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I L I  
ABSTRACT 

i u 

A computer model c a l l e d  GEOCITY has been developed by  B a t t e l l e ,  a t  t h e  

P a c i f i c  Northwest Laboratory,  t o  sys temat i ca l l y  c a l c u l a t e  t h e  p o t e n t i a l  cos t  

o f  d i s t r i c t  hea t ing  us ing  hydrothermal geothermal resources. GEOCITY 

combines c l imate ,  demographic fac to rs ,  and heat demand o f  t h e  c i t y ,  resource 

cond i t ions ,  w e l l  d r i l l i n g  costs,  design o f  t h e  d i s t r i b u t i o n  system, t a x  
ra tes ,  and f i n a n c i a l  f a c t o r s  i n t o  one systemat ic  model. The GEOCITY program 

prov ides  t h e  f l e x i b i l i t y  t o  i n d i v i d u a l l y  o r  c o l l e c t i v e l y  eva lua te  t h e  impact 

o f  d i f f e r e n t  economic and techn ica l  parameters, assumptions, and uncer ta in -  

t i e s  on t h e  cos t  o f  p r o v i d i n g  d i s t r i c t  heat f rom a geothermal resource. 

Bo th  t h e  geothermal r e s e r v o i r  and d i s t r i b u t i o n  system are s imulated t o  model 

t h e  complete d i s t r i c t  heat ing  system. 

GEOCITY cons is t s  of two major par ts :  t h e  geothermal r e s e r v o i r  submodel 

and the  d i s t r i b u t i o n  submodel. The r e s e r v o i r  submodel ca l cu la tes  t h e  u n i t  
cos t  o f  energy by s imu la t i ng  the  exp lo ra t ion ,  development, and opera t ion  o f  

a geothermal r e s e r v o i r  and t h e  t ransmiss ion o f  t h i s  energy t o  a d i s t r i b u t i o n  

center .  The d i s t r i b u t i o n  submodel ca l cu la tes  t h e  u n i t  cos t  o f  heat by  

s imu la t i ng  t h e  design and opera t ion  o f  a d i s t r i c t  heat ing  d i s t r i b u t i o n  

system. 

GEOCITY c a l c u l a t e s  t h e  u n i t  cos t  of energy and t h e  u n i t  cos t  o f  heat 

f o r  t h e  d i s t r i c t  heat ing  system based on t h e  p r i n c i p l e  t h a t  t h e  present  
wor th of the  revenues will be equal t o  t h e  present  wor th o f  t h e  expenses 

i n c l u d i n g  investment r e t u r n  over t h e  economic l i f e  o f  t h e  d i s t r i b u t i o n  

system. 
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USER MANUAL FOR GEOCITY: A COMPUTER MODEL FOR 
GEOTHERMAL DISTRICT HEATING COST ANALYSIS 

INTRODUCTION 

I n  a research program sponsored by the  Un i ted  States Energy Research 

and Development Admin is t ra t ion , (a )  t h e  P a c i f i c  Northwest Laboratory  

( PNL)(b) developed a computer s imu la t i on  model f o r  geothermal d i s t r i c t  

heat ing  cos t  ana lys i s  c a l l e d  GEOCITY.  
e n t i r e  product ion,  d i s t r i b u t i o n ,  and waste d isposa l  process f o r  geothermal 

d i s t r i c t  heat ing  systems, b u t  does n o t  inc lude t h e  cos t  o f  r a d i a t o r s ,  

convectors, o r  o the r  in-house heat ing  systems. GEOCITY c a l c u l a t e s  t h e  cos t  

The GEOCITY program s imulates t h e  

o f  d i s t r i c t  heat ing  based on t h e  c l imate,  populat ion,  and heat demand o f  

c i t y ,  geothermal resource c h a r a c t e r i s t i c s  and d is tance f rom t h e  d i s t r i b u t  

center,  w e l l  d r i l l i n g  costs,  design o f  t h e  d i s t r i b u t i o n  system, and 

f i n a n c i a l  and t a x  cond i t ions .  

GEOCITY i s  composed o f  two p r i n c i p a l  pa r t s :  t h e  geothermal r e s e r v o i  

submodel and t h e  d i s t r i b u t i o n  system submodel. The r e s e r v o i r  submodel 

he 

on 

c a l c u l a t e s  t h e  cos t  o f  energy by s imu la t i ng  t h e  exp lo ra t ion ,  development and 

opera t ion  o f  a hydrothermal r e s e r v o i r  f rom t h e  beginning o f  e x p l o r a t i o n  

through t h e  economic l i f e  o f  t h e  d i s t r i b u t i o n  system. The r e s e r v o i r  
submodel a l so  s imulates t h e  t ransmiss ion o f  t h e  geothermal water through a 

f l u i d  t ransmiss ion  system t o  t h e  d i s t r i b u t i o n  center  and t h e  d isposal  o f  t h e  
used water f rom t h e  d i s t r i b u t i o n  system. G E O C I T Y  ca lcu la tes  the  u n i t  cos t  

o f  energy based on t h e  p r i n c i p l e  t h a t  t h e  present  worth o f  t h e  revenues w i l l  

be equal t o  t h e  present  worth o f  t h e  expenses i n c l u d i n g  investment r e t u r n  

over t h e  economic l i f e  o f  t h e  d i s t r i b u t i o n  system. The present  worth f a c t o r  

i s  determined by t h e  c a p i t a l  s t r u c t u r e  and r a t e s  on inves ted  c a p i t a l  f o r  t h e  

rese rvo i r .  

u 
( a )  The Energy Research and Development Admin is t ra t ion  was ass imi la ted  i n t o  

t h e  U.S. Department o f  Energy on June 1, 1977. 
( b )  Pac i f i c  Northwest Laboratory  i s  operated f o r  t h e  Department o f  Energy 

by B a t t e l l e  Memorial I n s t i t u t e .  

1 



The distribution submodel calculates the cost of heat by simulating the 
design and the operation of the district heating distribution system. 
distribution submodel can simulate many designs for hot water heating 
systems. These distribution designs include an optional heat exchanger at 
the inlet to the distribution center and various material and configuration 
options for pipes, conduits, and insulation. Using discounted cash flow 
analysis, GEOCITY calculates the unit cost of heat from the distribution 
system by equating the present worth of the revenues to the present worth of 
the expenses including investment return over the economic life of the 
distribution system. 
structure and rates of return on invested capital for the distribution 
system. 

The 

The present worth factor is determined by the capital 

GEOCITY can simulate nearly any financial and tax structure through 

Both private enterprise and municipal utility systems can be 
varying the rates of return on equity and debt, the debt-equity ratios, and 
tax rates. 
simulated. The reservoir submodel and the distribution submodel may have 
the same or differing financial structures and costs of capital. 

GEOCITY is programed in FORTRAN IV and is operational on the Control 
The source code Data Cyber 73 computer with Scope 3.4.4 operating system. 

of GEOCITY and the 1967 ASME Steam Tables (1y2) used to calculate thermo- 
dynamic and physical Properties of water are available from the Argonne Code 
Center on one reel of magnetic tape. The tape recording mode is optional: 
7-track, 556 BPI, even parity, and BCD code; or 9-track, 800 BPI, odd 
parity, and EBCDIC code. 

In addition to this user manual, two earlier have 
described theoretical concepts and applications of the GEOCITY code to 
simulating geothermal district heating systems. To aid potential users of 
the code, a sample case simulating a simplified version of the district 
heating system for Akureyri, Iceland, is illustrated in this user manual. 

2 
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2. DESCRIPTION OF PROGRAM 

I c1 
i w 
I Q  

! Q  

U 
j" 

2.1 GENERAL PROGRAM DESIGN 

GEOCITY i s  designed i n  modular fashion, w i t h  65 t e c h n i c a l  and economic 

subrout ines.  I n  a d d i t i o n  t o  t h e  standard FORTRAN l i b r a r y  func t ions ,  63 

subrout ines compr is ing the  1967 ASME Steam Tables are used t o  c a l c u l a t e  

thermodynamic and phys i ca l  p roper t i es  o f  water, i n c l u d i n g  pressure, tempera- 

tu re ,  enthalpy,  s p e c i f i c  volume, densi ty ,  v i s c o s i t y  and f l u i d  q u a l i t y .  

GEOCITY and t h e  steam tab les  con ta in  approximately 8000 and 4000 FORTRAN 

statements respec t i ve l y .  
decimal words o f  computer memory f o r  execut ion.  

The e n t i r e  program requ i res  approximately 54,000 

The b lock  diagram i n  F igure 1 shows an overview o f  t he  economic model 

F ig -  
used i n  GEOCITY t o  represent  a geothermal d i s t r i c t  heat ing  system. F igure  2 
shows t h e  computat ional  f l o w  through t h e  major submodels o f  GEOCITY.  

u r e  3 shows t h e  de ta i led ,  l o g i c a l  l ayou t  o f  t he  subrout ines i n  each major 

submodel and serves as the  bas is  f o r  t he  opera t iona l  d e s c r i p t i o n  o f  t h e  
major sequence o f  c a l c u l a t i o n s  i n  GEOCITY. 

The major submodels and t h e i r  associated subrout ines i n  GEOCITY are 

discussed i n  Sect ions 2.2 through 2.8 i n  the  order o f  t h e i r  execut ion i n  t h e  

computer code. 
reading the  f o l l o w i n g  desc r ip t i ons  o f  t he  submodels and t h e i r  subrout ines.  

The submodels are as f o l l o w s :  

The code user may f i n d  r e f e r r i n g  t o  F igure 3 h e l p f u l  i n  

Execut ive Program and Data Inpu t  
Contro l  Rout ine f o r  D i s t r i b u t i o n  System and F l u i d  Transmission 

o F l u i d  Transmission and Disposal  ( I n j e c t i o n )  

Heat Exchanger 

D i s t r i b u t i o n  System 
Reservoi r  Economics 

D i s t r i b u t i o n  Economics 

The steam t a b l e  func t i ons  are c a l l e d  f rom many subrout ines i n  GEOCITY,  
These func t i ons  are b u t  are no t  shown i n  F igure  3 f o r  t h e  sake o f  b r e v i t y .  

summarized i n  Sect ion 2.9 f o l l o w i n g  the  desc r ip t i ons  o f  t h e  submodels and 

t h e i r  subrout ines.  

3 
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2.2 EXECUTIVE PROGRAM AND DATA INPUT SUBMODEL 

The execut ive  program GEOCITY c o n t r o l s  t h e  sequence o f  process ing by 

the  major submodels t o  s imulate t h e  techn ica l  and economic components o f  t h e  

geothermal d i s t r i c t  heat ing  model. This inc ludes t h e  da ta  input ;  f l u i d  
t ransmiss ion and d isposal ;  d i s t r i b u t i o n  system f o r  the  c i t y ;  cash f l o w  f o r  

t h e  r e s e r v o i r  exp lo ra t ion ,  development, and operat ion;  and cash f l o w  f o r  t h e  

d i s t r i b u t i o n  system design, cons t ruc t i on ,  and operat ion.  GEOCITY c a l l s  t h e  

data i n p u t  submodel s imulated by subrout ine LOAD and i t s  assoc iated sub- 

r o u t i n e s  t o  s e t  up t h e  i n i t i a l i z a t i o n  and read t h e  techn ica l  and economic 

i n p u t  data. This inc ludes  t h e  r e s e r v o i r  c h a r a c t e r i s t i c s ,  wel lhead condi -  
t i o n s  o f  t h e  geothermal f l u i d ,  w e l l  f i e l d  layout ,  f l u i d  t ransmiss ion and 

d isposa l  parameters, d r i l l i n g  costs, d i s t r i b u t i o n  system design f o r  t h e  

c i t y ,  and f i n a n c i a l  and tax data f o r  t he  r e s e r v o i r  and d i s t r i b u t i o n  system. 

Each subrout ine  associated w i t h  t h e  execut ive program and w i t h  t h e  data 

i n p u t  submodel i s  descr ibed i n  t h e  order o f  i t s  execut ion i n  t h e  program 

(F igure  3).  

GEOC ITY Contro ls  t h e  sequence o f  c a l c u l a t i o n s  by  t h e  major 

submodels. 

BLOCK DATA I n i t i a l i z e s  rep resen ta t i ve  values f o r  t h e  i n p u t  data when 

t h e  program i s  loaded i n t o  computer memory. 

CCSR1, CCSR2 I n i t i a l i z e  steam constants  requ i red  i n  c a l c u l a t i o n s  b y  t h e  
CCSR3, CCBLL, steam t a b l e  func t ions .  
and COMALL 

III 
D 

SWITCH( 0) 

LOAD Reads t h e  i n p u t  data us ing  NAMELIST t o  ove r r i de  t h e  d e f a u l t  
values i n i t i a l i z e d  i n  BLOCK DATA; se ts  up i n i t i a l  va lues 

f o r  t h e  GEOCITY var iab les ;  and p r i n t s  t h e  i n p u t  data d e f i n i n g  

r e s e r v o i r  c h a r a c t e r i s t i c s  and w e l l  p roper t i es .  Subrout ine LOAD 

a l s o  c a l l s  subrout ine  DGHEAT t o  execute t h e  d i s t r i b u t i o n  system 

f l u i d  demand, f l u i d  t ransmiss ion,  heat  exchanger ( o p t i o n a l )  , f l u i d  
d isposal  ( o p t i o n a l ) ,  and d i s t r i b u t i o n  system submodels. 

Stores t h e  f i r s t  35 va lues o f  t h e  DINPUT a r ray  d e f i n i n g  
i n p u t  r e s e r v o i r  f i n a n c i a l  and tax  data i n t o  an i n t e r n a l  

work array,  D(N), N = 1, ..., 35. SWITCH(1) s to res  t h e  
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SWITCH( 0) 
(Contd) 

second se t  of 35 values of the DINPUT array, DINPUT(N), 
N = 36,. . .,70, defining i n p u t  d i s t r i b u t i o n  system financia 
and tax data i n t o  the same work array, D ( N ) ,  N = 1 ,..., 35. 
The common work array has similar definitions for the 
reservoir and distribution system, although the individual 
elements transferred from the f i r s t  and second se t  of 35 
values in the DINPUT array can have different numerical 
values. 

Returns Centigrade temperature expressed as a positive 
number when Fahrenheit temperature i s  i n p u t  as a negative 
number. Centigrade temperature i n p u t  as a positive number 
is returned unchanged. The i n p u t  parameter which can use 

I t h i s  option is the wellhead temperature PWTEMP. 

DEGC 

FEET 

INCHES 

PAGE 

Returns meters expressed as a positive number when fee t  are 
i n p u t  as a negat ive number. Meters i n p u t  as a positive 
number are returned unchanged. 
can use this option is the well depth STRATA ( 2 , l ) .  

The input parameter which 

Returns centimeters expressed as a positive number when 
inches are i n p u t  as a negative number. 
as a positive number are returned unchanged. The i n p u t  
parameter which can use th i s  option is the well diameter 
D I A .  

Centimeters in'put 

Controls the number of l ines printed per page, prints an 
i n p u t  t i t l e  a t  the t o p  of the page, and numbers pages when 
called from various subroutines. 

2.3 CONTROL ROUTINE (SUBROUTINE DGHEAT) FOR DISTRIBUTION SYSTEM 
AND FLUID TRANSMISSION SUBMODELS 

Subroutine LOAD c a l l s  subroutine DGHEAT t o  s e t  the wellhead f l u i d  
pressure and t o  control the interaction between the distribution system 
submodel and the f lu id  transmission submodel. Subroutine DGHEAT s e t s  the 
wellhead f l u i d  pressure a t  or above saturation by multiplying the saturation 
pressure corresponding to the i n p u t  wellhead temperature PWTEMP by the pres- 
surization factor PRFACT ( => l . ) ,  specified by the user in the i n p u t  data. 
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The f l u i d  pressure i s  t he rea f te r  con t inuous ly  mainta ined a t  o r  above sa tura-  

t i o n  (compressed l i q u i d  s t a t e )  t o  prevent  f l a s h i n g  and two-phase f l o w  i n  t h e  

f l u i d  t ransmiss ion l i n e s  through t h e  use o f  booster  pumps s imulated i n  the  
f l u i d  t ransmiss ion  submodel (subrout ine  TRANS). 

The b lock diagram i n  F igure  4 shows the  design s t r u c t u r e  and t ime-order  

sequence o f  execut ion o f  t he  subrout ines c a l l e d  by DGHEAT. For the  purpose 

o f  s i m p l i f y i n g  the  diagram, o n l y  subrout ine DIST i s  expanded below the  f i r s t  
l e v e l  o f  d e t a i l  i n  F igure  4 t o  show t h e  subrout ines i t  c a l l s  i n  s imu la t i ng  
the  d i s t r i b u t i o n  system submodel. 

Subrout ine DGHEAT i n i t i a t e s  and c o n t r o l s  t h e  i n t e r a c t i o n  between t h e  

d i s t r i b u t i o n  system demand subrout ine  CALQNA and f l u i d  t ransmiss ion sub- 

model. Subrout ine DGHEAT c a l l s  subrout ine CALQNA t o  i n i t i a l l y  c a l c u l a t e  t h e  

d i s t r i b u t i o n  system's geothermal f l u i d  f l o w  requirements from the  r e s e r v o i r  
us ing  wellhead cond i t ions .  Based upon t o t a l  f l o w  requirements, t h e  f l u i d  

t ransmiss ion submodel s imulated by subrout ine TRANS and i t s  assoc iated sub- 

r o u t i n e s  i s  c a l l e d  t o  c a l c u l a t e  t h e  number o f  requ i red  we l l s ,  w e l l  f i e l d  

layout ,  p ipe  lengths and diameters, pumping requirements, cos ts  o f  t h e  

t ransmiss ion  p i p i n g  system pumps, and associated equipment, and temperature 

and enthalpy drop ( f l u i d  degradat ion) between the  r e s e r v o i r  and d i s t r i b u t i o n  

center .  Subrout ine DGHEAT c o n t r o l s  t h e  i t e r a t i o n  between t h e  d i s t r i b u t i o n  
system demand subrout ine  CALQNA, which ca l cu la tes  the  increased geothermal 

f l u i d  f l o w  r a t e  requ i red  f o r  t he  d i s t r i b u t i o n  system under t h e  degraded 

f l u i d  cond i t ions ,  and the  f l u i d  t ransmiss ion submodel, which prov ides t h e  
increased f l o w  requirements by adding w e l l s  and determin ing t h e  new 

temperature and en tha lpy  drop 

Subrout ine DGHEAT c a l l s  subrout ine  CONVRG t o  t e s t  t h e  i t e r a t i o n  between 

the  d i s t r i b u t i o n  system demand subrout ine  and f l u i d  t ransmiss ion submodel 

f o r  convergence o f  geothermal f l o w  r a t e .  Subrout ine CONVRG compares t h e  

t o t a l  geothermal f low requirements computed f o r  t h e  d i s t r i b u t i o n  system, 
based upon t h e  degraded temperature and enthalpy de l i ve red  by the  f l u i d  

t ransmiss ion submodel i n  t h e  c u r r e n t  i t e r a t i o n ,  w i t h  the t o t a l  f l o w  r e q u i r e -  

ment c a l c u l a t e d  i n  t h e  prev ious  i t e r a t i o n .  The convergence c r i t e r i o n  

requ i res  t h a t  t h e  new f l o w  requirement computed f o r  t he  d i s t r i b u t i o n  system 
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DGHEAT 
CALQNA 
TRANS 
CONVRG 
SUBHEX 
INJECT 
D I  ST 
DWRlT 
GRAPH 
SIZE 
HEAT 
PROP 
DWRIT2 

DESCRIPTION OF SUBROUTINES 

- M A I N  CONTROL ROUTINE 
- CALCULATE D I  STRl BUTION SYSTEM FLUID DEMAND 
-FLUID TRANSMISSION 
- FLU1 D CONVERGENCE TEST 
- HEAT EXCHANGER (OPT1 ONAL) 
- FLU1 D REINJECTION (OPTIONAL) 
-DISTRIBUTION SYSTEM 
- DISTRIBUTION SYSTEM PRINTOUT 
-DISTRIBUTION P I P I N G  LAYOUT 
- DISTRIBUTION PIPE AND INSULATION SIZE 
-DISTRIBUTION P I P I N G  HEATLOSS 
- CONVECTIVE HEAT-TRANSFER COEFFICIENT 
- DISTRIBUTION SYSTEM PRINTOUT 

FIGURE 4. Time-Order Sequence o f  Subroutines Called by Subroutine DGHEAT 
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d i f f e r  by less  than 2% f rom the  f low requirement computed i n  t h e  prev ious 
i t e r a t i o n .  A f t e r  s a t i s f y i n g  the  convergence c r i t e r i o n ,  the  d i s t r i b u t i o n  

system demand subrout ine and f l u i d  t ransmiss ion submodel are executed one 

more t ime a t  t h e  c o n t r o l  o f  subrout ine  DGHEAT. This prov ides f l e x i b i l i t y  t o  

s a t i s f y  the  i n p u t  op t ions  o f  p r i n t i n g  the  f i n a l  i t e r a t i o n  o n l y  or p r i n t i n g  
the  e n t i r e  i n t e r a t i o n  h i s t o r y .  F a i l u r e  t o  converge w i t h i n  a maximum l i m i t  

o f  10 i t e r a t i o n s  r e s u l t s  i n  an abnormal te rm ina t ion  and p r i n t o u t  o f  an 

appropr ia te  e r r o r  message. 

A f te r  convergerrce, subrout ine  DGHEAT checks t h e  heat exchanger o p t i o n  
and c a l l s  t h e  heat exchanger submodel i f  t h i s  o p t i o n  i s  s imulated. This 

op t i on  i s  prov ided i n  case t h e  temperature o f  t h e  geothermal f l u i d  needs t o  

be reduced or  the  f l u i d ' s  chemical composi t ion makes i t  undes i rab le  f o r  
d i r e c t  use i n  t h e  d i s t r i c t  heat ing  d i s t r i b u t i o n  system. Heat i s  t r a n s f e r r e d  

from t h e  geothermal f l u i d  i n  t h e  r e s e r v o i r  t o  c i r c u l a t i n g  c lean water f o r  

use i n  t h e  d i s t r i c t  heat ing  d i s t r i b u t i o n  system. 

Subrout ine DGHEAT nex t  checks t h e  f l u i d  r e i n j e c t i o n  o p t i o n  and c a l l s  
t h e  f l u i d  i n j e c t i o n  submodel i f  t h i s  o p t i o n  i s  s imulated. The f l u i d  
i n j e c t i o n  submodel, beginn ing w i t h  t h e  e n t r y  p o i n t  INJECT i n  subrout ine  

TRANS, ca l cu la tes  the  number o f  i n j e c t i o n  wel ls ,  i n j e c t i o n  w e l l  f i e l d  

layout ,  i n j e c t i o n  p i p e  diameters and lengths,  and cos ts  o f  t h e  i n j e c t i o n  

p i p i n g  system and associated equipment. The f l u i d  i s  r e i n j e c t e d  from e i t h e r  

t h e  d i s t r i c t  heat ing  d i s t r i b u t i o n  system or  the  heat  exchanger a t  t h e  end o f  
the  f l u i d  t ransmiss ion l i n e  i f  t h e  heat exchanger o p t i o n  i s  s imulated. I f  
t h e  f l u i d  r e i n j e c t i o n  op t i on  i s  no t  simulated, t h e  f l u i d  i s  assumed t o  be 

disposed i n t o  a sewer system o r  r i v e r .  

F i n a l l y ,  t he  subrout ine  DGHEAT c a l l s  t h e  d i s t r i b u t i o n  system submodel 

t o  s imulate the  design, cons t ruc t i on ,  and opera t ion  o f  t he  d i s t r i c t  hea t ing  

d i s t r i b u t i o n  system f o r  t he  c i t y .  The computat ional  f l o w  i n  t h e  program 

then r e t u r n s  t o  subrout ine  LOAD and the  execut ive  program GEOCITY t o  sim- 
u l a t e  the  r e s e r v o i r  economic submodel and d i s t r i b u t i o n  economic submodel. 
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E 
2.4 FLUID TRANSMISSION AND DISPOSAL (INJECTION) SUBMODEL 

Based upon t h e  t o t a l  f l o w  requirements ca l cu la ted  by the  d i s t r i b u t i o n  
system demand subrout ine  CALQNA, subrout ine  TRANS c a l l s  t he  subrout ines 

descr ibed below t o  s imu la te  t h e  f l u i d  t ransmiss ion submodel. The f l u i d  
t ransmiss ion submodel ca l cu la tes  t h e  f o l l o w i n g  q u a n t i t i e s :  number o f  p ro-  

ducing w e l l s  requ i red ,  t h e  w e l l  f i e l d  layout ,  p i p e l i n e  lengths,  optimum 

p ipe1  i n e  diameters, p i p e  schedules, p ipe  i n s u l a t i o n ,  pumping requirements, 

f l u i d  degradat ion dur ing  conduct ion f rom the  wel lhead t o  the  d i s t r i b u t i o n  

center ,  and cos t  o f  t h e  pipes, i n s u l a t i o n ,  pumps, valves,  and associated 

equipment. 
enthalpy,  v i s c o s i t y ,  and dens i t y )  i s  modeled on a nodal bas is  dur ing  

conduct ion i n  a compressed l i q u i d  s ta te .  

The degradat ion o f  t h e  geothermal f l u i d  (temperature, pressure, 

Subrout ine INJECT, coded as an e n t r y  p o i n t  i n  subrout ine  TRANS, per-  
forms analogous f u n c t i o n s  f o r  f l u i d  i n j e c t i o n  (d i sposa l )  by s imu la t i ng  the  

conduct ion o f  t h e  f l u i d  e f f l u e n t  f rom t h e  c i t y  d i s t r i b u t i o n  system or  t h e  
heat exchanger t o  the  i n j e c t i o n  w e l l  f i e l d .  It c a l c u l a t e s  the  number o f  

i n j e c t i o n  w e l l s  requi red,  i n j e c t i o n  w e l l  f i e l d  layout ,  e f f l u e n t  p i p e l i n e  

lengths  and diameters, and c o s t  o f  t he  i n j e c t i o n  p i p i n g  system and 

associated equipment. 
ca l cu la tes  f l u i d  degradat ion on a nodal bas is ,  t he  more s i m p l i f i e d  f l u i d  

i n j e c t i o n  submodel does no t  c a l c u l a t e  e f f l u e n t  f l u i d  degradation. Instead, 

t he  e f f l u e n t  p i p e l i n e  diameters are s i zed  on a nodal bas i s  as a f u n c t i o n  o f  

t h e  mass f l o w  r a t e  e x i t i n g  each node, ho ld ing  cons tan t  t h e  temperature, 

pressure, v i s c o s i t y  and dens i t y  o f  t h e  e f f l u e n t  i n  e f f e c t  a t  t he  o u t l e t  f rom 

t h e  c i t y  d i s t r i b u t i o n  system or t h e  heat  exchanger. 

I n  con t ras t  t o  t h e  f l u i d  t ransmiss ion  submodel, which 

TROUT P r i n t s  t h e  i n p u t  cond i t i ons  f o r  t h e  f l u i d  t ransmiss ion  and 

i n j e c t i o n  submodel. 

DESIGN Calcu lates t h e  number o f  producing, nonproducing, and 

i n j e c t i o n  w e l l s  based on the  t o t a l  geothermal f l u i d  f l o w  

r a t e  requ i red  by the  d i s t r i b u t i o n  system and severa l  i n p u t  

cond i t ions ,  which inc lude:  mass f l o w  r a t e  o f  i n d i v i d u a l  
producing we l ls ,  r a t i o  o f  nonproducing t o  producing w e l l s  

d r i l l e d ,  and r a t i o  o f  i n j e c t i o n  w e l l  t o  producing w e l l  f l o w  

c 
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DESIGN (Contd) ra te .  The we l l s  are loca ted  a t  t he  v e r t i c e s  o f  e q u i l a t e r a l  

t r i a n g l e s  (nodes i n  a t r i a n g u l a r  l a t t i c e )  as shown i n  

F igu re  5 ,  w i t h  p ipe  runs p a r a l l e l  t o  the  h o r i z o n t a l  

X-axis. The f l u i d  t ransmiss ion system has a man i fo ld  
p i p e l i n e  f o r  t r a n s m i t t i n g  the  geothermal f l u i d  f rom a l l  

rows o f  w e l l s  t o  t h e  d i s t r i b u t i o n  center .  Subrout ine 

DESIGN ca l cu la tes  an e f f e c t i v e  average acreage (WACRE) per  

producing we l l  based upon t h e  i n p u t  w e l l  spacing (WELSPC) 

i n  acres and the  f r a c t i o n  (FRCNPW) o f  nonproducing ( d r y )  

w e l l s  according t o  t h e  f o l l a w i n g  equat ion:  

WACRE = WELSPC * (l.+FRCNPW) 

The area (WACRE) encompassed by each producing we l l  

(F igu re  5 )  i s  equal t o  the  area o f  two e q u i l a t e r a l  

tr i angles. 

Y-AXIS  

I 

1 

0 WELL NODES (1-15) 

0 M A N I F O L D  NODES 

- ROUTE OF FLU I D 

- D I RECTI ON OF FLOW 

T R A N S M I  S SI ON L INES 

WELL S P A C I N G  

X-AX1 S 
L 

D I STR I BUT ION 
CENTER 

FIGURE 5. Well Layout Design and Rout ing o f  F l u i d  Transmission L ines 
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DESIGN (Contd) Subrout ine DESIGN c a l c u l a t e s  t h e  p i p e  l eng th  between 

producing w e l l s  based on the  equat ion f o r  t h e  area o f  an 

e q u i l a t e r a l  t r i a n g l e  as f o l l o w s :  

Pipe l eng th  (m) = (0.3048006 m/ f t ) (5280  f t / m i l e ) *  

WACRE (acres)  
(0.86603)(640 acres lsq m i l e f  

EQCOST 

TSTART 

P I P E  

Calcu lates the  c o s t  o f  valves, inst rumentat ion,  and s o l i d s  
separators f o r  t h e  f l u i d  t ransmiss ion submodel. 

I n i t i a l i z e s  t h e  thermodynamic and phys i ca l  c o n d i t i o n s  o f  

t h e  geothermal f l u i d  a t  t h e  two types o f  nodes i n  t h e  tri- 
angular l a t t i c e  d e f i n i n g  the  w e l l  f i e l d  layout .  These 
types are 1 )  wellhead nodes, and 2)  p ipe  j u n c t i o n s  o r  

m a n i f o l d  nodes c o l l e c t i n g  the  f l u i d  f rom t h e  p a r a l l e l  rows 
of p ipes i n t o  one l a r g e  p i p e  l ead ing  t o  the d i s t r i b u t i o n  

center .  The f o l l o w i n g  f l u i d  c o n d i t i o n s  are i n i t i a l i z e d  on 

a nodal b a s i s  f o r  a compressed l i q u i d  s t a t e :  temperature, 

pressure and f l o w  r a t e  ( i n p u t  v a r i a b l e s ) ;  enthalpy (com- 

puted as a f u n c t i o n  o f  t he  i n p u t  temperature and pressure);  

and d e n s i t y  and v i s c o s i t y  (computed from t h e  preceding 

c o n d i t i o n s ) .  A l l  wel lhead nodes i n  the  f i e l d  are i n i -  

t i a l i z e d  w i t h  t h e  same average cond i t i ons .  

o f  v a r i a b l e  wellhead c o n d i t i o n s  r e q u i r e s  code mod i f i ca -  

t i o n s .  The i n i t i a l  c o n d i t i o n s  a t  t h e  nodes are used as t h e  

s t a r t i n g  p o i n t  f o r  computing the  f l u i d  degradat ion on a 

nodal bas i s  du r ing  conduct ion f rom the  w e l l  f i e l d  nodes t o  
t h e  d i s t r i b u t i o n  center .  

, 

The s i m u l a t i o n  

Calcu lates t h e  optimum p i p e  diameter e x i t i n g  each node. 

The c a l c u l a t i o n  i s  based on the  f l u i d  mass f l o w  r a t e ,  f l u i d  

d e n s i t y  and v i s c o s i t y ,  and economic t r a d e - o f f s  between t h e  

components compris ing the  c o s t  f u n c t i o n  f o r  t he  f l u i d  

& 
c 

c 
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P I P E  (Contd) 

STOR E/R ETRI EV 

SCHEDL 

t ransmiss ion system: c a p i t a l  cos t  o f  t h e  p ipe,  annual va lue 

o f  energy l o s t  due t o  f r i c t i o n  i n  t h e  p i p e l i n e ,  and cap 

cos t  o f  pumps and d r i v e  motors f o r  pumping the  f l u i d  t o  

d i s t r i b u t i o n  center.  The cos t  f u n c t i o n  f o r  t h e  f l u i d  

t ransmiss ion system i s  minimized on a nodal bas i s  w i t h  
respec t  t o  i n t e r n a l  p i p e  diameter D by  s e t t i n g  i t s  d e r i  

t a l  

t h e  

v a t i v e  w i t h  respect  t o  D t o  zero. An i t e r a t i v e  s o l u t i o n  

based upon t h e  Newton-Raphson a lgo r i t hm i s  obta ined f o r  

optimum p i p e  diameter on a nodal bas i s  f rom the  r e s u l t a n t  

equat ion.  

The p i p e  equat ions i nc lude  a parameter EVALUE(1) which can 

be adjusted by the  program user i n  the  i n p u t  data t o  change 
a l l  p i p e  diameters i n  the  p i p e l i n e  network. This  o p t i o n  

permi ts  the  user t o  avoid unacceptable f l u i d  q u a l i t y  
r e s u l t i n g  f rom excessive pressure degradat ion or  two-phase 

f low.  

Saves and r e t r i e v e s  i n fo rma t ion  associated w i t h  t h e  p ipe-  

l i n e  and thermodynamic c o n d i t i o n  o f  t he  f l u i d  computed i n  

s imu la t i ng  f l u i d  conduct ion and degradat ion f rom w e l l  nodes 
(non-manifold nodes) t o  adjacent nodes. Ca lcu la t i ons  are 
requ i red  o n l y  once f o r  each se t  o f  w e l l  nodes i n  t h e  w e l l  
l ayou t  w i t h  t h e  same number o f  a c t i v e  w e l l s  upstream o f  t h e  

nodes, p r o v i d i n g  a l l  w e l l s  have t h e  same average cond i t i ons  
The subsequent r e t r i e v a l  o f  t h i s  i n fo rma t ion  i n  l i e u  o f  
recomputat ion can reduce t h e  execut ion t ime  f o r  s imu la t i ng  
the  f l u i d  t ransmiss ion submodel almost 50% f o r  l a r g e  w e l l  

f i e l d s .  
parameter IAVWEL = 1. 

This  o p t i o n  i s  se lec ted  by s e t t i n g  the  i n p u t  

Assigns p i p e  schedules on a nodal bas is  by  s e l e c t i n g  t h e  
smal les t  p i p e  schedule f rom a range o f  10 t o  40 t h a t  can 

w i ths tand t h e  maximum f l u i d  pressure e x i t i n g  each node. 

( a )  See d e s c r i p t i o n  o f  sample case output .  
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SCHEDL (Contd) The maximum pressure each schedule can accomodate is a 
function of the f lu id  temperature and ranges from about 
350 psia for schedule 10 up t o  1000 psia for schedule 40, 
w i t h  temperature ranges from 5OoC to 30OoC. The pipe 
schedule and diameter are used i n  subroutine TRANS t o  
calculate the cost of  p i p i n g  and instal la t ion.  

IN SUL 

SPFLOW 

FLPROP 

Sizes pipe insulation on a nodal basis as a function o f  the 
f lu id  temperature, nominal outer pipe diameter, insulation 
thickness avai labi l i ty ,  and cost ,  u s i n g  one or more types 
of insulation. The cost of in su la t ion  is calculated based 
on the thickness of each type of insulation used. 

Calculates the enthalpy and temperature degradation of the 
geothermal f l u i d  d u r i n g  single-phase flow i n  the pipeline 
between nodes. F l u i d  degradation i s  calculated i n  one 
stepsize equal t o  the distance between nodes. Calculation 
w i t h  smaller stepsize increments, such as 50 f t ,  i n  the 
conduction of water showed no significant difference i n  the 
degradation. The enthalpy d rop  i s  calculated as a function 
of nominal outer pipe diameter, f lu id  temperature, 
insulation thickness and mass flow rate .  The f l u i d  
pressure is continuously maintained a t  or above saturation 
(compressed l i q u i d  s t a t e )  t o  prevent two-phase flow i n  the 
f l u i d  transmission lines through the use o f  booster pumps 
simulated i n  the f lu id  transmission submodel (subioutine 
TRANS). The temperature is obtained from the pressure and 
enthalpy by using the steam table function TPHL for a 
compressed l i q u i d .  

Identifies the f l u i d  s t a t e  i n  the transmission pipeline as 
compressed l i q u i d ,  saturated liquid,' two-phase mixture, 
saturated vapor or superheated steam. Subroutine TRANS 
ca l l s  FLPROP on a node-by-node basis. The f lu id  s t a t e  is 
identified based upon the pressure and enthalpy by inter-  
rogating subroutine X P H H  and the ASME Steam Table 

c 
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FLPROP (Contd) func t ions .  A f t e r  i d e n t i f i c a t i o n  o f  t he  f l u i d  s t a t e  a t  a 

p a r t i c u l a r  node, subrout ine FLPROP c a l l s  t h e  appropr ia te  

steam t a b l e  f u n c t i o n  t o  compute the  s p e c i f i c  volume, 

densi ty ,  v i s c o s i t y ,  temperature, o r  ent ropy as requested by 

subrout ine TRANS. 

XPHH 

TPHASE 

TPRINT 

il 
u 
n 

D 

MOUT 

Calcu lates t h e  f l u i d  q u a l i t y  by weight f r a c t i o n  as a 

f u n c t i o n  o f  pressure and enthalpy.  It r e t u r n s  0 f o r  
sa tura ted  and compressed l i q u i d ,  1 f o r  sa tura ted  vapor and 

superheated steam, and values i n  between f o r  two-phase 
mix tu res  o f  steam and water a t  sa tu ra t i on .  

Tests whether t h e  f l u i d  q u a l i t y  i n  t h e  p i p e l i n e  has become 

unacceptable due t o  two-phase f low, which i s  no t  al lowed i n  

t h e  conduct ion o f  water t o  t h e  d i s t r i b u t i o n  center .  

P r i n t s  t h e  r e s u l t s  ca l cu la ted  by the  f l u i d  t ransmiss ion  

submodel f o r  t h e  t ransmiss ion l i n e  from the  w e l l  f i e l d  t o  

t h e  d i s t r i b u t i o n  center .  Resul ts  can be p r i n t e d  f o r  t h e  
e n t i r e  d i s t r i b u t i o n  system demand and f l u i d  t ransmiss ion 
i t e r a t i o n  h i s t o r y  discussed i n  Sect ion 2.3, o r  o n l y  f o r  t he  

f i n a l  i t e r a t i o n  s a t i s f y i n g  the  convergence c r i t e r i o n .  I n  

t h e  f i n a l  i t e r a t i o n ,  r e s u l t s  c a l c u l a t e d  by t h e  f l u i d  

i n j e c t i o n  (d i sposa l )  submodel are a l so  p r i n t e d .  The i n p u t  

parameter LL6 c o n t r o l s  the  p r i n t o u t  f o r  t h e  d i s t r i b u t i o n  
system demand and f l u i d  t ransmiss ion i t e r a t i o n :  LL6 = 0 

suppresses a l l  p r i n t o u t ,  LL6 = 1 p r i n t s  t h e  l a s t  i t e r a t i o n  
only ,  and LL6 = 2 p r i n t s  the  f u l l  i t e r a t i o n  h i s t o r y .  

P r i n t s  t h e  ar rays  c a l c u l a t e d  i n  t h e  f l u i d  t ransmiss ion  and 

d isposal  submodel as mat r ices  or  vec tors  w i t h  accompanying 

t i t l e s .  

2.5 HEAT EXCHANGER SUBMODEL 

An op t ion  f o r  a l i q u i d  heat exchanger i s  prov ided i n  GEOCITY i n  case 

t h e  temperature o f  t h e  geothermal f l u i d  needs t o  be reduced o r  the  f l u i d ' s  

17 
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chemical composition makes i t  undesirable for direct  use i n  the distri- 
but ion  system. 
reservoir to circulating clean water for use i n  the distribution system. 
The heat exchanger option HTEXOP and i n p u t  parameters are defined i n  the 
NAMELIST i n p u t  data by the user and are described i n  Section 3.4.4.3. 
heat exchanger is assumed to be located a t  the end of the transmission l ine 
from the geothermal reservoir ( i n l e t  t o  the distribution center),  b u t  owned 
by the d i s t r i c t  heating distribution system operator. 
operating costs o f  the heat exchanger are factored i n t o  the distribution 
economic submodel. The equations for  these costs are given i n  Appendix B. 
The design character is t ics  and s ize  of the heat exchanger are determined i n  
subroutine SUBHEX and i t s  associated subroutines described below. 

Heat i s  transferred from the geothermal f lu id  i n  the 

The 

T h u s ,  the capital  and 

SUBH EX Calculates the basic design character is t ics  and s ize  of a 
liquid-to-liquid heat exchanger based upon a counterflow, 
s i n g l e - p a s s ,  s h e l l - a n d - t u b e  u n i t  c o n s t r u c t e d  of c a r b o n  
steel  with an equilateral  triangular tube configuration. 

The input conditions to  subroutine SUBHEX are: 

a )  Geothermal f l u i d  and clean water flow ra tes ,  l b / h r  
b )  Geothermal f l u i d  temperatures a t  the heat exchanger 

c )  

d )  
e )  
f )  

i n l e t  and out le t ,  O F  

Clean water temperatures ( O F )  and enthalpies 
(Btu/lb)at the heat exchanger in l e t  and out le t  
Inside and outside fouling factors ,  hr-ft*- 'F/Btu 
Inside and outside tube diameters, f t  
Geothermal f lu id  velocity i n  the heat exchanger tubes, 
f t/hr . 

