~

N

E]f‘?{jﬁflﬁﬁﬂﬁﬁﬂﬂ&]ﬁ]ﬂﬁﬂﬁ

Yy

MASTER

DR 29 Tk

User Manual for Geocity:

A Computer Model for
Geothermal District Heatmg
Cost Analysis

H. D. Huber
C. L. McDonald
C. H. Bloomster
S. C. Schulte

October 1978

Prepared for the U.S. Department of Energy
under Contract EY-76-C-06-1830

Pacific Northwest Laboratory
Operated for the U.S. Department of Energy
by Battelle Memorial Institute

o
y 4
=

V% N

»<Batielle 3

PISTRIBUTION OF THIS DOCUMENT I§ UNLIMLTED



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



PNL-2742
Uc-66

USER MANUAL FOR GEOCITY:
A COMPUTER MODEL FOR GEQTHERMAL DISTRICT
HEATING COST ANALYSIS

H. D. Huber

C. L. McDonald
C. H. Bloomster
S. C. Schulte

October 1978

Prepared for ;
the U.S. Department of Energy

under Contract EY-76-C-06-1830 -

NOTICE

This report was prepared as an account of work
sponsored by the United States Govemnment. Neither the
United States nor the United States Department of
Energy, nor any of their employees, nor any of their
contractors, sub. or their employees, makes
any warranty, express or implied, or assumes any legal
{iability or responsibility for the pl

or usefulness of any information, apparatus, product or
process disclosed, or represents that its use would not

Pacific Northwest Laboratory inringe prvately owned rghts.
Richland, Washington 99352




®




R iE:ii//C::J &0 &0 0 &0 Rl B R0 B0 R0 RO BT B0 B3 i ‘ffj )

ABSTRACT

A computer model called GEOCITY has been developed by Battelle, at the
Pacific Northwest Laboratory, to systematically calculate the potential cost
of district heating using hydrothermal geothermal resources. GEOCITY
combines climate, demographic factors, and heat demand of the city, resource
conditions, well drilling costs, design of the distribution system, tax
rates, and financial factors into one systematic model. The GEOCITY program
provides the flexibility to individually or collectively evaluate the impact
of different economic and technical parameters, assumptions, and uncertain-
ties on the cost of providing district heat from a geothermal resource.

Both the geothermal reservoir and distribution system are simulated to model
the complete district heating system.

GEOCITY consists of two major parts: the geothermal reservoir submodel
and the distribution submodel. The reservoir submodel calculates the unit
cost of energy by simulating the exploration, development, and operation of
a geothermal reservoir and the transmission of this energy to a distribution
center. The distribution submodel calculates the unit cost of heat by
simulating the design and operation of a district heating distribution
system.

GEOCITY calculates the unit cost of energy and the unit cost of heat
for the district heating system based on the principle that the present
worth of the revenues will be equal to the present worth of the expenses
including investment return over the economic life of the distribution
system.
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USER MANUAL FOR GEOCITY: A COMPUTER MODEL FOR
GEOTHERMAL DISTRICT HEATING COST ANALYSIS

INTRODUCTION

In a research program sponsored by the United States Energy Research

(a) the Pacific Northwest Laboratory

and Development Administration,
(PNL)(b) developed a computer simulation model for geothermal district
heating cost analysis called GEOCITY. The GEOCITY program simulates the
entire production, distribution, and waste disposal process for geothermal
district heating systems, but does not include the cost of radiators,
convectors, or other in-house heating systems. GEQOCITY calculates the cost
of district heating based on the climate, population, and heat demand of :he
city, geothermal resource characteristics and distance from the distribution
center, well drilling costs, design of the distribution system, and

financial and tax conditions.

GEOCITY 1is composed of two principal parts: the geothermal reservoir
submodel and the distribution system submodel. The reservoir submodel
calculates the cost of energy by simulating the exploration, development and
operation of a hydrothermal reservoir from the beginning of exploration
through the economic 1ife of the distribution system. The reservoir
submodel also simulates the transmission of the geothermal water through a

fluid transmission system to the distribution center and the disposal of the
used water from the distribution system. GEOCITY calculates the unit cost

of energy based on the principle that the present worth of the revenues will
be equal to the present worth of the expenses including investment return

over the economic life of the distribution system. The present worth factor
is determined by the capital structure and rates on invested capital for the

reservoir.

(a) The Energy Research and Development Administration was assimilated into
the U.S. Department of Energy on June 1, 1977.

(b) Pacific Northwest Laboratory is operated for the Department of Energy
by Battelle Memorial Institute.



The distribution submodel calculates the cost of heat by simulating the
design and the operation of the district heating distribution system. The
distribution submode]l 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 thg 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. The present worth factor is determined by the capital
structure and rates of return on invested capital for the distribution
system.

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

GEOCITY is programmed in FORTRAN IV and is operational on the Contro]l
Data Cyber 73 computer with Scope 3.4.4 operating system. The source code
of GEOCITY and the 1967 ASME Steam Tables(!*2) 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 pub]ications(3’4) 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.

