably. 
Because the time frame of changes is in the 
billions of years, this data is unchanged but has 
been updated with information from NASA 
studies, USSR geologic commission circa 1960 
and others not included in 1979 edition.  







Surface Zone Geology, Subduction
Fig 1.5 Chapter 1 of Wiley book(optional reference)



One of Many Scenarios for 
Formation of Geo-energy within 
Economically Accessible Depth
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Table 1.3. Other Useful Information
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The extensive and valuable information in 
these chapters are not available elsewhere.

Chapter 2. The physical & chemical 
properties of geothermal fluids

Noteworthy is that Calcium (Ch.3) & Silica 
(Ch.4) are generally the most serious scale 

deposition components.
Detailed discussion is beyond the scope of 

this course but is summarized and 
provided for your possible interest

Physical & Chemical Properties
Chapter 2-4 of Wiley book(optional reference)



SUMMARY OF THEORY & 
PREDICTION 

On Deposition and Physical On Deposition and Physical 
PropertiesProperties

Deposition can be 
predicted/estimated

Equations for Physical properties 
are simple & useful
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Calcium Carbonate Deposition

Predictable

Dependant on pH

Thus affected by flashing

Also temperature dependent

Please see Chapter 3 of 

Wiley book optional reference 



Silica Deposition

Experience is best predictor

Tests on specific site best.

Polymerization rate varies from minutes to 
months.  

Extensive data is available in the literature 
for prediction
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SUMMARY OF PRECEEDING 

On Electrical & Thermal 
Productivity

⬣ Sensitive to ambient temperature 
⬣ Thermal Productivity 4 to 15+ times 

higher than Electrical Productivity



Three concepts are 
◊ net power produced improves as 

ambient temperature drops 
◊ most valuable product is direct 

thermal use for process or 
other heating purposes 

◊ as resource temperature drops, 
thermal use > preferred 

economic use

Pertinent Important ConceptsPertinent Important Concepts
Based on Chapters 6-9 of Wiley book(optional reference)



Map Geo resources to 3 km



3 > 6 km = ?3 > 6 km = ?



Map Geo resources to 6 km



Maps show % area of US 
most economically usable

at 3 km depth* for Geo-Power 10, Geo-Thermal 
Heating 15, inactive region 65 

at 6 km depth* for Geo-Power 10, District Geo-
Thermal & water heating 45, District Geo-
Thermal heating 5-42, inactive region 3 -40

*Note: less costly to drill & produce low pressure geo-well for thermal 
use than for power which requires high pressure to drive 

GTHP might apply to a large portion of inactive region with 
careful consideration of the economics.



District Heating Boise Idaho

A Case Example of
Direct Thermal Heating

Production Zone 1300 – 2550 Ft
Depth of Wells 3000 Ft

Injection Zone 1700 – 2700 Ft



District Heating Boise IdahoDistrict Heating Boise Idaho



HDD⇧by Rain which percolates down & 
into hot regions. Drill holes bring the hot 
fluid to surface for Electricity or Heating
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Definition of (HDD)
Heating Degree Days 

============

HDD is  an estimate of the 
energy to heat a building to a 

comfort level (~65°F).
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CALCULATION OF HEATING 
DEGREE DAYS

Annual HDD = Sum [daily HDD]  
for all seasonal heating days.

[daily HDD]  =  [building comfort 
temperature (~65°F)]

 – [mean outdoor temperature] 



DIRECT THERMAL HEATING 
 PROJECTS IN  US

Thermal heat projects have 
large future economic 
potential and thus are 

potentially profitable projects.
=========================================

 GTHP projects are economically inferior 
to these direct thermal heat projects



Fundamentals of Heating & 
Cooling for Geo-inactive Regions

All the theory, procedures, 
available data & calculations 
for heating are the same for 

cooling.
=========================================

 The US map for cooling, and 
the calculation of CCD 

replaces HHD using same 
procedures



GTHP Systems open & closed-loop systems
ponds, lakes, rivers & similar are used advantageously 
Economics =f [Location, climate, distance from geothermal 

source, geology of crustal surface down to 200 feet.

Open Loop System                  Closed Loop System    



Maps show % area of US 
most economically usable for 

GTHP
at 6 km depth 5 to 40% of inactive 

region of the continental US
GTHP applies to a large portion of 

inactive region with careful 
consideration of the economics.



Resources to 6 km Current Practice
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Thank you for 
attending. 

Questions will be answered.

Author will be pleased to answer questions

receive comments & suggestions on presentation

Dr Wahl, PhD, PE

Phone 541-754-6350

Fax 310-943-7679
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