The basic character is t ics  calculated for the heat exchanger 
are : 

a )  Inside and outside heat transfer coefficients,  
B t  u/hr-f t2-'F 

b )  Overall heat transfer coefficient,  B t u / h r - f t * - O F  
c )  Number o f  heat exchanger tubes 
d )  Total flow area ( f t  ) and equivalent flow diameter 

( f t )  for  the shel l  side 

2 

81 
c 
6 
i 
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SUBHEX (Contd) 
2 e )  Heat exchanger area, f t  

f )  Heat exchanger length, f t .  

il 
i3 
B 
il 
0 

The character is t ics  of the heat exchanger are calculated i n  
steps described below, f i r s t  for  the tube-side or geo- 
thermal f l u i d  and then for the shell-side or clean water. 

1) The average of the in le t  and exi t  temperatures i s  
calculated f o r  the geothermal f l u i d  and clean water 
respectively for use in computation of physical 
properties. 

2 )  The thermal conductivity, density, and viscosity of 
the geothermal f l u i d  are calculated a t  the average 
geothermal temperature i n  Step 1 using function 
FLUID. 

3 )  The Reynolds number of the geothermal f l u i d  i s  cal-  
culated in function REYNO.  The Prandtl number i s  
calculated in subroutine SUBHEX based on the specific 
heat c viscosity 1-1, and thermal conductivity k of 

P’ 
the geot hermal f 1 ui d : 

4 )  The inside or tube-side heat transfer coefficient is 
determined i n  function HTCOEF. 

5) The number of tubes required for the geothermal f l u i d  
is calculated i n  function TUBES. 

6 )  The to ta l  flow area and equivalent flow diameter for  
the shell  side are determined i n  subroutine QAREA. 

7 )  The specific heat, thermal conductivity, density, and 
viscosity o f  the clean water are calculated a t  the 
average clean water temperature i n  Step 1 using func- 
t ion FLUID. 

19 



SUBHEX ( C o n t d )  8) The velocity of the geothermal f l u i d  i n  the tubes is  
set in the input data. 
i n  the heat exchanger shell is calculated i n  function 
VELOCY. 

The velocity of the clean water 

9) The Reynolds number of the clean water is calculated i n  
function REYNO. The Prandtl number is calculated i n  
subroutine SUBHEX based on the specific heat, vis- 
cosi ty ,  and thermal conductivity of the clean water. 

10) The outside or shell -side heat t ransfer  coeff ic ient  i s  
determined in subroutine HTCOEF. 

FLU ID 

11) The inside and outside heat t ransfer  coefficients are 
combined w i t h  the thermal conductivity of the tube wall 
and the fouling factors  t o  determine the overall heat 
t ransfer  coeff ic ient  i n  fuction OHTCOE. 

1 2 )  Knowing the amount of overall heat t ransfer  desired, 
the heat t ransfer  area and heat t ransfer  l e n g t h  are 
calculated i n  functions HTAREA and HTLNGH respectively. 

The subroutines called by subroutine SUBHEX t o  calculate 
the basic character is t ics  of the heat exchanger are 
described below. Function FLUID, which is the f i r s t  
routine called by subroutine SUBHEX, is also called from 
many of the other subroutines i n  Figure 3 t o  calculate 
physical properties o f  water. 

Correlates physical properties of 10 different  f lu ids  t o  
temperature a t  saturation. In GEOCITY, function FLUID is 
called only to calculate physical properties o f  water. 

Each physical property for  a par t icular  f l u id  is expressed 
as a polynomial function of temperature i n  the elementary 
form: 

2 3 Property value = KO + KIT + K2T + K3T for T X < T <  T 
Y 

c 
@ S  

6 
i 
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FLUID (Contd) These expressions were corr lated t o  available d a t a  i n  the 
temperature range Tx t o  T 
through a search of numerous reference texts  and p u b l i -  

The data were acquired Y' 

cations. (295-7) 

Within the specified temperature range, there is good 
agreement between the actual and predicted values. A 

warning message i s  printed if the i n p u t  temperature 
requires extrapolating the polynomials beyond the tem- 
perature range Tx t o  T specified in function FLUID for 
a given equation. 

Y 

The polynomial functions are used t o  predict the following 
physical properties as a function of temperature a t  satu- 
ration: specific heat, thermal conductivity, densi by, 
viscosity, heat of vaporization, and surface tension. 
Crit ical  pressure, c r i t i c a l  temperature, and molecular 
weight are included as constants. 
is desired, the following statement i s  made: 

When a physical property 

Property Value = FLUID ( I ,J ,T)  

where T = temperature a t  which the property is required, O F  

I = 1,13 - Property Index 

1 ' - spec i f i c heat ( 1 i qui  d ) ( B t  u/ 1 b/'F ) 

2 - thermal conductivity (liquid)(Btu/hr/ft/OF) 
3 - density ( l i q u i d ) ( l b / f t 3 )  
4 - viscosity ( l i q u i d ) ( l b m / f t / h r )  
5 - specif ic  heat (gas)(Btu/lb/'F) 
6 - thermal conductivity (gas)(Btu/hr/ft/OF) 
7 - density (gas)(  l b / f t  ) 
8 - viscosity (gas)(  lb , / f t /hr)  
9 - heat of vaporization ( B t u / l b )  

3 

10 - c r i t i c a l  pressure (psia)  
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REYNO 

HTCOEF 

C 

11 - c r i t i c a l  temperature (OF) 

12 - sur face tens ion  ( l b f / f t )  

13 - molecular weight (lb/lbmole) 

J = 1,lO - F l u i d  Index 

1 - water ( o n l y  f l u i d  used i n  GEOCITY) 

2 - isobutane 

3 - n-butane 

4 - R-11 
5 - R-12 

6 - R-21 
7 - R-22 

8 - R-113 

9 - R-114 
10 - ammonia 

l c u l a t  s the  Reynolds number based upon the  f l  

v i s c o s i t y  u ,  v e l o c i t y  V, and f l o w  diameter D: 

l i d  d e n s i t y  P ,  

Calcu la tes  i n s i d e  and ou ts ide  heat t r a n s f e r  c o e f f i c i e n t s  

based on t h e  D i t t us -Boe l te r  equat ion f o r  f u l l y  developed 

t u r b u l e n t  f l o w  i n  smooth tubes. Subrout ine HTCOEF i s  

c a l l e d  by subrout ine  SUBHEX t o  c a l c u l a t e  t h e  i n s i d e  heat 

t r a n s f e r  c o e f f i c i e n t s  f o r  t he  geothermal f l u i d  and the  

ou ts ide  heat t r a n s f e r  c o e f f i c i e n t s  f o r  t h e  c lean water i n  
t h e  heat exchanger. The D i t t us -Boe l te r  equat ion i s  

s ummar i zed b e l  ow : 

0.8 ,+x - K 
d = 0.023 Red hconv 
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j J,, HTCOEF (Contd) where : 

7 

I il 

TUBES 

= convect ive heat t r a n s f e r  c o e f f i c i e n t ,  hconv 
Btu/hr-ft2- 'F 

d = tube diameter, f t  
K = thermal c o n d u c t i v i t y ,  Btu/hr- f t -OF 

Pr  = P rand t l  number 

Red = Reynolds number based on tube diameter 

x = 0.4 when f l u i d  i s  be ing heated, 
0.3 when f l u i d  i s  be ing cooled. 

Determines the  number N o f  tubes r e q u i r e d  i n  t h e  heat  

exchanger based on t h e  geothermal f l u i d  mass f l o w  r a t e  Q, 
v e l o c i t y  V, dens i t y  p ,  and f l o w  diameter D. F r a c t i o n a l  

values o f  N are increased t o  t h e  next  l a r g e s t  i n tege r .  

The bas i c  r e l a t i o n s h i p  i s :  

where : 

( Q / P >  i s  t h e  t o t a l  r e q u i r e d  vo lumet r i c  f l o w  r a t e  o f  
geothermal f l u i d ,  

2 
7TD 7 i s  t h e  c ross -sec t i ona l  f l o w  area per  tube, 

2 ?ID V *  7 i s  t h e  vo lumet r i c  f l o w  r a t e  per  tube. 
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QAREA Calculates the total cross-sectional flow area A and equi- 
valent flow diameter De for the shell-side or clean water 
side in the heat exchanger. An equilateral triangular 
pitch is assumed for the tube configuration, as shown below. 

s - TUBE SPACING,  ft 

DO 
P - WETTED PERIMETER, ft 

- TUBE OUTER DIAMETER, ft 

A" " i t  - U N I T  FLOW AREA, ft 

The tube spacing S is assumed to be 1.75 times the tube 
outer diameter Do. Based on the area for a equilateral 
triangle, the unit flow area for the clean water is calcu- 
lated by the following equation. 

where : 

R = S * sin 60' 

SR T = area of the equilateral triangle 

2 3 TD 
g * 4 = area of the 3 pie shapes in the 3 tubes 

which are not included in the flow area 
for the clean water. 

Bi 
c 
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The total  cross-sectional flow area A i s  calculated as the 
number of tubes times the u n i t  flow area A u n i t .  
equivalent flow diameter De for the shell-side i s  cal- 
culated as: 

The 

- - 4 * A u n i t  
De wetted perimeter 

The wetted perimeter P is calculated as: 

Calculates the f l u i d  velocity V as a function of the mass 
flow ra te  Q, f l u i d  density p ,  and to ta l  cross-sectional flow 
area A as follows: 

where: 

(Q/p)  i s  the volumetric flow rate .  

Combines the inside and outside heat transfer coefficients 
w i t h  the thermal resistance of the heat exchanger tube 
wal l s  and the fouling fac tors .  T h i s  yields an overall heat 
transfer coefficient on the basis of the following equation: 

1 u =  A. I n  ( ro/r i )  
+ -  + f i  + f, - * -  *o 1 + 

h O  Ai  h i  27rKL 
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HTAR EA 

where : 

U = overall heat transfer coefficient,  
Btu/hr-f t2- 'F  

2 A, = outside tube surface area, f t  
2 Ai = inside tube surface area, f t  

h i  = inside heat transfer coefficient,  
B t u / h r  - f t  '-OF 

B t u  /hr-ft *-OF 
= outside heat t ransfer  coefficient,  

= inside tube radius, f t  
= outside tube radius, f t  

h O  

r i  
rO 

K = thermal conductivity for the tube wal l ,  
B t u  /hr -f t -OF 

L = t u b e  length, f t  
f i  = inside fouling factor ,  hr-f t2- 'F/Btu 
f o  = outside f o u l i n g  factor ,  hr-f t2- 'F/Btu 

The fouling factors  reduce the overall heat t ransfer  
coefficient t o  allow for  the accumulation of corrosion 
deposits on the heat t ransfer  surfaces. 

Calculates the heat transfer area A for the heat 
exchanger. 
flow ra te  Q;  enthalpies of the clean water a t  the in le t  and 
ou t le t ,  H1 and H p ;  overall heat t ransfer  coefficient U; 
and the logarithmic mean temperature difference LMTD i n  the 
following equation. 

The calculation is based on the clean water 

The logarithmic mean temperature difference between the 
geothermal f lu id  and clean water is  based on the tem- 
perature difference a t  the two ends of the heat exchanger. 

c 
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HTLN GH 

where : 

ATin = temperature d i f f e r e n c e  (OF) between t h e  

geothermal f l u i d  and c lean water a t  the  c lean 

water i n l e t  t o  t h e  heat exchanger. 

ATout = temperature d i f f e r e n c e  (OF) between t h e  

geothermal f l u i d  and c lean water a t  t he  c lean 
water o u t l e t  f rom t h e  heat  exchanger. 

Calcu lates t h e  tube length  L i n  t h e  he'at exchanger. The 
c a l c u l a t i o n  i s  based on the  heat t r a n f e r  area A, tube ou te r  

diameter Do, and number N o f  tubes i n  t h e  heat  exchanger. 

2.6 DISTRIBUTION SYSTEM SUBMODEL 

The d i s t r i b u t i o n  system submodel s imulates t h e  design and c a l c u l a t e s  
t h e  c a p i t a l  costs,  opera t ing  costs,  and maintenance cos ts  o f  t he  d i s t r i c t  

heat ing  d i s t r i b u t i o n  system f o r  a c i t y .  
system submodel i s  descr ibed i n  Sect ion 3.4 and cons is t s  o f  the  c i t y  char-  

a c t e r i s t i c s ,  c h a r a c t e r i s t i c s  o f  d i s t r i c t s  compris ing the  c i t y ,  design 

op t i ons  f o r  t he  d i s t r i b u t i o n  p ip ing ,  i n s u l a t i o n ,  and casing, and spec ia l  
op t ions  and adjustment f a c t o r s  f o r  t h e  d i s t r i b u t i o n  system. 

The i n p u t  data t o  t h e  d i s t r i b u t i o n  

The c i t y  i s  de f ined by i t s  d is tance f rom the  geothermal r e s e r v o i r ,  

c l i m a t i c  c h a r a c t e r i s t i c s ,  and the  number of d i s t r i c t s  w i t h i n  the  c i t y .  
d is tance f rom the  r e s e r v o i r  t o  t h e  c i t y  i s  used i n  des ign ing the  f l u i d  
t ransmiss ion l i n e  and c a l c u l a t i n g  the  f l u i d  temperature and en tha lpy  

en te r ing  the  d i s t r i b u t i o n  center .  The c l i m a t i c  parameters are used i n  

determin ing t h e  d i s t r i b u t i o n  o f  t h e  heat demand, peak heat demand, average 

heat  demand, t h e  load f a c t o r ,  and supplemental heat  requirements.  

The 
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The c i ty  is described by disaggregating i t  into d i s t r i c t s .  Dis t r ic t s  
are the basic element of the distribution system submodel. 
a contiguous area consisting of buildings of re la t ive ly  similar heat demand 
and uniform density. 
bution p i p i n g  system are derived from the definit ions of the d i s t r i c t s .  
F l u i d  requirements are computed, and the p i p i n g  networks are designed fo r  
each d i s t r i c t .  Material requirements, capital  costs,  operating costs, and 
maintenance costs are also calculated for  each d i s t r i c t  and totaled for  the 
ci ty .  

Each d i s t r i c t  i s  

Most of the de ta i l s  needed for  design of the distri- 

Dis t r ic t s  are defined by two types of i n p u t  parameters, d i s t r i c t  type 
and d i s t r i c t  definition parameters. 
demand density, and the d i s t r i c t  definition parameters define the s ize  and 
location of the d i s t r i c t s .  
given i n  Section 3.4.2. 
are the d i s t r i c t  type, the density of b u i l d i n g s ,  peak space heating demand, 
hot water demand, the area of the d i s t r i c t ,  and two parameters (length and 
w i d t h )  describing a rectangular g r i d  used to  approximate the shape of the 
d i s t r i c t .  

Dis t r ic t  type parameters define the 

A comprehensive l i s t  of these parameters is  
The primary parameters used to  define each d i s t r i c t  

Five d i s t r i c t  types, representing typical residential  areas, are iden- 
These d i s t r i c t  types are described i n  t i f i e d  and defined i n  Section 3.4.2. 

Table 8. Most residential  areas i n  the United States can be described by 
one of these d i s t r i c t  types. Variations of the d i s t r i c t  types i n  Table 8 o r  
additional d i s t r i c t  types can a l s o  be defined t h r o u g h  the d i s t r i c t  type 
parameters i n  the NAMELIST i n p u t  data. 

The distribution system submodel i s  decomposed into i t s  component 
subroutines i n  Figure 4 and consists of subroutine CALQNA, subroutine DIST, 
and i t s  associated subroutines: GRAPH, SIZE, HEAT, PROP, and DWRIT. 

As previously noted in Section 2.3, the total  geothermal f l u i d  flow is  
established i n  the i terat ion between the distribution demand subroutine 
CALQNA and the f l  u i  d transmission submodel. 
the total  geothermal f l u i d  requirements t o  meet the heat demands (space 
heating and h o t  water) o f  the c i t y  based on the area, b u i l d i n g  density, 

Subroutine CALQNA calcul ates 
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space heat ing  demand, ho t  water demand , spec i f  i ed temperature drop i n  t h e  

geothermal f l u i d ,  and the  c l i m a t i c  data f o r  a l l  d i s t r i c t s  i n  the  c i t y .  The 

t o t a l  c i t y  requirement i s  t he  sum o f  t h e  d i s t r i c t  requirements. 

Subrout ine DIST c a l l s  t h e  associated subrout ines shown i n  F igure  4 t o  

determine t h e  design and cos t  of t he  d i s t r i b u t i o n  system. Subrout ine GRAPH 
i s  c a l l e d  t o  design t h e  p i p i n g  network f o r  each d i s t r i c t  i n  t h e  c i t y  based 

on the  area, b u i l d i n g  densi ty ,  heat demand, c l i m a t i c  data, and a rec tangu lar  

g r i d  used t o  approximate t h e  shape o f  t he  d i s t r i c t .  Heat demand data and 

c l i m a t i c  data are used t o  determine the  f l u i d  requirements o f  each b u i l d -  
ing.  Proceeding down t h e  p i p i n g  network, t he  f l u i d  requirements are used i n  

subrout ine  S I Z E  as a bas i s  f o r  s e l e c t i n g  the  economic p ipe  s i z e  and i n s u l a -  

t i o n  th ickness and c a l c u l a t i n g  head losses f o r  each segment o f  t h e  p i p i n g  

network. 
by subrout ines HEAT and PROP. 

Heat losses are determined f o r  each segment o f  t he  p i p i n g  network 

M a t e r i a l  requirements fo r  t he  d i s t r i b u t i o n  system are c a l c u l a t e d  i n  

subrout ines DIST and SIZE. Cap i ta l  costs ,  ope ra t i ng  costs ,  and maintenance 

cos ts  f o r  t h e  p i p i n g  network, pumps, meters, and c o n t r o l  equipment are 

der ived  based on the  d i s t r i b u t i o n  system design op t ions  i n  subrout ine  D I S T  

and t h e  c a p i t a l  and opera t ing  cos t  models descr ibed i n  Appendix B. The 

ou tpu t  r e s u l t s  summarizing the  m a t e r i a l  requirements and cos ts  o f  t he  d i s -  
t r i b u t i o n  system are p r i n t e d  by subrout ines DIST, DWRIT, and DWRIT2 (an 

e n t r y  p o i n t  i n  subrout ine  DWRIT). 

Each subroutine of the distribution system submodel is described below 
i n  t he  order o f  execut ion i l l u s t r a t e d  i n  F igure  4. Numerous comment cards 

are a lso prov ided i n  t h e  FORTRAN code f o r  these subrout ines t o  f a c i l i t a t e  

understanding o f  the  l o g i c  i n  the  d i s t r i b u t i o n  system submodel. 

CALQNA Calcu lates t h e  d i s t r i b u t i o n  system's annual average heat  
demand and peak heat  demand i n  MBtu/hr, t h e  system load 

f a c t o r ,  and d i s t r i b u t i o n  system's f l u i d  f l o w  requirements 
w i t h  and w i t h o u t  f u t u r e  growth i n  l b /h r .  The degree-day 

method o f  eva lua t i ng  heat  demand f o r  space hea t ing  i s  
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CALQNA (Contd) used. The following equation is used t o  calculate the 
annual average heat demand AD (MBtu /h r )  for space heating 
and h o t  water heating: 

Density (bldg/sq. mile) * Area (sq. mile)* 
(Peak Heat Demand a t  Design Temperature 
(MBtu/bldg hr) * Number of Heating Degree 
Days ( O F  days/yr)/ [365 (days/yr) * (65 - 
Desi gn Outdoor Temperature) OF] 

Daily Hot Water Demand (gal/bldg day) * 

c 
No. of 
Districts 

+ 

The conversion factor  of  3.631E-5 i s  based on heating water 
from 5OoF to  140°F(a) and the daily hot water demand 
(gal/bldg - day) as follows: 

Heat Demand for Hot Water Heating (MBtu/bldg hr) = 

[Daily Hot Water Demand (gal/bldg day) * .1337 
(f t3/gal)* 61.37 ( lb/f t3)* 1 Btu/(OF.lb) * 
( 140-50)OF * 1.  E-6 M B t u / B t u ]  /24 (hr/day) 

c 

( a )  T h i s  discussion pertains t o  the default  values of cold and hot water 
temperature for  sani tary h o t  water heating in the ci ty .  The cold and 
hot water temperatures and conversion fac tors  used in calculations fo r  
sanitary h o t  water heating in the c i t y  are generalized in the code t o  
handle the values specified by the user in the NAMELIST input data. 
Section 3.4.1 fo r  definit ion of the cold water temperature (TWATC) and 
h o t  water temperature (TWATH) in the i n p u t  data. 

See 

F 
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CALQNA (Contd) This  y i e l d s  the equat ion:  

Heat Demand f o r  Hot Water Heat ing (MBtu/bldg h r )  = 

D a i l y  Hot Water Demand (ga l /b ldg  day) * 

Assuming an 18% heat l o s s  f rom t h e  ho t  water storage heater,  

t h e  equat ion becomes : 

Heat Demand f o r  Hot Water Heat ing (MBtu/bldg - h r )  = 

D a i l y  Hot Water Demand (ga l /b ldg  day) * 3.0769E-5 * 1.18, i.e., 

(;x;) D a i l y  Hot Water Demand (ga l /b ldg  day) * 3.631E-5 

The f o l l o w i n g  equat ion i s  used t o  c a l c u l a t e  the  annual peak 
heat demand PD (MBtu/hr) f o r  space heat ing  and ho t  water 

heat ing:  

Dens i ty  (bldg/sq. m i l e )  * D i v e r s i t y  Factor  * 
Area (sq. m i l e ) *  

Peak Heat Demand a t  Design Temperature 
c 

(MBtu/bldg h r )  

No. o f  
D i s t r i c t s  

+ Peak Hot Water Demand (MBtu/bldg h r )  

The c a l c u l a t i o n  o f  t h e  peak h o t  water demand (MBtu/bldg h r )  
i s  as fo l l ows :  

( M B t  u / day ) D a i l y  Hot Water Demand (ga l /b ldg  day) * 738.47E-6 

* (1/7), where the  assumption i s  t h a t  the  peak ho t  w h e r  I 

demand i n  1 h r  represents  about 1/7 t h a t  o f  t h e  average 
d a i l y  demand i n  24 hrs .  

The system load f a c t o r  PF i s  c a l c u l a t e d  as fo l l ows :  

PF = Annual Average Heat Demand (AD)/ 

Annual Peak Heat Demand (PD) 

31 



CALQNA (Contd) Subrout ine CALQNA f a c t o r s  i n t o  account t h e  o p t i o n a l  heat  

exchanger a t  t he  end o f  t h e  t ransmiss ion l i n e  ( i n l e t  t o  t h e  

d i s t r i b u t i o n  center )  i n  c a l c u l a t i n g  t h e  peak f l o w  r a t e  

requ i red  t o  meet t h e  peak space hea t ing  demand a t  design 
temperature and peak h o t  water demand o f  t he  d i s t r i b u t i o n  

system. Two f l o w  r a t e s  a re  ca l cu la ted .  

F i r s t ,  t h e  requ i red  peak f l u i d  f l o w  r a t e  QNA ( l b / h r )  i n s i d e  

the  d i s t r i b u t i o n  system, when a l l ow ing  f o r  f u t u r e  growth i n  

heat  demand, i s  ca l cu la ted  as f o l l o w s :  

{Peak Heat Demand a t  Design Temperature 

(MBtu/bldg h r )  + Peak Hot Water Demand 
(MBtu/bldg h r ) }  * 

No. o f  1.E6 Btu/MBtu * Densi ty  (bldg./sq. m i l e )  * 
Districts D i v e r s i t y  Factor * Area (sq. m i l e )  

* (1. + F r a c t i o n a l  Heat Demand Growth Rate 

Over t h e  Number o f  Growth Years) /{ Temperature 

Drop o f  t h e  F l u i d  I n s i d e  t h e  D i s t r  

System (OF) * S p e c i f i c  Heat o f  t h e  

I n s i d e  t h e  D i s t r i b u t i o n  System * 0 

b u t i o n  

F l u i d  

95). 

Wi thout  a heat  exchanger, t h e  f l u i d  temperature drop i n s i d e  
t h e  d i s t r i b u t i o n  system i s  c a l c u l a t e d  as the  geothermal 

f l u i d  temperature a t  t h e  i n l e t  t o  t h e  d i s t r i b u t i o n  center  

minus t h e  geothermal f l u i d  temperature a t  t he  o u t l e t  o f  t h e  

d i s t r i b u t i o n  system. With a heat  exchanger a t  t h e  end o f  

t h e  t ransmiss ion l i n e ,  t he  f l u i d  temperature drop i n s i d e  

t h e  d i s t r i b u t i o n  system i s  c a l c u l a t e d  as t h e  c lean water 

temperature o u t  o f  t h e  heat  exchanger [TWATOT (OF) i n  t h e  
i n p u t  da ta ]  minus the  c lean water temperature ou t  o f  t h e  

d i s t r i b u t i o n  system. The f l u i d  f l o w  r a t e  i n s i d e  t h e  
d i s t r i b u t i o n  system i s  a l so  c a l c u l a t e d  i n  subrout ine  DIST. 

The f a c t o r  0.95 i s  used t o  a l l ow  f o r  heat losses between 

t h e  r e s e r v o i r  wel lhead and i n d i v i d u a l  user. 
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CALQNA (Contd) The above equat ion f o r  t h e  peak f l u i d  f l o w  r a t e  QNA i n s i d e  

t h e  d i s t r i b u t i o n  system i s  der ived  f rom t h e  f o l l o w i n g  heat  

t r a n s f e r  equat ion:  

Required Heat a t  Peak Demand (Btu /hr )  * (1. + Growth F rac t i on )  

= Temperature Drop (OF) * Spec i f i c  Heat (+) 
* 0.95 * QNA ( l b / h r )  

The peak f l u i d  f l o w  r a t e  QNA i s  used t o  s i z e  t h e  d i s t r i -  

b u t i o n  p i p e l i n e  system, a l l ow ing  f o r  f u t u r e  growth i n  heat  

demand. 

Second, t h e  requ i red  peak geothermal f l o w  r a t e  QNANG 

( l b / h r )  f rom t h e  geothermal we l l s  t o  meet cu r ren t  heat  

demands (w i thou t  regard  f o r  f u t u r e  growth i n  heat  demand) 

i s  ca lcu la ted .  The peak geothermal f l o w  r a t e  QNANG i s  used 

t o  c a l c u l a t e  t h e  requ i red  number o f  producing w e l l s  and 
s i z e  t h e  t ransmiss ion pipes based on c u r r e n t  demand. The 

assumption i s  t h a t  t he  r e s e r v o i r  capac i t y  can be expanded 

t o  meet f u t u r e  heat demand by d r i l l i n g  more we l ls .  

equationlused t o  c a l c u l a t e  t h e  peak geothermal f l o w  r a t e  

QNANG ( l b / h r )  i s  as fo l l ows :  

The 

Peak Heat Demand a t  Design Temperature 

(MBtu/bldg h r )  + Peak Hot Water Demand 
(MBtu/bldg h r ) } *  1.E6 (Btu/MBtu)* Densi ty  

D i v e r s i t y  Fac tor  * Area (sq.  m i l e ) /  

* S p e c i f i c  Heat o f  t h e  Geothermal F l u i d  * 0.951. 

No.  o f  (b ldg/sq. m i l e ) *  
Districts 

(Temperature Drop o f  t h e  Geothermal F l u i d  (OF) 
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CALQNA (Contd) Without a heat exchanger, t he  temperature drop o f  t h e  

geothermal f l u i d  i s  c a l c u l a t e d  as the i n l e t  temperature t o  

t h e  d i s t r i b u t i o n  center  minus t h e  o u t l e t  temperature from 

the  d i s t r i b u t i o n  system. With a heat exchanger a t  t he  end 

of t he  t ransmiss ion l i n e ,  t h e  temperature drop o f  t h e  
geothermal f l u i d  i s  def ined as the  temperature drop across 

t h e  heat exchanger, which i s  def ined as HXDELT('F) i n  t h e  

i n p u t  data. 

DIST 

Both peak f l o w  r a t e s  QNA and QNANG are increased t o  f a c t o r  

i n t o  cons ide ra t i on  the f r a c t i o n  WLEAK o f  f l u i d  l o s t  due t o  

leakage i n  t h e  t ransmiss ion and d i s t r i b u t i o n  system: 

QNA = QNA * (1. + WLEAK) 

QNANG = QNANG * (1. + WLEAK) 

The v a r i a b l e  WLEAK i s  s p e c i f i e d  by the  program user in t h e  

i n p u t  data. 

C a l l s  t h e  subrout ines compris ing the  d i s t r i b u t i o n  system 
submodel i n  F igu re  4 t o  s imulate the  design, c a p i t a l  costs,  

ope ra t i ng  costs,  and maintenance costs  o f  t h e  d i s t r i c t  

hea t ing  d i s t r i b u t i o n  system. 

requirements, and costs  o f  t h e  d i s t r i b u t i o n  system are 
c a l c u l a t e d  separa te l y  i n  steps 1-11 below f o r  each d i s t r i c t  

i n  t h e  c i t y  and then t o t a l e d  over a l l  d i s t r i c t s  f o r  t h e  

c i t y .  

The design, m a t e r i a l  

1) The network o f  p ipes f rom b u i l d i n g s  t o  s t r e e t s ,  down 

s t r e e t s  connect ing b u i l d i n g s ,  across the  l a t e r a l  

connect ing w i t h  t h e  midpoint  o f  t he  s t r e e t s ,  and up 

the  main connect ing w i t h  the  midpoint  o f  t h e  l a t e r a l  

i s  designed f o r  each d i s t r i c t  us ing  subrout ine GRAPH. 
An example l ayou t  o f  a p i p i n g  network i s  i l l u s t r a t e d  

i n  F igure 6. The p i p i n g  network i s  symmetrical about 

t h e  main and l a t e r a l  p ipes as descr ibed i n  t h e  

d e s c r i p t i o n  o f  subrout ine GRAPH. 

c 
c 
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P1-P6 ORDER OF S I  Z I  NG P I  PE SECT1 ONS 
I N  M E  SUPPLY PIPES 

H 1 4 6  ORDER OF CALCULATING HEAT LOSS 
I N  THE SUPPLY P I  PES 

FIGURE 6. Layout f o r  a D i s t r i c t  With 22 Bu i l d i ngs ;  The P ip i ng  
Network i s  Symmetrical about t h e  Main and t h e  L a t e r a l  



c 
DIST (Contd) 2 )  The required peak geothermal flow ra te  per b u i l d i n g  is 

calculated based on the peak space heating demand and 
peak hot water demand specified i n  the i n p u t  data for  
this d i s t r i c t  type and the specified temperature drop 
of the geothermal f luid.  Based on the peak geothermal 
flow ra te ,  the pipe s i ze  and insulation thickness are 
optimized and the head loss is calculated for pipe 
sections i n  the supply pipes beginning from the 
building t o  the s t r ee t ,  down s t r ee t s ,  across the 
l a t e ra l ,  and up the main u s i n g  subroutine SIZE. Due 
t o  the symmetry i n  the p i p i n g  network, only a few pipe 
sections need to be considered to  s ize  the whole 
network for the d i s t r i c t .  The size of the return 
pipes i s  se t  equal to  the s ize  of the supply pipes. 

The heat losses i n  the sections of the supply pipes 
s tar t ing w i t h  the main, across the l a t e ra l ,  up the 
s t r e e t ,  and from the s t r ee t  to  the building are 
calculated u s i n g  subroutine HEAT. 

3 )  

4)  The heat losses i n  the sections of the return pipes 
s ta r t ing  from b u i l d i n g  to  s t r ee t ,  down the s t r ee t ,  
across the la te ra l ,  and up the main are calculated 
u s i n g  subroutine HEAT. 

5) The output i l lus t ra ted  by the sample o u t p u t  on p. E-9 
is  printed. This summarizes the flow rate ,  heat loss, 
supply and return temperatures, head loss, nominal 
outer pipe diameter, and insulation thickness i n  the 
sections of pipe from b u i l d i n g  t o  s t r e e t ,  down a 
s t r ee t ,  across the l a t e ra l ,  and up the main. 
of the syrraTletry of the piping network, i t  i s  necessary 
to  pr int  only the pipe sections from one building t o  
the s t r e e t ,  pipe sections connecting pairs of 
buildings down a half-s t reet  (e i ther  above or below 

Because 

I 

c 

i 
z 
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DIST (Contd) the  l a t e r a l )  , and p ipe  sec t ions  connect ing s t r e e t s  
across a h a l f - l a t e r a l  ( e i t h e r  t o  the  r i g h t  or  l e f t  o f  
the  main). 

6) The t o t a l  head loss  and heat  loss i n  t h e  p i p i n g  
network are ca l cu la ted  f o r  t he  d i s t r i c t .  Based on the  

t o t a l  head loss,  t he  requ i red  pumping capac i t y  and 

c a p i t a l  costs  o f  t he  pumps are ca lcu la ted .  

The m a t e r i a l  requirements and c a p i t a l  cos ts  o f  t h e  
p i p i n g  network are ca l cu la ted  based on the  m a t e r i a l  

and c o n f i g u r a t i o n  op t ions  s p e c i f i e d  f o r  pipes, 

i n s u l a t i o n ,  and cas ing and the  c a p i t a l  cos t  models 

descr ibed i n  Appendix B. The length  o f  p ipe, number 

o f  f i t t i n g s ,  valves,  and expansion loops, and t h e  

c a p i t a l  cos ts  o f  p ipes, f i t t i n g s ,  valves, i n s u l a t i o n  

casing, expansion loops, and trenches are tabu la ted  by  

up t o  17 ca tegor ies  o f  nominal ou ter  p i p e  diameter 
s izes t h a t  can be used throughout the  p i p i n g  network. 

These cos ts  are then summed over a l l  p i p e  s i zes  and 

combined w i t h  the  cos t  o f  meters, pumps, and 

r e t r o f i t t i n g  o f  b u i l d i n g s  t o  handle geothermal hea t ing  
t o  o b t a i n  t o t a l  c a p i t a l  cos ts  f o r  t he  d i s t r i c t  p i p i n g  

sys tern. 

7 )  

8 )  The outpu t  i l l u s t r a t e d  by the  sample ou tpu t  on page 

E-10 i s  p r i n t e d .  
requirements and c a p i t a l  cos ts  c a l c u l a t e d  i n  s tep  7 by  

up t o  17 ca tegor ies  o f  nominal ou te r  p ipe  diameter 

s i z e s  and a l so  sumnarizes t h e  t o t a l  c a p i t a l  cos ts  f o r  

t h e  d i s t r i c t  p i p i n g  system. 

This summarizes the  m a t e r i a l  

9) The annual average heat  demand (space hea t ing  and h o t  

water)  i n  MBtu lyr  i s  ca l cu la ted  f o r  t he  d i s t r i c t  based 

on t h e  peak heat  demand, c l imate,  densi ty ,  area, and 

peak ho t  water demand. The peak ho t  water demand i s  

assumed t o  be 1/7 o f  t he  d a i l y  ho t  water demand, 
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r 
o c c u r r i n g  a t  t h e  same t ime as t h e  h o u r l y  peak heat 
demand. 

and h o t  water)  i n  MBtu/hr i s  c a l c u l a t e d  f o r  t h e  
d i s t r i c t  based on the  peak heat demand, peak h o t  water 
demand, densi ty ,  area, and d i v e r s i t y  f a c t o r .  The 
d i v e r s i t y  f a c t o r  def ined i n  Sect ion 3.4.2 i s  used t o  

reduce t h e  s i z e  o f  l a t e r a l s  and mains supply ing a 

d i s t r i c t  by consider ing t h a t  the peak load f o r  a l l  

b u i l d i n g s  i n  a d i s t r i c t  w i l l  n o t  occur 

s imultaneously.  The annual average heat demand and 

annual peak heat demand are a l so  summed over a l l  

d i s t r i c t s  i n  the c i t y .  

The annual peak heat demand (space hea t ing  

10) The r e t u r n  temperature f o r  each d i s t r i c t  i s  weighted 

by the  mass f l o w  r a t e  f o r  each d i s t r i c t  t o  c a l c u l a t e  
an average r e i n j e c t i o n  temperature f rom t h e  c i t y  

d i s t r i b u t i o n  system. 

11) The peak supplemental heat requirements (MBtu/hr) are 

c a l c u l a t e d  f o r  each d i s t r i c t  based on the  peak heat 
demand, c l imate,  densi ty ,  and area o f  t h e  d i s t r i c t .  

12) The ou tpu t  i l l u s t r a t e d  by the  sample output  on page 
E-25 i s  p r i n t e d .  This summarizes the  f l o w  ra te ,  heat 

loss,  supply and r e t u r n  temperatures, head loss, 

nominal ou te r  p i p e  diameter, and i n s u l a t i o n  th ickness 

f o r  t he  mains t o  t h e  d i s t r i c t s .  

13) The design parameters and c a p i t a l  cos t  o f  t h e  heat 

exchanger are p r i n t e d  i f  the o p t i o n  t o  use a heat 

exchanger a t  t h e  i n t e r f a c e  between t h e  t ransmiss ion 

l i n e  from t h e  r e s e r v o i r  and d i s t r i b u t i o n  main i s  

s imulated. 

14) The ou tpu t  i l l u s t r a t e d  by the  sample output  on page 
E-26 i s  p r i n t e d .  This summarizes the  t o t a l  m a t e r i a l  

requirements and c a p i t a l  cos ts  f o r  t he  e n t i r e  c i t y  
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GRAPH 

S I Z E  

d i s t r i b u t i o n  system by up t o  17 ca tegor ies  o f  nominal 

ou te r  p ipe  diameters. The t o t a l  c a p i t a l  costs  summed 

over a l l  p i p e  s i zes  and t h e  t o t a l  ope ra t i ng  expenses 

are a l so  p r i n t e d  f o r  t he  e n t i r e  c i t y  d i s t r i b u t i o n  

sys tem . 
15) The t o t a l  supplemental heat requirements (MBtulyr)  are 

c a l c u l a t e d  f o r  the c i t y  based on the  annual average 
heat  demand c a l c u l a t e d  i n  s tep 9 f o r  t he  c i t y  and t h e  

c l imate.  The c o s t  o f  p r o v i d i n g  the  t o t a l  supplemental 

heat requirements i s  a l so  ca l cu la ted .  

Designs the  l a y o u t  o f  t he  p i p i n g  network f o r  t h e  d i s t r i -  

b u t i o n  system i n  each d i s t r i c t  based upon the area, 
densi ty ,  length,  and w id th  which the  user can approximate 

f rom a map o f  the d i s t r i c t .  

t h e  number o f  b u i l d i n g s  i n  a given d i s t r i c t  (a rea  * dens i t y )  

and places them on a rec tangu la r  g r i d  such t h a t  t h e  r a t i o  

o f  rows t o  columns i s  equal t o  t h e  r a t i o  o f  width t o  length 

o f  t h e  d i s t r i c t .  The rec tangu la r  g r i d  d e f a u l t s  t o  a square 

w i t h  l eng th  and w i d t h  equal t o  1 m i l e  i f  these two 

parameters are not  def ined i n  t h e  NAMELIST i n p u t  data. 

Subrout ine GRAPH c a l c u l a t e s  

An example l a y o u t  designed by subrout ine GRAPH f o r  a 

d i s t r i c t  w i t h  22 b u i l d i n g s  and w i t h  r a t i o  o f  l eng th  t o  
w id th  equal t o  2 i s  shown i n  F igure 6. P a i r s  o f  columns o f  

houses are assigned by subrout ine GRAPH t o  s t r e e t s .  A 

l a t e r a l  p ipe,  l oca ted  a t  t h e  midpoint  o f  t h e  s t r e e t s ,  

connects a l l  o f  t h e  s t r e e t  pipes. A main p ipe  connects 
w i t h  t h e  midpoint  o f  t h e  l a t e r a l .  If a s t r e e t  cannot be 

complete ly  f i l l e d  ou t  w i th  b u i l d i n g s ,  these remaining 

b u i l d i n g s  are placed on 2 s h o r t  s t ree ts ,  one a t  each end o f  
t he  l a t e r a l ,  so t h a t  t h e  r e s u l t i n g s  network i s  symmetrical 
both about t h e  l a t e r a l  and main. 

Optimizes t h e  p i p e  diameter (meters) and i n s u l a t i o n  t h i c k -  

ness (meters) and c a l c u l a t e s  t h e  pressure drop (meters o f  
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S I Z E  (Contd) H20) f o r  each sec t i on  o f  p i p e  i n  t h e  d i s t r i b u t i o n  p i p i n g  
network. Since a l l  p ipes  f rom b u i l d i n g  t o  s t r e e t  are 

i d e n t i c a l  i n  a g iven d i s t r i c t ,  and s ince  t h e  p i p i n g  network 

i s  symmetrical about t h e  main and l a t e r a l  pipes, o n l y  a few 
p i p e  sec t ions  need t o  be considered t o  s i z e  t h e  whole ne t -  
work i n  a g iven d i s t r i c t .  The op t ima l  p ipe  diameter f o r  

each p ipe  sec t i on  i s  determined by searching a se t  o f  

f eas ib le  p ipe  s izes  t o  f i n d  t h e  s i z e  t h a t  w i l l  minimize t h e  

sum o f  t h e  annual ized c a p i t a l  cos t  o f  p ipe, i n s u l a t i o n ,  

casing, valves, f i t t i n g s ,  expansion loops, trenches, and 

pumps and t h e  annual cos ts  o f  heat  loss and pumping power 
costs .  The opt imal  i n s u l a t i o n  th ickness i s  determined by 

min imiz ing  the  sum of t he  annual ized c a p i t a l  cos t  o f  insu-  
l a t i n g  t h e  pipes, valves, f i t t i n g s ,  and expansion loops, 
a n n u a l i z e d  cos ts  o f  c a s i n g  and t r e n c h i n g ,  and a n n u a l  v a l u e  

of l o s t  heat. 