A
A
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A
A
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2. DESCRIPTION OF PROGRAM

2.1 GENERAL PROGRAM DESIGN

GEOCITY is designed in modular fashion, with 65 technical and economic
subroutines. In addition to the standard FORTRAN Tlibrary functions, 63
subroutines comprising the 1967 ASME Steam Tables are used to calculate
thermodynamic and physical properties of water, including pressure, tempera-
ture, enthalpy, specific volume, density, viscosity and fluid quality.
GEOCITY and the steam tables contain approximately 8000 and 4000 FORTRAN
statements respectively. The entire program requires approximately 54,000
decimal words of computer memory for execution.

The block diagram in Figure 1 shows an overview of the economic model
used in GEOCITY to represent a geothermal district heating system. Figure 2
shows the computational flow through the major submodels of GEOCITY. Fig-
ure 3 shows the detailed, logical layout of the subroutines in each major
submodel and serves as the basis for the operational description of the
major sequence of calculations in GEOCITY.

The major submodels and their associated subroutines in GEOCITY are
discussed in Sections 2.2 through 2.8 in the order of their execution in the
computer code. The code user may find referring to Figure 3 helpful in
reading the following descriptions of the submodels and their éubroutines.
The submodels are as follows:

e Executive Program and Data Input

e Control Routine for Distribution System and Fluid Transmission
o Fluid Transmission and Disposal (Injection)

e Heat Exchanger

e Distribution System

e Reservoir Economics

e Distribution Economics

The steam table functions are called from many subroutines in GEOCITY,
but are not shown in Figure 3 for the sake of brevity. These functions are
summarized in Section 2.9 following the descriptions of the submodels and
their subroutines.
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2.2 EXECUTIVE PROGRAM AND DATA INPUT SUBMODEL

The executive program GEOCITY controls the sequence of processing by
the major submodels to simulate the technical and economic components of the
geothermal district heating model. This includes the data input; fluid
transmission and disposal; distribution system for the city; cash flow for
the reservoir exploration, development, and operation; and cash flow for the
distribution system design, construction, and operation. GEOCITY calls the
data input submodel simulated by subroutine LOAD and its associated sub-
routines to set up the initialization and read the technical and economic
input data. This includes the reservoir characteristics, wellhead condi-
tions of the geothermal fluid, well field layout, fluid transmission and
disposal parameters, drilling costs, distribution system design for the
city, and financial and tax data for the reservoir and distribution system.
Each subroutine associated with the executive program and with the data
input submodel is described in the order of its execution in the program
(Figure 3).

GEOCITY Controls the sequence of calculations by the major
submodels.
BLOCK DATA Initializes representative values for the input data when

the program is loaded into computer memory.

CCSR1, CCSR2 Initialize steam constants required in calculations by the
CCSR3, CCBLL, steam table functions.

and COMALL

LOAD Reads the input data using NAMELIST to override the default

values initialized in BLOCK DATA; sets up initial values

for the GEOCITY variables; and prints the input data defining
reservoir characteristics and well properties. Subroutine LOAD
also calls subroutine DGHEAT to execute the distribution system
fluid demand, fluid transmission, heat exchanger (optional), fluid
disposal (optional), and distribution system submodels.

SWITCH(Q) Stores the first 35 values of the DINPUT array defining
input reservoir financial and tax data into an internal
work array, D(N), N = 1,...,35. SWITCH(1l) stores the



SWITCH(O)
(Contd)

DEGC

FEET

INCHES

PAGE

second set of 35 values of the DINPUT array, DINPUT(N),

N =36,...,70, defining input distribution system financial
and tax data into 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 first and second set of 35
values in the DINPUT array can have different numerical
values.

Returns Centigrade temperature expressed as a positive
number when Fahrenheit temperature is input as a negative
number. Centigrade temperature input as a positive number
is returned unchanged. The input parameter which can use
this option is the wellhead temperature PWTEMP.

Returns meters expressed as a positive number when feet are
input as a negative number. Meters input as a positive
number are returned unchanged. The input parameter which
can use this option is the well depth STRATA (2,1).

Returns centimeters expressed as a positive number when
inches are input as a negative number. Centimeters ihput
as a positive number are returned unchanged. The input
parameter which can use this option is the well diameter
DIA.

Controls the number of Tlines printed per page, prints an
input title at the top 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 calls subroutine DGHEAT to set the wellhead fluid
pressure and to control the interaction between the distribution system
submodel1 and the fluid transmission submodel. Subroutine DGHEAT sets the
wellhead fluid pressure at or above saturation by multiplying the saturation
pressure corresponding to the input wellhead temperature PWTEMP by the pres-
surization factor PRFACT (2 1.), specified by the user in the input data.

¢
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The fluid pressure is thereafter continuously maintained at or above satura-
tion (compressed 1iquid state) to prevent flashing and two-phase flow in the
fluid transmission lines through the use of booster pumps simulated in the
fluid transmission submodel (subroutine TRANS).

The block diagram in Figure 4 shows the design structure and time-order
sequence of execution of the subroutines called by DGHEAT. For the purpose
of simplifying the diagram, only subroutine DIST is expanded below the first
level of detail in Figure 4 to show the subroutines it calls in simulating
the distribution system submodel.