The m a t e r i a l  and c o n f i g u r a t i o n  op t ions  f o r  pipes, i n s u l a -  

t i o n ,  and casings used i n  subrout ine  S I Z E  are s p e c i f i e d  i n  
t h e  i n p u t  descr ibed i n  Sect ion 3.4.3. These design op t ions  

inc lude:  s i n g l e  p ipe  systems; var ious  two-pipe systems; use 

o f  s t e e l  or  f i b e r g l a s s  r e i n f o r c e d  p l a s t i c  pipes; use o f  

ca lc ium s i l i c a t e  o r  po lyurethane foam i n s u l a t i o n ;  and use 

o f  s tee l ,  p l a s t i c  (PVC) , o r  f i e l d - c o n s t r u c t e d  concrete 

casings. M a t e r i a l  requirements i n c l u d i n g  pipe, i n s u l a t i o n ,  
casing, valves, f i t t i n g s ,  expansion loops, and trenches are 

accumulated by s i z e  a t  each sec t i on  i n  t h e  d i s t r i b u t i o n  

p i p i n g  network. The c a p i t a l  cos t  models used i n  subrout ine  

S I Z E  are based on t h e  design op t ions  s p e c i f i e d  i n  the  i n p u t  

data and are descr ibed i n  Appendix B. 

HEAT Calcu lates t h e  r a d i a l  heat  loss ( jou les /sec  meters) 

through a composite se r ies  o f  w a l l s  (p ipe,  i n s u l a t i o n ,  

annular a i r  space and ground) due t o  convect ion and 

r 
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HEAT (Contd) conduction for f lu id  flow in a cylindrical pipe buried 
below the ground. 
subroutines SIZE and DIST. 

Subroutine HEAT i s  called by b o t h  

DWRIT Prints the o u t p u t  ent i t led "Definition of Distr ic ts"  with 
(entry point resu l t s  in both English and metric units and the o u t p u t  
DWRIT 2 )  

en t i t l ed  "Distr ic t  Populations'' i l lus t ra ted  in the sample 
output on pages E-7 and E-8. 
pally of the input data defining the d i s t r i c t s  and d i s t r i c t  
types in the distribution system described in Section 
3.4.2. Subroutine DWRIT (entry point DWRIT 2 )  also prints 
the o u t p u t  ent i t led "Distribution System Description" with 
resul ts  i n  bo th  English and metric units. This o u t p u t  
summarizes the calculated heat demands, brine temperatures, 
brine flow rates ,  and costs by d i s t r i c t  for the d i s t r i -  
bution system. The o u t p u t  i s  i l lus t ra ted  in the sample 
o u t p u t  on page E-27. 

This o u t p u t  consists princi-  

PROP Calculates the convective heat-transfer coefficient for 
f luid flow in a cylindrical pipe based on the 
Dittus-Boelter equation as follows: 

0.8 * pr0.4 h = .0225 * K * Re 
con v D 

where: 

hconv = convective heat-transfer coefficient,  
joules/sec meter' OK 

joules/sec meter' 'K/meter 
K = thermal conductivity o f  the  f lu id ,  

Re = Reynolds number 
Pr = Prandtl number 

D = inside pipe diameter, meters 
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F- 
PROP (Contd) Subroutine PROP is called by subroutine HEAT in order to 

calculate the portion of radial heat loss due to convection 
for fluid flow in a cylindrical pipe. 

2.7 RESERVOIR ECONOMIC SUBMODEL 

After the required total geothermal fluid flow is established, GEOCITY 

calls the reservoir economic submodel simulated by subroutine RESVOR and its 
associated subroutines. This submodel determines the cash flow associated 
with the exploration, development, and operation of the reservoir from the 
beginning of exploration through the economic life of the distribution 
system. 
reservoir sites by a series of discrete steps, which can occur either 
sequentially in time or with some specified time overlap. Each step has a 
task description, time period, associated cost, and success ratio (finding 
rate). The major steps are: 1 )  identification o f  target sites, 2) preliminary 
reconnaissance, 3) detailed reconnaissance, 4) identification of drillable 
sites, 5) exploratory drilling, 6) development of the reservoir and fluid 
transmission and disposal system, and 7) operation of that system. 
capitalized and expensed costs are determined for each of the steps in the 
reservoir exploration. The total exploration cost calculated for the 
reservoir thermal capacity specified in the input data is prorated to 
provide the energy supply for the calculated distribution system heat demand 
in calculating the cost of energy to the distribution system. 

The exploration process identifies and evaluates potential 

Both 

Reservoir development and operation expenses are based upon the number 
of producing, nonproducing, and injection wells and the fluid transmission 
and disposal system established in the distribution system demand and fluid 
transmission iteration. Reservoir development costs include: drilling 
costs based upon the required number of wells and the drilling costs input 
for individual producing, nonproducing, and injection wells; capital cost of 
the fluid transmission system calculated in subroutine TRANS; and capital 
cost of the fluid disposal system calculated in subroutine INJECT. The cost 
of drilling producing wells is subdivided into both tangible and intangible 
drilling costs because tax regulations may treat these costs differently. 
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Costed r e s e r v o i r  opera t ion  tasks inc lude:  rep1 ement w e l l  d r i l l i n g ,  

d i v ided  i n t o  t a n g i b l e  and i n t a n g i b l e  costs;  nonproducing we l l  d r i  11 i n g  
ub- 

assoc iated w i t h  replacement we l ls ;  w e l l  abandonment and maintenance; over-  

head and management; w e l l  r e d r i l l i n g  due t o  sca le  bu i ldup;  and f l u i d  

t ransmiss ion and d isposal  maintenance. Both r e s e r v o i r  development and 
opera t ion  cos ts  are computed on t h e  bas is  of t he  ca l cu la ted  d i s t r i b u t i o n  

system s ize.  

Using discounted cash f l o w  analys is ,  t he  u n i t  cos t  o f  energy f rom the  

r e s e r v o i r  i s  c a l c u l a t e d  by equat ing the  present  worth o f  the  revenues and 
expenses f rom the  beginning o f  r e s e r v o i r  e x p l o r a t i o n  through t h e  economic 

l i f e  o f  t he  d i s t r i b u t i o n  system. 
associated w i t h  subrout ine RESVOR and the  r e s e r v o i r  economic submodel. 

Descr ip t ions  f o l l o w  o f  t he  subrout ines 

CLEAR Clears consecut ive l oca t i ons  i n  memory f o r  i n i t i a l i z i n g  

arrays i n  var ious  subrout ines t o  zero. 

TARGTS Calcu lates t h e  number o f  p rospec t ive  geothermal s i t e s  t o  
exp lo re  i n  each o f  t h e  successive d i s c r e t e  steps compr is ing 

t h e  r e s e r v o i r  exp lo ra t i on  process, based upon t h e  success 

r a t i o s  ( f i n d i n g  r a t e s )  i n p u t  f o r  each step. The successive 

reduc t i on  i n  t h e  number o f  s i t e s  t o  explore a t  each s tep 
culminates i n  a s i n g l e  p roduc ib le  s i t e  a t  t he  l a s t  step, 
complet ing the  e x p l o r a t i o n  process. 

DATACK P r i n t s  the  f i n a n c i a l  and t a x  i n p u t  data f o r  t h e  r e s e r v o i r  
and bo th  ca l cu la tes  and p r i n t s  the  r e s e r v o i r ' s  annual cash 

f l o w  statement f rom e x p l o r a t i o n  through t h e  economic l i f e  

o f  t he  d i s t r i b u t i o n  system. This statement inc ludes  each 

year o f  exp lo ra t i on ,  development, and opera t i on  o f  t h e  

r e s e r v o i r ,  t he  d i s t r i b u t i o n  system load f a c t o r  or f r a c t i o n  

o f  annual t ime t h e  d i s t r i b u t i o n  system i s  opera t ing  a t  f u l l  
capaci ty ,  and the  cash f lows computed on an annual bas i s  
f o r  t h e  f o l l o w i n g  i tems: i d e n t i f y i n g  geothermal t a r g e t  

s i t e s ,  remaining r e s e r v o i r  e x p l o r a t i o n  beginning w i t h  

p r e l i m i n a r y  reconnaissance, r e s e r v o i r  development, r e s e r -  

v o i r  operat ion,  p roper t y  taxes and insurance, i n t e r i m  

43 



DATACK (Contd) capital  replacements for the f lu id  transmission and dis- 
posal system, and the sum of these costs. 

FACTRS Calculates the present worth discount factor based on the 
cost of capital from both debt (bond) and equity (stock) 
financing, using the effective bond interest  ra te  a f te r  
taxes. All expenses and revenues are assumed to  be 
incurred a t  midyear. If year-end discounting i s  desired, 
the variable TIMD appearing in subroutine FACTRS shou ld  be 
reset  from 0.5 to  1.0 i n  the BLOCK DATA subroutine. Sub- 
routine FACTRS is called by b o t h  the reservoir and 
d i s t r i b u t i o n  economic subroutines as shown i n  Figure 3. 

PWRCO 

D E P R E C  

COSTEQ 

Calculates the annual reservoir operating expenses from 
exploration through the economic l i f e  of the distribution 
system. Subrout ine PWRCO a l s o  c a l l s  subrout ine DEPREC t o  

calculate well depreciation and reservoir depletion and 
depreciation. 
the statement of annual deductible expenses. 

These are printed by subroutine OUTPUT i n  

Calculates the annual depreciation of the reservoir capital 
assets,  including interim capital replacements. The i n p u t  
parameter L L 2  se lects  one of two available options: the 
s t ra ight  l ine method ( L L 2  = 1 )  or the sum-of-years-digits 
method ( L L 2  = 2) .  

Calculates the u n i t  cost o f  energy from the reservoir by 
set t ing the present worth of the revenues equal t o  the 
present worth of the expenses from the beginning of reser- 
v o i r  exploration t h r o u g h  the economic l i f e  of the 
d i s t r i b u t  i on system. 

U n i t  cost of energy (cents/MBtu) = (present worth 
of the expenses - present worth of t a x  c r ed i t s ) /  
[(present worth of energy supplied) * (1  - s t a t e  
gross revenue tax r a t e )  * (1 - combined federal and 
s t a t e  income tax rate)] 
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PAYOUT 

OUTPUT 

SUMARY 

The present worth o f  energy suppl ied takes i n t o  account the 
d i s t r i b u t i o n  system load f a c t o r .  

Calcu lates the annual income statement and annual payout o f  

investments f o r  t h e  r e s e r v o i r .  This inc ludes t h e  t o t a l  
energy sales (gross revenues), s t a t e  and f e d e r a l  income 

taxes, revenue taxes, r o y a l t y  payments, and t h e  changes i n  

c a p i t a l i z a t i o n :  outs tanding bonds, bonds repaid,  

unrecovered equi ty ,  e q u i t y  recovered, bond i n t e r e s t ,  and 

earnings on unrecovered equ i t y .  

P r i n t s  the statements o f  annual deduc t ib le  expenses, 

income, and payout o f  investments f o r  t h e  r e s e r v o i r  f rom 

the  beginning o f  r e s e r v o i r  e x p l o r a t i o n  through the  economic 
l i f e  o f  t h e  d i s t r i b u t i o n  system. The statement o f  annual 

deduc t ib le  expenses l i s t s  the i tems: year, present worth 

f a c t o r  f o r  t h a t  year, r e s e r v o i r  ope ra t i ng  expenses, bond 

i n t e r e s t ,  w e l l  deprec iat ion,  r e s e r v o i r  d e p l e t i o n  and depre- 

c i a t i o n ,  t o t a l  deduc t i b le  ope ra t i ng  expenses, and s t a t e  
income taxes. The statement o f  annual income l i s t s  the 

i tems: year, t r i l l i o n  Btu o f  energy supplied, energy 

sales, revenue taxes, r o y a l t y  payments, t o t a l  t a x  deduct- 
i b l e  expenses, t axab le  income ( f e d e r a l ) ,  and f e d e r a l  income 

tax .  The statement o f  payout o f  investments l i s t s  the 
i tems: year, ne t  cash f low,  outs tanding bonds, e q u i t y  
c a p i t a l  not  recovered, bond i n t e r e s t ,  earnings on 

unrecovered equi ty ,  bonds repaid,  and recovery o f  e q u i t y .  

Calcu lates and p r i n t s  the breakdown o f  the u n i t  cost  o f  

energy f rom t h e  r e s e r v o i r  i n  cents/MBtu and equ iva len t  
annual costs  i n  m i l l i o n s  o f  d o l l a r s .  These are i temized as 

f o l l o w s :  i d e n t i f i c a t i o n  and exp lo ra t i on ,  development, 
ope ra t i ng  costs, revenue taxes, s t a t e  income taxes, r o y a l t y  

payments, f e d e r a l  income taxes and bond i n t e r e s t .  I n  
another set  o f  c a l c u l a t i o n s ,  t he  taxes, r o y a l t y  payments, 
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SUMARY (Contd) and bond i n t e r e s t  are r e a l l o c a t e d  t o  t h e  d i r e c t  cost  com- 

ponents f o r  t he  r e s e r v o i r :  

development, and opera t i ng  costs.  The r a t e  o f  r e t u r n  on 

investment i s  inc luded i n  the  d i s t r i b u t e d  energy c o s t  f o r  

each component. The deduc t ib le  nature o f  t he  bond i n t e r e s t  
causes t h i s  expense t o  be p a r t i a l l y  inc luded i n  the  r a t e  o f  

r e t u r n  ( t h e  p a r t  which i s  inc luded i n  t h e  present worth 

f a c t o r )  and the  remainder t o  be accounted f o r  separately.  

i d e n t i f i c a t i o n  and exp lo ra t i on ,  

2.8 DISTRIBUTION ECONOMIC SUBMODEL 

The r e s e r v o i r  revenue i s  a cos t  t o  t h e  d i s t r i b u t i o n  system. G E O C I T Y  

c a l l s  t he  d i s t r i b u t i o n  economic submodel, s imulated by subrout ine DISTRB and 
i t s  associated subrout ines.  This submodel combines t h e  energy c o s t  f rom t h e  

r e s e r v o i r  w i t h  t h e  d i s t r i b u t i o n  c a p i t a l  and opera t i ng  costs  and generates 
t h e  cash f low associated w i t h  t h e  design, cons t ruc t i on ,  and opera t i on  o f  t h e  

d i s t r i b u t i o n  system throughout i t s  u s e f u l  l i f e .  The r e q u i r e d  revenue and 

u n i t  cost  of heat are determined by us ing  discounted cash f l o w  analys is ,  and 
equat ing t h e  present  worth o f  t h e  revenues and expenses over the  economic 

l i f e  o f  t h e  d i s t r i b u t i o n  system. Desc r ip t i ons  o f  t h e  subrout ines associated 

w i t h  subrout ine DISTRB and the  d i s t r i b u t i o n  economic submodel f o l l o w .  

HCON ST Calcu lates t h e  f o l l o w i n g  cos ts  appearing i n  t h e  annual cash 

f l o w  statement f o r  t he  d i s t r i b u t i o n  system: c a p i t a l  costs ,  

ope ra t i ng  costs, i n t e r i m  c a p i t a l  replacements, p roper t y  

taxes and insurance, the sum o f  a l l  these cos ts  w i t h  the  
energy cos t  f rom t h e  r e s e r v o i r ,  and investment t a x  c r e d i t s .  

The t o t a l  c a p i t a l  c o s t  o f  t h e  d i s t r i b u t i o n  system f o r  t he  

c o n s t r u c t i o n  p e r i o d  (NYC years, s p e c i f i e d  i n  t h e  i n p u t  

data) i s  c a l c u l a t e d  i n  subrout ine DIST according t o  t h e  

component c a p i t a l  c o s t  models i n  Appendix B. This c o s t  
inc ludes the f o l l o w i n g  i tems: pipe, i n s u l a t i o n ,  casing, 

f i t t i n g s ,  expansion loops, trenches, valves, meters, pumps, 

meter ing and c o n t r o l  equipment, b u i l d i n g s  and land use, 

b u i l d i n g  r e t r o f i t  ( o p t i o n a l ) ,  heat exchanger ( o p t i o n a l ) ,  

P 
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c 
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HCONST (Contd) and engineer ing and admin i s t ra t i on .  Subroutine HCONST 
apport ions t h e  c a p i t a l  c o s t  by year  over the number o f  

years (NYC) i n p u t  f o r  d i s t r i b u t i o n  system cons t ruc t i on .  

The apportionment i s  based on the f o l l o w i n g  func t i on .  

100 

C(t) = F  + e k(a-tSj 
where : 

C ( t )  i s  t he  cumulat ive percent  expendi ture a t  t ime t. 
k i s  a constant,  0.0847. 
a i s  the 50% expendi ture p o i n t  i n  t ime, c u r r e n t l y  

t i s  t h e  t ime i n  years f rom beginning o f  
s e t  t o  t h e  60% p o i n t  i n  t h e  c o n s t r u c t i o n  schedule. 

c o n s t r u c t  i on. 

If t h e  o p t i o n  t o  a l l o w  growth i n  hea t ing  demand i s  
s p e c i f i e d  i n  t h e  i n p u t  data (NYGRO > 0), a d d i t i o n a l  annual 

c a p i t a l  cos ts  beyond t h e  c o n s t r u c t i o n  p e r i o d  are c a l c u l a t e d  

i n  subrout ine HCONST. A d d i t i o n a l  c a p i t a l  cos ts  du r ing  each 

year a f t e r  t he  f i r s t  year o f  ope ra t i on  are c a l c u l a t e d  by 
apply ing a compound growth curve t o  t h e  t o t a l  s t r e e t  and 

house p ipe  c a p i t a l  cos ts  i n c u r r e d  dur ing the  c o n s t r u c t i o n  
per iod.  Only a d d i t i o n a l  s t r e e t  and house p i p e  c a p i t a l  

cos ts  are c a l c u l a t e d  beyond the  c o n s t r u c t i o n  p e r i o d  because 
t h e  d i s t r i b u t i o n  system model designs t h e  main and l a t e r a l  

p ipes w i t h  s u f f i c i e n t  capac i t y  t o  meet the s p e c i f i e d  f u t u r e  
growth. 

Annual ope ra t i ng  cos ts  are c a l c u l a t e d  i n  subrout ine DIST 

according t o  t h e  op’erat ing c o s t  models i n  Appendix 6. This 

inc ludes t h e  f o l l o w i n g  i tems: personnel cos ts  f o r  operat -  

i n g  t h e  d i s t r i b u t i o n  system and f o r  a d m i n i s t r a t i v e  
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HCONST (Contd) functions; routine repair and maintenance of the distri- 

bution system; pump operating costs; meter readers; 
supplemental heating costs; and operation of a heat 
exchanger (optional). 

If the growth option is specified, subroutine HCONST 
increases the annual operating costs after the first year 
of operation during each year of growth. The proportion o f  

operating costs attributed to the expansion of street and 
house pipes is increased annually during the growth period 
according to a compound growth curve. 
ment in the operating cost in year N from the first year of 
operation is added to the first-year operating cost to 
obtain the operating cost in year N during the period of 
growth. 

The computed incre- 

Interim capital replacements are calculated as a fraction 
of construction period capital costs. 

Interim capital replacements ($ )  = [input fraction 
DINPUT(53), with default value 0.00351 * (construction 
period capital cost) 

Property taxes and insurance are calculated annually as a 
fraction of total capital costs (construction period 
capital costs plus all interim capital replacements) up to 
the year of interest in the calculation. 

Property tax ($ )  = [input fraction DINPUT(52), with 
default values 0.02501 * (total capital cost up to the 
year of interest in the calculation) 

Property insurance ( $ )  = [input fraction DINPUT(54), 
with default value 0.00123 * (total capital cost up to 
the year of interest in the calculation) 

I 

I 
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HCONST (Contd) Investment tax credi ts  i n  the f i r s t  year of operation are 
calculated as a fraction of construction period capital  
cost and interim capital  replacements d u r i n g  the f i r s t  year 
of operation. 

Investment tax credi t  ( $ )  = [O.Ol * i n p u t  percentage 
PIVTCP, w i t h  default value 03 * (construction period 
capital  cost and interirr capital  replacements in the f i r s t  
year of operation) 

Investment tax credi ts  i n  subsequent years of operation are 
calculated as a fraction of the interim capital  
rep1 acements. 

Investment tax credi t  ($ )  = [O.Ol  * i n p u t  percentage 
PIVTCP, w i t h  default value 03 * (interim capital  
replacements i n  the year of in te res t )  

Subroutine HCONST also calculates the annual net production 
of useable heat ( a f t e r  allowance for heat losses i n  the 
distribution system p i p i n g )  i n  units of Btu/yr and MBtu/yr. 
If the growth option is  specified, the annual net 
production of useable heat is increased af te r  the f i r s t  
year of operation according t o  a compound growth curve. 

DATAK 

DPREC 

COSTEG n 
ii 

Prints the financial and tax i n p u t  data for the d i s t r i -  
bu t i on  system. 

Calculates the annual depreciation of the distribution 
system capital  assets,  including interim capital  replace- 
ments. The i n p u t  parameter LL2 selects  one of two 
available options: the s t ra ight  line method (LL2 = 1) or 
the sum-of-years-digits method (LL2 = 2). 

Calculates the u n i t  cost of heat from the distribution 
system by set t ing the present worth of the revenues equal 
to  the present worth of the expenses throughout the 
economic l i f e  of the distribution system. 
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COSTEG (Contd) Unit cost of heat (cents/MBtu) = (present worth of expenses 
- present worth of tax credits)/[(present worth o f  heat 
production) * (1 - s t a t e  gross revenue tax ra te )  * 
(1 - combined federal and s t a t e  income t a x  rate)] .  

The present worth of heat production takes i n t o  account the 
distribution system load factor.  

PAYOT 

OUTPLT 

Calculates the distribution system's annual income state-  
ment and annual payout of investments. This includes the 
to ta l  heat sales (gross revenues), to ta l  tax deductible 
expenses, taxable income (federal ), s ta te  and federal 
income taxes, revenue taxes, and the changes i n  
capital  i za t i  on : outstanding bonds, bonds repaid, 
unrecovered equity, equity recovered, bond in te res t ,  and 
earnings on unrecovered equity. 

Prints the statements of annual cash flow, tax deductible 
expenses, income and payout of investments from the begin- 
n i n g  of distribution system construction through i t s  
economic l i f e .  The statement of annual cash flow l i s t s  the 
items: year, d i s t r i b u t i o n  system load factor ,  capital  
costs,  energy costs from the reservoir, distribution 
operat i ng costs , i nter i m  capi t a1 rep1 acement s , property 
taxes and insurance, and the sum of these costs. The 
statement of annual tax deductible expenses l i s t s  the 
items: 
expenses, bond in te res t ,  depreciation, to ta l  deductible 
operating expenses, and s t a t e  income taxes. The statement 
of annual income l i s t s  the items: year, t r i l l i o n  Btus of 
heat produced, heat sales ,  revenue taxes, total  tax deduc- 
t i b l e  expenses, taxable income (federal) ,  and federal 
income tax. The statement of payout of investments l i s t s  
the items: 

year, present worth factor for  tha t  year, operating 

year, net cash flow, outstanding bonds, equity 

E 
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OUTPLT (Contd) 

CPOWER 

capital  not recovered, bond in te res t ,  earn ngs on unre- 
covered equity, bonds repaid, and recovery of equity. 

Calculates and prints the breakdown of the u n i t  cost of 
heat from the distribution system i n  ceFts/MBtu and equiva- 
lent annual costs i n  mi l l ions  of dollars.  These are 
itemized as follows: distribution system capital  costs,  
interim capital  replacements, energy supply from the reser- 
voir, operating expenses, property taxes and insurance, 
revenue taxes, s t a t e  income taxes, federal income taxes, 
and bond in te res t .  The difference between the u n i t  cost 
for energy supply a t  the distribution system and the u n i t  
cost of energy from the reservoir calculated in subroutine 
COSTEQ is caused by heat losses i n  the distribution system 
p i p i n g .  In another s e t  of calculations, the taxes and bond 
interest  are reallocated to the direct  cost components for 
the distribution system: capital costs,  interim capital  
replacements, energy supply, operating expenses, and 
property taxes and insurance. 

2.9 STEAM TABLE FUNCTIONS 

Tables 1 and 2 give the 1967 ASME Steam Table functions used to calcu- 
la te  thermodynamic and physical properties of water and steam, the i r  
a r g u m e n t s ,  a n d  t h e  t e m p e r a t u r e - p r e s s u r e  s u b r e g i o n s  i n  w h i c h  t h e y  are a p p l i -  

cable. The subregions are i l lus t ra ted  relat ive t o  the saturation line on 
the temperature-pressure diagram in Figure 7. Subregion 6 is the area just 
above and below the saturation line. When calculations of properties are 
needed near the c r i t i c a l  point i n  subregion 5, the accuracy of the functions 
used should be checked against the individual requirements since the prop- 
e r t i e s  vary rapidly i n  this area. 
Tables 1 and 2 follow. 

Definitions for the symbols used i n  

p - Pressure, psia 
t - Temperature, O F  

h - Specific Enthalpy, Btu/lb 
s - Specific Entropy, B tu / lbzF  
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3 v - Specific Volume, f t  / lb  
x - Quality by weight f ract ion,  %/lo0 
1.1 - Viscosity, lb/ft-sec 
k - Thermal conductivity, Btu/hr-ft :F 

Pr - Prandtl number 
Vc - Critical  velocity, f t / s ec  
Fc - Critical  flow, lb/hr-in 
Y - Isentropic exponent (pvy = Constant) 

O s  - Degrees superheat 

2 

Many of the functions are interdependent. Consequently, if the use o f  a 
function is desired the majority of the steam table functions must be loaded 
i n t o  computer memory. 

GEOCITY i n i t i a l l y  c a l l s  the following subroutines i n  the steam tables 
t o  i n i t i a l i z e  steam table constants appearing i n  labeled common: CCSR1, 

CCSR2, CCSR3, CCBLL, and COMALL. 
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TABLE 1. ASME Steam Table S i n g l e  Valued Funct ions 

S t a t e  Unknown 
( e i t h e r  wet (two-phase) o r  superheated) S a t u r a t i o n  L i n e  and Wet Steam 

FORTRAN 
Code Name 

HPS 
SPH 
VPH 
VPS 
TPH 
TPS 
THS 
PHS 
XPH 
XPS 

Subreq i on 

2, 3 ,  4 
2, 3 
2, 3 
2, 3,  4 
2, 3 ,  4 
2, 3 ,  4 
2, 3 ,  4, 6 
2, 3,  4, 6 

FORTRAN 
Code Name 

HPSW 
SPHW 
VPHW 
VPSW 
TSL/TSATP 
PHSW 
PSL/PSATT 

Subregion 

6 
6 
6 
6 
Sat. L i n e  
6 
Sat. L i n e  

Superheated Steam Compressed L i q u i d  

HPSD h = f (p,s)  2, 3, 4 
HPTD h = f ( p , t )  2, 3, 4 
SPHD s = f (p ,h)  2, 3, 4 

VPHD v = f (p ,h)  2, 3, 4 

TSUPH/TPHD t /= f(p,h) 2 
TSUPS/TPSD t = f(p,s) 2, 3, 4 
THSD t = f (h ,s)  2, 3, 4 
PHSD p = f (h,s)  2, 3, 4 
v ISV lJ = f (p , t )  2, 3 ,  4 
CONDV k = f ( p , t )  2, 3, 4 
PRSTM P r  = f ( p , t )  2, 3, 4 

SPTD s = f ( p , t )  2, 3, 4 

VPSD v = f (p , s )  2, 3, 4 
VPTD v = f ( p , t )  2, 3, 4 

HPTL h = f ( p , t )  1, 3, 4 
SPTL s = f ( p , t )  1, 3, 4 
VPTL/VCL v = f ( p , t )  1, 3, 4 
TPHL t = f(p,h) 1, 4 
TPSL t = f(p,s) 1, 4 
v ISL lJ = f ( p , t )  1, 2, 3, 4 
CONDL k = f ( p , t )  1 
PRLIQ P r  = f ( p , t )  1 

Saturated Vapor 

HGT h = f ( t )  
HGP h = f (P)  

SGP s = f(P) 
SG T s = f ( t )  
VGP v = f (P)  
VGT v = f ( t )  
PSV P = f (4 

Saturated L i q u i d  

Sat. L i n e  TSLH t = f ( h  
Sat. L i n e  HFP h = f ( p  
Sat. L i n e  HFT/ HSL h = f ( t  

I Sat. L i n e  SFP s = f ( p  
I Sat. L i n e  SFT/SSL s = f ( t  

Sat. L i n e  VFP v = f ( p  
I Sat. L i n e  VFT/VSL v = f ( t  

Sat. L i n e  
Sat. L i n e  
Sat. L i n e  
Sat. L i n e  
Sat. L i n e  
Sat. L i n e  
Sat. L i n e  

Some subrout ines have been g iven two names separated by a / mark. 
these subrout ines,  t he  names can be used interchangeably.  

When c a l l i n g  
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TABLE 2. ASME Steam Table Multiple Valued Functions 

FORTRAN 
Code Name Function 

HSSISS 
HPSISS 
HSS 
HSV 
HCL 
HSSICL 
SSSISS 
SPSISS 
SSICL 
CRFLO 
CRV EL 
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S t a t e  

Wet or Superheated Steam 
Superheated Steam 
Superheated Steam 
Saturated Vapor 
Compressed Liquid 
Compressed Liquid 
Wet o r  Superheated Steam 
Superheated Steam 
Compressed Liquid 
Wet or Superheated Steam 
Wet o r  Superheated Steam 

Wet o r  Superheated Steam 

Wet o r  Superheated Steam 

r 

Compressed Liquid 
Compressed Liquid 
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3. PREPARATION OF INPUT DATA 

3.1 NAMELIST INPUT RULES 

The f i r s t  card r e q u i r e d  i n  t h e  i n p u t  data s p e c i f i e s  a H o l l e r i t h  t i t l e  

of 80 characters  or l e s s  f o r  i d e n t i f y i n g  t h e  s imu la t i on  p r i n t o u t .  

remaining data cards permi t  t h e  user t o  ove r r i de  d e f a u l t  values i n i t i a l i z e d  

f o r  t he  i n p u t  v a r i a b l e s  i n  t h e  BLOCK DATA subrout ine.  

us ing  the  NAMELIST statement, which permi ts  i n p u t  o f  numerical  values f o r  

v a r i a b l e s  and arrays preceded by the i d e n t i f y i n g  v a r i a b l e  or  a r ray  names. 

No format s p e c i f i c a t i o n  i s  used. This sec t i on  g ives a b r i e f  d e s c r i p t i o n  o f  

The 

These cards are i n p u t  

t h e  NAMELIST r u l e s  f o r  t h e  Cyber computer, which are app l i cab le  t o  most 

o the r  machines w i t h  minor v a r i a t i o n s .  The reader may wish t o  consu l t  t he  
FORTRAN manual a v a i l a b l e  a t  h i s /he r  i n s t a l l a t i o n  f o r  a more d e t a i l e d  

discussion. A sample case i l l u s t r a t i n g  t h e  NAMELIST i n p u t  i s  given i n  t h e  

next sect ion.  The reader may f i n d  i t  h e l p f u l  t o  r e f e r  t o  t h e  sample i n p u t  

du r ing  the  f o l l o w i n g  discussion. 
v a r i a b l e s  and t h e i r  d e f a u l t  values i n  GEOCITY are given f o l l o w i n g  t h e  samp 

inpu t .  

The d e f i n i t i o n s  o f  t h e  NAMELIST i n p u t  
e 

The NAMELIST i n p u t  t o  GEOCITY i s  composed o f  two sets  o f  data: 1) t h e  
r e s e r v o i r  and t ransmiss ion system data and 2)  t he  d i s t r i b u t i o n  system data. 

The r e s e r v o i r  and t ransmiss ion system data begin i n  column 2 o f  t h e  second 

data card ( t h e  f i r s t  card i s  t h e  t i t l e  card mentioned above) w i t h  the  NAME- 
L IST  group name $RESVOR. The d i s t r i b u t i o n  system data begin i n  column 2 o f  

t h e  data card f o l l o w i n g  t h e  r e s e r v o i r  and t ransmiss ion system data w i t h  

$DISTRB. Each NAMELIST group name i s  separated by one or  more spaces f rom 

i t s  succeeding l i s t  o f  var iab les,  a r r a y  names, and t h e i r  numerical  values. 

I n p u t  v a r i a b l e s  and arrays may be defined i n  th ree  ways. 

v a r i a b l e  = constant  

0 ar ray  name = constant  ,...., constant,  
0 a r r a y  name ( i n t e g e r  constant  s u b s c r i p t )  = constant,. . . ,constant, 

Comas separate each d e f i n i t i o n  f rom succeeding d e f i n i t i o n s .  Constants can 

be preceded by a r e p e t i t i o n  number and an a s t e r i s k ,  as f o r  example, a r r a y  
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name = 3 * 1.0. 
values 1.0. In d e f i n i n g  arrays, the number of constants, including repet i -  
t ions,  given for  an array name should not exceed the number of elements i n  
the array. 
panying the definit ion of the i n p u t  variables and the i r  default values 

This sets the f i r s t  three locations i n  the array to  the 

The number of elements i n  the GEOCITY arrays are given accom- 

following the sample i n p u t  case. When data are input u s i n g  the definit ion,  
array name (integer constant subscript)  = constant,.  . .,constant, the array 
elements are defined consecutively b e g i n n i n g  w i t h  the location given by the 
integer constant subscript. 
not exceed, the remaining number of elements in the array. 

The number of constants need not  equal, b u t  may 

Integer or real  constants are converted to  the type of the variable or 
array. All i n p u t  variables to  GEOCITY beginning w i t h  the l e t t e r s  I through 
N ,  except the variables IO and KINS, are integer. The variables IO and KINS 
are declared real  ( f loa t ing  point) variables i n  GEOCITY. All other i n p u t  
variables are real .  

The variables, array names, and their numerical values succeeding the 
NAMELIST group name $RESVOR or $DISTRB are read unt i l  another $ i s  encoun- 
tered t o  complete the def ini t ion of the i n p u t  data for the reservoir and 
transmission system or dis t r ibut ion system respectively. Variables may be 
i n  any order. 
between $ and RESVOR or $ and DISTRB, or within array names and variable 
names, or w i t h i n  numerical values. 

Blanks may be used f ree ly  t o  improve readabi l i ty  except 

A m i n i m u m  of three data cards is  needed to  define the i n p u t  data for  a 
simulation case. The f i r s t  column of each card is ignored and should not  
contain any data. All cards except the l a s t  for a NAMELIST group name must 
end w i t h  a constant followed by a coma. The l a s t  card for  each NAMELIST 
group name must end w i t h  a $ s i g n .  

Consecutive simulation cases can be set up i n  the i n p u t  data. Each new 
simulation case requires the following cards: 1)  a t i t l e  card, 2 )  a $RESVOR 
card and, when necessary, continuation cards defining the NAMELIST i n p u t  
variables to  be changed from the preceding simulation case for  the reser- 
voir and transmission system, and 3 )  a $DISTRB card and, when necessary, 
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c o n t i n u a t i o n  cards d e f i n i n g  the  NAMELIST i n p u t  v a r i a b l e s  t o  be changed from 
the  preceding s imu la t i on  case f o r  t he  d i s t r i b u t i o n  system. The l a s t  ca rd  

f o r  each NAMELIST group name must end w i t h  a $ s ign.  The , inpu t  data f o r  a 

s imu la t i on  case may c o n s i s t  o f  any subset of t he  NAMELIST i n p u t  va r iab les .  

I n  s e t t i n g  up consecut ive s imu la t i on  cases i n  t h e  i n p u t  data, o n l y  t h e  i n p u t  
va r iab les  w i t h  values d i f f e r i n g  from the  preceding s i m u l a t i o n  case r e q u i r e  

r e d e f i n i t i o n .  
data f o r  a p a r t i c u l a r  s imu la t i on  case remain unchanged from: 

The values o f  v a r i a b l e s  and arrays n o t  i nc luded  i n  t h e  i n p u t  

0 The d e f a u l t  values i n  BLOCK DATA fo r  t h e  f i r s t  s imu la t i on  case. 
0 The values from the  preceding s imu la t i on  case f o r  cases a f t e r  t h e  

f i r s t  case. 

I f  no values are t o  be changed from the  d e f a u l t  values i n  BLOCK DATA i n  
the  f i r s t  s imu la t i on  case, t he  i n p u t  data cons is t s  o f :  1) a t i t l e  card, 2 )  
a card w i t h  $RESVOR $ beginning i n  column two, and 3 )  a card w i t h  $DISTRB $ 

beginning i n  column two. 

3.2 INPUT INSTRUCTIONS AND SAMPLE CASE INPUT 

The data i n p u t  t o  GEOCITY c o n s i s t s  o f  t h e  f o l l o w i n g  th ree  types o f  

cards : 

e A t i t l e  card o f  80 characters  or less t o  i d e n t i f y  t h e  s i m u l a t i o n  

p r i n t o u t  . 
0 Data cards d e f i n i n g  values f o r  t h e  r e s e r v o i r  and t ransmiss ion 

system i n p u t  va r iab les  beginning i n  column two w i t h  $RESVOR 
according t o  NAMELIST i n p u t  r u l e s .  

0 Data cards d e f i n i n g  values f o r  t h e  d i s t r i b u t i o n  system i n p u t  

va r iab les  beginning i n  column two w i t h  $DISTRB according t o  

NAMELIST i n p u t  r u l e s .  

The f o l l o w i n g  steps are suggested f o r  prepar ing the  data i n p u t :  

Step 1. 

Step 2. 

Review the  NAMELIST i n p u t  r u l e s  summarized i n  the preceding 

sect ion.  

Prepare a t i t l e  card o f  80 characters  or  less. 
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Step 3. Prepare cards defining the technical and economic input 
variables for the reservoir and transmission system 
following the NAMELIST input rules. 

variables for the distribution system following the 
NAMELIST input rules. 

Step 4. Prepare cards defining the technical and economic input 

All input variables and their default values are defined in the next 
section. 
data cards for a given case are left set to the default values. 
user, an overview of the key technical and economic input variables and 
their default values is summarized in Table 3.  

Those input variables not included in the list of variables in the 
To aid the 

To illustrate the input instructions, a sample case input is shown 
below for simulating a simplified version of the district heating system for 
Akureyri, Iceland. 
wells distributed throughout a hydrothermal reservoir through transmission 
pipelines. The city is divided into 8 districts, classified according to 
two district types: residential or industrial. The layout of the districts 
used in the Akureyri simulation is shown in Figure 8. The size and relative 
location and heat demand density of the districts based on data obtained on 
Akureyri are shown in Table 4. 

The distribution system is supplied with hot water f rom 

A network of branching mains, shown in Figure 8, is used to transport 
the hot water from the distribution center to the districts. The districts 
served by the mains are defined by the matrix DNET (District no., Main no.), 
shown in Table 4 and summarized below: 

- Main Districts Served by Main 

1 1,2,3,4,5,6,7 
2 394 
3 5 
4 8 

h 
S 

c 

c 
e 
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TABLE 3. Key Technical  and Economic Inpu t  Var iab les 
and De fau l t  Values 

Input V a r i a b l e s  

Reservoir Charac ter is t i cs  and Well Propert ies 

Well Flow Rate 

Wellhead Temperature 
Well L i f e  

Well Spacing 

Wellhead Pressur iza t ion  
Factor (21. ) 

Reservolr F inanc ia l  and Tax Data 
Frac t ion  o f  I n i t i a l  Investment 

Bond I n t e r e s t  Rate 

Equ i ty  Earning Rate Af te r  Taxes 
Federal Income Tax Rate 
State Income Tax Rate 

Property Tax Rate 
D i s t r i b u t i o n  System Operating L i f e  

Royal ty Payment 

I n d i v i d u a l  Well D r i l l i n g  Cos& 

Producing Well 

Nonproducing Well 

I n j e c t i o n  Well or Exploratory Well 

D i s t r i b u t i o n  F inanc ia l  and Tax Data 
Frac t ion  o f  I n i t i a l  Investment i n  Bonds 

Bond I n t e r e s t  Rate 

Equ i ty  Earning Rate After Taxes 
Federal Income T a x  Rate 
State Income Tax Rate 
Property Tax Rate 
D i s t r i b u t i o n  System Operating L i f e  

D i s t r i b u t i o n  System Char acteTj>J& 
Length of Transmission Line 

Total  Annual Degree Days 
Degree Days a t  Design Temperature 
Minimum Outdoor Temperature 

Design Outdoor Temperature 

Number of D i s t r i c t s  i n  the  C i t y  
Type N of  D i s t r i c t  f o r  D i s t r i c t  Number Y 

Density o f  Bui ld ings i n  D i s t r i c t  Type N 

Peak Heat Demand per Bu i ld ing  i n  D i s t r i c t  

Da i ly  Hot Water Demand per Bu i ld ing  i n  

Temperature o f  Return Water i n  D i s t r i c t  

D i v e r s i t y  Factor i n  D i s t r i c t  Type N 

Area of D i s t r i c t  Number M 
Width o f  D i s t r i c t  Number M 
Length o f  D i s t r i c t  Number M 

Length o f  Main t o  D i s t r i c t  Number M 

Pipe Option fo r  D i s t r i b u t i o n  System 

i n  Bonds 

_ _ _  

Type N 

D i s t r i c t  Type N 

Type N 

Pipe Mater ia l  Option 
Insu la t ion  Option 

Casing Option 

Branching Mains Option 

FORTRAN 
N ame ___. 

FLORAT 

PWTEMP 

AVGWL 

WELSPC 
PRFACT 

DINPUT ( 4 )  

DINPUT (5 )  

OINPUT ( 6 )  
DINPUT (7)  

D I N P U T  (15) 
DINPUT (17) 

DINPUT (26) 
DINPUT (?7)  

OCPW 

OCNPW 

OC I N  JW 

OINPUT (39) 

OINPUT (40) 
D I N P U T  (41) 

OINPUT (42)  

DINPUT (50)  
OINPUT (52) 

DINPUT (61) 

ORES 

AOGOAY 

DOGDAV 

TMIN 

TOES 
NOTR 
inm ( M )  

DENSE (N) 

HO iN)  

MJ ( N )  

TREJ (N) 
DlVF (N) 

AREA (M) 
WIDTH (M) 

XLNGTH (M) 
DDTR (M) 
PO 

PMO 
10 

c0 

DN ET 
( d i s t r i c t  
no. M, 
main no. MM) 

Oefault 
Value 

400,000 l b / h r  

lOo0C 
IO yr 

20 acres 
2. 

0.42 

0.08 
0.15 
0.48 

0.07 
0.025 

30 y r  
10% 

5400.000. 
1300,000. 

5350.000. 

0.59 

0.08 

0.12 
0.48 

0.07 
0.025 

30 y r  

I O  miles 

6500°F dayc 
6000°F days 
-5°F 

0 “F 
I 
1 (suburban) 
Table 8 

Table 8 

Table 8 

Table 8 
Table 9 

1 sq. m i l e  
1 m i l e  

1 m i l e  
1 m i l ?  

1  ( insu la ted  
supply, u n i n ~ u -  
l a t e d  r e t u r n )  

1 (carbon s t e e l )  
1 (calc ium 
s i  1 i ate) 

1 (p re fabr ica ted  
G t W l )  

A l l  Os 

6 1  



K5 METER STORAGE 

D I STRI BUT1 ON CENTER 
(65 METER STORAGE) 

D l  STRICTS: D l  TO D8 
M A I N S :  M1 T O M 4  

FIGURE 8. Layout o f  Districts and Mains for Simplified Version o f  Akureyri, Iceland, District 
Heating System with Branching Mains 



'1 

7 

7 

I s3 

I ill 

13 
7 

TABLE 4. Summary o f  D i s t r i c t  I n p u t  Data f o r  GEOCITY S imu la t ion  o f  Akureyr i  

D i s t r i c t  D e f i n i t i o n  Parameters 

GEOCITY 
D i s t r i c t  

Number 

1 

2 

3 

4 

5 

6 

7 

8 

D i s t r i c t  Area 
Type (sq.mi.) 

1 0.193 

2 0.023 

2 0.062 

1 0.185 

2 0.015 

1 0.232 

1 0.156 

1 0.399 

Width 

0.932 

0.124 

0.124 

0.373 

0.124 

0.248 

0.932 

0.932 

(ml.) 
Length  

0.466 

0.180 

0.497 

0.497 

0.124 

0.932 

0.167 

0.932 

(ml.) 

D i s t r i c t  Type Parameters 

D e n s i t y  Peak Heat Hot Water 

Type sq.mi. 1 (MBtu/hr)  I g a l / d a y )  
D i s t r i c t  (B ldg /  Demand/Bldg. Demand 

1 ( R e s i d e n t i a l )  2731 0.0254 37.8 

Length  o f  Main 
S e r v i n g  t h e  D i s t r i c t  

(mi .) 
0.404 

0.217 

0.28 

0.249 

0.186 

0.777 

0.124 

1.740 

R e i e c t  
D i v e r s i t y  Temperature 

F a c t o r  (OF) 

0.72 113. 

2 ( I n d u s t r i a l )  3000 0.1905 0. 0.72 113. 

_- B r a n c h i n g  Main Mat rcx  

M a t r i x  DNET ( D i s t r i c t  No., Main No.) D e f i n i n g  the D i s t r i c t s  
Served by  t h e  Mains D e f i n i t i o n  o f  M a t r i x  E n t r i e s  

D i s t r i c t  , 

Numbers 

Served 

by Main 

Main Number 

\ 1 2 3 4  5 . .  . 
2 0 0 0  

2 0 0 0  

1 2 0 0  A l l  Os 
1 2 0 0  

1 0 2 0  

2 0 0 0  
2 0 0 0  

0 0 0 2  

0 - main does n o t  s e r v e  d i s t r i c t  20 

A l l  Os 

20 
6 3  

1 - main t r a n s p o r t s  f l o w  t o  d i s t r i c t  
t h r o u g h  b r a n c h i n g  main 

2 - main t r a n s p o r t s  f l o w  d i r e c t l y  
t o  d i s t r i c t  

\ 
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The d i s t r i b u t i o n  system i s  designed as a s i n g l e  p i p e  system (P0=6) i n  

which the  used water i s  disposed through t h e  sewer system (INJP=O). 

design features o f  t h e  d i s t r i b u t i o n  p i p i n g  system are: 

The 

0 Sing le  supply pipe, seamless schedule 40 carbon s t e e l  

(PO = 6, PMO = 1 )  

Polyurethane foam i n s u l a t i o n  ( I O  = 2 )  
P o l y v i n y l  c h l o r i d e  (PVC) cas ing w i th  no annular a i r  spacing 

(CO = 2 ,  TA = 0.) 
Conduit bu r ied  1/2 meter deep i n  a d i r t  and rock  m ix tu re  (de fau l t  

t rench ing  model i n  Sect ion 3.4.4.4) 

Transmission l i n e ,  mains, l a t e r a l s  and s t r e e t  p ipes 
designed t o  meet c u r r e n t  (1978) d i v e r s i f i e d  peak heat demand 

(GROWTH ( D i s t r i c t  no.) = 0, DIVF ( d i s t r i c t  type)  = .72). 

SAMPLE CASE INPUT 

Col. 2 
D I S T R I C T  HEATING SYSTEM WITH BRANCHING M A I N S  FOR AKUREYRI, ICELAND 

$RESVOR FLORAT= 500000., PWTEMP=90., AVGWL=30., FRCEPW=O. 1, 
FRCNPW=0.05, DCPW=2OOOOO., DCNPW=150000., DCINJW=175000., INJP=O, 

IAVWEL=l, DINPUT(4)=1., 'DINPUT(6)=0, DINPUT( 14)=1978, LL6=1$ 

TDES=10.4, DENSE=2731., 3000., 6*0., HQ=.0254, .1905, 6*0., HW=37.8, 

7*0., TREJ=2*113., 6*0, IDTR=1,2,2,1,2,3*1,12*0, 
AREA=.193,.023,.062,.185,.015,.232,.156,.399,12*0., 
WIDM=.932,.124,.124,.373,.124,.248,.932,.932,12*0., 
XLNGTH=.466,.18,.497,.497,.124,.932,.167,.932,12~., 
DDTR=.404,.217,.28,.249,. 186,.777,.124,1.74,12*0., 
DNET=2,2,1,1,1,2,2,13*0,0,0,2,2,16*0,4*0,2,15*0,7~,2,12~,320*0, 
P0=6, IO=Z,CO=Z,TA=O., VMBTU=3, DINPUT(39)=1., DINPUT(41)=0., 

DINPUT(49)=1978.$. 

$DISTRB ORES=7.46, NDTR=8, ADGDAY=10800., DDGDAY=lO440., TMIN=-2.2, 

The key techn ica l  and economic i n p u t  cond i t i ons  se lec ted  f o r  d e f i n i n g  the  

rese rvo i r ,  t ransmiss ion,  and d i s t r i b u t i o n  system c h a r a c t e r i s t i c s  are 

sumnarized below. The i n p u t  v a r i a b l e s  no t  inc luded above were l e f t  se t  t o  t h e  

d e f a u l t  values de f ined i n  Sect ions 3.3 and 3.4. 
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Var i ab 1 e 

FLORAT 

PWTEMP 

AVGW L 

FRCEPW 

FRCNPW 

DCPW 
DCN PW 
DC INJW 
I N  JP 

I AVW EL 

D INPUT( 4) 

DINPUT( 6) 

DIN PUT( 14 ) 

LL6 

Reservoir  and Transmission System Inpu t  Condi t ions 

Descr i p t  i on 

Maximum Flow Rate pe r  Well 
We1 1 head Temperature 

Average Well L i f e  

F r a c t i o n  o f  Excess Producing Wells 
F r a c t i o n  o f  Dry Wells 

D r i l l i n g  Cost o f  Producing Well  

D r i l l i n g  Cost o f  Dry Well 

D r i l l i n g  Cost o f  Exp lo ra to ry  Well  
Option t o  R e i n j e c t  i n t o  I n j e c t i o n  

Well F i e l d  

Option t o  Reduce Recomputation i n  
F l u  i d Transmi ss i on Submodel 

F r a c t i o n  o f  Reservoir  and Transmis- 
s ion  System Investment i n  Bonds 

Earning Rate on Reservoir  and 
T r  an smi s s i on System Eq u i ty 
A f t e r  Taxes 

Star t -up Year f o r  Operation of 
t h e  D i s t r i b u t i o n  System 

Opt ion t o  P r i n t  D i s t r i b u t i o n  System 
Demand and F l u i d  Transmission 
I t e r a t i o n  H i s t o r y  

Value 

500,000 t 1 b/hr  
90 "c 
30 yr 

0.1 
0.05 

$200 000/we 1 1 
$1 50,00O/we 1 1 

$1 75,00O/we 1 1 

No (Use Sewer System) 

Yes 

1. 

0. 

1978 

1 (Las t  I t e r a t i o n  
On 1Y 1 
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Var i ab 1 e 
DR ES 

N DTR 
ADGDAY 
DDGDAY 

TM IN 
TDES 
DM S E ( N )  

TR EJ ( N ) 

I DTR ( M ) 
AREA(M) 

x LN GTH ( M 
DDTR ( M )  

WIDTH( M )  

DNET( Dist. No., 

PO 
Main No.) 

IO 

co 

TA 

Distribution System Input Conditions 

Description 
Length o f  Transmission Line t o  

City Distribution Center 
Number o f  Distr ic ts  in City 
Total Annua l  Degree Days 
Degree Days a t  System Design 

Minimum Outdoor Temperature 
Design Outdoor Temperature 
Density of Buildings in Dis t r ic t  

Peak Heat Demand per Building 

Daily Hot Water Demand per Building 

Temperature o f  Return Water in 
Dis t r ic t  Type N 
Dis t r ic t  Type N o f  Distr ic t  Number M 
Area o f  Dis t r ic t  Number M 
Width of Distr ic t  Number M 
Length o f  District Number M 
Length  o f  Main Serving Distr ic t  

Matrix Defining the Distr ic ts  Served 

Pipe Option 

Temperature 

Type N 

in Dis t r ic t  Type N 

i n  Dis t r ic t  Type N 

Number M 

by the Mains 

Insulation Option 

Casing Option 

Casing Annu ar Air Space 

Value 
7.46 miles 

a 
10,800 O F  days 
10,440 O F  days 

-2.2 "F 
10.4OF 
Table 4 

Table 4 

Table 4 

Table 4 

Table 4 
Table 4 
Table 4 
Table 4 
Table 4 

Table 4 

4 6(Supply Pipin 
System Only 

2 (  Polyurethane 
Foam) 

2 ( Prefabricated 
PI  as t  i c  ( PvC) 
Casing) 

0. 

E 
E 
i 
E 
G 

r 
b 
c 
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I Ll 

D i  s tr i b u t  i on Sys tern I n p u t  Cond i t i  ons 

Var i ab 1 e Desc r ip t i on  Value 
VMBTU Value o f  One M i l l i o n  Btus o f  Heat, $3/MBtu 

f o r  Opt im iza t ion  o f  I n s u l a t i o n  
Th i ckness 

Investment i n  Bonds 

System Equ i t y  A f t e r  Taxes 
D INPUT( 49) S tar t -up  Year f o r  Operat ion o f  t h e  1978 

D i s t r i b u t i o n  System 

DINPUT( 39) F rac t i on  o f  D i s t r i b u t i o n  System 1. 

DINPUT( 41 ) Earning Rate on D i s t r i b u t i o n  0. 

The ou tpu t  corresponding t o  t h e  sample case i n p u t  i s  shown i n  
Appendix E and discussed i n  Sect ion 4. The o p t i o n  t o  p r i n t  o n l y  t h e  f i n a l  

i t e r a t i o n  between t h e  d i s t r i b u t i o n  system demand subrout ine CALQNA and t h e  
f l u i d  t ransmiss ion submodel was se lec ted  (LL6 = 1 ) .  The d e f a u l t  op t i on  t o  

p r i n t  t h e  f u l l  d i s t r i b u t i o n  system outpu t  was used (DFLAG = .TRUE.). The 
d e f a u l t  o p t i o n  t o  p r i n t  the  f u l l  economic ou tpu t  f o r  the  rese rvo i r ,  t r ans -  

miss ion  system, and d i s t r i b u t i o n  system was a lso  used (LL11 = 1, LL12 = 1) .  

. 
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3 . 3  DEFINITION OF NAMELIST INPUT VARIABLES AND DEFAULT VALUES FOR THE 
RESERVOIR AND FLUID TRANSMISSION SYSTEM 

This section defines all NAMELIST input variables and default values 
for the reservoir and fluid transmission system. The input variables are 
grouped into the following categories: 

Reservoir Characteristics and Well Properties 
e Well Drilling Costs 
0 Fluid Transmission and Disposal 
0 Reservoir Financial and Tax Data 

Reservoir Exploration, Development, and Operation 
0 Output Options 
0 Miscellaneous Variables Used Only for Printout Information (Well Design 

and Strat i g rap hy ) 

The variables in the category, Well Design and Stratigraphy, are used 
only for informative purposes in the printout. 
input directly to GEOCITY rather than calculated internally as a function o f  
well design and stratigraphy. 

3.3.1 Reservoir Characteristics and Well Properties . 
AVGW L Average production life (years) of reservoir wells. The 

Well drilling c o s t s  are 

default is 10 years. 

Maximum flow rate (lb/hr) of the geothermal fluid from the 
reservoir wellhead. The default is 400,000 lb/hr/well. 

FLORAT 

d 

I! 

E 

FRCEPW Fraction of excess producing wells to provi.de spare wells. 
The default is 0.2. 

FRCNPW Fraction of nonproducing (dry) wells. The default is 0.2. 

PRDRAT Ratio of injection well t o  producing well flow rate. 
The default is 2. 

PWTEMP Temperature of the geothermal fluid at the reservoir well- 
head. Positive input values are treated as Centigrade and 
negative input values as Fahrenheit. The default is 100°C. 
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I 
PRFACT 

I d  
I 

I ii3 

I 3  
i d 

II 

D 

Wellhead p r e s s u r i z a t i o n  f a c t o r  ( 2 1.) prov ided t o  s e t  t h e  
wellhead pressure o f  t he  geothermal f l u i d  a t  s a t u r a t i o n  

(PRFACT=l. ) or compressed 1 i q u i d  s t a t e  (PRFACT > 1. ) . 
r o u t i n e  DGHEAT sets  the  wellhead pressure as f o l l o w s :  

Sub- 

Wellhead Pressure ( p s i a )  = PRFACT * (Pressure a t  

s a t u r a t i o n  corresponding t o  the  i n p u t  wellhead 

temperature PWTEMP) . 
The d e f a u l t  value o f  PRFACT i s  2 .  

WELSPC Reservoir  w e l l  spacing i n  acres. The d e f a u l t  i s  20 acres. 

3.3.2 Well  D r i l l i n g  Costs 

DC PW Tota l  cost  ( $ )  o f  a l l  tasks i nvo l ved  i n  d r i l l i n g  one pro-  

ducing w e l l .  The d e f a u l t  i s  $400,000. 

DCN PW Tota l  cost  ($ )  of a l l  tasks i nvo l ved  i n  d r i l l i n g  one 
nonproducing w e l l .  The d e f a u l t  i s  $300,000. 

DC I N  JW To ta l  cos t  ( $ )  o f  a l l  tasks i nvo l ved  i n  d r i l l i n g  e i t h e r  one 
e x p l o r a t o r y  w e l l  o r  one i n j e c t i o n  w e l l .  The d e f a u l t  i s  
$350,000. 

PERCNT( N )  
N = 1,2 

F rac t i on  ( n o t  percentage) t a n g i b l e  and i n t a n g i b l e  p a r t s  
r e s p e c t i v e l y  of t he  d r i l l i n g  costs  f o r  producing wel ls .  

The o p t i o n a l  breakdown i n t o  t a n g i b l e  and i n t a n g i b l e  p a r t s  
i s  prov ided because o f  p o s s i b l e  d i f f e r e n t i a l  t a x  

t reatment.  The t a n g i b l e  p a r t  i s  c a p i t a l i z e d  and expensed 
through a deprec ia t i on  account. The i n t a n g i b l e  p a r t  i s  

expensed immediately. Nonproducing w e l l s  are expensed and 

i n j e c t i o n  w e l l s  are c a p i t a l i z e d ,  w i t h  cos ts  recovered 

through the  deprec ia t i on  account. The d e f a u l t  values f o r  
t h e  PERCNT a r r a y  are as f o l l o w s :  

PERCNT( 1) = 1/3 f r a c t i o n  tang ib le ,  

PERCNT(2) = 2/3 f r a c t i o n  i n tang ib le .  
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3 . 3 . 3 .  Fluid Transmission and Disposal 

COPUMP Electrical  cost ($/kWh) of operating the transmission 
booster pumps t o  maintain geothermal f luid pressure a t  
saturation or above saturation (compressed l i q u i d  s t a t e )  i n  
the f l u i d  transmission lines. The default is  0.025$/kWh. 

EVALUE( 1 ) Design parameter t o  change the internal diameters of a l l  
pipes i n  the f l u i d  transmission system i n  order t o  a l t e r  
the pressure degradataion. The equations optimizing the 
internal pipe diameters are programmed i n  subroutine PIPE. 
Since E V A L U E ( 1 )  occurs w i t h  an exponent of 0.163 i n  these 
equations, an increase (decrease) i n  EVALUE(1)  by a factor  
of 2, for example, will increase (decrease) the internal 
pipe diameter by about 12%. 
i s  0.02. 

The default value of E V A L U E ( 1 )  

I AVW EL Option t o  speed up the execution time required t o  calculate 
the f lu id  degradation on a nodal basis i n  the transmission 
system. This o p t i o n  eliminates redundant calculations i n  a 
uniform matrix of well nodes. The execution time for  the 
transmission system can be reduced almost i n  half for large 
well f i e lds .  This option activates subroutine STORE, which 
saves and re t r ieves  variables previously calculated t o  
describe the character is t ics  of the p i p e  and f l u i d  exit ing 
well (nonmanifold) nodes. Assuming tha t  a l l  reservoir 
wells have the same average conditions (temperature, 
pressure, e tc . ) ,  the character is t ics  of the pipe and f lu id  
exit ing each node i n  a s e t  o f  well (nonmanifold) nodes that  
have the same number of active wells upstream are 
identical .  Therefore, these character is t ics  need only be 
computed once for this s e t  of nodes. 
i l lus t ra ted  i n  Section 4 describing the sample case 
o u t p u t .  T h i s  option should not be used when inactive well 
s i t e s  are present i n  the the well f ie ld  matrix or when the 
we1 1 s have variable conditions. 

This property is 

W 

15 
6 

5 
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IAVWEL (Contd) 0, c a l c u l a t e  t h e  f l u i d  degradation i n d i v i d u a l l y  f o r  each 

w e l l  node. 

i il 
-7 

I N  JP 

i3 

u 

PLIN  JP 

PLMANF 

1, c a l c u l a t e  t h e  f l u i d  degradation i n d i v i d u a l l y  o n l y  f o r  

those w e l l  nodes t h a t  have a d i f f e r e n t  number o f  a c t i v e  

we1 1 s upstream. 

The d e f a u l t  value f o r  IAVWEL i s  1. 

Option t o  r e i n j e c t  t h e  e f f l u e n t  water f rom t h e  d i s t r i c t  

heat ing system or  heat exchanger. 

0 = no r e i n j e c t i o n  

1 = r e i n j e c t i o n  

The d e f a u l t  i s  r e i n j e c t i o n  i n t o  an i n j e c t i o n  w e l l  f i e l d .  

I f  no r e i n j e c t i o n  i s  spec i f i ed ,  d isposal  o f  t he  e f f l u e n t  

water i s  assumed t o  be i n t o  a sewage system or  r i v e r .  I n  

t h i s  case, t he re  i s  no c o s t  f o r  an i n j e c t i o n  w e l l  f i e l d .  
Both t h e  supply and e f f l u e n t  ( r e t u r n )  water are 

con t inuous ly  maintained a t  s a t u r a t i o n  or  above s a t u r a t i o n  

(compressed l i q u i d  s t a t e )  throughout t h e  c i t y  d i s t r i c t  

hea t ing  system by the  use o f  booster  pumps i n s t h e  

d i s t r i b u t i o n  system submodel ( sub rou t ine  DIST). Both t h e  

c a p i t a l  cos t  and e l e c t r i c a l  cos t  o f  ope ra t i ng  these pumps 

are f a c t o r e d  i n t o  the  accounting rou t i nes .  

Distance (meters) from the  c i t y  t o  t h e  i n j e c t i o n  f i e l d .  A 

p i p e  o f  t h i s  length i s  used t o  conduct the water e f f l u e n t  

f rom the c i t y  or heat exchanger t o  t h e  o r i g i n  o f  t h e  

i n j e c t i o n  f i e l d  i f  the  r e i n j e c t i o n  o p t i o n  INJP i s  s e t  t o  

1. The d e f a u l t  d is tance i s  1000 meters. 

Distance (meters) f rom the  f i r s t  column o f  w e l l  nodes 
( J  = 2 i n  F igure 11) t o  t h e  man i fo ld  p i p e  nodes ( J  = 1) .  

The d e f a u l t  value o f  PLMANF i s  0, i n  which case subrout ine 

TRANS sets  t h i s  d is tance i d e n t i c a l  t o  the d is tance between 
w e l l  nodes. To o v e r r i d e  t h e  d e f a u l t  value, s e t  PLMANF t o  

7 1  



PLMANF (Contd) 

PSAL VG 

the desired distance (meters) using the NAMELIST input 
data. 
and injection fields. 

The distance PLMANF applies t o  both the reservoir 

Fraction of transmission or disposal pipe that can be sal- 
vaged from a depleted or plugged well and used with a 
replacement well. 
transmission and disposal interim capital replacement 
rates, as discussed later in the definition of DINPUT(18) 
and DINPUT(20). The default value for PSALVG is 0.1. 

This quantity is used in calculating the 

3.3.4 Reservoir Financial and Tax Data 

DINPUT(N), N = l,..., 35 is the array of financial and tax data for 
the reservoir defined below. 

N 

1 
- 

2 

3 

4 

5 

6 

7 

Description of Reservoir Parameters 

Reservoir capital investment (millions o f  dollars), which i s  not 
input directly but calculated in subroutine RESVOR as the follow- 
ing sum: capitalized reservoir exploration costs + tangible part 
of drilling costs for producing wells + drilling cost of injec- 
tion wells + capital cost of fluid transmission system + capital 
cost of fluid disposal system. 

Project life (years) of reservoir and distribution system 
together, which is not input directly but calculated in sub- 
routine RESVOR as the following sum: 
beginning of reservoir exploration to the startup of distribution 
system operation + number of operating years of the distribution 
system, defined in DINPUT( 26) 

Not used; default is 0. 

Fraction of initial investment in bonds; default is 0.42. 

Bond interest rate; default is 0.08. 

Earning rate on equity after taxes; default is 0.15. 

Federal income tax rate; default is 0.48. 

number of years from the 

E 
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i 113 
I II 

13 

13 

8 

9 

10-13 

14 

15 

16 

17 

18 

19 

20 

21 -25 

26 

27 

28 

Reservoir thermal capacity (MWth); default is 400 MWth. 

Depreciable life of reservoir wells (years); default is 10 yr. 
This is automatically set equal to the average reservoir well 
life (AVGWL) in subroutine LOAD. 

Not used; default is 0. 

Startup year for operation of the distribution system, default is 
1985. The same year must also appear in DINPUT(49) in Section 3.4.5. 

State income tax rate; default is 0.07. 

State gross revenue tax rate; default is 0. 

Property tax rate; default i s  0.025. 

Transmission system interim capital replacement rate, fraction of 
transmission capital cost. This rate is not input directly, but 
calculated in subroutine TRANS as (1. - PSALVG)/AVGWL, where 
PSALVG, input through NAMELIST, is the fraction of transmission 
pipe that can be salvaged, and AVGWL, input through NAMELIST, i s  

the average reservoir well life (years). 

Property insurance rate; default is 0.0012. 

Disposal system interim capital replacement rate, fraction of 
disposal capital cost and cost of drilling injection wells. This 
rate is not input directly, but set equal to the transmission 
system interim capital replacement rate calculated in subroutine 
TRANS. 

Not used; default values are 0. 

Distribution system operating life (years); default is 30 years. 
The same time must also appear in DINPUT(61) i s  Section 3.4.5. 

Royalty payments, percentage of reservoir annual power sales; 
default is 10%. 

Transmission system maintenance rate, fraction of transmission 
capital cost; default is 0.05. 
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29 Disposal system maintenance rate, fraction of disposal capital 
cost; default is 0.05. 

30-35 Not used; default values are 0. 

DA Percentage depletion allowance. 
tion allowance (DA = 0.) 

The default is cost deple- 

P I VTCR Percent investment tax credit for the reservoir, which 
applies only to the first year of energy production. 
default i s  0. 

The 

3 . 3 . 5  Reservoir Exploration, Development, and Operation 

ACRES Size (acres) of each prospective geothermal site leased for 
reservoir exploration. 
input unit costs per acre associated with lease procure- 
ment (UNITO(N), N = 6, 7, 8 in Tables 5 A  and 5B) to 
calculate the lease cost per site. Appendix A contains the 
cost equations for lease procurement. The default value is 
15,000 acres. 

This quantity is multiplied by the 

LAGS (ITEX(N), K), ITEX(N) = 1, ..., 22; K = 1, 2 - Time array to schedule 
the tasks defining reservoir exploration, development, and 
operation in Tables 5A and 58 according to costs and the 
time the tasks are to take place. An internal array in 
subroutine RESVOR, ITEX(N), N = 1, ..., 39, currently 
subdivides the 39 tasks in Tables 5A and 5B into 22 sub- 
groups of tasks as shown in Table 6. All tasks within a 
given subgroup are presumed to occur parallel in time. 
However, the user has the flexibility to schedule the 
different subgroups of tasks either sequenti a1 ly or 
parallel in time. 

The starting month and duration in months (21) for each set 
of tasks grouped together are defined by means of the input 
time array LAGS( ITEX(N), 1) and LAGS( ITEX(N), 2) respec- 
tively, indexed by the array ITEX. The starting month for 

r 

L 
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TABLE 5A. T a s k s  and Input Costs for Reservoir Exploration, Development, and Operation 
Index for Itemizing 

Individual Tasks 
N 

1 
2 

9 
10 
1 1 ,  12(b) 

13 
14 
15 
15 

17 

18, 19, 20, 21(c) 
22 

23, 24(c) 
2 5 ~  

2a 
26 ,  2 7 ( c )  

Index for 
Grouping Tasks 
IGP = GROUP(N) 

1 
2 

6 

I 

8 
9 

10 

1 1  
12 

13 
14 

15 
16 

17 
18 
19 
20 

Description of Grouped Tasks I 
RESERVOIR EXPLORATION TASKS 
Identification of Targets 

Literature Search 
Preliminary Land Check 

Preliminary Reconnaissance 
Literature Search 
Geol og i cal Reconna i ss an ce 
Detailed Land Check 

Detailed Reconnaissance 
Lease Procurement 

Field Geology 
Geochemical Examination 
Geophysical Exami nation 

Heat Flow Wells (4 per site) 
Temperature Gradient Wells (10 per 
Electrical Resistivity 
Microseismic 
Detailed Geochemistry 

Ident i f i cat i on o f  Dr i 1 1 ab1 e Si tes 

Exploration Drilling 
Well Drilling 
Well Testing 

FIELD DEVELOPMENT TASKS 
Production Well Drilling 
Nonproduction Well Drilling 
Injection Well Drilling 

Transmission System 

Unit Costs (Dollars) 
for(a) Individual Tasks 
UNITO(N) 

100. /si te 
250. /si te 

700. /site 
1000./site 
1200./site 

l./acre, l./acre/year, 
2./acre 
5000. /site 
6000./site 
lOOOO., 15000./site 

3000./well 
site) 1250./well 

3500./well 
5000./site 
7500./site 

DCINJW/well 
10000./site 

UNITO(N) 
DCPW/we 1 1  
DCNPW/well 
DCINJW/well 
1. 



Index for Itemizing 
Individual Tasks 

N 

29 

30 
31 
32 
33 

34 
35 
36 
37 
38 
39 

Index for 
Grouping Tasks 
ICP = GROUP(N) 

21 

22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

TABLE 5A. (contd) 

Description of Grouped Tasks 

Disposal System 
FIELD OPERATION TASKS 

Replacement Well Drilling 
Nonproduction Well Drilling 
Abandonment 
Well Maintenance 

Overhead and Management 
Well Redrilling 
Inject ion 
Injection We1 1 Maintenance 
Transmission System Maintenance 
Di sposa 1 System Maintenance 

Uni Costs (Dollars) 
for t a) Individual Tasks 

1 

1. 
0.2 
10000./abandoned well 
1000./production or injection 
well 
Computed -- Ref. Appendix 
5000./production well 
0. 
0. 
Computed -- Ref. Appendix 
Computed -- Ref. Appendix 

(a) NAMELIST input array -- default values. 
(b) Tasks done at the same time that were consolidated into one aggregate task as follows: 

Lease Procurement Geophysical Examination 
6)Bonus payment to leaseholder 
7)Annual payment to leaseholder 
8)Admi n is trat i ve procuremen t cost 
Drilling tasks were 

1l)Gravity survey 
12)Seismic noise 

(c) also consolidated into aggregate tasks, costed in this version o f  GEOCITY by means o f  
the following input variables in NAMELIST defining drilling costs for each type of well: 
Exploratory Well Drilling Production Well Drilling 
18), 19), DCINJW with default value $350,000./well 23), 24) DCPW with default value $40D,000./well 
201, 21) 

Nonproduction Well Drilling Injection Well Drilling 
25) DCNPW with default value $300,000./well 26), 27) DCINJW with default value $350,00O./well 



TABLE 5B. Tasks, Input Times and Success Ratios for Reservoir Exploration, Development, and Operation 

U 
U 

Index f o r  
I t e m i z i n g  

I n d i v i d u a l  Tasks 

N 

1 
2 

3 

4 

5 

6 , 7 3  
9 

10 
11.12 

13 

14 
15 

16 

17 

18,19,20.21 

22 

23.24 

25 

26.27 

28 

29 

30 

31 
32 

33 

34 

35 

36 

37 

3a 

39 

Index f o r  
Grouping 

Tasks 

IGP=GROUP (N) 
1 
2 

3 

4 

5 
6 

7 
8 

9 

10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

LAGS[ ITEX (N ) ,1] LAGS[ ITEX (N ) ,2] 

1 t 
1 2 i 

11 

4 10 

1 
11 

7 
23 

47 

47 

47 

89 

89 

89 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

1 
24 

42 

27 

27 

27 

348 

348 

360 

360 

360 

360 

360 

360 

360 

360 

Index f o r  
Decis ion 
Groupinq 

NTARG ( N ) 
1 

1 
2 

3 1 
5 1 
4 

? 
6 

1 
7 

;EC:G 
FTF[NTARG (N) -1] 

O r  0.5 

( a )  NAMELIST i n p u t  a r r a y s  -- d e f a u l t  values. 



LAGS (Contd) each subgroup of tasks is defined relative to the first 
task, which is given the base value 0. The starting date 
for the first task, defining the beginning of reservoir 
exploration, is back calculated by subroutine RESVOR from 
the starting date input for the operation of the 
distribution system. GEOCITY schedules the starting date 
for the operation of the distribution system in January of 
the year defined in NAMELIST by DINPUT(14). 
value is January, 1985. The back calculation ensures the 
last task in the reservoir exploration and development ends 
in the month prior to the starting date input for the 
operation of the distribution system. With the default 
values, this date is December, 1984. 

The default 

The default values shown for the starting months for all 
tasks included in reservoir operation are defined relative 
to the first task in reservoir exploration so as to coin- 
cide with the startup date input for the operation of the 
distribution system. However, regardless of the starting 
months specified for the tasks in the reservoir operation, 
subroutine RESVOR schedules the starting months to coincide 
with the startup date input for the operation of the dis- 
tribution system. similarly, regardless of the duration in 
months specified for the tasks in the reservoir operation, 
subroutine RESVOR schedules the duration based upon the 
operating life of the distribution system. Table 6 lists 
the subgrouping of the tasks presumed to occur parallel in 
time by the array ITEX and the default values of the array LAGS. 

The time sequences of the tasks corresponding t o  the 
default values of the LAGS array and default distribution 
system startup date of January, 1985, are delineated in the 
bar graph of Figure 9. 
arrays in subroutine RESVOR is in Appendix A. 

A discussion of the use of these 
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E 
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Task N 

TABLE 6. Subgrouping o f  Reservoi r  Tasks 
Occurr ing P a r a l l e l  i n  Time 

Rese rvo i r  Exploration 
1 2 3 4 5 6 7 8 9 10 11  12 1 3  14 15 16 1 7  18 19 20 21 22 - ITEX (N )  1 1  2- 3- 4 5 6 7 

LAGS[ITEX(N), 11 0 1 2 4 1 1  23 47 

LAGS[ITEX(N), 21 6 7 1 1  10 24 24 1 

Task N 

Task N 
Rese rvo i r  DevelQpment 

23 24 25 26 27 28 29 

ITEX(N) 8 8 9 10 10  1 1  12 
LAGS[ITEX(N), I ]  47 47 8 9  89 89  
LAGS[ITEX(N), 21 42 42 27 27 27 

R e s e r v o i r  Opera t ion  
30 31 32 33 34 35 36 37 38 39 

ITEX (N )  13 14 15 16 17 18 19 20 21 22 

LAGS[ITEX(N), 1 3  116 116 116 116 116 116 116 116 116 116 

LAGS[ITEX(N), 21 348 348 360 360 360 360 360 360 300 360 

UNITO(N), N = 1, ..., 39 - Cost a r ray  d e f i n i n g  cos ts  ( d o l l a r s )  f o r  the  tasks  

i n  t h e  exp lo ra t ion ,  development, and opera t ion  o f  t h e  

r e s e r v o i r  on a u n i t  basis,  p r i m a r i l y  per t a r g e t  s i t e ,  acre, 

or  wel l ,  based upon i n d u s t r y  est imates.  The t o t a l  cos t  

associated w i t h  each task i s  ca l cu la ted  i n  subrout ine  
RESVOR by m u l t i p l y i n g  t h e  appropr ia te  u n i t  cos t  i n  t h e  
UNITO a r r a y  by the  number o f  f avo rab le  t a r g e t  s i t es ,  acres, 

or  we l l s  c a l c u l a t e d  by GEOCITY f o r  t h a t  task.  The cos t  

equat ions based on t h e  UNITO a r r a y  are given i n  Appendix 

A. The d e f a u l t  values f o r  t h e  UNITO a r ray  are shown f o r  

each o f  t he  r e s e r v o i r  tasks i n  Table 5A. 

FTF[NTARG(N) - 13, NTARG(N) = 1, ..., 7 - Success r a t i o s ,  indexed by t h e  
a r ray  NTARG(N), assoc iated w i t h  t h e  major dec i s ion  p o i n t s  

i n  the  step-by-step process o f  reducing the  number of pro-  

spec t i ve  r e s e r v o i r  s i t e s .  

s i t e  f o r  development and operat ion.  An i n t e r n a l  v a r i a b l e  

NUMFTF i n  subrout ine  RESVOR c u r r e n t l y  se ts  t h e  number o f  

major dec is ion p o i n t s  i n  t h e  r e s e r v o i r  e x p l o r a t i o n  

The process converges on one 
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03 
0 

1 

2 
I 

0 
IDENTIFICATION OF TARGETS 

LITERATURE SEARCH 

PRELIM I NARY LAND CHECK 

PRELIMINARY RECONNAISSANCE 

- FIELDGLOLOGY - GEOCHEMICALEXAMINATION 

GEOPHYSICAL EXAMINATION 

DETAILED RECONNAISSANCE 

3 LITERATURE SEARCH 

d_ GEOLOGICAL RECONNAISSANCE 

5 DETAILED LAND CHECK 

67.8 LEASE PROCUREMENT 

TEMPERATURE GRADIENT 

HEAT FLOW WELLS 

ELECTRICAL RESISTIVITY 

MI  CROSElSMlC 

DETAl LED GEOCHEMISTRY 

IDENTIFICATION OF DRILLABLE SITES 

I 9 

10 

11.12 

1 
13 

15 
16 

17 

EXPLORATION DR I UI NG I WELL DRILLING 

WELL TEST I NG 

18,19,20,21 

TASKS YEARS 

3DAND 3 1  - 2013 
32 TO 39 2014 

- 
PRODUCTION WELL DRILLING 

NONPRODUCTION WELL DRILLING 

23.24 

25 

26.27 
28 

29 

INJECTION WELL DRILLING 

TRANSMISSION SYSTEM P IP ING 

DISPOSAL SYSTEM P IP ING 

REPLACEMENT WELL DRILLING -30 
NONPRODUCTION WELL DRILLING - 31 
ABANDONMENT - 32 
WELL MAINTENANCE - 33 
OVERHEAD AND MANAGEMENT -34 
WELL REDRI LLING - 35 
I NJECTl ON - 36 
INJECTION WELL M A 1  NTENANCE - 37 
TRANSMISSION SYSTEM MAINTENANCE - 38 
DISPOSAL SYSTEM MAINTENANCE -39 

. - .  1 I I I I I I I 1 I 

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

FIGURE 9. Default Time Sequence of Reservoir Exploration, Development, and Operation Tasks 
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process t o  s i x .  An i n t e r n a l  ar ray,  NTARG(N), N = 1, ... ,39, 

subdiv ides t h e  39 tasks i n  Table 5B i n t o  7 se r ies  o f  tasks 
(one more than the  number o f  dec i s ion  p o i n t s )  according t o  

t h e  major dec i s ion  po in ts .  

the  c a l c u l a t i o n  by GEOCITY o f  the i n i t i a l  number o f  t a r g e t  

s i t e s  t o  i d e n t i f y  f o r  e x p l o r a t i o n  and number o f  s i t e s  t o  

r e t a i n  a t  each dec is ion  p o i n t  f o r  f u r t h e r  e x p l o r a t i o n  based 
upon t h e  success r a t i o s  FTF[NTARG(N) -11. Table 7A shows 
t h e  subgrouping o f  the  tasks by t h e  a r ray  NTARG, the  
corresponding dec i s ion  p o i n t s  and t h e  d e f a u l t  values o f  t h e  

a r ray  FTF. 

Appendix A has a d e s c r i p t i o n  o f  

Table 7B descr ibes the  dec i s ion  po in ts .  

3.3.6 Output Options 

L L 6  P r i n t  swi tch f o r  s e l e c t i n g  t h e  d i s t r i b u t i o n  system demand 

and f l u i d  t ransmiss ion i t e r a t i o n  h i s t o r y  f rom GEOCITY. 

L L l l  , 
L L 1 2  

0, suppresses p r i n t o u t  o f  t h e  i t e r a t i o n s  

1, p r i n t s  o n l y  t h e  l a s t  i t e r a t i o n  upon convergence 

2, p r i n t s  a l l  i t e r a t i o n s  

De fau l t  suppresses a l l  i t e r a t i o n  p r i n t o u t .  

P r i n t  switches f o r  s e l e c t i n g  t h e  r e s e r v o i r  and d i s t r i b u t i o n  

economic p r i n t o u t .  

L L l l  = 1, L L 1 2  = 1, p r i n t s  a l l  economic ou tpu t  
L L l l  = 1, LL12 = 0, p r i n t s  an economic summary o f  t h e  

r e s e r v o i r  and d i s t r i b u t i o n  system, i n c l u d i n g  t h e  breakdown 

o f  energy cos ts  f rom t h e  r e s e r v o i r  and hea t ing  cos ts  f rom 
t h e  d i s t r i b u t i o n  system, b u t  exc lud ing t h e  statements o f  
annual cash f low,  tax  deduc t ib le  expenses, income, and 

payout o f  investments. 

L L l l  = 0, L L 1 2  = 0, suppresses a l l  economic output .  

De fau l t  i s  f u l l  economic p r i n t o u t .  
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TABLE 7A. Subgrouping of Reservoir Tasks by Decision Points 

Task N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

NTARG (N ) 1 1  2- 3- 4 5 
NTARG ( N )  -1 = 1 2 3 4 

D e c i s i o n  P o i n t  
FTF[NTARG ( N 1-1 3 0.5  0.5 0.67 0.75 

Task 14 18 19 20 21 2 2  23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
NTARG (N) 6 - 7  

NTARG ( N  ) -1 = 5 6 

FTFJ-NTARG (N)-1 ] 0.25 0.25 
D e c i s i o n  P o i n t  

TABLE 7B. Description of Decision Points 

D e c i s i o n  P o i n t  D e s c r i  p t  i on 
1 F r a c t i o n  o f  s i t e s  t o  r e t a i n  f o r  p r e l i r n i -  

n a r y  r e c o n n a i s s a n c e  a f t e r  i d e n t i f i c a t i o n  
of t a r g e t  s i t e s  

3.3.7 

CASFRC 

DIA 

2 

3 

4 

F r a c t i o n  o f  s i t e s  t o  l e a s e  a f t e r  p r e -  
1 i m i n a r y  r e c o n n a i s s a n c e  

F r a c t i o n  o f  l e a s e d  s i t e s  t o  r e t a i n  f o r  
d e t a i l e d  r e c o n n a i s s a n c e  

F r a c t i o n  o f  s i t e s  t o  e v a l u a t e  f o r  sub- 
sequent  e x p l o r a t o r y  d r i  11 i n g  

F r a c t i o n  o f  s i t e s  t o  r e t a i n  f o r  e x p l o r a -  
t o r y  d r l l l  i n g  

F r a c t i o n  o f  s i t e s  t o  d e v e l o p  and o p e r a t e  

Miscellaneous Variables Used Only for Printout Information 
(Well Design and Stratigraphy) 

Fraction of each producing well cased. The default cases 
the entire well depth. 

Average diameter (centimeters if positive, inches if 
negative) of the reservoir wells to be drilled. 
def au 1 t is 22.225 centimeters . 

The 
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NUMTYP 

-7 
I 

Number of different generic types of rock hardness com- 
prising the strata encountered in drilling the entire depth 
of each reservoir well. The variable NUMTYP should be left 
preset t o  its default value of 1, indicating one hardness 
for the entire depth of the well. 

I II 

I 3 
l i3 
I il 
I 13 

il 

STRATA(M,N) M = 1,2; N = 1, ... 10 - Stratigraphic data array defining the 
type of rock hardness to be drilled (M = 1) and the depth 
(M = 2, positive if meters, negative if feet) of each type 
o f  strata (N) encountered in drilling the reservoir wells. 