Subroutine DGHEAT initiates and controls the interaction between the
distribution system demand subroutine CALQNA and fluid transmission sub-
model. Subroutine DGHEAT calls subroutine CALQNA to initially calculate the
distribution system's geothermal fluid flow requirements from the reservoir
using wellhead conditions. Based upon total flow requirements, the fluid
transmission submodel simulated by subroutine TRANS and its associated sub-
routines is called to calculate the number of required wells, well field
layout, pipe lengths and diameters, pumping requirements, costs of the
transmission piping system pumps, and associated equipment, and temperature
and enthalpy drop (fluid degradation) between the reservoir and distribution
center. Subroutine DGHEAT controls the iteration between the distribution
system demand subroutine CALQNA, which calculates the increased geothermal
fluid flow rate required for the distribution system under the degraded
fluid conditions, and the fluid transmission submodel, which provides the
increased flow requirements by adding wells and determining the new
temperature and enthalpy drop.

Subroutine DGHEAT calls subroutine CONVRG to test the iteration between
the distribution system demand subroutine and fluid transmission submodel
for convergence of geothermal flow rate. Subroutine CONVRG compares the
total geothermal flow requirements computed for the distribution system,
based upon theldegraded’temperature and entha]py delivered by the fluid
transmission submodel in the current iteration, with the total flow require-
ment calculated in the previous iteration. The convergence criterion
requires that the new flow requirement computed for the distribution system
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differ by less than 2% from the flow requirement computed in the previous
iteration. After satisfying the convergence criterion, the distribution
system demand subroutine and fluid transmission submodel are executed one
more time at the control of subroutine DGHEAT. This provides flexibjlity to
satisfy the input options of printing the final iteration only or printing
the entire interation history. Failure to converge within a maximum limit
of 10 iterations results in an abnormal termination and printout of an
appropriate error message.

After convergence, subroutine DGHEAT checks the heat exchanger option
and calls the heat exchanger submodel if this option is simulated. This
option is provided in case the temperature of the geothermal fluid needs to
be reduced or the fluid's chemical composition makes it undesirable for
direct use in the district heating distribution system. Heat is transferred
from the geothermal fluid in the reservoir to circulating clean water for
use in the district heating distribution system.

Subroutine DGHEAT next checks the fluid reinjection option and calls
the fluid injection submodel if this option is simulated. The fluid
injection submodel, beginning with the entry point INJECT in subroutine
TRANS, calculates the number of injection wells, injection well field
layout, injection pipe diameters and lengths, and costs of the injection
piping system and associated equipment. The fluid is reinjected from either
the district heating distribution system or the heat exchanger at the end of
the fluid transmission 1line if the heat exchanger option is simulated. If
the fluid reinjection option is not simulated, the fluid is assumed to be
disposed into a sewer system or river.

Finally, the subroutine DGHEAT calls the distribution system submodel
to simulate the design, construction, and operation of the district heating
distribution system for the city. The computational flow in the program
then returns to subroutihe LOAD'and the executive program GEOCITY to sim-
ulate the reservoir economic submodel and distribution economic submodel.

11



2.4 FLUID TRANSMISSION AND DISPOSAL (INJECTION) SUBMODEL

Based upon the total flow requirements calculated by the distribution
system demand subroutine CALQNA, subroutine TRANS calls the subroutines
described below to simulate the fluid transmission submodel. The fluid
transmission submodel calculates the following quantities: number of pro-
ducing wells required, the well field layout, pipeline lengths, optimum
pipeline diameters, pipe schedules, pipe insulation, pumping requirements,
fluid degradation during conduction from the wellhead to the distribution
center, and cost of the pipes, insulation, pumps, valves, and associated
equipment. The degradation of the geothermal fluid (temperature, pressure,
enthalpy, viscosity, and density) is modeled on a nodal basis during
conduction in a compressed liquid state.

Subroutine INJECT, coded as an entry point in subroutine TRANS, per-
forms analogous functions for fluid injection (disposal) by simulating the
conduction of the fluid effluent from the city distribution system or the
heat exchanger to the injection well field. It calculates the number of
injection wells required, injection well field layout, effluent pipeline
lengths and diameters, and cost of the injection piping system and v
associated equipment. In contrast to the fluid transmission submodel, which
calculates fluid degradation on a nodal basis, the more simplified fluid
injection submodel does not calculate effluent fluid degradation. Instead,
the effluent pipeline diameters are sized on a nodal basis as a function of
the mass flow rate exiting each node, holding constant the temperature,
pressure, viscosity and density of the effluent in effect at the outlet from
the city distribution system or the heat exchanger.

TROUT Prints the input conditions for the fluid transmission and
injection submodel.