The possible values of STRATA (1,N) are: 
1 = soil, 2 = soft, 3 = medium, 4 = hard, and 5 = very 
hard. 

The default values are as follows: 
STRATA(1,l) = 4, indicating that the rock type to drill 

is hard for the entire depth of the 
we1 1. 

STRATA(2,l) = ZOOO., total well depth in meters. 

3.4. DEFINITION OF NAMELIST INPUT VARIABLES AND DEFAULT VALUES FOR THE 
DISTRIBUTION SYSTEM 

This section defines all NAMELIST input variables and default values 
for the distribution system. The input variables are grouped into the fol- 
lowing categories: 

0 City Characteristics 

0 District Characteristics 

- District Type Parameters 

- District Definition Parameters 

0 Distribution Piping, Insulation, and Casing Design Parameters 

s' 
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Parameters for Special Options and Adjustment Factors 

- Branching Mains 

- Point Demand 

- Heat Exchanger 

- Adjustment Factors 

- Output Option 

Distribution System Financial and Tax Data 

3.4.1 City Characteristics 

DR ES Length (miles) of the transmission line from the geothermal 
reservoir to the city distribution center. The default is 
70 miles. 

NDTR Number o f  districts in t he  city. The default is 1. 

ADGDAY Total annual degree days (OF days), used for calculating 
supplemental heat requirements. 
days. 

Degree days (OF days) at the system design temperature. 
Average annual heat demand and annual heat sales are 
derived from this quantity. 

The default is 650OoF 

DDGDAY 

The default i s  600OoF days. 

TM IN Minimum outdoor temperature (OF). The default is -5OF. 

TOES Design outdoor tempwature (OF). The default is O°F. 

TWATC Cold water temperature (OF) prior to heating for sanitary 
hot water usage in the city. The default is 5OoF. 

Hot water temperature (OF) after heating for sanitary hot 
water usage in the city. 

TWATH 
The default is 14OoF. 

3.4.2 District Characteristics- 

There are two types of input parameters for districts, district defini- 
tion and district type parameters. 
relatively homogenous building heat demand density. Several districts may 

Districts comprise continguous areas of 

a4 



include similar demand densities. Thus, the district type parameters are 
related to the demand density, while the district definition parameters 
define the size and location of the districts. Up to eight district types 
may be defined by the user. A description of the five default residential 
district types used by the distribution systems model is given in Table .8. 
District type parameters are vectors where the Nth - element corresponds to 
the Nth - district type. 
district M is equal to N, the Nth - element of each district type parameter 
below is associated with district M. 

By specifying that the type of district[IDTR(M)]for 

3.4.2.1 District Type Parameters n 

DENSE (N ) 
N=l,8 

HQ" 
N=l,8 

H N  N 1 

TR EJ ( N 

N=l,8 

N=l,8 

D I VF ( N ) 
N=l,8 

POPHSE ( N 
N=l,8 

Density of buildings (buildingslsquare mi le) for district 
type N. The default values for the five default residen- 
tial district types in GEOCITY are given in Table 8. 

Peak heat demand per buildings (MBtu/hr) in district type N 
at the design temperature. The default values are given in 
Table 8. 

Daily hot water demand per building (gal/day) in district 
type N. The default values are given in Table 8. 

Temperature (OF) of the return water at the outlet of the 
building heating system for district type N. The default 
values are given in Table 8. 

Diversity factor (fraction) for district type N. The 
diversity factor is used to reduce the size of laterals and 
mains supplying a district by considering that the peak 
load for all buildings in a district will not occur 
simultaneously. See also the discussion of single point 
demand in section 3.4.4.2. The default values are 0.72. 

Number of residents per building in district type N. The 
default values are given in Table 8. This parameter is 
used only for printout. 
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TABLE 8. Description of the Five Default Residential District Types 
Used by the Distribution Systems Model 

Bui 1 d i  ng 

(ga l l ons /  D i v e r s i t y  Tempzrature People Residences ( s q  ft/ 

B u i l d i n g  Hot Water 

(MBtu /h r l  day) Factor  

Densi ty  Peak Heat Demand Reject  Number o f  F l o o r  Area 

Per U n i t  Per U n i t  Residence) 
!;;i;;; ;y/ Demand 

( F) D i s t r i c t  Type 
60.6 .72 100 3.2 1 1620 1 = Suburban 2560 .053 

2 = High Densi ty  
S ing le  Family 4480 .034 55 . J 2  100 4 1 1000 

3 = Garden 
Apartments 293 1.38 3030 72 100 162 60 990 

1515 .72 100 81 30 1012 4 = Townhouses o r  
Rowhouses 

, 5 = High Rise 

373 .9 

5400 .J2 100 324 1 OB 7 BO b a r  tmen t s  385 1.728 

Heat demand i s  based on 65'F i ns ide  temperature, -5OF ou ts ide  temperature and a 15 mph wind 

CRTF(N) 
N=l,8 

Cost($/building) of retrofitting or redoing build 
systems to handle geothermal heating for district 
The default values are 0. 

ng heat 
type N .  

3.4.2.2 Di strict Definition Parameters 

District definition parameters are arrays where the Mg element is part 
of the definition o f  the Mth - district. 
the city. 

Up to 20 districts may be defined for 

IDTR(M) 
M=l ,2O 

Type of district, an integer from 1 to 8. 
appends density, heat demand, hot water demand, reject 
temperature, diversity factor, number of residents, and 
retrofitting cost, i.e., the district type parameters to the 
description of district M. 

This parameter 

The default is 1. 

AREA( M) 
M=l,20 

Area (sq.miles) of district M. The default is 1. 

i 

h 
c 

I 

I 

I 
I 
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w I DTH ( M 
M=l , 20 

Width ( m i l e s )  o f  d i s t r i c t  M. The d e f a u l t  i s  1. 

Length ( m i l e s )  o f  d i s t r i c t  M. The w id th  and leng th  I J XLNGTH( M) 
M=l , 20 parameters are used t o  determine t h e  approximate 

d i s t r i c t .  Thus, when the  graph f o r  t h e  d i s t r i c t  
i n  subrout ine  GRAPH, the  r a t i o  o f  rows t o  columns 

rec tangu lar  g r i d  used t o  approximate t h e  shape of 
d i s t r i c t  i s  t h e  same as t h e  r a t i o  o f  w id th  t o  l e n  

hape o f  t h e  
s c rea ted  . 

i n  t h e  

the  

th .  The 

I il 

user can approximate the w id th  and leng th  o f  a d i s t r i c t  f rom 

a map o f  t h e  d i s t r i c t  or  by  judgment. The d e f a u l t  leng th  i s  

id  1 .  

DD TR ( M 
M=l,20 

Length (m i les )  o f  t he  main serv ing  d i s t r i c t  M. 
are measured f rom e i t h e r  t h e  end o f  t h e  t ransmiss ion  l i n e  o r  

the  l a s t  j u n c t i o n  i n  the  main t o  the  center  o f  d i s t r i c t  M. 

I l l u s t r a t i o n s  are g iven i n  Sect ion 3.4.4.1 and F igure  10. 
The d e f a u l t  i s  1. 

Lengths 

EL D IFF ( M) 
M=l,20 

Elevat ion  ( f e e t )  o f  d i s t r i c t  M above t h e  end o f  t h e  t r a n s -  

miss ion  l i n e .  This parameter a l t e r s  t h e  s i z i n g  o f  t h e  pumps 

and the  c a l c u l a t i o n  o f  pumping requirements. 

i s  0. 

The d e f a u l t  

GROWTH ( M 
M=l,20 

Tota l  heat demand growth ( f r a c t i o n )  i n  d i s t r i c t  M over t h e  

s p e c i f i e d  number of growth years (NYGRO) f o l l o w i n g  t h e  
s t a r t u p  o f  t h e  d i s t r i b u t i o n  system, expressed as a f r a c t i o n  

o f  t h e  i n i t i a l  heat  demand. Mains and l a t e r a l s  are s i zed  t o  

c a r r y  the  t o t a l  f u t u r e  demand. S t ree t  and house p ipes are  

s ized  t o  c a r r y  o n l y  c u r r e n t  demand. Cap i ta l  expendi tures,  
increased opera t ing  costs ,  and increased heat sa les are 
i ncu r red  dur ing  each year o f  growth. The d e f a u l t  i s  0. 

i il 

1 

NYGRO Number o f  years o f  growth. The d e f a u l t  i s  0. 

. 
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3.4.3 Distribution Piping, Insulation, and Casing Design Parameters 

PO Pipe option to design the configuration of the conduit bundle 
(pipe, insulation, and casing) for the distribution system. 
The pipe options are: 

1. Two pipes, only supply insulated, with supply and 
return in common casing. 

2. Two pipes, supply and return in conanon insulation and 
casing. 

3. Two pipes, supply and return insulated separately in a 
common casing. 

Two pipes, supply and return insulated separately in 
separate casings. 

4. 

5. Two pipes, supply pipe insulated only and in separate 
casing from the return pipe. 

6. Single pipe, supply insulated in casing. 

The default is 1. 

PMO Pipe material options: 

1. Carbon steel, schedule 40 

2. Fiberglass reinforced plastic, schedule 40 

The default is 1. 

Insulation options (IO is declared a floating-point variable 
in the GEOCITY code): 

IO 

1. Calcium silicate 

2. Polyurethane foam 

The default is 1. 

i 
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TA 

Casing op t ions :  

1. Pre fabr ica ted  s tee l ,  c lass  A casing 

2. P re fab r i ca ted  p l a s t i c  (PVC) cas ing 

3. F i e l d  erected poured concrete cas ing 

The d e f a u l t  i s  1. 

Annular a i r  space s i z e  (meters).  

between the  i n s u l a t i o n  and the  cas ing t o  a l low a i r  c i r c u l a t i o n  

t o  d r y  ou t  t h e  i n s u l a t i o n .  The d e f a u l t  i s  .0254 meters 

(1  inch) .  

The annular  a i r  space i s  

DPTH B u r i a l  depth (meters) o f  casing, measured from t h e  t o p  o f  t h e  

cas ing t o  t h e  surface. The d e f a u l t  i s  0.5 meter. 

CP 

CG 

Thermal c o n d u c t i v i t y  o f  t h e  p i p e  ( joules/sec-m -OC). 
d e f a u l t  i s  3.56 joules/sec-m -OC o r  24.7 
Btu/hr  - f t2- 'F/ i  n . 
Thermal c o n d u c t i v i t y  o f  t h e  ground ( joules/sec-m -'C). 

The d e f a u l t  i s  0.36 joules/sec-m -OC o r  
2.5 Btu/hr -f t 2-0F/i  n . 

The 

K I N S  Thermal c o n d u c t i v i t y  o f  the  i n s u l a t i o n  

( joules/sec-m -OC). 

f l o a t i n g - p o i n t  v a r i a b l e  i n  t h e  GEOCITY code. The d e f a u l t  
va lues  de f ined in subrout ine  D I S T  are:  

The v a r i a b l e  K I N S  i s  dec lared a 

1. Calcium s i l i c a t e  - .0418 joules/sec-m-'C o r  

.29  Btu/hr-ft '- 'F/in. 

Polyurethane foam- .0187 joules/sec-m-°C o r  

.13 Btu/hr - f t * -OF/ i  n. 

2. 

TG Average year-round ground temperature ( O K ) .  

The d e f a u l t  i s  283'K. 
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ETA Combined motor and pump efficiency (fraction) of the 
distribution system pumps used to maintain geothermal fluid 
pressure at saturation or above saturation (compressed 1 iquid 
state). The default is .65. 

Annualized cost factor (fraction), used in the pipe size and 
insulation thickness optimization in subroutine size. The 
default defined in subroutine DIST is 0.1. 

Value of one million Btu of heat ($/MBtu), used for 
determining the value of lost heat for optimization of the 
insulation thickness. 

AC 

VMBTU 

The default is $6/MBtu. 

3.4.4 Parameters for Special Options and Adjustment Factors 

3.4.4.1 Branching Mains 

A variety of main configurations can be simulated t o  serve the 
The configuration of mains is defined by means of two districts in GEOCITY. 

matrices: 
DNET (district no. M, main no. MM), M = 1 to number of districts, MM = 1 to 
number of mains. 
respectively. 
(miles) of the main serving district M. 
the end of the transmission line or the last junction in the main to the 
center of district M. 

DDTR (district no. M), M = 1 to number of districts (NDTR), and 

The matrices DDTR and DNET are dimensioned 20 and 20x20 
The Mth - element, DDlR (district no. M), defines the length 

Lengths are measured from either 

The matrix DNET defines the districts served by each main. The element 
DNET (district no. M, main no. MM) is set to one of the following values: 

2, if main no. MM connects directly to district no. M 

1, if main no. MM transports flow to district no. M but does not 
connect directly to district no. M 

0, if main no. MM does not transport flow to district no. M in any way. 

The procedure for setting up this matrix is defined later in this section. 
Two options are available for defining the configuration of mains. 

c 
i 
S 
6 

I 

I 
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1 

7 

Id  
1 

I d 

i d 
d 
7 

1 

Option 1. Each Main Serves One and Only One District. 
Option 1 is used to simulate a simple layout o f  mains in which each main 
from the distribution center serves one and only one district. 
configuration of mains is illustrated by sample configuration no. 1 in 
Figure 10. 
is used to define the length (miles) of the main serving district M. 
matrix DNET (district no. My main no. MM), M = 1 to number of districts, 
MM = 1 to number of mains, can be left set to its default value of all 
zeroes. As an alternative approach, option 1 can also be simulated using 
the procedure discussed in option 2 below. In this approach, the element 
DNET (district no. M, main no. MM) is set to 2 whenever main no. MM connects 
directly to district no. M and 0 otherwise. 

The 

The matrix DDTR (district no. M), M = 1 to number of districts, 
The 

Option 2. At Least One Main Serves More Than One District. 
Option 2 is used t o  simulate more complex configurations of mains in which 
at least one main serves more than one district. With this option, the 
following main configurations can be simulated. 

One or more mains serve several districts in series, i.e., one or 
more mains serving a district continue beyond that distr 
serve additional districts, as illustrated by sample 
configuration no. 2 in Figure 10. 

0 One or more mains branch (subdivide) into two or more ma 
serve additional districts, as illustrated by sample 
configuration no. 3 in Figure 10. 

Combinations o f  the above two configurations, as illustrated by 
sample configuration no. 4 in Figure 10. 

The following steps are suggested for defining option 2: 

Step 1. Number all districts served by a main and each main intersection 
such that the number at the main intersection is greater than any 
district further down the main from the distribution center. A 
main intersection may occur at a district, as number 9 in 
configuration no. 4, or away from a district, as number 4 in 
configuration no. 4. A main intersection away from a district is 
considered as a district with zero area and zero heat demand. 
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Step 2. 

Step 3. 

Step 4. 

Number the mains such that each intersection has at least two 
main numbers. 
the numbering of mains. 

Set up the matrix DDTR (district no. M), M = 1 to number of 
districts (NDTR), defining the distance (miles) from the higher 
number district on the same main or from the main intersection 
immediately preceding the district. The sample configurations in 
Figure 10 illustrate the definition of the lengths o f  the mains. 

Set up the matrix DNET (district no. M y  main no. MM), M = 1 to 
number of districts (NDTR), MM = 1 to number of mains, defining 
the districts served by each main. 
(district no. M, main no. MM) to one of the following values: 

2, if main no. MM connects directly to district no. M 

1, if main no. MM transports flow to district no. M but does not 
connect directly to district no. M 

0, if main no. MM does not transport flow to district no. M in 
any way. 

The sample configurations in Figure 10 illustrate 

Set the element DNET 

In defining the 20 x 20 two-dimensional matrix DNET through the NAMELIST 
input data, the user should be careful to input the array values by columns, 
i.e., define all rows (district nos.) for the first column (main no.), next 
all rows (district nos.) for the second column (main no.), and so on. The 
user should also define the entire 20 rows for each column, inputting Os if 
necessary to complete the 20 entries for each column. 
should be input if necessary to complete the entries for all 20 columns. 
This will result in a matrix with values defined for all 400 (20 x 20) 
entries. 

Additionally, Os 

The matrices DNET (district no., main no.), DDTR (district no.), and 
AREA (district no.) are defined below for the sample configurations 2-4 in 
Figure 10 to illustrate the procedure for defining option 2. 
are defined for sample configurations 2-4 using NAMELIST input data as 
f 0 1 1 ows : 

These matrices 
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Sample Configuration 2 
DNET = 2*2, 18*0, 380*0, 
DDTR = 11, 12, 18*0, 
AREA = al, a2, 18*0, 

Sample Configuration 3 
DNET = 2, 1, 2, 17*0, 0, 2, 0, 17%, 360*0, 
DDTR = 1 1 ,  12,  13, 17*0, 
AREA = aly a2, 0, 17*0, 

Sample Configuration 4 
DNET = 2, 2, 1, 2, 4*1, 2, ll*O, 2*0, 2, 17*0, 4*0, 1, 2, 1, 2, 12*0, 

4*0, 2, 15*0, 6*0, 2,  13*0, 300*0, 

DDTR = l l Y  12, 13, 14,  15, 16, 17, 18, 19, ll*O, 
AREA = al, a2, a3, 0, a5, a6, a7, 0, agy 11*0, 
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E 
CONFIGURATION # 2 

DDTR - AREA - 

a l  
a2 

DNET - 
Main Number 

\ 1 
D i s t r i c t  1 2 
Number 2 1 2 5 

t CONFIGURATION # 3 

DDTR - AREA DNET 

Main Number 

lumber D i  s t r i c t  )e - 

3 2  0 

l1 
'2 

'3 

al 
a2 
0 

CONFIGURATION # 4 

AREA - DDTR - DNET - 
Main Number 

\ 
1 

D i s t r i c t  2 
Number 3 

4 
5 
6 
7 
8 
9 

1 2 3 4 5  
2 0 0 0 0  
2 0 0 0 0  
1 2 0 0 0  
2 0 0 0 0  
1 0 1 2 0  
1 0 2 0 0  
1 0 1 0 2  
1 0 2 0 0  
2 0 0 0 0  

a l  
a2 
a3 

a5 

a7 

0 

a6 

0 

l1  
l 2  
l 3  
l 4  
'5  

l 7  

l 9  

'6 

'8 
a9 
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I IJ 

I3  
I J 

1 

1 - J  

, 3  

I J 
1 

I d 
-1 

P 
I 

1 

CONFl GURATI ON 1 

CONFl GURATI ON 2 
SERIES 

CONFl GURATI ON 3 
BRANCHES 

OPTION 1: EACH M A I N  SERVES ONE AND ONLY ONE D I S T R I C T  

1 
M4 

DISTRIBUTION CENTER d4 
U 

OPT1 ON 2: AT LEAST ONE M A  I N SERVES MORE THAN ONE D I STR I CT 

M1 

a2 
D I S T R I B U T I O N  CENTER 

2 - 
1 

DISTRIBUTION CENTER 

1 CONFl GURATI ON 4 M1 

i l9 
COMB I NATl  ON 
OF SERIES AND 

BRANCHES D I STR I BUT1 ON CENTER 

NOTE: A M A I N  INTERSECTION M A Y  OCCUR AT A 
D I S T R I C T O R  AWAY FROM A D I S T R I C T  

M A I N  INTERSECTION 
D I S T R I C T  

Mi M A I N  NUMBER i 
.Cj LENGTH O F M A I N  SERVING D I S T R I C T  j 

FIGURE 10. Examples o f  Main Conf igura t ions  That  Can Be Simulated i n  GEOCITY 

95 



3.4.4.2 Point Demand \ 
i 

An option is available i n  GEOCITY t o  define an ent i re  d h t r i c t  as one 
point of heat demand, for  example, d i s t r i c t  number M as a single building or 
factory. 
number M and the density of the d i s t r i c t  type N corresponding to ' \district  
number M t o  the values defined below. I t  is also recommended that  the user 
s e t  the divers i ty  factor of d i s t r i c t  type N consisting of a single p o i n t  
demand to 1. 

AREA ( M ) 

D E N S E ( N )  

This option is implemented by set t ing the area of d i s t r i c t  

Set AREA(M) t o  1. 

If N is the d i s t r i c t  type o f  d i s t r i c t  number M, i .e.,  
N= I D T R ( M ) ,  s e t  D E N S E ( N )  to 1. 

D I V F ( N )  Recommend that  DIVF(N) be set  to 1. 

3.4 .4 .3  Heat Exchanger 

HTEXOP Opt ion  for heat exchanger a t  the end o f  the transmission 
l ine from the geothermal reservoir ( i n l e t  to  the 
d i s t r i b u t i o n  center).  
0. No heat exchanger 
1.  Heat exchanger 
The default is 0. 

HXOELT 

TWATOT 

DIAL, 
DIAOL 

Geothermal f lu id  temperature drop ( O F )  i n  the heat 
exchanger. The default is 100°F. 

Clean water temperature ( O F )  out of the heat exchanger. 
The default  i s  195OF. 
water a t  the out le t  of the b u i l d i n g  heating system, defined 
as TREJ(N) i n  Section 3.4.2.1, is used as the clean water 
temperature i n t o  the heat exchanger. 

The temperature of the return 

Inner and 
The defau 

DIAL 
DIAOL 

outer tube d 
t values are 

= 0.1 f t  
= 0.1104 f t  

ameters ( f t )  of the heat exchanger. 

t 
i 
E 

E 
r 
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1 

I 

3 

WVELL 

FOULFI, 
FOULFO 

V e l o c i t y  o f  the goethermal f l u i d  ( f t / h r )  i n  the  heat 

exchanger tubes. The de fau l t  i s  28,800 f t / h r .  

I ns ide  and ou ts ide  f o u l i n g  f a c t o r s  f o r  the  heat exchanger. 
These fac to rs  reduce the  o v e r a l l  heat  t r a n s f e r  c o e f f i c i e n t  

i n  subrout ine  OHTCOE t o  a l l ow  f o r  t h e  accumulation o f  

cor ros ion  deposi ts  on the i n s i d e  or  tube-side and ou ts ide  

or  s h e l l - s i d e  heat t r a n s f e r  surfaces. The d e f a u l t  values 

are : 

FOULFI = 0.001 hr-ft2-'F/Btu 

FOULFO = 0.001 hr- f t2-OF/Btu 

3.4.4.4 Adjustment Factors  

CSBTU Cost o f  supplemental heat ($/MBtu). The d i f f e r e n c e  i n  
demand between design cond i t i ons  and t h e  co ldes t  weather i s  

met by us ing  an a u x i l i a r y  heat source t o  r a i s e  the  

temperature o f  t h e  c i r c u l a t i n g  water. The d e f a u l t  i s  
$6/MBt u . 

AGFACT ( I ) 
I = l , 3  

Crooked s t r e e t  f a c t o r  t o  increase ( m u l t i p l y )  t he  lengths o f  

l a t e r a l ,  s t r e e t ,  and house p ipes ( b u t  no t  mains) i n  

s imu la t ing  crooked s t ree ts .  The d e f a u l t  i s  1. 

Age f a c t o r  t o  increase ( m u l t i p l y )  f r i c t i o n  losses i n  p ipes 
due t o  the  increase i n  r e l a t i v e  roughness and the  
d e t e r i o r a t i o n  o f  p ipes w i t h  age. Three m u l t i p l i e r s  are 

used, depending upon the  nominal ou ter  p ipe  diameter. The 

d e f a u l t  values o f  t h e  age f a c t o r  were se lec ted  t o  
correspond approximately t o  a p ipe  age o f  10 years. (a )  

(a )  Hydrau l i c  Handbook, C o l t  I ndus t r i es ,  Fairbanks Morse 
Pump D iv i s ion ,  4 t h  e d i t i o n ,  1965. 
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TRDF 

EXCC 

BEDC 

The default  values are as follows: 

Range I of Nominal Outer Pipe Diameter 

\ 1 (< 4 i n . )  2 (4 t o  9 in.) 3 (>9 in.)  

Age 
Factor 
AGFACT ( I ) 5. 3.6 1.8 

The estimated pressure drop in a pipe equals the pressure 
drop  calculated for  new p i p e  times the age factor .  
factor  applies to  a l l  dis t r ibut ion system piping: mains, 
1 ateral  s, street , and house pipes. 

Trenching d i f f i cu l ty  fac tor ,  used t o  increase (multiply) 
the cost of trenching depending on local conditions. 
trenching model assumes ver t ical  slopes with excavation 
through a d i r t  and rock mixture. 
f i l l  i s  placed under the pipes. Sifted backfill material 
is hauled to  the s i te  and hand f i l l e d  and tamped in 8 inch 
l i f t s  unti l  the dis t r ibut ion pipe casing i s  covered by 
4 inches of f i l l .  The rest of the trench i s  f i l l e d  and 
packed by a bulldozer. 
The component costs of trenching, i .e. ,  excavation, 
backfill , and resurfacing, can be individually adjusted 
t h r o u g h  the input variables described below. 

Excavafinn cost of trenching, $/m . 
$26.16/m 
mixture. These costs assume union labor and tha t  the 
trenches are  being dug in res ident ia l  areas,  requiring some 
hand excavation and relocation of existing u t i l i t i e s .  

Bedding f i l l  cost ,  $/m . 
$13.10/m i s  based on the use of sifted f i l l  material 
hauled 10 miles t o  the s i t e .  Four inches of backfil l  i s  
placed in the trench underneath the pipes. 

T h i s  

The 

Four inches of bedding 

The default  value for  TRDF i s  1. 

3 

i s  based on excavation through a d i r t  and rock 
The default  value of 

3 

3 The default  value of 
3 

/r 
E 
E 

k 

E 
c 

t 
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13 

FINC 

RESRFC 

WLEAK 

D FLAG 

3.4.5 

3 3 B a c k f i l l  cost ,  $/m . The d e f a u l t  value o f  $13.10/m i s  

based on t h e  use o f  s i f t e d  f i l l  m a t e r i a l  hauled 10 m i l e s  t o  

the  s i t e  and hand tamped i n  8 inch  l i f t s  u n t i l  the t o p  o f  

t h e  p ipe  i s  covered by 4 inches. 

F i n i s h  f i l l  cost ,  $/m . The d e f a u l t  value o f  $1.30/m 

i s  based on us ing  excavated m a t e r i a l  f i l l e d  and packed t o  

grade w i t h  a bu l ldozer .  
2 2 Resur fac ing cost,  $/m . The d e f a u l t  value o f  $8.40/m 

i s  based on a 2 i n c h  l aye r  o f  pavement on top  o f  2 inches 

o f  gravel .  

3 3 

Frac t i on  o f  f l u i d  l o s t  by leakage i n  the t ransmiss ion and 
d i s t r i b u t i o n  system. The d e f a u l t  i s  0. 

P r i n t  swi tch f o r  s e l e c t i n g  the  d i s t r i b u t i o n  system 

p r i n t o u t .  The v a r i a b l e  DFLAG i s  dec lared l o g i c a l  i n  t h e  

program. The d e f a u l t  i s  .TRUE. 

DFLAG= .TRUE., p r i n t s  the  f u l l  d i s t r i b u t i o n  system 

outpu t  (pages E-7 t o  E-27). 

DFLAG= .FALSE., p r i n t s  o n l y  the  f i r s t  two pages o f  the  

d i s t r i b u t i o n  system outpu t  (pages E-7 and E-8) e n t i t l e d  

"Def i n i t  i on o f  D i  s t r i c t s  I' and D i  s t r i c t  Popu 1 a t  i on s 'I 

and t h e  l a s t  page (page E-27) e n t i t l e d  " D i s t r i b u t i o n  
System Descr ip t ion . "  

D i s t r i b u t i o n  System F inanc ia l  and Tax Data 

DINPUT(N), N= 36, ..., 70 i s  the  a r r a y  o f  f i n a n c i a l  and t a x  data f o r  

t h e  d i s t r i b u t i o n  system def ined below. 

- N Desc r ip t i on  o f  D i s t r i b u t i o n  System Parameters 

36 D i s t r i b u t i o n  system c a p i t a l  investment ( m i l l i o n s  o f  d o l l a r s ) ,  

which i s  not  i n p u t  d i r e c t l y ,  bu t  ca l cu la ted  i n  subrout ine  DIST. 

Irl 
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37 Project l i f e  (years) of distribution system, which i s  not i n p u t  
d i rec t ly  but  calculated in subroutine DISTRB as follows: number 
of years of distribution system construction, i n p u t  t h rough  
NAMELIST as N Y C ,  + number of operating years of dis t r ibut ion 
system, defined in DINPUT(61). 

38 Not used; default  is 0. 

39 Fraction of i n i t i a l  investment in bonds; default  i s  0.59. 

40 Bond interest  ra te ;  default  is 0.08. 

41 

42 Federal income tax ra te ;  default  is 0.48. 

Earning ra te  on equity a f te r  taxes; default  i s  0.12. 

43 Not used; default  i s  0. 

44 Depreciable l i f e  of dis t r ibut ion system (years);  default  i s  30 yr. 

45-48 Not used; default  i s  0. 

49 Startup year fo r  operation of the dis t r ibut ion system; default  
i s  1985. The same year must a lso appear i n  DINPUT(14) in Section 3 

50 State income tax ra te ;  defaul t  i s  0.07. 

51 

52 

State gross revenue tax rate;  default  i s  0.04. 

Property tax ra te ,  f ract ion of dis t r ibut ion system capital  
investment; default  i s  0.025. 

53 Interim capital  replacement ra te ,  f ract ion of dis t r ibut ion system 
capital  investment; default i s  0.0035. 

54 Property insurance ra te ,  f ract ion of dis t r ibut ion system capi ta l  
investment; default is 0.0012. 

55-60 Not used; default  i s  0. 

61 Distribution system operating l i f e  (years) ;  default  i s  30 yr .  
The same time must a lso appear i n  DINPUT(26) i n  Section 3.3.4. 

62-70 Not used. Default i s  0 .  

N Y C  Number of years t o  construct the dis t r ibut ion system. The 
defaul t  i s  3 y r .  

c 

E 
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I O  

LL 2 

PIVTCP 

Deprec i a t  i on opt  i on f o r  

d i s t r i b u t i o n  system cap 

c a p i t a l  rep1 acements . 
1= s t r a i g h t  l i n e  

2= sum-of-years-digi ts 

recove r ing  the 

t a l  costs,  i n c  

r e s e r v o i r  and 

uding i n t e r i m  

The d e f a u l t  i s  sum-of-years-digi ts.  

Percent investment t a x  c r e d i t  f o r  t h e  d i s t r i b u t i o n  system. 

I n  the f i r s t  year o f  operat ion,  t he  investment t a x  c r e d i t  
i s  computed as a f r a c t i o n  (PIVTCPx.01) o f  the t o t a l  

c o n s t r u c t i o n  p e r i o d  c a p i t a l  cos t  and i n t e r i m  c a p i t a l  

replacements. 

investment t a x  c r e d i t  i s  computed as a f r a c t i o n  o f  t h e  

i n t e r i m  c a p i t a l  replacements f o r  the year o f  i n t e r e s t .  

d e f a u l t  i s  0. 

I n  any subsequent year o f  operat ion,  t h e  

The 

0 
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4. DESCRIPTION OF OUTPUT 
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Appendix E l i s t s  t h e  computer output  generated by t h e  sample case 

The descr ibed p r e v i o u s l y  t o  i l l u s t r a t e  the i n p u t  data us ing  NAMELIST. 
41 pages o f  p r i n t o u t  show t h e  output  f o r  t h e  f i n a l  i t e r a t i o n  between t h e  

d i s t r i b u t i o n  system demand subrout ine CALQNA and f l u i d  t ransmiss ion submodel 

(LL6 = 1),  t h e  f u l l  output  from t h e  d i s t r i b u t i o n  system submodel 

(DFLAG = .TRUE.), and t h e  f u l l  output  f rom the r e s e r v o i r  and d i s t r i b u t i o n  

economic submodels (LL11 = 1, LL12 = 1 ) .  The output  r e s u l t s  are p r i n t e d  i n  an 

easy-to-read format w i t h  an accompanying d e s c r i p t i o n .  

overview o f  t h e  output,  i d e n t i f y i n g  the  pages o f  output  generated by t h e  major 

submodels i n  GEOCITY. For the  sake of b r e v i t y ,  a more d e t a i l e d  d e s c r i p t i o n  i s  
prov ided below o n l y  f o r  output  r e s u l t s  t h a t  r e q u i r e  f u r t h e r  e l u c i d a t i o n .  

Table 9 presents an 

The i n p u t  cond i t i ons  t o  t h e  f l u i d  t ransmission submodel are on page E-1. 

The output  f rom t h e  f i n a l  i t e r a t i o n  o f  t he  f l u i d  t ransmission submodel i s  on 
pages E-2 t o  E-6. 

system i s  disposed through t h e  sewer system i n  t h i s  sample case, t h e r e  i s  no 

ou tpu t  f rom the f l u i d  d isposal  submodel. 

t h e  a s t e r i s k s  f o r  t h e  r e t u r n  temperature. 

Since the used water f rom the d i s t r i c t  hea t ing  d i s t r i b u t i o n  

This accounts f o r  t he  p r i n t o u t  o f  

The d i s t r i b u t i o n  demand subrout ine CALQNA i n i t i a l l y  c a l c u l a t e s  the t o t a l  

geothermal f l u i d  f l o w  requirements f o r  t h e  d i s t r i b u t i o n  system based on 

wellhead cond i t i ons .  A f t e r  the i n i t i a l  i t e r a t i o n  between the d i s t r i b u t i o n  

demand subrout ine and f l u i d  t ransmission submodel, t h e  t o t a l  geothermal f l u i d  
f l o w  requirement f o r  the d i s t r i b u t i o n  system i s  ca l cu la ted  based on the 

degraded f l u i d  cond i t i ons  t ranspor ted  by t h e  f l u i d  t ransmission system. 

i n l e t  f l u i d  cond i t i ons  t o  the  d i s t r i b u t i o n  center  are shown on page E-4 f o r  

t h e  f i n a l  i t e r a t i o n  o f  t h e  f l u i d  t ransmiss ion submodel. 

The 

The degradat ion o f  t he  f l u i d  d u r i n g  conduct ion i s  shown on a nodal bas i s  

on pages E-2 t o  E-4. 
nodal basis,  corresponding t o  the ou tpu t  on pages E-2 t o  E-4. 

pressure i s  maintained a t  t h e  i n i t i a l  wel lhead pressure i n  t h e  t ransmiss ion 
system through the use o f  booster pumps simulated i n  the f l u i d  t ransmission 

submodel ( sub rou t ine  TRANS). 

F igu re  11 shows t h e  f l u i d  temperature degradat ion on a 
The f l u i d  
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TABLE 9. Summary o f  Computer Output f rom GEOCITY 

Description of Output 
Distribution System Demand and Fluid Transmission 
Iteration History (Final Iteration) 

0 Fluid Transmission Submodel Input 
0 Fluid Transmission Submodel Output 
0 Convergence Test for Distribution System Demand 

Appendix E 
Paqes 

E-1 
E-2 to E-5 
E-6 

and Fluid Transmission Iteration 

Distribution System Input and Output 

0 

0 

E-7 
E-8 

Definition of Districts 
District Populations 
Piping Network and Fluid Conditions 
for District M 

of Piping Network for District M 
Main Network and  Fluid Conditions for each District 
Total Capital Costs, Material Requirements, 
and Total Operating Expenses of the Distribution 
System Summed Over All Districts 
Summary of District Heating Requirements and 
Capital Costs and City Climatic Characteristics 

0 Repeats 
for M=l 

(no. of Districts) 
0 Capital Costs and Material Requirements to NDTR E-9 to E-24 

0 

0 

E-25 
E-26 

1 
E-27 e 

Reservoir Technical and Economic Input and Output 

Reservoir Characteristics and Well Properties 
Reservoir Exploration, Development, and Operation Costs 
Financial and Tax Data Input 
Annual Cash Flow Statement 
Annual Tax Deductible Expense Statement 
Annual Income Statement 
Annual Payout of Investments (Capitalization) 
Cost Distribution of Energy from the Reservoir 

Distribution Economic Input and Output 

0 Financial and Tax Data Input 

0 Annual Tax Deductible Expense Statement 
e Annual Cash Flow Statement 

0 Annual Income Statement 
0 Annual Payout of Investments (Capitalization) 
0 Cost Distribution of Heat from the District Heating 

Di s t r i bu t i on System 

E-28 
E-29 
E-30 
E-31 
E-32 
E-33 
E-34 
E-35 

E-36 
E-37 
E-38 
E-39 
E-40 

E-41 

\ 
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The layou t  o f  the nodes i n  the  r e s e r v o i r  w e l l  f i e l d  i s  shown on 

page E-3 and i l l u s t r a t e d  i n  F igu re  11. 

t r i a n g u l a r  g r i d  shown i n  the  4 t h  quadrant o f  a Car tes ian coord inate system 

w i t h  d i s t r i b u t i o n  center  a t  t h e  o r i g i n .  
F igure  5 showed the  w e l l  f i e l d  i n  the  1s t  quadrant. However, t he  concepts 

and r e s u l t s  are independent o f  t h e  quadrant used i n  represent ing  t h e  w e l l  

f i e l d  layout .  

The w e l l  f i e l d  i s  based on a 

The prev ious rep resen ta t i on  i n  

The r o u t i n g  o f  the f l u i d  t ransmiss ion l i n e s  i s  shown i n  F igure  11. 

The p ipe  runs  are p a r a l l e l  t o  t h e  h o r i z o n t a l  X-axis, j o i n i n g  w i t h  one 
man i fo ld  l i n e  lead ing  t o  the  d i s t r i b u t i o n  center .  The f l u i d  degradat ion i s  
ca l cu la ted  i n  t h e  order shown on page E-2 beginn ing w i t h  t h e  per imeter  w e l l  

node (I = 3, J = 2)  and proceeding downstream t o  the  d i s t r i b u t i o n  center .  

DISTRIBUTION 

192.1 7 
CENTER X-AX1 S 

T 
193.8 

Y-AX1 

\ / 
\ / 
\ / 

I \ /  
\1 

COLUMNS J 

0 WELL NODES (1-4) 
0 MANIFOLD NODES * D I  RECTI ON OF R O W  

ROWS I 

1 

2 

3 

FIGURE 11. Well F i e l d  Nodes and Temperature Degradation on a Nodal Basis 
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The output from the f irst  i terat ion a t  a node ( i terat ion 1 on page E-2) 
shows the condition of the f luid exit ing the node. 
indicate the mixture of two inlet  flows of f lu id  a t  a node: 

The l e t t e r  M i s  used t o  

Fluid exit ing a well node ( J > 1  i n  Figure 11) is a mixture of f lu id  
from the wellhead and degraded f luid transmitted from upstream well 
nodes. 

Fluid exiting a manifold node ( J  = 1 in Figure 11) i s  a mixture of 
degraded f l u i d  from the upstream manifold l ine and degraded f lu id  from 
the row of wells leading into the manifold node. 

The ex i t  enthalpy is a mass-weighted average of the inlet  enthalpies. 
ex i t  temperature is calculated using the steam l ibrary function TPHL for 
compressed l i q u i d  or TSLH for saturated liquid based upon the ex i t  enthalpy 
and pressure. 

The 

The output from the l a s t  i terat ion a t  a node on page E-2 shows the 
degraded condition of the f l u i d  immediately prior to  i t s  entry into the next 
downstream node. F l u i d  degradation between neighboring nodes is a function 
of the internal pipe diameter. Inversely, the optimization algorithm used 
i n  the f lu id  transmission submodel t o  calculate the internal pipe diameter 
is  a function of the mass flow rate  and f l u i d  conditions. The i n i t i a l  
estimate of the internal pipe diameter is calculated assuming no f lu id  
degradation between neighboring nodes. 
calculated as a function of the internal pipe diameter. 
f l u i d  conditions, the internal p ipe  diameter is recalculated. The process 
i t e r a t e s  u n t i l  the degraded f l u i d  temperature a t  the entry into the 
downstream node changes by less than O.lO°F from the temperature 
calculated i n  the previous i terat ion.  
are shown on a nodal basis on pages E-2 and E-4. 

The f l u i d  degradation is then 
Using the degraded 

The internal diameters of the pipes 

The condensed output on page E-2 for  nodes w i t h  0 i terat ions l is ts  only 
the degraded f luid conditions immediately prior t o  entry into the next 
downstream node. Well nodes w i t h  0 i terat ions r e f l ec t  the savings i n  nodal 
computations obtained by set t ing the input option IAVWEL=l. 
takes advantage of the property that  well nodes w i t h  the same number o f  

T h i s  option 
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upstream w e l l s  have i d e n t i c a l  i n l e t  and o u t l e t  f l u i d  condi t ions,  provided 

t h a t  a l l  w e l l s  i n  t h e  w e l l  f i e l d  have i d e n t i c a l  f l o w  r a t e s  and f l u i d  

cond i t i ons .  

upstream w e l l s  ( i n c l u d i n g  t h e  cu r ren t  w e l l )  shown f o r  each node on page E-3 
as f o l l o w s :  

The w e l l  nodes can be grouped according t o  the number of 

Number o f  
Upstream We1 1s 

1 

2 

Well Node 
I d e n t i f i c a t i o n  Number 

2,3Y4 
1 

The number of w e l l  nodes t h a t  r e q u i r e  recomputation can thus be reduced 
f rom 4 t o  2 nodes. 

man i fo ld  nodes which are a l l  i n d i v i d u a l l y  computed. I n  add i t i on ,  t h e  
r e d u c t i o n  i n  computation cannot be used i f  the user r e v i s e s  the  f l u i d  
t ransmission submodel t o  sirnulate a r e s e r v o i r  i n  which a l l  w e l l s  do not  have 
i d e n t i c a l  f l o w  r a t e s  and f l u i d  cond i t i ons .  

This reduc t i on  i n  recomputation cannot be extended t o  

The i n p u t  c h a r a c t e r i s t i c s  t o  the d i s t r i b u t i o n  system submodel d e f i n i n g  

t h e  d i s t r i c t s  are given on page E-7 i n  bo th  Engl ish and m e t r i c  u n i t s .  

d i s t r i c t  populat ions are on page E-8; however, the i n fo rma t ion  on popu la t i on  

per se i s  no t  used i n  t h e  d i s t r i b u t i o n  system submodel. 

The 

The design, f l u i d  condi t ions,  c a p i t a l  costs, and m a t e r i a l  requirements 

o f  t h e  p i p i n g  network are summarized f o r  each d i s t r i c t  on pages E-9 t o  E-24. 

The l e n g t h  o f  pipe, number of f i t t i n g s ,  valves, and expansion loops, and the 

c a p i t a l  costs  o f  pipes, f i t t i n g s ,  valves, i n s u l a t i o n ,  casings, expansion 

loops, and trenches are summarized by up t o  17 ca tegor ies  o f  nominal ou te r  

p ipe diameters t h a t  can be used throughout t h e  p i p i n g  network. These cos ts  
are summed over a l l  p i p e  s i zes  and combined w i t h  the cost  o f  meters and 
pumps t o  g i ve  the  t o t a l  c a p i t a l  cos t  f o r  each d i s t r i c t  p i p i n g  system. 

The ou tpu t  desc r ib ing  the l a y o u t  and f l u i d  cond i t i ons  o f  the p i p i n g  

network f o r  each d i s t r i c t  i s  g iven i n  a condensed format. 
network i s  designed symmetr ica l ly  about the main and l a t e r a l ,  ou tpu t  f o r  one 

Since t h e  p i p i n g  
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house (building), one half-street  (above or below the l a t e ra l ) ,  one 
half-lateral  ( to  the l e f t  or r i g h t  of the main), and the main is suff ic ient  
t o  summarize the layout and f lu id  conditions of the ent i re  p i p i n g  network 
for  the d i s t r i c t .  

The layout of the p i p i n g  network for  d i s t r i c t  2 w i t h  68 buildings 
(corresponding to  68 meters on page E-12) i n  the sample output on page E-11 
i s  shown i n  Figure 12. The layout was constructed from the o u t p u t  on page 
E-11 together with the number of buildings (68) to i l l u s t r a t e  the 
interpretation of the condensed o u t p u t  for  the d i s t r i c t  piping networks. 
The output on page E-11 summarizes the layout of the piping network and 
f l u i d  conditions for the following sections of pipe: 

o street-to-house pipe for each house ( b u i l d i n g )  
o pipe sections down each half-street  connecting house pairs 1-4 
e pipe sections across the half-lateral  connecting f u l l  s t r ee t s  1-3 

main pipe connecting the midpoint o f  the f u l l  lateral  i n  d i s t r ic t  2 
with the junction a t  06 in Figure 8. 

FIGURE 12. Layout fo r  Distr ic t  2 w i t h  68 Buildings i n  Sample Case; the 
Piping Network i s  Symmetrical about the Main and the Lateral 
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I 13 
Two additional comments are in order. 

loss and head loss for  house pa i r  4 on page E-11 indicates t h a t  the la teral  
in d i s t r i c t  2 i s  direct ly  below the 4 t h  house pair as shown i n  Figure 12. 
If the heat loss and head loss are nonzero for  the l a s t  house pair ,  as in 
d i s t r i c t  3,  the location of the la teral  i s  half way between house pairs,  as 
i l lus t ra ted  in Figure 6. The location of the la teral  i s  selected in 
subroutine GRAPH t o  preserve the symmetry of the piping network about the 
la teral  and main. Secondly, two short half-streets are used i n  Figure 12 ,  
one on each end of the la te ra l ,  t o  obtain 68 buildings while preserving the 
symmetry o f  the piping network about the main and la te ra l .  The 4 f u l l  
s t r ee t s  account for 56 buildings (4x14) ,  leaving a remainder of 
12  buildings, which is not enough t o  f i l l  out a fu l l  street. 

F i r s t ,  the value of 0 for  heat 

The o u t p u t  summarizing the design and f lu id  conditions of the mains and 
the d i s t r i c t s  served by each main i s  on page E-25. 
and material requirements of the piping networks summed over a l l  d i s t r i c t s  
are summarized by up to 17 categories of nominal outer pipe diameters t h a t  
can be used throughout  the piping network on page E-26. The total  capital  
costs summed over a l l  pipe sizes, the cost of meters and pumps, and the 
to ta l  operating expenses of the distribution system are also given on 
page E-26. 
for each d i s t r i c t  together w i t h  the c i t y  climatic character is t ics  are 
summarized in English and metric units on page E-27. 

The total  capital  costs 

The heating requirements and capital costs of the piping network 

The o u t p u t  from the reservoir economic submodel i s  on pages E-28 
to  E-35. 

properties of the wells. The output l i s ted  under well properties includes 
the following information; descriptions of the calculation o f  these 
quantit ies are in succeeding paragraphs. 

1 )  Number of producing wells 
2)  
3 )  Number of injection wells 
4) Thermal energy per well 
5 )  Actual flow rate  per well 

Page E-28 l i s t s  t he  characterist ics o f  the reservoir and 

Number of nonproduci ng (dry) we1 1 s 

U 
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Number of producing wells = 
{[total flow rate (lb/hr) demanded by the distribution system]/maximum 
flow rate (lb/hr) per well 1 * (1. + fraction of excess producing wells) 
where : 
Fractional results are rounded up to the next largest integer. 
The maximum flow rate per well is input as the variable FLORAT. 
The fraction of excess producing wells is input as the variable FRCEPW. 

Number of nonproducing (dry) wells = 

(number of producing wells) * (fraction of nonproducing wells) 
where : 
Fractional results are rounded to the nearest integer. 
The fraction of nonproducing wells is input as the variable FRCNPW. 

Number o f  injection wells = 
[flow rate ( l b / h r )  from t h e  d i s t r i b u t i o n  system]/[maximum injection well 
flow rate (lb/hr)] 
where: 

Fractional results are rounded to the next largest integer. 
The maximum injection well flow rate = 

[ratio of injection well to producing well flow rate, input as PRDRAT) * 
[maximum producing well flow rate, input as FLORAT]. 

Thermal energy (MWth) per well = 

[maximum flow rate (lb/hr) per well] * [enthalpy at the 
wellhead-enthalpy at the exit from the distribution system]/ 
( 3.4 1443*1 06) 

Actual flow rate (lb/hr) per well = 
[total flow rate (lb/hr) required by the distribution system]/ 
[number of produc i ng we 11 s] 

The direct expenses associated with reservoir exploration, development, 
and operation are on page E-29. 
input data for the reservoir. 

Page E.30 contains the financial and tax 
Annual cash flow data for the major reservoir 

Id 

P 

P 

c 
s 

I 
1 
I 
I 
, 

s i  

110 



a 

I 10 
I 0 

expenses are on page E-31; summary accounts o f  deduc t ib le  expenses are on 
page E-32. 

f low and investment p o s i t i o n  are on page E-34. 
A s i m p l i f i e d  income statement i s  on page E-33 and t h e  ne t  cash 

The cos t  o f  energy f o r  the  r e s e r v o i r  i s  summarized on page E-35. The 
u n i t  cos t  o f  energy f o r  t h i s  sample case i s  $1.55/MBtu. 
annual cos t  du r ing  the opera t i ng  l i f e  o f  the  d i s t r i b u t i o n  system i s  

$1,059,670. 
t h e  taxes, r o y a l t y  payments, and bond i n t e r e s t  are r e a l l o c a t e d  t o  the d i r e c t  

cos t  components f o r  t h e  rese rvo i r .  The r a t e  o f  r e t u r n  on investment i s  

inc luded i n  the  d i s t r i b u t e d  energy cos t  f o r  each component. The deduc t ib le  
nature of bond i n t e r e s t  causes t h i s  expense t o  be p a r t i a l l y  inc luded i n  t h e  

r a t e  o f  r e t u r n  ( the  p a r t  which i s  inc luded i n  the  present  wor th  f a c t o r )  and 
t h e  remainder i s  accounted f o r  separa te ly  under t h e  cap t ion  "Bond I n t e r e s t . "  

The equ iva len t  

I n  t h e  r igh t -hand column labe led  " D i s t r i b u t i o n  o f  Energy Costs,11 

The ou tpu t  f rom the d i s t r i b u t i o n  economic submodel i s  on pages E-36 t o  
E-41. 

i n fo rma t ion  f o r  the d i s t r i b u t i o n  system as pages E-31 t o  E-34 f o r  t he  

rese rvo i r .  The cos t  of heat f o r  t h e  d i s t r i b u t i o n  system i s  summarized on 

page E-41. The u n i t  cost  o f  heat f o r  t h i s  sample case i s  $3.46/MBtu. 
equ iva len t  annual cos t  dur ing  the  opera t i ng  l i f e  o f  t h e  d i s t r i b u t i o n  system 

i s  $2,320,390. All cos ts  f rom the  r e s e r v o i r  are inc luded i n  the  energy 
supply  cos t  i tem. The energy supply costs  are der ived  f rom t h e  energy cos t  
account on page E-37. The energy cos t  account i s  i d e n t i c a l  t o  the  t o t a l  
energy sa les  from t h e  r e s e r v o i r  on page E-33. 
u n i t  cost  f o r  energy supply  a t  the d i s t r i b u t i o n  system and the  u n i t  cos t  o f  

energy f rom t h e  r e s e r v o i r  i s  caused by heat losses i n  t h e  d i s t r i b u t i o n  
system p ip ing .  As w i t h  the  r e s e r v o i r  cos t  d i s t r i b u t i o n ,  t h e  taxes and bond 

i n t e r e s t  are r e a l l o c a t e d  t o  t h e  d i r e c t  cos t  components i n  t h e  r i gh t -hand  
columns o f  the cos t  d i s t r i b u t i o n .  

Pages E-37 t o  E-40 conta in  t h e  same economic and account ing 

The 

T h e  d i f f e r e n c e  between t h e  

111 



e 



. 

5. CONTROL CARDS AND EXECUTION TIME 

The GEOCITY program can be converted t o  t h e  u s e r ' s  computing f a c i l i t i e s  

w i t h  a minimal se t  of bas ic  c o n t r o l  cards necessary t o  compile, load  and 
execute a FORTRAN source program a v a i l a b l e  on tape. I n  order  t o  execute 

GEOCITY, i t  i s  necessary t o  compi le and load a l l  GEOCITY subrout ines and t h e  

f o l l o w i n g  steam t a b l e  subrout ines:  

STEAM TABLE SUBROUTINES REQUIRED BY GEOCITY 

C C S R l  COMT3 P23T STER V I  SL 
CCSR2 GRS PS L SVT3 VP H 
CCSR3 H CL PVT3 TPS VPTl 

CCBLL HPTl SP H TPS L VP T2 

COMALL HPT2 SPTl TSL VPT3 

COMTl HPTL SP T2 TSLH VP TD 
COMT2 HVT3 SP TL VFT VP TL 

The o b j e c t  code generated by compi l ing  GEOCITY and these steam t a b l e  

subrout ines can be s to red  on d i sk  as a sequent ia l  f i l e  o r  as a random 

l i b r a r y  f i l e .  

at tached and loaded f o r  execut ing  i n p u t  data sets .  It i s  recommended t h a t  

t h e  user i n i t i a l i z e  computer memory t o  0 w i t h  an appropr ia te  c o n t r o l  card  

be fore  execut ing t h e  GEOCITY code. 

The f i l e  con ta in ing  the o b j e c t  code can then be subsequent ly 

The GEOCITY code requ i red  one minute t o  compi le w i th  t h e  CDC FTN 

vers ion  4.6 compi ler  a t  o p t i m i z a t i o n  l e v e l  1 on t h e  Cyber 73 computer w i t h  

Scope 3.4.4 ope ra t i ng  system. 

requ i red  16 seconds o f  CPU t ime fo r  execut ion.  
The sample case descr ibed i n  Sect ion 3.2 
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RESERVOIR EXPLORATION, DEVELOPMENT, AND OPERATION COST EQUATIGNS 

The bas ic  equat ions used i n  subrout ine RESVOR t o  c a l c u l a t e  the  costs  

associated w i t h  t h e  exp lo ra t ion ,  development, and opera t ion  o f  t h e  r e s e r v o i r  

are given i n  t h i s  sec t ion  t o  a i d  program users who may wish t o  change the  
d e f a u l t  i n p u t  values i n  Table 5A. 
by N i n  Table 5B are grouped i n  th ree  d i f f e r e n t  ways du r ing  t h e  c a l c u l a t i o n s  

i n  subrout ine  RESVOR by means o f  t h e  i n t e r n a l  arrays:  GROUP(N), ITEX(N), 

and NTARG(N), N = 1, ..., 39. The a r ray  GROUP i s  used t o  conso l ida te  the  
39 tasks i n t o  31 tasks according t o  t h e  d e s c r i p t i o n  o f  t h e  task.  

ITEX i s  used t o  group t h e  tasks accord ing t o  the t ime  the  tasks  are 

scheduled t o  take  place. 

major dec is ion  po in ts  i n  the  r e s e r v o i r  exp lo ra t i on  process. Any changes 

contemplated f o r  these arrays,  such as adding tasks o r  dec is ion  po in ts ,  w i l l  

r e q u i r e  some s l i g h t  reprogramming i n  subrout ine RESVOR. For t h i s  reason, 

these t h r e e  arrays are no t  l i s t e d  as i n p u t  arrays.  

The o r i g i n a l  l i s t  of 39 tasks indexed 

The a r r a y  

The a r ray  NTARG i s  used t o  group t h e  tasks by t h e  

The cos t  equat ions g iven i n  t h i s  sec t ion  c a l c u l a t e  the  t o t a l ,  

cap i ta l i zed ,  and expensed cos ts  f o r  t h e  tasks i n  Tables 5A and B w i t h o u t  

break ing the  costs  down accord ing t o  the t ime  i n  which the  tasks  occurred. 

Since t h e  r e s e r v o i r  e x p l o r a t i o n  and development tasks may s t a r t  i n  any month 

du r ing  one year and end i n  any month du r ing  another year, subrout ine RESVOR 
uses t h e  i n p u t  t ime arrays LAGS(ITEX(N), 1 )  and LAGS(ITEX(N), 2) ,  
ITEX(N) = 1, ..., 22, t o  c a l c u l a t e  t o t a l ,  cap i ta l i zed ,  and expensed costs  
f o r  t h e  tasks  according t o  t h e  months i n  which t h e  tasks are scheduled t o  

occur. This enables the t o t a l ,  c a p i t a l i z e d ,  and expensed cos ts  o f  the  tasks 
t o  be accura te ly  t o t a l e d  on an annual bas i s  i n  order  t o  c a l c u l a t e  annual 

statements o f  cash f low,  deduc t ib le  expenses, income, and payout o f  

investments f o r  t h e  r e s e r v o i r  f rom t h e  beginning o f  e x p l o r a t i o n  through t h e  
economic l i f e  o f  the d i s t r i b u t i o n  system. 
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The i n p u t  a r r a y  FTF(NTARG(N)-l), NTARG(N) = 2, ..., 7, i s  used by 
subrout ine RESVOR t o  c a l c u l a t e  t h e  t o t a l  number o f  t a r g e t  s i t e s  t o  be 
i n i t i a l l y  i d e n t i f i e d  i n  order t o  converge on one s i t e  f o r  development and 
opera t i on  a f t e r  t h e  f i n a l  dec i s ion  p o i n t .  

(Expected number o f  t a r g e t  s i t e s  t o  i d e n t i f y )  * ( F r a c t i o n  o f  s i t e s  

r e t a i n e d  a f t e r  dec is ion p o i n t  I, I = 1, ..., number o f  dec i s ion  

p o i n t s )  = 1. 
s o l v i n g  t h i s  equation, 

S u b s t i t u t i n g  FORTRAN v a r i a b l e s  f rom subrout ine RESVOR and 

Expected number o f  t a r g e t  s i t e s  t o  i d e n t i f y ,  

FAVSIT(,l) = l / [ F T F ( l )  * FTF(2) ... * FTF(NUMFTF)]. 

For the d e f a u l t  values, 

FAVSIT(1) = 1/[1/2 * 1/2 * 2/3 * 3/4 * 1/4 * 1/41 = 128. 

The number o f  s i t e s  t o  r e t a i n  a f t e r  each dec i s ion  p o i n t  i s  c a l c u l a t e d  as 

f 0 1 1 ows : 

Number o f  s i t e s  t o  r e t a i n  a f t e r  dec i s ion  p o i n t  J = (Expected number of 

t a r g e t  s i t e s  t o  i d e n t i f y )  * ( F r a c t i o n  o f  s i t e s  r e t a i n e d  a f t e r  dec i s ion  

p o i n t  I, I = 1, ..., J ) .  

S u b s t i t u t i n g  FORTRAN v a r i a b l e s  f rom subrout ine RESVOR, 

Number of s i t e s  t o  r e t a i n  a f t e r  dec i s ion  p o i n t  J = 

FAVSIT(1) * FTF(1) * FTF(2) * ... FTF(J). 

The a r r a y  UNIT  rep resen t ing  u n i t  costs  used i n  the c a l c u l a t i o n s  below 

i s  def ined a t  t h e  beginning o f  subrout ine RESVOR as t h e  f o l l o w i n g  f u n c t i o n  

of the i n p u t  a r r a y  UNIT0 (de f i ned  i n  Table 5 ) :  

UNIT(N)  = RATPR * UNITO(N), N = 1, . . ., 22 
UNITO( N)  , N = 23, . .., 39 

where : 

RATPR i s  def ined i n  subrout ine LOAD as the  r a t i o  o f  the c a l c u l a t e d  

d i s t r i b u t i o n  system heat demand (MWth) s tored i n  DINPUT (43) t o  t h e  

i n p u t  r e s e r v o i r  thermal c a p a c i t y  (MWth) s to red  i n  DINPUT (8) :  

RATPR = DINPUT( 43) / DINPUT( 8), DINPUT( 8) 2 DINPUT( 43). 
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The r a t i o  RATPR i s  used t o  sca le the  i n p u t  a r r a y  UNIT0 i n  order  t o  p ro ra te  

o n l y  t h e  f r a c t i o n  o f  t h e  cos ts  f o r  t h e  r e s e r v o i r  e x p l o r a t i o n  tasks (N = 1, 

..., 22) requ i red  t o  prov ide enough energy supply  f o r  the  ca l cu la ted  

d i s tr i b u t  i on system heat demand. 

The FORTRAN va r iab les  appearing i n  the  f o l l o w i n g  equat ions taken from 

subrout ine  RESVOR are de f ined as f o l l o w s :  

CSTNEW(1GP) = t o t a l  d o l l a r s  requ i red  by task I G P  

FAVSIT(1GP) = number of f avo rab le  s i t e s  f o r  task I G P  

CAP(1GP) = c a p i t a l i z e d  d o l l a r s  f o r  task I G P  

EXPENZ(1GP) = expensed d o l l a r s  f o r  task I G P  

where : 

I G P  = GROUP(N) as def ined i n  Table 5. 

Reservoi r  Exp lo ra t i on  Tasks Indexed by N = 1 t o  5, N= 9 t o  12, N = 15 t o  17, 
and N = 22 

CSTNEW(IGP) = UNIT(N) * FAVSIT(N) 

N i n  Group I G P  

CAP(1GP) = C UNIT(N) 

N i n  Group I G P  

EXPENZ( IGP)  = CSTNEW( IGP)  - CAP( IGP)  

where : 

I G P  i s  de f ined as GROIJP(N) i n  Table 5. 

Lease Procurement, N = 6,7,8; I G P  = 6 

CSTNEW(6) = UNIT(N) * ACRES 

N i n  Group I G P  

CAP ( 6)  = c UNIT(N) * ACRES 

N i n  Group I G P  

* ,FAVSIT(N) 
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EXPENZ(6) = CSTNEW(6) - CAP(6) 

where : 

ACRES, i n p u t  through NAMELIST, is the size of each geothermal s i t e  
1 eased. 

Heat Flow Wells, N = 13, IGP = 10 

CSTNEW(10) 

CAP( 10) 

= UNIT(13) * 4. * FAVSIT(10) 

= UNIT(13) * 4. 

EXPENZ(10) = CSTNEW(10) - CAP(10) 

based upon the assumption t h a t  4 wells are d r i l l e d  per s i te  t o  measure 
heat flow. 

Temperature Gradient Wells, N = 14, IGP = 11 

CSTNEW(11) = UNIT(14) * 10. * FAVSIT(11) 
CAP(11) = UNIT(14) * 10. 

EXPENZ(11) = CSTNEW(11) - CAP(11) 

RATPR 

based upon the assumption t h a t  10 wells are d r i l l e d  per s i te  t o  measure 
temperature gradient.  

Exploratory Well Dr i l l ing ,  N = 18, 19, 20, 21; IGP = 15 

= DINPUT( 43)/ DINPUT( 8) 

= RATPR * DCINJW * FAVSIT(15) 

= PERCNT(1) * CSTNEW(15) / FAVSIT(15) 

5 )  

5)  = CSTNEW(15) - CAP(15) 

CSTNEW ( 

CAP(  15) 

EXPENZ ( 

where : 

n 

RATPR is the r a t i o  of the calculated d is t r ibu t ion  system heat demand 
(MWth) t o  the i n p u t  reservoir thermal capacity (MWth). 
t h rough  NAMELIST, is the cost  ( d o l l a r s )  of d r i l l i n g  one exploratory or 
inject ion well. 
PERCNT(l), i n p u t  t h rough  NAMELIST, is the tangible  f rac t ion  of  the 
d r i l l i n g  cost .  

DCINJW, i n p u t  
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CSTNEW ( 

CAP( 17) 

EXPENZ ( 

where : 

Product ion Well  D r i l l i n g ,  N = 23, 24; I G P  = 17 

7) = DCPW * WELLS * FAVSIT(17) 

= PERCNT(1) * CSTNEW(17) 

7) = CSTNEW(17) - CAP(17) 

DCPW, i n p u t  through NAMELIST, i s  the cost  ( d o l l a r s )  o f  d r i l l i n g  one 

p roduc t i on  w e l l .  

WELLS, c a l c u l a t e d  i n  subrout ine TRANS, i s  the number o f  requ i red  
product  i on we1 1 s . 
PERCNT(l), i n p u t  through NAMELIST, i s  t he  t a n g i b l e  f r a c t i o n  o f  t he  
d r i l l i n g  cost .  

Nonproduction Well  D r i l l i n g ,  N = 25, I G P  = 18 

CSTNEW( 18) = DCNPW * BADWEL * FAVSIT( 18) 

CAP( 18) = 0. 

EXPENZ( 18) = CSTNEW( 18) 

where: 

DCNPW, i n p u t  through NAMELIST, i s  the cost  ( d o l l a r s )  o f  d r i l l i n g  one 

nonproduction w e l l .  

BADWEL, calculated in subroutine TRANS, is the humber o f  nonproduction 

we l l s .  

I n j e c t i o n  Well D r i l l i n g ,  N = 26,27; I G P  = 19 

CSTNEW(N) = DCINJW * WELINJ * FAVSIT(N) 

CAP( 19) = CSTNEW(I~) 

EXPENZ(N) = 0. 

where: 

DCINJW, i n p u t  through NAMELIST, i s  the cost  o f  d r i l l i n g  one i n j e c t i o n  

w e l l .  

A-5 



WELINJ, ca l cu la ted  i n  subrout ine INJECT, i s  
i n j e c t i  on we 11 s . 
1 

CSTNEW(20) 

CAP ( 20)  = CSTNEW(20) 

EXPENZ(20) = 0. 

= UNIT(28) * TCCOST * FAVSIT(20) 

where: 

he t o t a l  number o f  

TCCOST, ca l cu la ted  i n  subrout ine TRANS, i s  the  c a p i t a l  cos t  o f  the  
f 1 u i d tr an sin i s s i  on system. 

Disposal  System, N = 29, I G P  = 21 

CSTNEW(21) 

CAP ( 2 1 ) 

EXPENZ(21) = 0. 

= UNIT(29) * DCCOST * FAVSIT(21) 

= CSTNEW(21) 

where : 

DCCOST, ca l cu la ted  i n  subrout ine INJECT, i s  t he  c a p i t a l  cos t  o f  t he  

f l u i d  d isposal  system 

Replacement Wel ls Based on Product ion Well L i f e ,  N = 30, I G P  = 22 

= CSTNEW(17) * UNIT(30) / AVGWL 

= PERCNT(1) * CSTNEW(22) 

CSTNEW(22) 

CAP( 2 2 )  

EXPENZ(22) = CSTNEW(22) - CAP(22) 

where: 

CSTNEW(17) i s  the  produc t ion  w e l l  d r i l l i n g  cost .  

AVGWL, i n p u t  through NAMELIST, i s  the  produc t ion  w e l l  l i f e  (years) .  

PERCNT(l), i n p u t  through NAMELIST, i s  t he  t a n g i b l e  f r a c t i o n  o f  t he  

d r i l l i n g  cost .  
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Nonproduction Well D r i l l i n g  Associated w i t h  Replacement Wells, N = 31, 
I G P  = 23 

CSTNEW(23) = FRCNPW * CSTNEW(22) 

CAP(23) = 0. 

EXPENZ(23) = 0. 

where: 

FRCNPW, i n p u t  through NAMELIST, i s  the  r a t i o  o f  nonproduct ion t o  

p roduc t i  on w e l l s  d r  i 1 led. 

CSTNEW(22) i s  the cost  o f  replacement w e l l s  d r i l l e d .  

Well Abandonment, N = 32, I G P  = 24 

CSTNEW(24) = UNIT(32) * (WELLS/AVGWL) * FAVSIT(24) 

CAP( 24) = 0. 

EXPENZ(24) = 0. 

where : 

WELLS, ca l cu la ted  i n  subrout ine TRANS, i s  the  number o f  requ i red  

produc t ion  we l l s .  

AVGWL, i n p u t  through NAMELIST, i s  the produc t ion  w e l l  l i f e  (years ) .  

Well Maintenance, N = 33, I G P  = 25 

CSTNEW(25) = UNIT(33) * (WELLS + WELINJ) * FAVSIT(25) 

CAP( 25) = 0. 

EXPENZ(25) = 0. 

where: 

WELLS, ca l cu la ted  i n  subrout ine TRANS, i s  the number o f  requ i red  

product  i on we 1 1 s . 
WELINJ, ca l cu la ted  i n  subrout ine INJECT, i s  the  number o f  i n j e c t i o n  
we l l s .  

A-7 



Overhead and Management, N = 34, IGP = 26 

CSTNEW(26) = 0.01 * (Total reservoir development cost)  + 
0.10 * (Total reservoir operation cost  
excluding overhead and management) 

CAP(  26) = 0. 

EXPENZ(26) = 0. 

Well Redrilling Due t o  Scale Build-Up in the Production Wells, N = 35, 
IGP = 27 

CSTNEW(27) = UNIT(35) * WELLS * FAVSIT(27) 

CAP( 27)  = 0. 

EXPENZ(27)  = 0. 

where : 

WELLS i s  the number o f  required production wells. 

Annual Injection Well Costs, N = 36, IGP = 28 

CSTNEW(28) = UNIT(36) * WELINJ * FAVSIT(28) 

C A P ( 2 8 )  = 0. 

EXPENZ(28)  = 0. 

where : 

WELINJ, calculated in subroutine INJECT, i s  the number o f  injection 
wells. 

Injection Well Maintenance, N = 37, IGP = 29 

CSTNEW (29)  = UNIT( 37) * FAVSIT( 29) 

CAP ( 29) = 0. 

EXPENZ(29) = 0. 

I 
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Transmission System Maintenance, N = 38, I G P  = 30 

= UNIT(38) * TMCOST * FAVSIT(30) 

= 0. 

EXPENZ(30) = 0. 

CSTNEW(30) 

CAP ( 30 ) 

where: 

TMCOST i s  ca l cu la ted  i n  subrout ine TRANS as TMAINT * TCCOST, 

TMAINT, i n p u t  through NAMELIST, i s  the  t ransmiss ion maintenance f a c t o r  

( f r ac t  i on a 1 ) . 
TCCOST, ca l cu la ted  i n  subrout ine TRANS, i s  the c a p i t a l  cos t  o f  the  

f 1 u i  d tr an sm i s s i  on system. 

Disposal  System Maintenance, N = 39, I G P  = 31 

CSTNEW(31) = UNIT(39) * DMCOST * FAVSIT(31) 

CAP( 31 ) = 0. 

EXPENZ(31) = 0. 

where : 

DMCOST i s  ca l cu la ted  i n  subrout ine INJECT as DMAINT * DCCOST, 

DMAINT, i n p u t  through NAMELIST, i s  the d isposa l  maintenance f a c t o r  

( f r ac t i onal ) . 
DCCOST, ca lcu la ted  i n  subrout ine INJECT, i s  the c a p i t a l  cos t  o f  the  

f l u i d  d isposal  system. 
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CAPITAL AND OPERATING COST MODELS FOR 
DISTRICT HEATING DISTRIBUTION SYSTEM 

As pipes are sized for  each segment of the distribution network, 
capital  cost models are used to price the p i p i n g  string and associated 
components. The capital cost models are primarily functions of pipe s ize  
and design options, although other parameters are used i n  many of the 
models. Other capital  cost models and operating cost models are used for  
pumps, instrumentation, operating expenses, and taxes. 

T h i s  appendix describes the cost models i n  three sections: capital  
cost models, operating cost models, and cost model equations. The f irst  two 
sections describe the bases and assumptions used i n  the models. The third 
section l i s t s  the equations or cost tables used. Each cost model is 
associated w i t h  an account i n  which the costs are accumulated. 

CAPITAL COST MODELS 

Costs are calculated for the ent i re  piping system up to the outer wall 
of housing units. The basic design i s  a two-pipe network (Figure B - 1 ) .  A 
two-pipe network includes both a supply and a return pipe for each 
b u i l d i n g .  The cost models a lso  apply  t o  one-pipe networks which have o n l y  a 

supply pipe for each building. 

The to ta l  piping bundle is called a conduit. The conduit consists of 
one or more pipes, which may be insulated~, enclosed by the casing. 

Depending upon the pipe option, insulation option, conduit option, and 

Component costs are then added to  give to ta l  p i p i n g  system 
material option chosen, applicable component cost models are selected, and 
costs generated. 
capital costs. F i t t i n g s  and valves are costed a t  each pipe intersection. 

Pipe 

Optimal pipe diameter i s  selected for  each segment of the piping 
network by minimizing the sum of the annualized capital  cost of pipe, 
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C3 BRANCH 

FIGURE B-1. Dis t r ic t  Heating System Two Pipe Network 
(shown wi thou t  expansion loops) 

SUPPLY 

RETURN 

f i t t i n g s ,  insulation, casing valves, pump capacity and the annual costs of 

heat loss and pumping. 
pipe. The default value assumes a pipe age of 10 years, b u t  the value can 
be changed through the i n p u t  data. 

Head losses are based on correlations for aged 

Pipe may be ei ther  carbon s t ee l ,  
a s t i c  (FRP)  depending on the pipe schedule 40, or f iberglass reinforced p 

material op t ions .  

The pipe account includes only the 
of pipe. 

Insulation 

material cost for s t ra ight  lengths 

Optimal insulation thickness is that which produces min mum annual 
costs of insulation and casing and heat loss values. Either polyurethane 
foam or calcium s i l i c a t e  insulation can be specified. Insul t i o n  i s  assumed 
t o  be factory instal led unless foam insulation and f ie ld  erected concrete 
casing is specified. 
is foamed i n  place. 

For that  s i tuat ion,  i t  i s  assumed that  the insulation 

The insulation account includes material and labor cost for insulating 
s t ra ight  pipe lengths and pipe fi t t ings.  
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Cas i ng 

The smallest standard casing s ize  that will contain the pipe(s),  insu- 
lation, and annular a i r  space is selected for  each segment of the piping 
network. Casing may be ei ther  f e l t -  and tar-wrapped s t ee l ,  polyvinyl 
chloride ( P V C )  or concrete. 
constructed rectangu 1 ar box. 

Concrete casing i s  assumed to be a f i e l d '  

The casing account includes costs of material, labor for placing the 
pipe(s) i n  the casing, warehousing, transportation, f i e ld  placement, and 
alignment of the casing sections. 

F i t t i n g s  

Two pipe f i t t i n g s  and one casing f i t t i n g ,  sized according to  the pipe 
and casing, are accumulated a t  each pipe intersection. Two additional 
f i t t i n g s  are accumulated for  each pipe into a building. 

The f i t t i n g  account includes both material cost for the f i t t i ngs  and 
labor for f i e ld  connection of the pipes and casing sections. 

Expansion Loops 

One expansion loop i s  located i n  each 300 f t  segment of the p i p i n g  
network. 
Expansion loop cost is  the sum of the pipe, f i t t i n g ,  insulation casing, 
trench and instal la t ion costs. 
expansion loops are calculated separately as described previously and t h e n  
summed. 

The size of the loop is calculated as a function of pipe diameter. 

Each of these component costs for  the 

The expansion loop account includes a l l  labor and material costs 
associated with the expansion loop. 

Trench 

The trench model assumes vertical  slopes i n  a rock and d i r t  mixture. 
Sifted f i l l  material is hauled to the s i t e .  
s i f ted f i l l  and is covered to a depth of 4 i n .  w i t h  hand s i f ted f i l l  
material which i s  hand tamped i n  8 i n .  l i f t s .  The res t  of the trench is 
then f i l l e d  and packed by dozer. Resurfacing consists of 2 in. of pavement 
on top of 2 i n .  of gravel. 
burial depth below the surface. Costs for trenching, representing 

The casing is l a i d  on 4 i n .  of 

The top o f  the casing will be a t  the specified 
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differences from the default  values i n  this model, can be eas i ly  adjusted by 
use of the NAMELIST i n p u t  variables EXCC (excavation cos t ) ,  BEDC ( b e d d i n g  
f i l l  cos t ) ,  BACKC (back f i l l  cost) ,  FINC (finish f i l l  cos t ) ,  and RESRFC 
(resurfacing cost) .  
through i n p u t  t o  r e f l ec t  unusual circumstances. 

A trenching d i f f i cu l ty  factor  (TRDF) may be specified 

The trench account includes excavation, purchase and delivery of s i f ted  
f i l l ,  hand f i l l i n g  and tamping, and dozer f i l l i n g  and packing costs.  

Valves 

One valve, sized according t o  the larger p i p e  s ize ,  i s  located a t  each 
pipe intersection. 
less than 2.5 i n .  
be a forged s teel  ball  type. 

Screwed valves are used when the nominal pipe s ize  is  
Larger sized valves are flanged. The valve i s  assumed t o  

The valve account includes valve, mating flange, bolt-up, handling, 
insulation, casing and f i e l d  connection costs. 

Meters 

One meter is located a t  each building. Meters are sized according to  
the expected range of flowrates. 

The meter account includes meter, connections, and ins ta l la t ion  labor 
costs. 

Pumps 

One pump and a standby pump are located i n  each d i s t r i c t .  The pump i s  
sized to  overcome the to t a l  head loss and pump the d i s t r i c t  f l u i d  
requirements. 
and the i n p u t  pump and motor efficiency factors .  

Pump motor s ize  is determined from the hydraulic horsepower 

The pump account includes the main pump, standby pump, motors, vault, 
se t t ing  and ins ta l la t ion ,  f i t t i ngs ,  and labor costs. 

Metering and Control 

T h i s  account covers the cost of instrumentation, additional flow 
control lers ,  and sensors required to operate the dis t r ibut ion system. The 
metering and control account covers capital  and ins ta l la t ion  costs,  and is 
calculated t o  one percent of the p i p i n g  system capital  cost. 

c 
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Bui ld ing  and Land Use 

T h i s  account covers the expense of purchase or lease of land and the 
construction or modification of a building to  house the system's 
instrumentation and control equipment. The costs are calculated t o  one 
percent of the p i p i n g  system capital cost. 

7 
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Building Retrofit  

The user can specify r e t r o f i t  costs for buildings i n  each d i s t r i c t  type 
in order to study to ta l  costs o f  d i s t r i c t  heating i n  old built-up areas. 
The user specifies the r e t r o f i t  cost per building i n  i n p u t  data. 
r e t r o f i t  account wil l  consist of r e t r o f i t  costs for  a l l  of the b u i l d i n g s  i n  
the distribution system. 

The 

Heat Exchanger 

If the heat exchanger option i s  specified, a tube and shell heat 
exchanger i s  designed to sa t i s fy  the input requirements and i s  located a t  
the end of the transmission l ine ( i n l e t  to the distribution center),  even 
though the costs appear in the distribution system account. 

The heat exchanger account includes material, ins ta l la t ion,  and 
i n d i  rect  costs. 

Engineering and Administration 

This account is 12% of the piping system total  cost to cover the 
engineering and administration costs o f  b u i l d i n g  the distribution system. 

OPERATING COST MODELS 

The operating cost accounts consist of annual expenses and taxes. 
Meter reader and operating costs are related to  the number of meters 
connected i n  the system. Maintenance cost is proportional to  the capital  
investment and is based on estimates from water distribution systems. The 
pump operating, heat pump, supplemental heat, and heat exchanger costs are 
derived from models which are controlled by the system design. 
accounts ( i  n terest ,  taxes, capital  rep1 acement and insurance) are percentages 
of capital investment or portions of annual revenue. 
specified through the i n p u t  data. 

The other 

The percentages are 
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Operating 

T h i s  account includes the personnel cost for operating the distribution 
system and administrative functions. 
the number of meters connected to  the system. 

The charges to this account depend on 

Maintenance 

The maintenance account includes routine repair and maintenance of the 
distribution system. 
buildings connected, and the flow to each building. 

The charges depend on the pump size,  the number of 

Pump Oper a t  i on 

T h i s  account includes charges for the annual pumping costs, calculated 
from the i n p u t  values for the cost of e l ec t r i c i ty ,  and pump and motor 
efficiencies.  

Meter Readers 

T h i s  account includes wages, benefits, and overhead for meter readers 
w i t h  an assumed productivity o f  50 meterdday. 

Supplemental Heat 

The difference i n  heat demand a t  design temperature and the m i n i m u m  

The charges to this account depend on the climatic data, 
temperature i s  met by purchasing heat and elevating the temperature o f  the 
circulating water. 
the design temperature, and i n p u t  value for  the cost of supplemental heat. 

Heat Exchanger 

The annual operating cost of the heat exchanger is assumed t o  be 2% of 
the total  capital cost of the heat exchanger. 

Other Operating Cost Accounts 

The following accounts are calculated as percentages of other 
The percentages are specified i n  the i n p u t  data. accounts. 

0 Interim Capital Replacement - percent of to ta l  system capital  cost 
Bond Interest  - percent ra te ,  charges assume compound interest  on 

unpaid portion of d e b t  and are calculated for each year 
Gross Revenue Tax - percent of annual revenue 

S 
C 

E 
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0 State Income Tax - percentage of taxable income (revenue less operating 
expenses including capital  costs,  energy costs,  
operating costs, interim capital  replacement, 
property tax and insurance, interest  and 
depreci a t i  on) 

0 Federal Income Tax - percentage of taxable income less s ta te  income tax 
Property Tax and Insurance - percentage of d i s t r i b u t i o n  system capital  . 

cost 

COST MODEL EQUATIONS 

Capital cost models are summarized i n  Table B-1, and operating cost 
models are summarized i n  Table B-2. 
form: 

The cost models use the equational 

Equation coefficients re f lec t  fixed costs ( a ) ,  variable costs ( b ) ,  and scale 
s ize  ( s )  and ( t ) .  Where cost equations are 
not appropriate, cost tables (Tables 6-3 through 6-6) are used. 
were gathered from three sources: industry vendors, mechanical contractors, 
and architect-engineers. 

Costs are i n  July 1976 dollars. 
Cost data 

Costs are factored t o  re f lec t  lower unit costs for larger piping 
systems; such systems have reduced material  uni t  cos ts  because o f  quant i ty  
purchase discounts. Also the instal la t ion labor learning curve lowers u n i t  
labor costs for  large systems. 
generated from component cost models. Pipe, insulation, casing, expansion 
loop, and trenching labor costs are multiplied by FACTOR 1. F i t t i n g ,  valve, 
and meter costs are multiplied by FACTOR 2. 
these factors.  

Costs are "factored" a f te r  they are 

Table 8-7 l i s t s  values for 
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TABLE B-1. District Heating System Capital Cost Coefficients (July 1976 Dollars) 
(NOTE: All measurements are i n  meter units) Cost = a + b ( x ) s t  

t - Account No. Component U n i t  a b X S 

1 .o 
. Carbon S tee l  Pipe Meter 0 368.71 P 1.27 1 

FRP Pipe Meter 0 2.89 2.72 (=e) 11.62 P 
( F i  berg1 ass r e i n f o r c e d  p l a s t i c  ) 

2.0 I n s u l a t i o n  

Calcium S i l i c a t e  Meter 0 3.12 2.72 (=e) 4.25 P 

+22.33 R 

F i berg  1 ass Meter 

R i g i d  Polyurethane (See Note 1 )  Meter 
m 

I 
03 

Foam-in-Place Polyurethane Meter 

F i t t i n g  I n s u l a t i o n  Each 

Valve I n s u l a t i o n  
- Nom. p i p e  s i z e  I 0.0635 Meters Each 
- Nom. p ipe  s i z e  0.0635 Meters Each 

.1.30 51.90 P 

+221.77 R 

0 1 2.72 (=e) 3.56 

+4.83 P 

+1.00 ln (R)  
0 141 .OO (a) (P )+ (Q)  (R)  ( 2 )  

0 0.91 F 

0 0.61 F 
0 9 F 

- ( Y )  ( P)2(0.79) 

NOTE: ( 1 )  If nominal p i p e  diameter = 0.0254 meters and p i p e  m a t e r i a l  = carbon s t e e l  - Add $3.50/meter t o  p i p e  cos t .  
I f  nominal p i p e  diameter = 0.0381 meters and p i p e  m a t e r i a l  = carbon s t e e l  - Add $1.70/meter t o  p i p e  cos t .  