DESIGN Calculates the number of producing, nonproducing, and
injection wells based on the total geothermal fluid flow
rate required by the distribution system and several input
conditions, which include: mass flow rate of individual
producing wells, ratio of nonproducing to producing wells
drilled, and ratio of injection well to producing well flow

12
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QI) DESIGN (Contd) rate. The wells are located at the vertices of equilateral
triangles (nodes in a triangular lattice) as shown in
Figure 5, with pipe runs parallel to the horizontal

X-axis. The fluid transmission system has a manifold
pipeline for transmitting the geothermal fluid from all
rows of wells to the distribution center. Subroutine
DESIGN calculates an effective average acreage (WACRE) per
producing well based upon the input well spacing (WELSPC)
in acres and the fraction (FRCNPW) of nonproducing (dry)
wells according to the following equation:

WACRE = WELSPC * (1.+FRCNPW)

The area (WACRE) encompassed by each producing well
(Figure 5) is equal to the area of two equilateral
triangles.

@ WELL NODES (1-15
(O MANIFOLD NODES

— ROUTE OF FLUID
TRANSMISSION LINES

~=— DIRECTION OF FLOW

WELL SPACING

Y-AXIS

DISTRIBUTION X-AX1S
CENTER

FIGURE 5. Well Layout Design and Routing of Fluid Transmission Lines

13
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DESIGN (Contd)

EQCOST

TSTART

PIPE

Subroutine DESIGN calculates the pipe length between
producing wells based on the equation for the area of an
equilateral triangle as follows:

Pipe length (m) = (0.3048006 m/ft)(5280 ft/mile)*

\/7 WACRE (acres)
0.86603) (640 acres/sq mile

Calculates the cost of valves, instrumentation, and solids
separators for the fluid transmission submodel.

Initializes the thermodynamic and physical conditions of
the geothermal fluid at the two types of nodes in the tri-
angular lattice defining the well field layout. These
types are 1) wellhead nodes, and 2) pipe junctions or
manifold nodes collecting the fluid from the parallel rows
of pipes into one large pipe leading to the distribution
center. The following fluid conditions are initialized on
a nodal basis for a compressed liquid state: temperature,
pressure and flow rate (input variables); enthalpy (com-
puted as a function of the input temperature and pressure);
and density and viscosity (computed from the preceding
conditions). ATl wellhead nodes in the field are ini-
tialized with the same average conditions. The simulation
of variable wellhead conditions requires code modifica-
tions. The initial conditions at the nodes are used as the
starting point for computing the fluid degradation on a
nodal basis during conduction from the well field nodes to
the distribution center.

Calculates the optimum pipe diameter exiting each node.

The calculation is based on the fluid mass flow rate, fluid
density and viscosity, and economic trade-offs between the
components comprising the cost function for the fluid

14
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PIPE (Contd) transmission system: capital cost of the pipe, annual value
of energy lost due to friction in the pipeline, and capital
cost of pumps and drive motors for pumping the fluid to the
distribution center. The cost function for the fluid
transmission system is minimized on a nodal basis with
respect to internal pipe diameter D by setting its deri-
vative with respect to D to zero. An iterative solution
based upon the Newton-Raphson algorithm is obtained for
optimum pipe diameter on a nodal basis from the resultant
equation.

The pipe equations include a parameter EVALUE(1) which can
be adjusted by the program user in the input data to change
all pipe diameters in the pipeline network. This option
permits the user to avoid unacceptable fluid quality
resulting from excessive pressure degradation or two-phase
flow.

STORE/RETRIEV Saves and retrieves information associated with the pipe-
line and thermodynamic condition of the fluid computed in
simulating fluid conduction and degradation from well nodes
(non-manifold nodes) to adjacent nodes. Calculations are
required only once for each set of well nodes in the well
layout with the same number of active wells upstream of the
nodes, providing all wells have the same average conditions.
The subsequent retrieval of this information in lieu of
recomputation can reduce the execution time for simulating
the fluid transmission submodel almost 50% for large well
fields. This option is selected by setting the input
parameter IAVWEL = 1.

SCHEDL Assigns pipe schedules on a nodal basis by selecting the
smallest pipe schedule from a range of 10 to 40 that can
withstand the maximum fluid pressure exiting each node.

(a) See description of sample case output.

15
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SCHEDL (Contd)

INSUL

SPFLOW

FLPROP

The maximum pressure each schedule can accommodate is a
function of the fluid temperature and ranges from about
350 psia for schedule 10 up to 1000 psia for schedule 40,
with temperature ranges from 50°C to 300°C. The pipe
schedule and diameter are used in subroutine TRANS to
calculate the cost of piping and installation.

Sizes pipe insulation on a nodal basis as a function of the
fluid temperature, nominal outer pipe diameter, insulation
thickness availability, and cost, using one or more types
of insulation. The cost of insulation is calculated based
on the thickness of each type of insulation used.

Calculates the enthalpy and temperature degradation of the

" geothermal fluid during single-phase flow in the pipeline

between nodes. Fluid degradation is calculated in one
stepsize equal to the distance between nodes. Calculation
with smaller stepsize increments, such as 50 ft, in the
conduction of water showed no significant difference in the
degradation. The enthalpy drop is calculated as a function
of nominal outer pipe diameter, fluid temperature,
insulation thickness and mass flow rate. The fluid
pressure is continuously maintained at or above saturation
(compressed 1liquid state) to prevent two-phase flow in the
fluid transmission lines through the use of booster pumps
simulated in the fluid transmission submodel (sub;outine
TRANS). The temperature is obtained from the pressure and
enthalpy by using the steam table function TPHL for a
compressed liquid.