F = I n s u l a t e d  Cost/Meter 
Y = Number o f  Pipes i n  Condui t  

P = P ipe  Diameter Q = Outside Diameter of Pipe & I n s u l a t i o n  R = I n s u l a t i o n  Thickness 



TABLE 8-1. District Heating System Capital Cost Coefficients (July 
(NOTE: All measurements are in meter units) Cost = a -t 

Account No. Component 

3.0 Casing 
S tee l  (One P ipe  Conduit) 

S tee l  (Two Pipe Conduit) 

PVC (See Note 1 )  
Concrete Box 

4.0 

P1 acement Labor 

F i t t i n g s  

S tee l  P ipe  F i t t i n g  
FRP P ipe  F i t t i n g  

F i t t i n g  S tee l  Casing 

F i t t i n g  PVC Casing 

Valve Casing 
- Nom. p i p e  s i z e  5 0.0635 meters 

- Nom. p ipe  s i z e  > 0.0635 meters 

U n i t  - 

Meter 

Meter 

Meter 

Meter 

Meter 

Each 
Each 

Each 

Each 

Each 

Each 

a 

0 

0 

0 

18.87 

0 

0 

0 
0 

b 

40.54 

38.99 

5.54 

49.73 
+142.27 

+284.54 

110 

5.47 

0.61 

9 

976 Dollars) 
b(x )s t  (contd) 

X 

2.72 (=e) 

2.72 (=e) 

2.72 (=e) 

Q 
P 
R 
U 

See Table €3-3 
2.72 (=e) 

See Table B-4 

See Table 8-5 

NOTE: 

H = Casing Cost/Meter 
N = Casing Diameter 
U = Nominal Casing S ize  
V = P ipe  Diameter 
Q = Outside Diameter o f  P ipe  and I n s u l a t i o n  

(1) If U = 0.0266 meters and p i p e  i s  carbon s t e e l  then add $3.50/meter t o  p i p e  cos t .  
If U = 0.0408 meters and p ipe  i s  carbon s t e e l  then add $1.70/meter t o  p i p e  cos t .  

H 
H 

S t 

2.06 U 
-0.07 V 

2.16 U 

-0.06 V 

5.09 U 

14.30 P 
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Account No. 
5.0 

6 .O 

TABLE 6-1. District Heating System Capital  Cost Coefficients (July 1976 D?llars) 
(NOTE: A l l  measurements are i n  meter units) Cost = a + b(X)’ (contd) 

- 

Component U n i t  a b X 

Expans i on Loop 
Expansion loop (See Note 2)  Each (C)(D) 

+(4) ( E )  
+( F) (C+3.66) 

+(4)(G) 
+(C) (H)  
+(4) (J) 

Trenc i n g  Cos 
Excavat ion 

+(C)(K) 

Cu. Meter TRD*TRW EXCC 
Bedding F i l l  Cu. Meter .D5D8*TRW BEDC 

BACKC Back F i l l  Cu. Meter ( N + .05 ) *TRW 

F i n i s h  F i l l  Cu. Meter (DPTH-.D5)*TRW FINC 

Resur fac ing  Sq. Meter TR W RESRFC 

(See Note 3) 

NOTE: ( 2 )  Expansion l oop  l e n g t h  = (19.27)(nom. p i p e  d i a . ) O ~ ~ ~  - (9)(nom. p i p e  d i a . )  
NOTE : ( 3 )  

Pipe o p t i o n s  1, 2, 3 
P ipe  o p t i o n  4 
Pipe o p t i o n  5 
Condui t  o p t i o n  3 

TR D 
N+DPTH+. 1016 
N+DPTH+. 1016 

2*R+P+DPTH+.26 
N+DPTH+. 1016 

TRW 
N+. 2036 

2v+. 3048 
2*N+P+.31 

2*R+P+. 3048 

c = Expansion loop l e n g t h  
H = Casing Cost/Meter 
R = I n s u l a t i o n  Thickness Q = Outs ide  Diameter of P ipe  and I n  u l a t i o n  
EXCC = Excavat ion cos t  ($/m3) 
RESRFC = Resur fac ing  cos t  ( $/m2) 

D = Pipe cost/meter 
J = Casing f i t t i n g  c o s t  

E = Pipe f i t t i n g  cos t  F = I n s u l a t e d  Cost/Meter G = I n s u l a t i o n  f i t t i n g  Cost 
K = Trenching cost/meter N = Casing Diameter 

BACKC = B a c k f i l l  cos t  ($/m ) 

P = Pipe Diameter 
DPTH = Depth f rom su 5 f ace  t o  t o p  o f  c o n d u i t  (meters) 5 BEDC = Bedding fill cos t  ($/M ) FINC = F i n i s h  f i l l  c o s t  (%/m3) 

L 



TABLE B-1. Dis t r ic t  Heating System Capital Cost Coefficients (July 1976 &l l a r s )  
(NOTE: All measurements are in meter uni ts)  Cost = a + b ( x )  (contd) 

Account No. Component U n i t  __ a b X S t 
7 .O Valves 

Va 1 ve Each See Table B-3 

8.0 Meters 

Water meter ( 1  per housing u n i t )  Each 

9 .o 

10.0 

11.0 
12.0 

13.0 

14.0 

15.0 

16.0 

Pumps 
Basic Pump ( 2  per d i s t r i c t )  

- horsepower I 2 6  
- horsepower 26 

Accessor Pump ( 2  per d i s t r i c t )  

Me te r ing  and Control  

B u i l d i n q  and Land Use 

B u i l d i n g  R e t r o f i t  

Not Used 
Not Used 

Heat Exchanger 

Engineer ing and Admin i s t ra t i on  

Each 1269 a0 

Each 0 a i  .53 

Each 4929 64 

0 .Ol 
0 .01 

0 Inpu t  

93.3 

0 .12 

See Table 8-6 

M 

M 

2.72 (=e) 6.08 P 
CT 
CT 

NB 

HTA 

CT 

.78 

M = Horsepower CT = P i p i n g  System C a p i t a l  Cost HTA = Heat T rans fe r  Areas 
NB = Number o f  B u i l d i n g s  Connected t o  the  System P = Pipe Diameter 



TABLE B-2. Operating 
Cost = a 

W 
I 

N 
-1 

Account 

1 

2 

3 

4 
5 

6 

7 
8 
9 

10 

11 

12 

13 

Component 

Operating 

Maintenance 

Pump Operation 

Meter Readers 

Not used 

Supplemental Heat 

Heat Exchanger 

I n t e r i m  Capital  Replacement 

Bond I n t e r e s t  

Gross Revenue Tax 

State Income Tax 

Federal Income Tax 

Property Tax and Insurance 

a b 

25,000 5 
-- 

500 .1 

+. 05 

6532 

25,000 2.1 

CSHEAT 

.02 

Input 

Input  

Input  

Input 

Input  

Input  

Cost Models 
+ b(x)st 

S t - - X 

NB 

CP 
CM 

HP*CKW*PF 
ETA 

NB 

SDD 
HEC 

CT 

UB 
REVENUE 

Revenue- ( i tems 1-9 above, and 
energy costs) 

Revenue- ( i  tems 1 - 11 above, and 
energy costs) 

CT 

NB = Number o f  Connected Bui ld ings CKW = Cost of E l e c t r i c i t y  ($/KwH) SDD = Supplemental Heat 
Requirements (MBtulyr) 

CP = Total  

CM = Total  

HP = Total  

Cost o f  Pumps 

Cost of Meters 

Hydrual ic Horsepower 

AD = Average Annual Heat Demand 

COP = Coe f f i c i en t  o f  Performance 

CSHEAT = Cost o f  Supplemental Heat 
( $/MBTU) 

HEC = Heat Exchanger Cap i ta l  Cost 
(MBTUIyr) 

CT = Total  D i s t r i b u t i o n  System 
Capital  Cost 

U B  = Amount of Unpaid Bonds 
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TABLE B-3. Valves and Carbon Stee l  F i t t i n g  

Nominal Pipe 
Diameter (meters) 

0.0254 

0.0381 
0.0508 
0.0635 
0.0762 
0.1016 
0.1524 
0.2032 
0.2540 
0.3048 
0.3556 
0.4064 
0.4572 
0.5080 

0.6096 

Cost/Fi  t t i n g  ( 8 )  
3 
3 
3 
4 
5 
9 

24 
41 
84 

109 
162 
227 
322 

433 
638 

Cost/Valve ($ )  

58 
70 
85 

118 
274 

375 
528 
776 

1276 
1687 
2535 
3802 
5052 
6740 

9678 

TABLE 8-4. S tee l  Casing F i t t i n g  

Nominal I n s i d e  Casing 
Diameter (meters) 

0.1614 
0:2122 
0.2662 
0.3170 

0.3488 
0.3996 

0.4504 
0.501 2 
0.5489 
0.5997 
0.6505 
0.6998 
0.7506 
0.8014 

0.8522 

0.9144 

C o s t / F i t t i n g  ($1 
145 
158 
189 
2 22 

238 
259 
295 
31 5 
340 
373 
406 
432 
43 6 

505 
550 

5 58 

B-13 
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TABLE B-5. PVC Casing Fitting 

Nominal Inside 
Casing Diameter (meters) Cost/Fitting ($) 

0.0762 
0.1016 
0.1143 
0.1270 
0.1 524 
0.1778 
0.2032 
0.2540 
0.3048 
0.3556 
0.4064 
0.4572 
0.5080 
0.6096 

Minimum Flow 
(GPM) 

0 
7 
30 
50 
100 
160 
360 
500 

TABLE B-6. Meter 

Maximum Flow 
(GPM) 

7 
30 
50 
100 
160 
360 
500 
1000 

27 
27 
35 
40 
40 
57 
76 
08 
43 
90 
247 
43 7 
591 
828 

E 

c 

Cost/Meter 

144 
209 
31 3 
608 
921 
2990 
4589 
9400 

0 

B-14 
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TABLE 8-7. Cost Factors  

Housing U n i t s  i n  D i s t r i c t  > 800 FACTOR 2 = 0.6 

Housing U n i t s  i n  D i s t r i c t  r 600 and I 800 FACTOR 2 = 0.75 
Housing U n i t s  i n  D i s t r i c t  > 400 and 5 600 FACTOR 2 = 0.85 
Housing U n i t s  i n  D i s t r i c t  > 200 and 2 400 FACTOR 2 = 0.95 

Housing U n i t s  i n  D i s t r i c t  5 200 FACTOR 2 = 1.00 

Length o f  Same Diameter P ipe i n  D i s t r i c t  2 4000 m FACTOR 1 = 0.85 
Length of Same Diameter Pipe i n  D i s t r i c t  2 2500 m and < 4000 m FACTOR 1 = 0.90 
Length of Same Diameter P ipe i n  D i s t r i c t  L 1000 m and < 2500 m FACTOR 1 = 0.95 

Length of Same Diameter Pipe i n  D i s t r i c t  < 1000 m FACTOR 1 = 1 .OO 

B-15 
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DESCRIPTION OF PREDEFINED RESIDENTIAL D I S T R I C T  TYPES 

FOR DEFAULT USE I N  GEOCITY 
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DESCRIPTION OF PREDEFINED RESIDENTIAL DISTRICT TYPES 

FOR DEFAULT USE I N  GEOCITY 

Many r e s i d e n t i a l  areas i n  t h e  Un i ted  States can be descr ibed by one o f  

f i v e  r e s i d e n t i a l  d i s t r i c t  types def ined i n  the GEOCITY model data base. 

These d i s t r i c t  types are: 

Suburban 

0 High d e n s i t y  s i n g l e  f a m i l y  

0 Garden apartments 

0 Townhouses 

0 Highr i s e  apartments. 

The d i s t r i c t  t ype  parameters o f  peak heat demand, ho t  water demand, 

densi ty ,  r e j e c t  temperature and d i v e r s i t y  f a c t o r  have been ca l cu la ted  f o r  

each o f  these d i s t r i c t  types. The user may use these d i s t r i c t  types as 

def ined or may mod i fy  one or more parameters as requ i red  through t h e  
NAMELIST i n p u t  data. 

Peak heat demand was ca l cu la ted  by des ign ing t y p i c a l  r e s i d e n t i a l  u n i t s  

f o r  each d i s t r i c t  t ype  and c a l c u l a t i n g  t h e  heat l oss  according t o  ASHRAE 
procedures assuming -5OF ou ts ide  temperature, 67OF i n s i d e  temperature 
and a 15 mph wind. F loo r  plans, dimensions and cons t ruc t i on  parameters f o r  

each o f  these d i s t r i c t  types are summarized i n  F igures C-1 through C-5. Hot 

water demand i s  based on t h e  number o f  res iden ts  i n  a t y p i c a l  b u i l d i n g  and 

ASHRAE design recommendations. 
recommended i n  var ious  p lann ing  books and zoning guides. 

parameters used by GEOCITY are a lso  summarized i n  Tables C-1 through C-5. 

Dens i ty  data are averages o f  the  values 
The d i s t r i c t  t ype  

c- 1 



FIGURE C-1 . Plan o f  Suburban Resi d e n t i  a1 House 
54 x 30 ft. Attached garage no t  shown. 

TABLE C-1. Design Bas 
House 54 x 

SUBURBAN RESIDEMIAL 

NUMBER OF STORIES - 1 

DIMENSIONS 

FLOOR f? 

EXTERIOR WALL AREA ft2 

GARAGE WALL AREA ft2 
n 

WINDOW GLASS f f  

DOOR AREA ft2 
n 

CEILING ftL 

STORY HEIGHT f? 

CONSTRUCT1 ON PARAMETERS 

s f o r  Suburban Resident 
30 f t  

1620 
918 (NET OF GLASS) 

240 

186 

2 1  

1620 

a 

FLOOR 

EXTERIOR WALLS 

MAPLE FIN1 SH FLOORING ON YELLOW PINE 
SUBFLOORI NG. 
BRICK VENEER, BUILDING PAPER, WOOD 
SHEATHING, STUDDING, METAL LATH, 
2 i n .  INSULATION 

METAL LATH AND PLASTER, 6 i n .  INSULATION CEILING 
WINDOWS DOUBLE-HUNG WOOD WINDOWS 

DISTRICT TYPE PARAMETERS 

PEAK HEAT DEMAND 

HOT WATER DEMAND 

DENSITY 

REJECT TEMPERATURE 

DIVERSITY FACTOR 

53.000 BTU I h r 

60 gallons /day 

2560 HOUSES /SO. MILES 

100 9 
0.7 2 

a1 

c- 2 
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FIGURE C-2. P lan for High D e n s i t y  S i n g l e  F a m i l y  Home 

TABLE C-2. Design Basis  fo r  High D e n s i t y  S i n g l e  F a m i l y  Home 

HIGH DENSITY 

NUMBER OF STOR I ES 1 

DIMENSIONS 

FLOOR f$ 

EXTERIOR WALLS f? 

WINDOW f? 
n 

DOOR f t  
CEILING f? 

STORY HEIGHT ft 

CON ST RUCT I ON PARAMETERS 

FLOOR 

EXTERIOR WALLS 

CEILING 

WINDOWS 

DISTRICT TYPE PARAMETERS 

PEAK HEAT DEMAND 

HOT WATER DEMAND 

DENSITY 

REJECT TEMPERATURE 

DIVERSITY FACTOR 

loo0 

865 

133 
42 

loo0 
8 

MAPLE FINISH FLOORING ON YELLOW 
PINE SUBFLOORING 

BRICK VENEER, BUILDING PAPER, 
WOOD SHEATHING, STUDDING, 
METAL LATH, 2 in. INSULATION 

METAL LATH AND PLASTER,6 in. 
INSULATION 

DOUBLE-HUNG WOOD WINDOWS 

34,OOO BTU I hr 

55 gallons /day 

4,480HOUSESISQ. MILE 

100% 

0.72 

c- 3 
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MASTER ' 

ROOM BEDROOM BEDROOM 

10' DINING KITCHEN BATH 
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FIGURE C-3. Plan f o r  Garden Apartment Uni t  

TABLE C-3. Design Basis f o r  Garden Apartment U n i t  

GARDEN APARTMENT 
NUMBER OF STORl ES - EACH APARTMENT I S ONE STORY AND 

I S  CONTAINED I N  A 2 STORY BUILDING 

DIMENSIONS 

FLOOR f? 

EXTERIOR WALLS f? 

WINDOWS ft 
DOOR ft 
CEl L l  NG 

STORY HEIGHT ft 

CONnRUCTlON PARAMETERS 

FLOOR 

EXTERIOR WALLS 

CEILING 

WINDOWS 

DISTRICT TYPE PARAMETERS 

PEAK HEAT DEMAND 

HOT WATER DEMAND 

DENSITY 

REJECT TEMPERATURE 

DIVERSITY FACTOR 

990 
6 17 

82 

2 1  

112 (990) FOR HEAT LOSS 

8 

MAPLE F I N I S H  FLOORING ON YELLOW 
PINE SUBFLOORING 

BRICK VENEER, BUILDING PAPER, 
WOOD SHEATHING, STUDDING, 
METAL LATH, 2 in. INSULATION 

METAL LATH AND PLASTER 6 in. 
INSULATION 

DOUBLE-HUNG WOOD WINDOWS 

1.38MBTUlhr  

3U30 gallons /day 

293 BUILDINGSISQ. MILE 

100 OF 

0.72 

c- 4 
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UTILITY 

BATH BEDROOM 

1st FLOOR 2nd FLOOR 

FIGURE C-4.  Plan for  Townhouse U n i t  

TABLE C-4.  Design Basis f o r  Townhouse U n i t  

ROW HOUSE 

NUMBER OF STORIES - 2 

DIMENSIONS 

FLOOR f? 

FLOOR f? 

506 (1st STORY) 

506 (2nd STORY) 

EXTERIOR WALL f? 582 

WINDOW ftL 

DOOR f? 

CEILING f? 

STORY HE1 GHT ft 

CONSTRUCTION PARAMETERS 

FLOOR 

EXTERIOR WALLS 

CEILING 

WINDOWS 

124 

2 1  

506 

a 

MAPLE FINISH FLOORING ON YELLOW 
P I  NE SU BFLOOR I NG 

BRICK VENEER, BUILDING PAPER, 
WOOD SHEATHING, STUDDING, 
METAL LATH, 2 in. INSULATION 

METAL LATH AND PLASTER, 6 in. 
INSULATION 

DOUBLE-HUNG WOOD WINDOWS 

DISTRICT TYPE PARAMETERS 

PEAK HEAT DEMAND 

HOT WATER DEMAND 

DENSITY 

0.9 MBTU I h r 

I515 gallons /day 

373 BUILDINGS I SQ. MILE 

REJECT TEMPERATURE 'loo OF 
DIVERSITY FACTOR 0.7 2 

c- 5 



KITCHEN 

FIGURE C-5. Plan for  High R ise  Apartment Uni t  
E igh t  Apartments per Floor 

TABLE C-5. Design Basis f o r  High Rise Apartment U n i t  

H I G H  RISE APARTMENT 

NUMBER OF STORIES - EACH APARTMENT IS ONE STORY 
AND I S CONTAINED I N  A 9  STORY 
BU I LDI NG. 

DIMENSIONS 
FLOOR f? 780 

WINDOWS It2 78 

DOOR f? 2 1  

STORY HEIGHT ft 8 

EXTERIOR WALL f$ 370 

ROOF f$ 119 (780) FOR HEAT LOSS 

CONSTRUCTION PARAMETERS 

EXTERIOR WALLS BRICK VENEER, BUILDING PAPER, WOOD 
SHEATHING, STUDDING, METAL IAM, 
2 in. INSULATION 

METAL LATH AND PLASTER, 6 in. 
INSULATION 

CEILING 

WINDOWS DOUBLE-HUNG WOOD WINDOWS 

DISTRICT TYPE PARAMETERS 

PEAK HEAT DEMAND 

HOT WATER DEMAND 

DENSITY 

REJECT TEMPERATURE ' lMoF 
DIVERSITY FACTOR 0.7 2 

1.73 MBTU 1 h r 
5400 gallons /day 

385 BUILDINGS I SQ. MILES 

C-6 
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APPENDIX D 

DIMENSIONAL RESTRICTIONS ON INPUT DATA 

The economic ar rays beginning w i t h  CAP and ending w i t h  TAXCR i n  t h e  
blank common a r r a y  CCC (COM11 i n  the  code) are dimensioned by 50 t o  a l l ow  
the  r e s e r v o i r  and d i s t r i b u t i o n  system l i f e t i m e  t o  be s imulated up t o  

50 years. 

The d i s t r i c t  t ype  arrays de f ined i n  Sec t ion  3.4.2.1 are dimensioned by 
8 i n  l abe led  common DHEAT (COM13 i n  the  code) t o  accommodate up t o  
8 d i s t r i c t  types i n  the  d i s t r i b u t i o n  system. The d i s t r i c t  d e f i n i t i o n  ar rays  

de f ined i n  Sec t ion  3.4.2.2 are dimensioned by 20 i n  l abe led  common DHEAT 
(COM13 i n  the  code) t o  a l l ow  up t o  20 d i s t r i c t s  i n  the  d i s t r i b u t i o n  system. 

The t ransmiss ion nodal ar rays beginning w i t h  NODE and ending w i t h  EWH 

i n  subrout ine  TRANS, which are used i n  modeling the  f l u i d  conduct ion and 

degradat ion i n  the  f l u i d  t ransmiss ion submodel, are dimensioned 25x25 t o  

accommodate a maximum we l l  f i e l d  s i z e  o f  625 wel ls .  

s torage i s  used and no economical ly  v i a b l e  d i s t r i c t  heat ing  system i s  l i k e l y  

t o  r e q u i r e  625 we l ls ,  these dimensions cou ld  be reduced t o  20x20 or  15x15 i f  

memory s i z e  i s  a problem a t  t he  use r ' s  computing f a c i l i t i e s .  

Since no dynamic 

The t ransmiss ion nodal ar rays are c u r r e n t l y  equivalenced t o  

9475 decimal l o c a t i o n s  i n  the  blank common a r ray  CCC (COM10 i n  subrout ine  
TRANS). A s e t  o f  economic ar rays  beginning w i t h  CAP and ending w i t h  TAXCR, 

which are used i n  the  r e s e r v o i r  and d i s t r i b u t i o n  economic submodels, are 
equivalenced t o  the  f i r s t  7050 decimal l o c a t i o n s  i n  the  b lank common a r ray  

CCC (COM11 i n  subrout ine  LOAD). The t ransmiss ion nodal and economic ar rays 

are pe rm i t ted  t o  share the  same l o c a t i o n s  i n  blank common t o  conserve 

memory, s ince  they  are requ i red  a t  d i f f e r e n t  t imes dur ing  t h e  program 

execut ion and need no t  be saved. A reduc t i on  i n  t h e  dimension o f  t h e  w e l l  
f i e l d  t o  15x15 (225 w e l l s )  would permi t  equiva lenc ing the  t ransmiss ion nodal 

ar rays t o  the  f i r s t  3390 decimal l o c a t i o n s  i n  the  a r r a y  CCC. The dimension 

o f  t h e  CCC a r ray  cou ld  then be reduced t o  7050 decimal, t h e  maximum s i z e  

based upon the  economic arrays.  The r e s u l t  would be a reduc t i on  i n  memory 

D- 1 



arrays t o  the f i r s t  3390 decimal locat ions i n  the array CCC. 
o f  the CCC array could then be reduced t o  7050 decimal, the maximum s i ze  
based upon the economic arrays. The r e s u l t  would be a reduct ion i n  memory 
requirements o f  2425 decimal (4571 o c t a l )  words. The fo l l ow ing  changes 
would also be necessary i n  the code: 

The dimension 

1) 
2) 
3) 

Reset MD and KD t o  15 i n  subroutine DGHEAT 
Reset NDUP used i n  subroutine TRANS t o  15 i n  BLOCK DATA 
Change the FORTRAN statement, CALL CLEAR [CCC(1276),MK], t o  read 
CALL CLEAR [CCC(466),M] i n  subroutine TSTART. 

D-2 
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P I S T R I C T  H E A T I Q G  SYSTEM W I T H  SRANCHING M A I N S  FOR A K U W E V R I ~ I C E L A W ~  

GFOlHFPHAl  * E L L  ANn F L U I D  TRANSMISSION INPUT DATA 

\ 



3 7 1  COMPRFSSED 0 . 0 0 0 0  i n o .  o.ooo 1 9 4 , 0 0 0  20.337 1 0 . 1 6 8  i 6 2 . 0 7 ~ 1  i o .  6 .846  R 3.1100 
3 7 7  C @ r P R E S S F f i  0.0000 100.  , 0 1 7  1 0 3 . 8 8 7  20.337 1 0 , 1 4 3  161.960 10 .  6 .846  8 3 . 0 0 0  
3 7 1  COVPRESSFD s . o n n o  i o n .  ,012 1 9 3 . ~ 8 2  20.337 1 0 . 1 4 3  161.960 10 .  h.Y46 8 3 .000  

3 .000  
3 I 7  CflMPRFSSE@ 0.0000 1 0 0 .  .niz 1 9 3 . 7 6 4  20.337 10 .110  1 6 1 , 8 4 1  10 .  6 .846  R 3 . C O O  
3 1 7  COrPPESSECI  o.00nn i o n .  .017  1 9 3 . 7 6 4  20.337 10 .118  161.841 10. 6.846 8 3.000 

0.000 193.RR7 2 0 . 3 3 1  1 0 . 1 4 3  161.960 10 .  6 .846  6 7 1 1  COVPPESSED n.000o 1 0 0 .  

7 : n  C n r P R E S S E D  n.JLIOF i o n .  . 0 1 1  1 9 3 . ~ 8 7  20 ,337  1 0 . 1 4 3  1 6 1 . 9 6 0  10 .  6 . 8 4 6  8 3 . 0 0 0  

7 I I u COWPRFSSFD ~ . o o n ~  ? o n .  n.noo 1 9 2 , 8 2 3  20.337 10 .130  l6l.YOO 10.  9 .387  1 0  3 . 0 0 0  
7 I ?  C n V P R E S S E D  0 . 0 0 O f I  7 0 0 .  , 0 1 6  193.752 20.337 1 0 . 1 1 5  161.82Y 10. 9.387 1 0  3 . C O O  

m 
I 
N 

3 . 0 0 0  . n i 7  1 9 3 . ~ ~ 7  20.337 10.143 161.960 10 .  6 .846  1 ’ 1 ?  C n r P D F S S E n  n.OOOn 100.  

1 1 v COuf’DESSCir n . O O O [ ,  700. C.000 193.941 20.337 10 .156  1 6 2 . 0 1 9  10. 9 . 3 6 7  1 0  3.000 
1 ’ 7  C n v P P F  S S E  0 n . 0 0 0 n 7 0 0 .  .o14  193,8711 20.337 10 .141  161.948 i o .  9 .387  I O  3.l:OO 

1 1 1 v C O r P P F S S E D  0 . 0 0 0 n  400. o.oon 1 9 3 . ~ 1 1  20.!37 10.128 161.889 1 0 -  12.874 14  3 . 0 0 0  
1 1 7  COMPPFSSED n.000n 400.  . 01R 192.045 20.337 9 .756  1 6 0 . 1 1 6  10 .  12,874 1 4  3 . U O O  
1 1 -  C n r P a E S S E O  o.00o7 400.  - 0 1 8  1 9 2 , 0 4 5  20.337 9.756 1 6 0 . 1 1 6  10 .  12.874 1 4  3 . 0 0 0  
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T R A N ~ S P I S S I O N  D E S I G N ,  T H E R M O O Y Y A M I C S ,   AN^ C O S T  

l I N F C I  U u R E P 1 ( W A T k R )  

INLET TEMPEPATllPE INTO L I N E  1.940000E+02 f F )  

I V L F T  FNTHALPV 1'410 LINE 
rlllURER OF T Q ~ N S M I S S I O N  L I N E S  INTO CENTER 

IWLFT PRECSURF I N T O  LINE 2.033686€*01 i P S I A )  

Nt'URER OF PROPl lCIW WFLLS 4 (WELLS) 

ACTUAL CELL FLOW R A T E  9.999995E.01 IL~~ISEC 
FFFECTTVE WELL SPACTNG 2 .1000OOE*01  f A C R L S )  
P l P E  LCNGTH RFTWEEFI WELL NODFS 1.132585E*02 ( M ~ T ~ R S )  

1.6207@4E*02 iETU/LB)  
1 ( L I N t l  

NLIUPER OF D R Y  YELLS 0 (W€LLS) 

~ F L L F I E L D  ~ F S I G N  L A T T I C E  W I T H  A C T I V E  W E L L S  N U Y B E P E O  

CENTER CnL 1 * MANIFOLD NODES, OTHER COLS a YELL NODES 

n 1 1  

0 2 0  

0 4 0  

N I I Y n F R  P F  U P S I P F A Y  Y k L L S  F L O W I N G  I N T O  E A L H  N O D E  

CFNTEA CnL 1 = r4NIFOLD kOIIES, OTHFP COLS I WELL NODES 

4 2 1  

2 1 0  

1 1 0  

I N I T I A L  W F L L H E A ~  C O N D I T I O N S  

TrMPEDbTlJDF (F1 CnL 1 * MANIFOLD NODfS, n T H E ~  COLS * WELL NOnES 

COL 1 cnL 2 COL 3 
i . ~ r n o o o E * n 2  1.940000E*02 DCC 1 0. 

DOW ? 0 .  I.lbflOOOE*02 0.  
Rnn 7 n. 1.04finnoE*OZ 0. 

FEESSlJQC f P ~ I A 1  

COL 1 C9L 2 COL 3 
Den 1 0. 7 . 0 3 3 6 n 6 E * o i  2.033686E+01 
POW 9 0. 2 .033686E*Ol  0. 
DOY 1 0. ?.033686E*01 0.  

COL 2 
6 * 0 ? 5 2 0 0 E  * 0 1  

6 025200E 0 1 
h.O2520OE*nl  

COL 3 
2.09Z038E-04 
0. 
0. 

, COL 3 
6 . 0 2 5 2 0 0 € * 0  1 
0. 
0.  
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N O O ~ L  E X I T  C O N D I T I O N S  A F T E R  D E G R A D A T I O N  A N D  M I X I N G  

T F M P E R ~ T U P E  ( F l  COL 1 8 M A N T F O L O  NODES. OTHER C O L S  8 WELL NOOES 

COL 2 
2.092A25E-04 

2 .092038E-04 
2. 092n38~-04 

COL 2 
6 . 0 2 5 3 3 9 E * 0 1  
6 .U25200E*01 
6.oZsZOOE*01 

COL 1 COL 2 
now I 3 . o o n n o o ~ ~ o o  ~ . O O O O O O E * O O  

POW 3 3 . 0 0 0 0 0 0 F * 0 0  3.00nOOO~*OO 
ROU 7 3 . 0 0 0 0 0 0 E * 0 0  3 . 0 0 0 0 0 0 E * 0 0  

COL 3 
1 . 9 4 0 0 0 0 E * 0 2  
0.  
0 .  

COL 3 
2 . 0 3 3 6 8 6 E * 0 1  
0.  
0 .  

COL 3 
2 .092038E-06 
0 .  
0 .  

COL 3 
6 . 0 2 5 2 0 0 E * 0 1  
0 .  
0 .  

COL 3 
6 , 8 4 6 0 8 ? E * 0 0  
0. 
0. 

COL 3 
3 . 0 0 0 0 0 0 E * 0 0  
0.  
0. 
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S'E 00.E 

0.0 
s.2 
S'2 
5.2 
s-2 
5.2 

5'2 

(NI 1 
1CISNI 

00'1 
00'1 
00.1 
00.1: 
00.1 
00.1 

IL'SLC 

UU'U 
58'6 
EE*W 
OE'LZ 
SL'22 
19'LI 
8b'EI 
6b.b 
$1'91 

cn I 
W 



- 1  HlV. .1  
.1 8 .1 4 .  

4 2. .2  .1 
20 .1 1 0 .  .2 

.o 7. .I 

5 1 . 9  1638 1.0 5‘378 
qna 1 .4  1.5 

2.n 
7 . 5  
3 . p  794  1 12.5 

404 1.” 
? 0 2 0  6 . 8  

14 

TOTAL SYcTFM CAPlTAL C O S T  1123.43  

INSUL CASING 
COST COST 

SX1000 SXlOOO 

98.! 513.6 
1 .b 12.9 

3 . 0  31.3 
4.7 56.2 

.6 6.3 

_---- ------ 
108.5 620.2 

NUMtIES EXP LOOP 
OF t X P  COST 

LOOPS s x l o o o  

1 9 4  23.6 
2 1 .* 
1 .T 
6 3.9 
9 7.2 

------ 
36.7 



n I S T R I R I I T l O N  SVSTFM OF DISTRICT 2 SINGLE P I P E  S Y S T E M  

HO(l5.F O ~ C C Q I P T l O ~ I  
FLOYPATF HFAT LOSS TEMPfRATUHE ( F I  HEAD LOSS 

tLR/SFCI  ( R T U / S F C )  SUPPLY YETllRN f €ET 

. 7  

1.4 
2.8 
4.F 
4.9 

3 . 0  
1 0 . 1  
11.2 

3 4 . 4  

-.l 191. 

-1.5 191. 
-1.7 191. 

19.2. 
-I*' 0.n 192. 

-3.1 192. 
-3.6 192. 
-2.4 192. 

-27.9 192. 

113.  4 .55  

.... 9.02 .... n.83 

.... 4.19 .... 0.00 

e... 9.26 .... 10.85 .... 3.94 

.... 110.10  

NOM I N I L  
D IAM I I N )  

1.00  

1.00 
1 .50 
1 .so 
1 .so 

1 .50  
2.50 
3.00 

4.00  

INSUL 
(IN1 

2.5 

2.5 
3.0 
3.0 
2.5 

3.5 
3.5 
2.5 

3.5 
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D T S T c T C T  HEATING SVSTFM WITH HRANCHING M A I N S  FOR A K U H E V I t I ~ I C E L A N @  

n I S T R I R U T I C + N  SYSTEM OF D I S T R I C T  3 S INGLE DlPF SVSTEM 

HOLJSE @F<CRIPT?ON 
FLOWRAT€ HEAT LOSS TEMpERATURt ( F l  HEA@ LOSS NOMINAL lNSUL 

t L R / S F C )  i R T U / S E C )  SUPPLY WETURN FEET D I A M ( I N )  [IN) 

H"USF .7 -. 1 191. 113. 4.55 1.00 2.5 

<TREFT D F S C R l F T I n N  
< T R E E 1  ~ O l I ~ F  

1 1 1.4 -1.5 191. a m * *  9.02 1.00 2.5 
1.50 3.0 

191. * e * *  4.71 1.50 2.0 
2 2.8 -1.1 191. ..e* 4.19 
1 4.7 -1 .o 

C A T E D ~ L  PFSCRIPTION 
L ATFRhL 5TCEFT 

1 1 
2 
3 
4 
5 

h 
7 
A 
0 

13.6 
19.7 
2s .8 
3 1  .A  
37.9 
44.0 
47.0 

2-59 
14.94 
18.84 
9.42 
15.43 
6.36 

11.52 
0.00 

n.7~ 

1 .so 3.5 
2.00 3.5 
2.50 3.5 
3.00 3.5 
3.00 J .5 
4 . 0 0  3.5 
4.00  3.5 

4.00 3.5 
4.00  3.5 

94.0 -36.0 192. * * a *  326.93 4.00 3.5 



rn 
I 
--I 

P 

P I O F  P I P F   PIP^ hiUtIRCR FTNGS NUMBER VALVE 

( l * I l  r x l n n n  F T N ~ S  s x l n o n  VALVES S X I O O O  
S I t E  tLI 'J.FT1 ~ O S T  OF COST OF COST 

1 . 0  1 4 7 3 1  17.7 434 1.1 217.  1.9 
1 .5 SO13 1 . 4  132 .1 66. .2 

3PS 1 .o 4 . 1  2. .2 
3R5 1 .3  4 . I  2 .  . 3  

3.n 77 1 1.3 8 .1 4. 1.1 
4.0 l b 3 5  16.1 1 8  9 1  9. .9 

7.F 
2.c 

INSUL CASING 
COST COST 

8 x 1 0 0 0  SX1000 

4. 5 0 . 3  

NUMMER EXP LOOP 
OF t X P  COST 

LOOPS SXlOOU 

47 2.9 
16 6.3 

2 1.9 
8 7.5 

1 . r  
1 . r  

TRENCH LIN.FT.  
COST COST 

SxlOoo ( S I F T )  

42 .7  14.77 
19.4 19.70 

1.9 2 6 . 9 b  
1.9 28.70 
6 . 5  34.79 

15.3 36 .04  

----- 
85.7 19.30 



HFATlNG S V S T F Y  U I T H  H R A h C H I N G  M A I N S  FOR A K U R E Y W I r I C E L A N O  

O I S T R I U I J T T O N  S v S T F M  OF D I S T R I C T  4 S I N b L E  P I P F  S v S T E M  

P T I O N  
F L O U P A T F  H E A T  L O S S  TEMPERATURE LF) MEA0 LOSS 

t L B / S F C )  t R T U / S F C l  S U P P L Y  Yt f lJWhl  FFFT 

.1 -.l 188. 113. 2.98 

.2 -1 .6 189. a * * *  

-1.6 190. * e * *  .4 
- 6  -1 -6 190. * * o m  
.9 -1.6 190. 0 8 . 8  

1.1 -1.6 191. ***. 
1.3 -1.6 191. * * * *  
1.5 -1 .h  191. *.** 
1.7 -1  . h  191. .... 
1.9 - 1  . h  191. * n o *  
7.2 - . R  191. * - * *  

1.0 

7.3 
10.4 
13.5 
16.6 
19.7 

4.1 

39.5  

-2.e 191. e... 
-3.3 191. 08.. 

192. * * o w  

- 3 . 0  192. . a * .  
-4.2 192. 0 . 8 .  

-2.5 192. * * * *  

-3*7 -3 .u  192, .... 

-41.1 192. a * * *  

- 3 0  

2.28 
'3.88 
5 085 

10 . A 6  

1 .ne 

n.in 
13.8@ 
17.24 
1 1  .Ol 

NOM I N A L  
D I A M ( I N )  

1.00 

1 .oo 
1 .oo 
1 .oo 
1 .no 
1 .oo 
1 .on 
1 .oo 
1 .oo 
1.00 
1 .oo 

I N S U L  
(1n1 

2.5 

2.5 
2.5 

2.5 
2.5 

2 -5  
2.5 
2.5 

2.5 
2 e 5  

2.5 

10.09 1.00 3.5 
1 - 5 0  3.5 17.13 
2.00 3.5 16-39 
2.50 3.5 
2.50 3.5 19.28 
3.00 3.5 7.18 3 - 0 0  2.5 

5029 

1 1  .ne 

6 . 0 0  3.5 76.17 



D I S T R I C T  HEATING S Y S T E M  W I T H  R H A N C H I N G  M A I N S  FOR A K u R F Y R I ~ I C E L A N O  

O I S T Q I C T  4 C A P I T A L  C O S T S  AN0 H A T E R I A L  R E P U I W M E N T S  

1.0 55332 4 9 . 3  1 4 9 4  r l  747. ,I 93.2 486.2  184 22.0 166.2 14.77 
1 .s 4 0 4  . I  4 .1 2. .1 .H 6.5 1 .7 2.0 2 6 . ~ 6  

8 .1 4. .? 1 .z  12.5 i? 1 e 6  4.1 21.hS 
2.n 
2.5 808 

6.0 1 3 1 6  11.3 2 .1 1. 1.1 3 . 0  34.6  4 6 .  9.4 51.53 

4 0 4  1 . o  4 . I  2 .  .2 .b 6.3 1 .I 2.0 26 .~32  

6 0 6  2.6 8 . 1  6. .e  .y 10.2 ? . I  2 1 .3  3.2 31-29  3 .  n 

T O T A L  SYZTFH C A P I T A L  COST IOl7.fT 



F T S T p l C T  H(EAT1NG SYSTEM W I T H  RRANCHING MAINS FOR AKUREYRIIICELAND 

DISTRIBlJT I tyN SYSTEM OF OlSTRICT 5 SINGLE P I P E  SYSTEM 

, 1  1 .5 
2 7 e 6  
3 11.1 

WEAT LOSS 
IBTU/SEC I 

-. 1 

-1.5 
-1.7 
-1.7 

0 .0  

-3.1 
-3.5 

0 .0  

-18.4 

TEMPERATURE IF1 
SUPPLY RETURN 

191. 113. 

192. * * * *  

HEA@ LOSS 
FEET 

4.55 

9.02 
4.19 

0 . 0 0  
8.133 

.34 
16.94 

0 , O O  

2 2 3 . ~ 3  

NOMINAL 
O I A M I  I N 1  

1 . O O  

1 , O O  
1 .so 
1 .so 
1 .so 

1 .50 
2.00 
2 .00  

2.50 

INSUL 
I I N I  

2.5 

2.5 
3 . 0  
3 . 0  
2.5 

1 

3.5 
3.5 
1;s 

3.5 



O I q T P T C T  H F A T I N G  < V S f t M  WITH R R A N c H I N G  MAINS F O R  A K U R F Y R I . I C E L A ~ ~  

DISTPIfT 5 CAPITAL COSTS A N I )  MATFRIAL P F Q U I W M E N T S  

rn 

03 
I 
d 

p l * F  P I O F  P I P F  W H R F R  F T M S  PIUMHER VALVF I N S U L  CASING 

( I * )  t x l o n o  F T N b S  I x l O O n  VALVES SX1000  SXlOOU S X 1 0 0 0  
S l 7 ~  ( L l k . F T l  C O t T  OF cos7 OF COST COST COST 

1 .o 3122 3.4  104  . 3  
1 .q 192a 3 .4  5 2  .1 
2.n 3ns 1.0 8 . 1  
2.5  Q8? 1.3 2 .o 

1 1  .oy 
i i . r 7  
~ 0 . 3 1  

. 4 7  
6 . 1 3  

ZbmTA 
1.01 
0.34 
0.00 
Z .06  

TOTAL S Y S T E M  C A P I T A L  COST 145.93 

6. ITHOUSANDI 
2. i l H o u S A Y o i  

NkIMtltR EXP LOOP 
OF t X P  COST 

LOOPS s x 1 0 0 0  

1 1  .b 
6 2.7 
1 . r  
3 1.9 ------ 

6 . 1  
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b l S T 6 I C T  HEATlNG SYSTEM UIlH BRANCHING MAINS FOR A ~ U R E Y R I ~ I C E L A N D  

DISTRIPUTTON SYSTEM OF D I S T R I C T  6 SINGLE P I P E  SYSTEM 

HOUSE DEsCRlPTION 
FLOURATF HEAT cnss 

Hf'USF 

sTREET DF5CRIPTrnN 
STREET HOIISF 

1 1 
7 
3 
4 
5 
h 
7 

I ATERAL n F S c P I P T I n h  
LATEPAL STOEFT 

1 1 
7 
3 

.7 

.4 

.6 
.9 

1.1 
1.3 
1.4 

.* 
2.4 
4 . 4  
6 - 5  
8.5 

10.5  
12.6 
14.6 
16.6 
1R.6 
20.7 
22.7 
24.7 

-1 .h 
-1.6 
-1.6 
-1.6 
-1.6 
-1.6 

0.0 

-2.8 
-2.8 
- 3 . 3  
-3.7 
-3.0 
-3.R 
- 3  .R 
-3 .0  
-4.2 
-4.2 
-4 .E 
-4.7 
-2.7 

49.4 -128.2 

TEMPERATURE (F) 
SUPPLY 

188. 

189, 
1RY.  
190, 
190. 
190. 
190. 
191. 

191. 

191. 
191. 

192. 
192. 
192. 
192. 
192. 
192. 

191. 

191. 

192. 
192. 

192. 

RETURN 

113. 

* * * a  
8 . 8 .  

8 . 8 .  

e... 
8 . 8 .  .... ... 0 

...I .... 
8 0 . 8  .... 
...a .... 
0 8 . 8  .... 
I... .... 
8 . 8 .  

0 . 8 .  .... 
.... 

HEAD LOSS 
FEET 

2.90 

e 3 0  
1.08 
e .28 
3.88 
5.85 

0 . 0 0  
n.18 

1 .74  
49.91 
19.58 
11 e 6 7  

Re24 
17.21 

22.25 
7.18 
8.81 

12.14 
2.28 

16.89 

10.13 

91R.36 

NOMINAL 
DIAMtIh) 

1 .oo 

1.00 
1.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

1 .oo 
1 .oo 
1 .so 
2.00 
2.50 
2.50 
2 .so 
2.50 
3 . 0 0  
3.00  
3.00 
3.00 
4.00 

6 . 0 0  

INSUC 
(1n1 

2.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3 .5 
3.5 
3.5 
3.5 
3.0 

3.5 
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DISTRICT HEATIN0 SYSTEM WITM BRANCHING MAINS FOR AKuREYRI,ICELAND 

DISTRICT 6 CLPITAL COSTS AND MATERIAL REQUIREMENTS 

PIPE PIP€ PIPE NUMBER FTNGS NUMBER VALVE INSUL CASING NUMBER EXP LOOP TRENCH LIN.FT. 
SI7F  (LIN.FT) COqT OF COST OF COST COST COST OF EXP COST cos1 COST 
( I k ‘ l  SxlooO FTNGS 5 x 1 0 0 0  VALVES SXlOoo sX1000 S x l o o o  LOOPS SxlOOU 5x1000 O / F T l  

1.0 6WA2 67.2 1 9 4 6  r o  973. 132 28.1 210.1 14.79 
1.5 4 0 4  .I 4 .1 2. .1 .a 6.5 1 .* 2.0 26.00 

4 .1 2. .2 .6 6 . 3  1 .I 
5 3.1 8.1 21.44 

2 . 0  404 1.0 
1616 5.4 1 6  .1 8. .2 2.4 25.0 
I C 1 6  *.9 1 6  .1 8 .  .A 2.6 30.9 5 4 . 0  9.4 33.78 

2.5 
3.0 
4 . 0  

.1 118.1 614.8 

2.0 26.15 

7172 1.2 b .1 2. .9 . 3  3.1 0 .5 1.0 35.32 
6 . 0  01 02 30.9 2 .1 1. 1.0 8.9  102.5 1 3  11.9 28.0 4 0 . 3 4  

C O S T  1437.22 



DISTQICT HEATING SYSTFM WITH BRANCHING MAINS FOR AKUREVRI,ICELAND 

DISTRIBUTION SYSTEM OF D I S T R I C T  7 SINGLE P I P E  SYSTEM 

HOUSE D€<CQIPllON 
FLOWRATE HEAT LOSS 

1 1 
2 

.2 

.b 

.6 

.9 

.4 
1.6 
2.9 

5.4 
6 . 6  
7 .9 
9.1 

10.4 
11.6 

14.1 
15.4 
16.6 

4.1 

12.9 

-1.6 
-1.6 
-1.6 

-2 .8  
-2  .e 
-2 .8  
-3.3 
-3.3 
-3.7 
-3 .? 
- 3 . 8  
-3.8 
-3 .a 
-3.R 
-3  .R 
-3.8 
-2 .s 

33.2 -2R.9 

TEMPERATURE ( F )  
SUPPLY RETURN 

1A8. 

189, 
190. 
190. 
190. 

190. 
191. 
191. 
191. 
191, 
191. 
191. 
192. 
192. 
192. 
192. 
192. 
192. 
1 9 2 .  

192. 

113. 

.... 
8 8 . .  .... 
a*.. 

8 . 8 .  .... .... *... 
L... 

*..a .... 
8 . 8 .  ...* 
I... .... .... 
.*.* .*.. 
.... 

HEAD L n s s  
FEET 

2.98 

e 3 0  
1.08 

2.06 
2 . 2 ~  

1.74 
24.37 
69.11 
17.13 
27.83 
17.19 
16.75 
9.39 

11 .R8 
14.05 
17.67 
20.95 
24 48 

3 .A5 

A.48 

NOMINAL 
O I A M ( I N i  

1 .oo 

1 .oo 
1 .oo 
1 .oo 
1 .oo 

1 ,oo 
1 .oo 
1 .00  
1 .SO 
1.50 
2.00 
2.00 
2 .50 
2 .SO 
2 .50 
2 .50 
2.50 
2.50 
3 .00  

1 0 . 0 0  

INSUL 
I I N )  

2 .5  

2.5 
2.5 

2 .5  
2 .5  

3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3 .5 
3 .5 
3.5 
3.5 
2.5 

3.5 
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D l S T R I C T  HEATrNO SYSTEM W I T H  RRANCHING MAINS FOC) AKURFVRI.ICELANO 

DISTRICT T CAPTTAL COSTS A N D  M A T E R I A L  R E D u ~ R E M E W S  

PTPF P l P F  P I P F  NUMBER FTNGS NUMOER VALVE 

( I N )  SXlOOO FTNGS SXlOOO VALVES SI1000 
S I 7 F  1CIN.FT) COCT OF COST OF COST 

1.0 465173 41.4 1280 .1 h40. e1 
1.c BOA 1 .* 8 . I  4. . 1  

PO8 2 . 0  8 . I  4. .2 
24 .1 12. .2 

2.0 

4 .1 2. .R 
2.9 
3.0 202 

10.0 654 17.9 2 .2 1. 2.1 

2424 R.2 
.Y 

P I P I N G  SvSTEMlSX1000.I  

P I P F  66.1? 
T N S I I L A T I ~ N  17  67 
CASING 501.32 
F I T T I N G S  . 5T  
EXPMSTON LOOP 32.lU 
TRC.ICH 107.25 
VALVES 3.517 
u E w s  52.14 
HE41 Pl l l rp o.on 
PUMP 9.04 

TOTAL S V s T E M  CAPITAL COST 920.40 

INSUL 
COST 

$ x l o o o  

1 0 . 7  

1 .z 
3.6 
.z 

2.4 

1.5 

----- 
R T . 7  

CASING 
COST 

S X 1 0 0 0  

410.8 
12.9 
12.5 
3T.5 

2.4 
25.2 

------ 
501.3 

NUMUER 
OF FXP 

LOOPS 

155 
2 
2 
8 
0 
2 

EXP LOOP 
COST 

S X l O O O  

!0.5 
1.4 
1.4 
4.7 

.? 
5.8 

32.2 

TRENCH 
COST 

8 x 1 0 0 0  

140.2 

4.1 
12.2 

.9 
5.9 

16'.3 

4.1 

------ 



rn 
I 
N 
w 

unUSf 

STREET DFSCFlPTION 
S I R E F T  WOlISF 

1 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 

L A l f P A L  DFSCRIPTION 
LATEPAL STPEET 

1 1 
2 

. I  -.l 

.2 -1.6 

.4 -1.6 
- 6  -1.6 
.9 -1.6 

1.1 -1.6 
1.3 -1.6 
1.5 -1.6 
1.7 -1.6 
1.9 - 1  - 6  
2.2 -1.6 
2.4 -1 - 6  
2 e 5  0.0 

1.2 -2.8 
4 .e -3.3 
8.4 -3 .O 

12.0 -3.8 
15.6 -3,8 
19.2 -4.2 
22.8 -4.2 
26.4 -4.2 
29.9 -4.9 
33.5 -4 .P 
37.1 -4.9 
40.7 -4.9 
42.5 0.0 

8S.O -223.4 

TEMPERATURE ( F I  
SUPPiY 

188. 

189. 
190. 
190. 

190.  
190. 

190.  

191. 
191. 
191. 
191.  
191.  
191. 

191,  
191.  
191.  
191.  
191. 
191. 
191. 
191, 
191.  
191.  
191. 
191. 
191. 

191.  

WETURN 

113. 

.00k .... 
e... 
...e .... ..*. 
...e .... 
.a* .  .... .... .... 
...a .... .... .... 
e... .... .... 
a*.. 
0 0 . .  .... .... .... .... 
...* 

HEAP L o s s  
FFET 

Z.9R 

.'30 
1.08 
7.28 
3.88  
5.135 
A.18 

10.86 
13.88 

20.93 
24.94 

0 .00  

17.24 

14.78 
22.r)b 

8 .10  
15.56 
25.17 

9.36 
12.83 
16.79 
5.93 
7.30 
8 . 8 0  

10.43 
0 .00  

1 bb? ,53 

NOMINAL 
D I A M l I t J l  

1 .oo 

1 . o o  
1.00 
1 . o o  
1 .oo 

1 . o o  
1 .OO 
1 . o o  
1 .oo 
L .oo 
1 .oo 
1 ,oo 

1.00  

1 .oo 
1 .so 
2.50 
2.50 
2.50 
3.00 
3.00 
3.00 
6 . 0 0  
4 . 0 0  
4.00  
4.00 
4.00 

4 . 0 0  

INSUL 
O N )  

2.5 

2.5 
2.5 
2.5 
2 e 5  
2.5 
2.5 
2.5 
2.5 
2.5 
2 e 5  
2.5 
0.0 

3.5 
3 e 5  
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

3.5 





PISTRICT HEATING SYSTEM WITH RRANCHING MAINS FOR AKUREYRIIICELAND 

DESCDIPTYON OF MAINS SERVING THE DISTRICTS 

PAIN 
Yll lrBEO 

1 

2 

3 

4 

FLOURATE 
tLH/SEci 

41.2 
34.4 
49.4 
33.2 

94.0 
39.5 

72.2 

8 5 . 0  

HEAT Lnss 
(BTU/SEC) 

-46.1 

-128.2 
-27.9 

-2R.9 

-36.0 
-41.1 

-18.4 

-223.4 

TEMPERATURE I F )  
SUPPLY RETURN 

192. * * * *  

191. *..* 

HEAD LOSS 
FEET 

375.71 
170.10 
91A.34 

R . 4 0  

326.93 
76.17 

223.83 

1667.53 

NOMINAL 
D I A M I I N )  

3.00 
4.00 
6.00 

10.00 

4 . 0 0  
6.00 

2.50 

*.on 

INSUL 
( I N )  

3.5 
3.5 
3.5 
3.5 

3.5 
3.5 

3.5 

3.5 

CUMULATlVE 
FLOWRATE 

ILB/SCC) 

41.2 
75.5 

280.7 
313.9 

94.0 
133.5 

22.2 

85.0 



rn 
I 
N m 

PIPE 
S I 7 E  
( I t ' )  

1 .n 
1.5 
2.n 
2.5 
3 . 0  
4.0 
6.0 

10.0 

P I P E  P I P E  W M R t R  FTNGS NUMHER 

% x l n o o  FTNGS I x l O O O  VALVLS 
t L I N . F l )  C O z T  OF COST OF 

1 0 3 6 2  
26 4 
32 
9 0  
66 
46 

4 
2 

91. 
32. 
16. 
45. 
33.  
23. 
2. 
1. 

VALVC 
COST 

S X l O O O  

3.4 
1.7 
1.1 
1 .7 
5.R 
3 0 4  
2.1 
2.1 

20.7 
----- 

5 1 7 . 0 5  
723.60 

42 19 72 

214.19 

2 0 . 7 0  
307.68  

b 4 . 1 3  
7677. I2 

76 7 7  
70.77 

r.5n 

1 4 0 9 . h ~  

n.00 
n.oo 
n.no 
o . n o  

Y21.25 

8751 - 9 1  

INSUL CASING 
C O S T  C O S T  

sx1000 % X l O O O  

635.1 3306.9 
19.2 153.6 

4 . 0  43.2 
1 4 . 8  152.2 
11.8 139.9 
21.3 761.1 
11.9 137.1 
2.4 25.2 

NUMMER EXP LOOP 
OF EXP COST 

LOOPS s x 1 0 0 0  

1L50 147.1 
38 16.6 

9 5 .0  
32 10.0 
25 10.0 
49 38.7 
18 24.0 

2 5 .8  

OPFRATING tXPENSES 42.39 
M A I N T t N A N C t  Z 1 . 1 5  
PUMP OPERATION 68.25 

32.24 M E T t R  REAOtRS 
0.00 HEAT P U ~ P  OPERPTION 

SUPF'LEMENTAL HEAT 13n.91 
H E A T  EXCHANGER OPERATION 0.00 

TOTAL OPCRATING E X P F N S t S  3UZ.'4b 

TaENcH LIN.FT. 
COST COST 

1x1000 l S / F T I  

1 30.2 14.R2 
50.5 22.36 
14.0 26.77 
49.3 27.51 
42.8 33.75 
79.4 33.21 
37.5 49.12 
5.9 83.18 



m 
I 
N 
v 

D I S l  
N n  

0 1  
0 2  
03 
04 
05 
06 
0 1  
OP 

n l s T R 1  

TOTAL PEAK 
M A T  DEMdNn 

INRTI I /HPI  

11.153 
9.464 

75.512 
10.600 
6.112 
13.466 
9.015 

73.056 

R U T I O Y  s 

l l N I T  i l N I l  
TEMP FLOU 
nROP R A T F  
I F )  ( L M / H R I  

15 .7  3YU. 
75.2 7527. 
1 5 . 2  7577. 
7 5 . 2  390, 
75.2 2 5 z 7 .  
15.2 390. 

1 5 . 2  390, 
1 5 . 2  3’40, 

Y S T E M  D E  

TOTAL PEAK 

I K L R / H R )  
FLIJ ID DEMAND 

148. 
124. 
138. 
142. 

80. 

120. 
3 0 0 .  

i n .  

S C R l  

ANNUAL 
wEnr 
r)EM&ND 
t T t l T U )  

. 0 7  
-06 
. I 6  
.a6 

. 08  

.04 

.os 

.14 

r 0 4 .  
OS 
06 
0 1  
o a  

TCTALS 

klhIT 
TEMP 
DROP 
( C )  

4 i . P  
41.8 

41.9 
41.8 
41.R 
41.R 
41.R 

4i.a 

0.0 

.61  7 .617 

7.5 L O A 0  FACTOR 
iu4.n TOTAL U I S T R I C T  A R E I  (SMII 
....e c o L n E s r  n A y  TEMPERATURE I F )  

-1.212 D F S I G N  TEMPERATIIRE I F )  
ANNUAL PEGREF nPYS 

360. DEGREE DAYS AT D E S I G N  TLMPERATURE 
3.4 

31.83A 
23151.6 

ANNUAL 
h E A T  
DEMAND 
I G C A L )  

1 7 . 0 8  

4G.97 
lh.37 
9.91 

2U.53 
13.91 
35.31 

169.19 

i,,zn 

U I S T R  
S Y S T E M  

I S P )  

1.123 
,194 
-48A 

1.018 
- 1 4 6  

1.437 
,920 

2.350 

7.677 

COSTS 

LOAD F A C T O R  
TOTAL U I S T P I C T  AREA (SKM) 
COLDEST DAY TtMPERATURE ( C )  
D E S I G N  TEMPERATURE I C )  
ANNUAL DEGREE OAVS I C )  
DFGREE OAVS AT D E S I G N  TtMPERATURE 

.71 
1 e 3  

-2.2 
10.4 

l oano .  
io44n. 

. I 1  
3.3 

-19.0 
-12.0 
6 0 0 0 .  
5 8 0 0 .  
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1 1 l / 3 0 / 7 R  C A S H  FLOW AND D I S T R I C T  H t A T I N G  C O S T S  

n I S T R I C T  H E A T I N G  S Y S T E M  W I T H  ClRANCHING M A I N S  FOR A K U R E Y R I . I C E L A N O  

E C O N O M I C  A N A L Y S I S  F O R  G E O T H t R M A L  D I S T R I C T  H f A T I N G  

2000.0 H 
90.0 C 

000.0 MW(TH1 

? o o o . n  
2 2 . 2 2 5  

1 . 0 0  

81 .0  
5nnooo.n 

30.0 
4 . 0  

0.0 
20.0 

359999 .P  
1 6 3 9 9 9 9 . 3  

1~4.0 
2 0 . 3  
1 0 . 2  

2.000 
0.no 

0.0 

H 

CV 

A C R F S  
* / H R  
n/HR 
F 
P S I A  
P S I A  

0 .00  
0.00 
0.00 
0 . 0 0  
0 . 0 0  

0 . 0 0 0  
0 . 0 0 0  
u.000 
0 . 0 0 0  
u . 0 0 0  

PAGE 1 

p. 
b 

R 
R 

P 0. PPM 



10/30/18 CASH FLOW AND DISTRICT HLATING COSTS PAGE 2 
DISTRICT "EATING SYSTEM WITH HRANCHING MAINS FOR AKUREVPI,ICELAND 

PESERVoIR EXPLOPITTON COSTS 
TOTAL 

IDOLLARS) 

129. 
1823. 

2553. 
3647. 
4376, 

109401. 

1180. 
29916. 

5993. 

1P94l. 
11397. 

3191. 
455'4, 
6838. 

39888, 
2279, 

244707, 

n o o o o o ,  
0.  
0 .  

3655318,  
0 .  

4455318 

24242. 
1212. 
1333. 
4000. 

135116. 
20000.  

0. 
56115. 

1827b6. 
0. 

CAPITALIZEn 
IDOLLARSl 

EXPENSED FAVORABLE 
(DOLLARS) SITES 

5.1 
14.2 

39.9 
57.0  
68.4 

3410.0 
2R4.9 
3 4 1 . 9  

1424.6 

683 .8  
112.3 
199.4 
284.9 
421.4 

3324.0 
569.8 

11057.2 

723.7 
1 ~ 0 9 . 2  

d512.9 

4307.9 
3589.9 

103988.0 
3698.3 

28491.4 
bR37.9 

10256.9 
10681.3 

2991.6 
r273.7 
6410.6 

36504.0 
I109,S 

232849.0 

573333.3 
0.0 
0 .0  
0 .0  
0 .0  

16161.6 
0 .0  
0.0 
0 .0  
0.0 
0 .0  
0 .0  
0 .0  
0 . 0  
0 .0  

128. 
12h. 

64. 
64 
64 .  

32 
21. 
21. 
21. 

16. 
16. 
16-  
16. 
16. 

4 .  
4 .  

1 . o o  

M A Y  / 1968 
uAy/1968 

JUN/ 1968 
JUh/1968 
JUN/ 1968 

JUL/ 1968 
SEP/1968 
SEPI1968 
SEP/1968 

APR/1969 
APR/ 1969 
bPR/1969 
APU/1969 
A P ~ / 1 9 6 9  m 

I 

266666.1 
0.0 
0.0 

365531 7.6 
0 . 0  

APR/1972 
APR/1972 
OCT/1975 
OC1/1915 
OCT/l915 

eo8o.a 
0.0 
0.0 
0 .0  
0 .0  
0 .0  
0 .0  
0 . 0  
0 .0  
0 .0  

JAh/19?8 
JAN/1918 
JAN/ l978 
JAN/1978 
JAN/ 1978 
JAN/ 1918 
JAN/1978 
JAN/I978 
JAN/1978 
JAN/ l978  

OEC/7006 
@EC/2006 
OEC/2001 
OEC/2007 
DEC/zool  
DEC/2007 
DEC/?O 07 
OEC/2007 
OEC/2007 
DEC/?007 
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i o / 3 n / 1 ~  CASH FLOW AND D I S T R I C T  H t A T I N G  COSTS 

n I S T R I C T  HEATING SYSTEM WITH BRANCHING MAINS FOP AKUREVRI, ICELANU 

P F S F R V O I R  I N P U T  D A T A  

ROW7 RrPdVMENT PROPORTIONAL 
SUM OF VEbeS nIRITS OFPUECIATION 
r A P r T A l  INVESTMENT. SM 3.9338 

4F.0000 
1 .oooo 

,0800 
0.0000 
n.oooo 

3o.0000 

n.ooon 
n.oono 
o.ooon 
n . n o o o  

. m o o  
, 0 3 0 0  
. 0 0 1 2  
10.00 

.0500 

1 9 7 R .  

3o.nooo 

. n 2 o o o o  
n 

noo.OOo0 
2 0 0 0 0 0 .  
150000. 
1 7 5 0 0 0 .  

0 .0000 

e 0 5 0 0  

7.5 

( I N I T I A L  F I Y A N C I N G I  

( ‘ ~ U N I C I P A L  U T I L I T Y  INAtJCINGI  

PAGE 3 
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n.oooon 
o.nooon 

o.noooo 
o.oonoo 
n . n o o o n  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
o . o o o o n  
0 .00000  
n . n o o o n  
o.oooon 

0.00000 

0.00000 

RON05 
R E P A I D  

-.09004 
-no9664 

-so4338 - 20 105 -. 267 10 
1.28856 - 66 121 

-1.16306 
-1,90606 

e04617 . O49Ah . OS385 
e05816 
0620 1 

s 06784 
,07327 
-07913 

-09230 

.lo765 
,11621 
-12557 
-13561 
-14646 
.I5818 

10450 
1992b 

.21520 
-23241 
.25101 

-29278 
-31620 
-34149 

-39832 
eS6530 

-.04e37 

.on55*6 

,09968 

. i i n ~ 3  

. z ~ i n ~  

.36mi 

p7 

RECOVERY 
OF 

L Q U I T Y  

0.00000 
0 . 0 0 0 0 0  
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 . 0 0 0 0 0  
0 , 0 0 0 0 0  
n.ooooo 
0.00001) 
o .oooon  
o.oooon 
0 . 0 0 0 0 F  
0.00000 
0 . 0 0 0 0 0  
0.00000 
0 . 0 0 0 0 0  
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 . 0 0 0 0 0  
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 . 0 0 0 0 0  



PAGE e CASH FLOU AND D I S T R I C T  H t A T I N G  C O S T S  

D I S T R I C T  HEAT lNG S Y S T E M  WITH BRANCHING M A I N S  FOR AKUREYRI , ICELAND 

D E T A I L E D  CASH FLDU l7 IS !R Ie l iT ION OF ENERGY COSTS 

CENTS ANNUAL CFNTS ANNUAL 
PER MRTU ( S  M I L L I O N S )  PER HRTU I t  Y I L L I O k S l  

6 3  .e6542 .43558 70.961 SA ,48391 

13.6850* .09133 15.20560 ,10371 

50.18038 

0 .00000  

0.00000 

1 0 . 0 7 7 0 M  

,34224 

0 . 0 0 0 0 0  

0 .00000  

,47194 

55,1559P 

0.00~00 

0 .00000  

77.06342 

.3RO2T 

0.00000 

0.00000 

-53104 m 
I 

W 
ul o .noooo  

7.23750 

51.05900 

11.?8050 

0 . 0 0 0 0 0  

.n*q36 

.34a23 

.OR035 

o.ooono 

8.04176 

56,73222 

13,08944 

0 . 0 0 0 0 0  

,05485 

.3n693 

.OR927 

0.00000 

o .nooou  

15.53122 

0 . 0 0 0 0 0  

0 . 0 0 0 0 0  

0 . 0 0 0 0 0  

0 . 0 0 0 0 0  

, I  os97 

0.00000 

0 . 0 0 0 0 0  

n.ooooo 0 . 0 0 0 0 0  0.00000 0.00000 

155,37222 1,05967 155,37222 1.05967 
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10/3L1/7A CASH FLOW ANU D I S T R I C T  H F A T I N G  COSTS 

n I S 7 R I C T  H E A T I N G  SVSTEM WITH BRANCHING M A I N S  FOR A K U R ~ Y R I ~ I C E L A N U  

R . 1 5 1 9  ( I N I T I A L  F T N A N C I N C l  
3 3 . 0 0 0 0  

i . o O n 0  IMUNICIPAL UTILITY ‘ I N A N C I N C )  
. n m o  

n.oooo 
0 . 0 0 0 0  

3 0 . 0 0 0 0  
3 . 0 0 0 0  

1978 
0 . 0 6 0 0  

. O ~ O O  
n.oooo 

,0035 
. 0 0 1 2  

o.nooo 
3o.oonn 

0 . 0 0 0 0  

6 .  
1 .  
2 .  
2. 
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10/30/7R CASH FLOW AND D I S T R I C T  H t A T I N G  C O S T S  

DISTRICT H E A T I N G  S Y S T E M  W I T H  BRANCHING M A I N S  FUR A K l l R E Y R I e I C E L A N D  

C 6 q M  FI.OW T A R ~ E  n I Z T R I @ U T I O N  SYSTFH,  S M I L L I O N S  

C A P I T A L  
c o s i s  

.*L7"7 
b .  75165 
3.1 l27Y 
n . 0 0 0 c n  
n .ooon0  
0.UOOPO 
n.onor)o 
n .ooono  
n.noono 
0 . 0 0  o o n  
n .noooo  
n .ooonn  
o . o o o r o  
f l .ooofl0 
n . 0 0 o n n  
n.uoonn 
n. f lOOn0 
n,nnonn 
n . 0 0 0 P 0  
n .ooonn  
n .0nonn  
n .ooooo  
n . n n o o o 
n . o n o o n  
n.000n0 
n . o o o n n  
n.aoonn 
0 . 0 0 0 0 0  
n . 0 0 0 n 0  
n.onono 
n ,noon n 
n.OOOr0 
n . O O O t ? o  

ENEPGY 
COSTS 

0.00000 
F.00000 
n .onooo  
1.05961 
1.05967 
1 .OS967 
1 .n5967 
1.05967 
1.05967 
1.05967 
1.05967 
1.05967 
1.05967 
1.05967 
1 .n5967 
1.05967 
1.05961 
1 .n5067 
1.05967 
1 .OS967 
i .n5967 
1.05961 
1 ,05967 
1 .O5967 
1.05967 
1.05961 
1.05967 
1.05967 
1.05967 
1.05961 
1.05967 
I .05Q67 
1,05967 

0 I STOH 
O P E R A T I N G  

cnSTs 

0 .00000  
0 . 0 0 0 0 0  
n . n o o o o  
,30294 
, 3 0 2 9 4  
,30294 
. 3 0 2 9 4  
,30294 
.30294 
,30294 
.30294 
.JO294 
,30294 
.JO294 
,30294 
.3029$ 
. 3 0 2 9 4  
.30294 
,30294 
.30294 
.3029* 
.30294 
, 3 0 2 9 4  
,30294 
, JO294 
.30294 
,30294 
.JO294 

,30294 
,30294 
.30294 
,30294 

.30294. 

I N T E Q I M  
C A P I T A L  

PFPLACFMENT 

n.ooooo 
o,noooo 
0.00000 

.n3n63 

.n3063 

. n 3 0 6 3  

.n3063 

.n3n63 

. n 3 0 6 3  

.o3063 

.n3063 

. n 3 0 6 3  

.n3063 

. ~ 3 0 6 3  

.n3063 

,03063 

.03063 

,03063 
. n 3 o 6 7  
.n3063 
, 0 3 1 ~ 3  

o .oooon  

.n30b3 

,03063 

.03063 
, 0 3 0 6 3  

,03063 

-173063 
,03063 

aQ3063 

, 0 3 0 6 3  
.03063 

,03063 

PROPERTY 
TAXES 

INSURANCE 

n.ooooo 
.on099 
.00670 
.01050 
.01050 
.01050 
. 0 1 0 5 0  
-01050 
.o 1050 
.01050 
.01050 
- 0  1050 
9 0 1050 
*01050 
0 1050 
0 1050 
.01050 
.o 1 050 
mO1050 
.01050 
.nio5n 
0 1050 

.OlOSO 

.01050 

.01050 
e01050 
-01050 
.01050 
.OlOSO 
.01050 
.01050 
. 0 1 0 5 0  
.01050 

TOTAL 
C O S T S  

.8?79? 
4.15264 
3,11899 
1.40314 
1.60374 
1.40314 
1,40314 
1.40374 
1.40374 
1.40374 
1.40374 
1.40374 
1.40374 
1.40314 
1 .bo314 
1.40374 
1 . + 0 3 1 4  
1 .bo374 
1.60374 
1 ,40314 
1.40374 
1.40314 
1.40314 
1.40374 
1.40374 
1.40314 
1 .40314 
1.40374 
1.40374 
1,40314 
1,40374 
1 .bo374 
1.37311 

TAX 
C R E D I T  

0 . 0 0 0 0 0  

0 .00000 
0 .00000 
0 . 0 0 0 0 0  
o . o n o O 0  
0.00000 
0 .00000  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
o.ono0o 
0.00000 

0 . 0 0 0 0 0  

0 . 0 0 0 0 0  
0 . 0 0 0 0 0  

0 . 0 0 0 0 0  
0.00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
n.ooooo 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
oIoonoo 

0 . 0 0 0 0 0  0 . 0 0 0 0 0  

0 . 0 0 0 0 0  0 . 0 0 0 0 0  

0 . 0 0 0 0 0  0 . 0 0 0 0 0  

0 . 0 0 0 0 0  0 . 0 0 0 0 0  
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i n / 3 n / i a  CASH FLOW AN0 D I S T R I C T  H t A T I N G  COSTS 

n I S T i 7 I C T  H E A T I N G  SYSTEM WITH #RANCHING M A I N S  FOR A K U R E Y R I , I C E L A N O  

1 
? 
3 
4 
5 
6 
7 
P 
9 

1 0  
1 1  
12 
17  
1 4  
1‘ 
16 
I T  
1 p  
19 
P O  
’1 
? ?  
? ?  
> b  
2 5  
7 0  
7 7  
7a 
29 
3 0  
7 1  
-7 
- 3  

a.nno P C T  
PRESENT 

FftCTnR 

.962?5 

.P9091 

.A2407 
, 163P7  
,70728 
,654n9 
. b O C 3 8  
.56146 
,519n7 
.4P136 

.41?69 
, 3 8 2 1 2  
,75382 
.371.51 
.30334 
.?4@fl7 
.2hnn7 
. P b O 8 0  
,22291 
.?Of345 
. I9116 
, 1 7 7 0 0  
. I6399 
,15115 
. I4051 
.13n10 
,121-146 
,11154 
,10328 

. O ~ R W  
.(19198 

wnwu 

. b451 1 

.09563 

OPEQATl NG 
EXPENSES 

o .onooo  
.I70099 
, 0 0 6 1 0  

1.37311 
1.3131 1 
1 .3731  1 
1.31311 
1.31311 
1.31311 
1,3731 1 
1.3731 1 
1.31311 
1.37311 
1.31311 
1.31311 
1.31311 
1.31311 
1.3731 1 
1.3731 1 
1.31311 
1.31311 
1.3131 1 
1.3131 1 
1.3131 1 
1.31311 
1,31311 
1.3131 1 
1.3131 1 
1.31311 
1.3131 1 
1.31311 
1.3731 1 
1.31311 

LION0 
I N T E R E S T  

@ . O O O O O  
,06624 
,45175 
a14221 
-73568 
,12862 
.12101 

.10390 
,69430 
,68394 
,6127s 
. 6 6 n h b  
,64161 
,63351 
.6182n 
,60184 
, 5 8 4 0 8  
,5649U 
.5b4ltl 
.5?181 
,49765 
,4115b 
,44331 
.*I296 
. 3 P O O T  
,34156 
,30622 
,26481 
,22009 
. I l l 1 9  

11963 
e 6 6 3 7 9  

. 1 1 2 1 n  

D E P R E C I A T l O N  

0.00000 
0 . o o o o o  
u . n o o o o  

.56(166 

.ST454 
,55394 
.53341 
e51314 
.49793 
,bT?r)6  
.45?92 
,4331 1 
.‘I 343 
,393RR 
. 3 l b 4 ?  
,3551 9 
, 3 3 6 0 4  
.31102 
.2ORl3 
, 2 1 9 3 1  
.26nl5 
.24??6 
,22390 

.18?57 
-16961 
.1511R 
.I3601 
,11650 
,09901 
, 08176  

, 3 4 3 6 5  

.2nq61 

. n m 9  

TOTAL 
U E o U C l l H L E  

EXPENSES 

0 . 0 0 J 0 0  
,06123 
,45644 

2,61996 
2 . 6 ~ 3 ~ 3  
2.655661 

O P E R A T I N G  

2.62r59 
2,59903 
2,56994 
2.54F21 
2.50991 
2.47891 
2,4412n 

2,381 n9 
2,3b65R 
2,31099 
2.27421 
2,236 14 
2.19661 
2.15568 

2,06851 
2,02216 
1,91362 
1.92219 
1.86945 
1.81341 
1.75643 
1.69227 
1,62661 
1.55733 
1.18005 

2,b1*60 

2.11302 

S T A T E  
INCOME 

TAX 

0 . 0 0 0 0 0  

0 .00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 .00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  

0.00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  

n.ooooo 

o.ooono 

o.ooono 
o .ooono  
0 . 0 0 0 0 0  
0 , 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0.00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 , 0 0 0 0 0  
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i o / J n / T o  CASH FLOW AND D I S T R T C T  w L A T I N G  C O S T S  

P I S T R I C T  " E A T I N G  SYSTFM WITH  RANCHING M A I N S  FOR A K U R E V P I ~ I C E L A N D  

VFAP 

H E A T  
( I N I T S  

f T  R T I J I  

n .nooo0  
@ . O @ F P O  
n.nnnn0 

.67140 

.h7140 
,67140 
,67140 
.61140 
.h7140 
.67140 
,h?140 
.h?140 
, 6 7 1 4 0  
,67110 
.67140 
,h7140 
,67140 

.h?140 
,67140 
, 6 7 1 4 0  
,07140 
,67140 
.h? lbO 
,67140 
.6?140 
,h?14!, 
,67140 

,6?140 

,67140 
,67140 
, 6 1 1 4 0  
. * T I 4 0  
.e7140 

T O T A L  

S A L k S  
H E A T  

@ . 0 0 0 0 0  
n.ooooo 
0.00000 
2.32039 
2.32039 
2.37039 
2.37039 
2.32039 
2.32039 
2.1?039 
2.32039 
2 .32039 
2. '12039 
2.32039 
2.32039 
2.32039 
?.32O.)P 
2.3?039 
2.32039 
2.37039 
2.32039 
2.37039 
2.32039 
2.32039 
2.3203'4 
2.17039 
2.32039 
?. 32039 
2.32039 
2.32039 
?.3?039 
2.32039 
2.32039 

R E V E N U E  
T A X E S  

0 . 0 0 0 0 0  
o .noooo  
0.00000 . 0 9 2 8 2  

- 0 9 2 8 2  
,09282 . O92R2 
,09282 
.n928z . n 9 2 8 z  
,09282 

09282 
. 0 9 2 q L  
09282 
.09281 
.09282 
,0929L 
,09282 

092111 
$09282 
. f l9202 . n w e z  
.n9282 
I 09282 
,09282 
, @ 9 2 8 2  
,09282 

0 9 2 8 2  
,09282 
- 0 9 2 8 2  

,09282 
.09282 

,09282 

T O T A L  
TAX 

D t O U C T I R L E  
F XPENSES 

o.onooo 
- 0 6 7 2 3  
.45u44 

2.479'4h 
2 . 6 ~ 3 3 3  
2.65568 
2.62159 
2.59703 
2.56094 
2.54027 
2.5 0'497 
2 .67n97 
Z.44?20 
2. 4 1 4 6 0  
2 . 3 ~ 1  0 9  
2,3465A 
2.31099 
2.27471 
2.23014 
2.19667 
2.15568 
2.11 302 
2.06R51 
2.02216 
1.97362 
1 .PPZ79 
1 .e6945 
1.81341 
1.75443 
1.69721 
1.62661 
1.55733 
1.780n5 

T A X  ARLE 
I N C O M E  

( F E O E W L I  

o.oobnn 
-.06723 
-.45844 
- .4523n 
- .45575 
-.42#10 
- .40001 
- .31145 -. 34C36 -. 3 1  269 
-, 28239 -. 2 5 1  39 -. 2 1 9 6 2  -. 18 103  
- .15351 

-.OB341 
-,04663 
-.OOb56 

.03091 
, 0 1 1 9 0  
,11456 
.15vO1 
, 2 0 5 4 ~  
, 2 5 3 9 5  
,30479 
. 3 5 # 1 3  
.41411 
,47315 
,53531 
,60091 
.61025 
, 4 4 7 5 2  

- . 11YOO 

F E D E R A L  
I N C O M E  

TAX 

o.ooono 
0.00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 , 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 .00000 
o .ooono  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 .00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0.00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 .00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 .00000  
0 .00000  

t 
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CASH FLOW AND D I S T R I C T  H ~ A T Z N G  C O S T S  io/3n/7~ 

n I S T P l C T  H E A T I N G  SYSTEM Y I T H  BRANCHING M A I N S  FOR A K U R E Y R I ~ I C E L A N D  

N €  T 
CASH 
FLOW 

-,a7797 
-0.RlR88 
-7.63074 

.oe163 

. O A R 1 6  

.n9521 

.l O Z R 3  

.11994 

.12953 
,13909 
.i5109 
.16117 
.I7623 
.19032 
.7n555 
.22lQ9 
,73975 
,75893 
-77965 
.302n2 
,12018 
,752?8 
. 3 8 @ 4 6  
.4inoo 
,4437? 
.47927 
,51761 
.55902 
,60374 
,657n4 
.TO420 
.79117 

.ill05 

nuTSTbYnlhG 

n .ooono  

b O N n 9  

.e2197 
5.64685 
9,27159 
9.19596 
9.1~7780 
9 - 0 1  259 
R.90971 
R.79872 
R,67878 

8,40935 

8 .09S10 
7,91887 
7,72856 
7,52299 
7.30100 
7.06125 
6,80231 
6.57266 
6.22060 
5,89446 
5,5421R 

8 .54925 

R .25821 

5.16172 
4.75083 
6.30706 
3.82779 
3,31018 
2.75116 
2,14742 
1,49538 
.79117 

FCIUITY 
C A P I T A L  NOT 

QECOVEQELI 

0 . 0 0 0 0 0  

0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
n.ooooo 
n . o o o o o  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
o.onnoo 
o.oor )oo  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
o .nonoo  
0.00000 
0.00000 
o.nooo0 
0.00000 
0.00000 
0.00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 , 0 0 0 0 0  

n.nooon 

BONn 
I N T E R E S T  

0 . 0 0 0 0 0  
.066?4 

.72R62 
,72101 
.T127R 

,69430 
.6R394 
,67275 
,66066 
,64161 
.63151 
.blF'2R 
,60184 
. 5 w n n  
,56490 
.54418 
,52181 
,49165 
,47156 
. 4 4 3 3 T  
.41294 
,38007 
,34456 
,30672 
,26481 
.22no9 
,11179 
.l 1 963 
, 0 6 3 7 9  

.7039n 

E A R N I N G S  ON 
W R E C O V E W n  

O . @ O " O O  
0 . 0 0 0 0 0  
o.oonoo 
0 . 0 0 0 0 0  
o.oonoo 
o.noooo 
0 . 0 0 0 @ 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
o .oooon  
0 . 0 0 0 0 0  
o.ooono 
o .ooooa  
0 . 0 0 0 0 0  
o.oooon 
o.noooo 
0 , 0 0 0 0 0  
0.oonon 
o.onann 
0.Oonoo 
0.oonon 
o .ooono  
0 . 0 0 0 0 0  
0 , O o n o o  
0 , 0 0 0 0 0  
0 .00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0.00000 
o.ooonn 

FQUITY 
RONDS 

R E P A I D  

-.82797 

-3.63071 

.OR816 
-09521 
.102A3 
e11105 
,11994 
-12953 
,13989 
.is109 
,16317 

-4 .a ieae 

.oei63 

,11623 
.19032 
,20555 
.?2199 
.23975 
.25893 
,27965 
,30202 
,32618 
.35228 
,38046 
,41090 
. 4 4 3 7 7  

.65204 

.70420 
,79117 

R E C O V E R Y  
OF 

EOUITY 

0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 .00000 0 . 0 0 0 0 0  

0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 ~ 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
o ;ooooo  
0 . 0 0 ~ 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
0 . ooooo  
0 . 0 0 0 0 0  
0 .00000 
0 . 0 0 0 0 0  
0 . 0 0 0 0 0  
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CASH FLOW AND O I 5 T R l C T  H t A T I N G  COSTS 

n I S T R I C T  HEATING SYST€M WITH URANCHING M A I N S  FOR AKUREYRI. ICELAND 
O E T A I L E U  CASH FLOW EOUIVALFNT CASH FLOU 

CENTS ANNUAL CENTS ANNUAL 
PER MPTU IS M I L L I O N S )  PER MhTU I S  M I L L I O N S 1  

345.6fl742 2.32019 345.60742 2,32039 

122.+4217 

4.52212 

157 e A30W 

45.12092 

1.66703 

13.82630 

0 . 0 0 0 0 0  

0 . 0 0 0 0 0  

0 .0000u  

345,60742 

. R ~ I  121.75226 ,85772 

,03036 4.71  0 5 4  .U3163 

1.10382 164,40717 I .  05967 

,30294 47.00096 .31556 

.01119 1.73640 .01166 

. Q O ~ R Z  

u.00000 

0.00000 

0 . 0 0 0 0 0  

2.32039 345,60742 2.32039 
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