Identifies the fluid state in the transmission pipeline as
compressed liquid, saturated liquid, two-phase mixture,
saturated vapor or superheated steam. Subroutine TRANS
calls FLPROP on a node-by-node basis. The fluid state is
jdentified based upon the pressure and enthalpy by inter-
rogating subroutine XPHH and the ASME Steam Table

16
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FLPROP (Contd)

XPHH

TPHASE

TPRINT

MOUT

functions. After identification of the fluid state at a
particular node, subroutine FLPROP calls the appropriate
steam table function to compute the specific volume,
density, viscosity, temperature, or entropy as requested by
subroutine TRANS.

Calculates the fluid quality by weight fraction as a
function of pressure and enthalpy. It returns O for
saturated and compressed liquid, 1 for saturated vapor and
superheated Steam, and values in between for two-phase
mixtures of steam and water at saturation.

Tests whether the fluid quality in the pipeline has become
unacceptable due to two-phase flow, which is not allowed in
the conduction of water to the distribution center.

Prints the results calculated by the fluid transmission
submodel for the transmission line from the well field to
the distribution center. Results can be printed for the
entire distribution system demand and fluid transmission
iteration history discussed in Section 2.3, or only for the
final 1tefation satisfying the convergence criterion. In
the final iteration, results calculated by the fluid
injection (disposal) submodel are also printed. The input
parameter LL6 controls the printout for the distribution
system demand and fluid transmission iteration: LL6 =0

suppresses all printout, LL6 = 1 prints the last iteration
only, and LL6 = 2 prints the full iteration history.

Prints the arrays calculated in the fluid transmission and
disposal submodel as matrices or vectors with accompanying
titles.

2.5 HEAT EXCHANGER SUBMODEL

An option for a liquid heat exchanger is provided in GEOCITY in case
the temperature of the geothermal fluid needs to be reduced or the fluid's

17



chemical composition makes it undesirable for direct use in the distri-
bution system. Heat is transferred from the geothermal fluid in the
reservoir to circulating clean water for use in the distribution system.
The heat exchanger option HTEXOP and input parameters are defined in the
NAMELIST input data by the user and are described in Section 3.4.4.3. The
heat exchanger is assumed to be located at the end of the transmission line
from the gedtherma] reservoir (inlet to the distribution center), but owned
by the district heating distribution system operator. Thus, the capital and
operating costs of the heat exchanger are factored into the distribution
economic submodel. The equations for these costs are given in Appendix B.
The design characteristics and size of the heat exchanger are determined in
subroutine SUBHEX and its associated subroutines described below.

SUBHEX Calculates the basic design characteristics and size of a
liquid-to-T1iquid heat exchanger based upon a counterflow,
single-pass, shell-and-tube unit constructed of carbon
steel with an equilateral triangular tube configuration.

The input conditions to subroutine SUBHEX are:

a) Geothermal fluid and clean water flow rates, 1b/hr

b) Geothermal fluid temperatures at the heat exchanger
inlet and outlet, OF

c) Clean water temperatures (°F) and enthalpies
(Btu/1b)at the heat exchanger inlet and outlet

d) Inside and outside fouling factors, hr-ftz-oF/Btu

e) Inside and outside tube diameters, ft

f) Geothermal fluid velocity in the heat exchanger tubes,
ft/hr.

The basic characteristics calculated for the heat exchanger

are:

a) Inside and outside heat transfer coefficients,
Btu/hr-ft2-OF

b) Overall heat transfer coefficient, Btu/hr-ft2-OF

c) Number of heat exchanger tubes

d) Total flow area (ft2) and equivalent flow diameter

(ft) for the shell side

18




SUBHEX (Contd)
e)
f)

Heat exchanger area, ft2

. Heat exchanger length, ft.

The characteristics of the heat exchanger are calculated in
steps described below, first for the tube-side or geo-

thermal fluid and then for the shell-side or clean water.

1)

The average of the inlet and exit temperatures is
calculated for the geothermal fluid and clean water
respectively for use in computation of physical
properties.

The thermal conductivity, density, and viscosity of
the geothermal fluid are calculated at the average
geothermal temperature in Step 1 using function
FLUID.

The Reynolds number of the geothermal fluid is cal-
culated in function REYNO. The Prandtl number is
calculated in subroutine SUBHEX based on the specific
heat cp, viscosity ¥, and thermal conductivity k of
the geothermal fluid:

C_4H
- S

The inside or tube-side heat transfer coefficient is
determined in function HTCOEF.

The number of tubes required for the geothermal fluid
is calculated in function TUBES.

The total flow area and equivalent flow diameter for
the shell side are determined in subroutine QAREA.

The specific heat, thermal conductivity, density, and
viscosity of the clean water are calculated at the
average clean water temperature in Step 1 using func-
tion FLUID.

19



SUBHEX (Contd)

FLUID

8) The velocity of the geothermal fluid in the tubes is
set in the input data. The velocity of the clean water
in the heat exchanger shell is calculated in function
VELOCY.

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

10) The outside or shell-side heat transfer coefficient is
determined in subroutine HTCOEF.

11) The inside and outside heat transfer coefficients are
combined with the thermal conductivity of the tube wall
and the fouling factors to determine the overall heat
transfer coefficient in fuction OHTCOE.

12) Knowing the amount of overall heat transfer desired,
the heat transfer area and heat transfer length are

calculated in functions HTAREA and HTLNGH respectively.

The subroutines called by subroutine SUBHEX to calculate
the basic characteristics of the heat exchanger are
described below. Function FLUID, which is the first
routine called by subroutine SUBHEX, is also called from
many of the other subroutines in Figure 3 to calculate
physical properties of water.

Correlates physical properties of 10 different fluids to
temperature at saturation. In GEOCITY, function FLUID is
called only to calculate physical properties of water.

Each physical property for a particular fluid is expressed
as a polynomial function of temperature in the elementary

form:

Property value = K0 + KlT + KZTZ + K3T3 for TX< T<'ry
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These expressions were correlated to available data in the
temperature range TX to Ty. The data were acquired
through a search of numerous reference texts and publi-

cations.(2’5'7)

Within the specified temperature range, there is good
agreement between the actual and predicted values. A
warning message is printed if the input temperature
requires extrapolating the polynomials beyond the tem-
perature range Tx to Ty specified in function FLUID for
a given equation.

The polynomial functions are used to predict the following
physical properties as a function of temperature at satu-
ration: specific heat, thermal conductivity, density,
viscosity, heat of vaporization, and surface tension.
Critical pressure, critical temperature, and molecular
weight are included as constants. When a physical property
is desired, the following statement is made:

Property Value = FLUID (I,J,T)

temperature at which the property is required, OF

where T

—
1
—
-
—
w

- Property Index

- specific heat (1iquid)(Btu/1b/°F)

- thermal conductivity (liquid)(Btu/hr/ft/°F)
- density (Tiquid)(1b/ft)

- viscosity (11qu1d)(1bm/ft/hr)

- specific heat (gas)(Btu/1b/°F)

thermal conductivity (gas)(Btu/hr/ft/°F)

- density (gas)(]b/ft3)

- viscosity (gas)(]bm/ft/hr)

- heat of vaporization (Btu/1b)

- critical pressure (psia)

O W 00 N O o W NN -
]

—d
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FLUID (Contd)

REYNO

HTCOEF

critical temperature (°F)
surface tension (1bf/ft)
molecular weight (1b/1b

—_—
w N -
1 1 1

)

mole

[=9)
1
p—
-
pu—
o

- Fluid Index

- water (only fluid used in GEOCITY)
- isobutane

- n-butane

- R-N

- R-12

R-21

- R-22

- R-113

- R-114

- ammonia

O W 00O N O O A W NN —
|

—

Calculates the Reynolds number based upon the fluid density p,
viscosity u, velocity V, and flow diameter D:

pDV
u

Re =

Calculates inside and outside heat transfer coefficients
based on the Dittus-Boelter equation for fully developed
turbulent flow in smooth tubes. Subroutine HTCOEF is
called by subroutine SUBHEX to calculate the inside heat
transfer coefficients for the geothermal fluid and the
outside heat transfer coefficients for the clean water in
the heat exchanger. The Dittus-Boelter equation is

summarized below:

_ 0.8 5. x
hconV = 0.023 Red Pr

al|=
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HTCOEF (Contd)

TUBES

where:
h = convective heat transfer coefficient,
conv 2 o
Btu/hr-ft=-"F
= tube diameter, ft
= thermal conductivity, Btu/hr-ft-OF
Pr = Prandtl number
Red = Reynolds number based on tube diameter

x
1

0.4 when fluid is being heated,
0.3 when fluid is being cooled.

Determines the number N of tubes required in the heat
exchanger based on the geothermal fluid mass flow rate Q,
velocity V, density p, and flow diameter D. Fractional
values of N are increased to the next largest integer.
The basic relationship is:

where:

(Q/p) is the total required volumetric flow rate of
geothermal fluid,

2
45%— is the cross-sectional flow area per tube,

2
V*-¥lg— is the volumetric flow rate per tube.
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QAREA Calculates the total cross-sectional flow area A and equi- iii
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
Dy - TUBE OUTER DIAMETER, ft
P - WETTED PERIMETER, ft

Aunit - UNIT 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.

A - SR 34 nDz
unit 2 ~ 6 &
where:
R =S *sin 60°
SR _ . .
5~ = area of the equilateral triangle
3 o0
T *7- = area of the 3 pie shapes in the 3 tubes

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

- - -, - - - - - - [ ! - - ar - [ [ el [
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The total cross-sectional flow area A is calculated as the
number of tubes times the unit flow area Aunit’ The
equivalent flow diameter De for the shell-side is cal-
culated as:

D = 4 * Aynit
e wetted perimeter

The wetted perimeter P is calculated as:

3WDO

P = 3(S~D0) +

VELOCY Calculates the fluid velocity V as a function of the mass

flow rate Q, fluid density p, and total cross-sectional fiow
area A as follows:

v = {4e)

where:

(Q/p) is the volumetric flow rate.

OHTCOE Combines the inside and outside heat transfer coefficients

with the thermal resistance of the heat exchanger tube
walls and the fouling factors. This yields an overall heat

transfer coefficient on the basis of the following equation:

1
U=
A A In (r /r.)
01 , 0 1 A R
Ai hi 2mKL h0 i 0
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where:

U = overall heat transfer coefficient,

Btu/hr-ftz-oF

A0 = outside tube surface area, ft
A, = inside tube surface area, ft2

2

hi = inside heat transfer coefficient,
Btu/hr-ft2-OF

h0 = outside hgat transfer coefficient,
Btu/hr-ft-°F

r. = inside tube radius, ft

ro = outside tube radius, ft

K = thermal conductivity for the tube wall,
Btu/hr-ft-°F

L = tube length, ft
= inside fouling factor, hr-ft2-°F/Btu

f.
i
= outside fouling factor, hr-ftz-oF/Btu

0
The fouling factors reduce the overall heat transfer
coefficient to allow for the accumulation of corrosion
deposits on the heat transfer surfaces.

HTAREA Calculates the heat transfer area A for the heat
exchanger. The calculation is based on the clean water
flow rate Q; enthalpies of the clean water at the inlet and
outlet, H1 and H2; overall heat transfer coefficient U;
and the logarithmic mean temperature difference LMTD in the
following equation.

Q*(H] 'H2)

A = = wD)

The logarithmic mean temperature difference between the
geothermal fluid and clean water is based on the tem-
perature difference at the two ends of the heat exchanger.
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AT AT

LMTD = in~ " out
In (ATin/ATout)

temperature difference (°F) between the
geothermal fluid and clean water at the clean
water inlet to the heat exchanger.

>
—
]

AT

out = temperature difference (°F) between the

geothermal fluid and clean water at the clean
water outlet from the heat exchanger.

HTLNGH Calculates the tube length L in the heat exchanger. The
calculation is based on the heat tranfer area A, tube outer
diameter Do’ and number N of tubes in the heat exchanger.

2.6 DISTRIBUTION SYSTEM SUBMODEL

The distribution system submodel simulates the design and calculates
the capital costs, operating costs, and maintenance costs of the district
heating distribution system for a city. The input data to the distribution
system submodel is described in Section 3.4 and consists of the city char-
acteristics, characteristics of districts comprising the city, design
options for the distribution piping, insulation, and casing, and special
options and adjustment factors for the distribution system.

The city is defined by its distance from the geothermal reservoir,
climatic characteristics, and the number of districts within the city. The
distance from the reservoir to the city is used in designing the fluid
transmission line and calculating the fluid temperature and enthalpy
entering the distribution center. The climatic parameters are used in
determining the distribution of the heat demand, peak heat demand, average
heat demand, the load factor, and supplemental heat requirements.
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The city is described by disaggregating it into districts. Districts
are the basic element of the distribution system submodel. Each district is
a contiguous area consisting of buildings of relatively similar heat demand
and uniform density. Most of the details needed for design of the distri-
bution piping system are derived from the definitions of the districts.
Fluid requirements are computed, and the piping networks are designed for
each district. Material requirements, capital costs, operating costs, and
maintenance costs are also calculated for each district and totaled for the
city.

Districts are defined by two types of input parameters, district type
and district definition parameters. District type parameters define the
demand density, and the district definition parameters define the size and
location of the districts. A comprehensive list of these parameters is
given in Section 3.4.2. The primary parameters used to define each district
are the district type, the density of buildings, peak space heating demand,
hot water demand, the area of the district, and two parameters (length and
width) describing a rectangular grid used to approximate the shape of the

district.

Five district types, representing typical residential areas, are iden-
tified and defined in Section 3.4.2. These district types are described in
Table 8. Most residential areas in the United States can be described by
one of these district types. Variations of the district types in Table 8 or
additional district types can also be defined through the district type
parameters in the NAMELIST input data.

The distribution system submodel is decomposed into its component
subroutines in Figure 4 and consists of subroutine CALQNA, subroutine DIST,
and its associated subroutines: GRAPH, SIZE, HEAT, PROP, and DWRIT.

As previously noted in Section 2.3, the total geothermal fluid flow is
established in the iteration between the distribution demand subroutine
CALQNA and the fluid transmission submodel. Subroutine CALQNA calculates
the total géotherma] fluid requirements to meet the heat demands (space
heating and hot water) of the city based on the area, building density,

28

&
ol
;
&
;
:
\
:
\
\
\
\
\
i
\
:
E
“
:



space heating demand, hot water demand, specified temperature drop in the
geothermal fluid, and the climatic data for all districts in the city. The
total city requirement is the sum of the district requirements.

Subroutine DIST calls the associated subroutines shown in Figure 4 to
determine the design and cost of the distribution system. Subroutine GRAPH
is called to design the piping network for each district in the city based
on the area, building density, heat demand, climatic data, and a rectangular
grid used to approximate the shape of the district. Heat demand data and
climatic data are used to determine the fluid requirements of each build-
ing. Proceeding down the piping network, the fluid requirements are used in
subroutine SIZE as a basis for selecting the economic pipe size and insula-
tion thickness and calculating head losses for each segment of the piping
network. Heat losses are determined for each segment of the piping network
by subroutines HEAT and PROP.

Material requirements for the distribution system are calculated in
subroutines DIST and SIZE. Capital costs, operating costs, and maintenance
costs for the piping network, pumps, meters, and control equipment are
derived based on the distribution system design options in subroutine DIST
and the capital and operating cost models described in Appendix B. The
output results summarizing the material requirements and costs of the dis-
tribution system are printed by subroutines DIST, DWRIT, and DWRIT2 (an
entry point in subroutine DWRIT).

Each subroutine of the distribution system submodel is described below
in the order of execution illustrated in Figure 4. Numerous comment cards
are also provided in the FORTRAN code for these subroutines to facilitate
understanding of the logic in the distribution system submodel.

CALQNA Calculates the distribution system's annual average heat
demahd and peak heat demand in MBtu/hr, the system load
factor, and distribution system's fluid flow requirements
with and without future growth in 1b/hr. The degree-day
method of evaluating heat demand for space heating is
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CALQNA (Contd) used. The following equation is used to calculate the
annual average heat demand AD (MBtu/hr) for space heating
and hot water heating:

Density (bldg/sq. mile) * Area (sq. mile)=*

No. of Peak Heat Demand at Design Temperature
Districts

Days (°F - days/yr)/[365 (days/yr) * (65 -
Design Outdoor Temperature)OF]
+

Daily Hot Water Demand (gal/bldg . day)*

_ MBtu/hr}
3.631E-5 §3T7aay

The conversion factor of 3.631E-5 is based on heating water

from 50°F to 140°F(a) and the daily hot water demand
(gal/bldg - day) as follows:

Heat Demand for Hot Water Heating (MBtu/bldg « hr) =
[Dai]y Hot Water Demand (gal/bldg - day) * .1337
(Ft3/gan)* 61.37 (1b/Ft3)* 1 Btus(OF.1b) *
(140-50)°F * 1.E-6 MBtu/Btu]/24 (hr/day)

(a) This discussion pertains to the default values of cold and hot water
temperature for sanitary hot water heating in the city. The cold and

hot water temperatures and conversion factors used in calculations for

sanitary hot water heating in the city are generalized in the code to

handle the values specified by the user in the NAMELIST input data. See
Section 3.4.1 for definition of the cold water temperature (TWATC) and

hot water temperature (TWATH) in the input data.
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CALQNA (Contd)

This yields the equation:
Heat Demand for Hot Water Heating (MBtu/bldg « hr) =
Daily Hot Water Demand (gal/bldg « day) *

MBtu/hr

3.0769E-5 <ga1/day>

Assuming an 18% heat loss from the hot water storage heater,
the equation becomes:

Heat Demand for Hot Water Heating (MBtu/bldg - hr) =
Daily Hot Water Demand (gal/bldg « day) * 3.0769E-5 * 1.18, i.e.,

gal/day
The following equation is used to calculate the annual peak
heat demand PD (MBtu/hr) for space heating and hot water

Daily Hot Water Demand (gal/bldg « day) * 3.631E-5 <MBtu/hr>

heating:

Density (bldg/sq. mile) * Diversity Factor *

E Area (sq. mile)=*

No. of {Peak Heat Demand at Design Temperature
Districts (MBtu/bldg « hr)

+ Peak Hot Water Demand (MBtu/bldg . hr)}.

The calculation of the peak hot water demand (MBtu/bldg - hr)
is as follows:

Daily Hot Water Demand (gal/bldg  day) * 738.47E-6 (%)
* (1/7), where the assumption is that the peak hot water
demand in 1 hr represents about 1/7 that of the average

daily demand in 24 hrs.

The system load factor PF is calculated as follows:

PF = Annual Average Heat Demand (AD)/
Annual Peak Heat Demand (PD)
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CALQNA (Contd)  Subroutine CALQNA factors into account the optional heat
~ exchanger at the end of the transmission line (inlet to the
distribution center) in calculating the peak flow rate
required to meet the peak space heating demand at design
temperature and peak hot water demand of the distribution
system. Two flow rates are calculated.

First, the required peak fluid flow rate QNA (1b/hr) inside
the distribution system, when allowing for future growth in
heat demand, is calculated as follows:

{Peak Heat Demand at Design Temperature
E (MBtu/bldg « hr) + Peak Hot Water Demand
(MBtu/bldg - hr)} *

No. of 1.E6 Btu/MBtu * Density (bldg./sq. mile) *
Districts Diversity Factor * Area (sq. mile)
* (1. + Fractional Heat Demand Growth Rate
Over the Number of Growth Years)/{Temperature
Drop of the Fluid Inside the Distribution
System (°F) * Specific Heat of the Fluid
Inside the Distribution System * 0.95}.

Without a heat exchanger, the fluid temperature drop inside
the distribution system is calculated as the geothermal
fluid temperature at the inlet to the distribution center
minus the geothermal fluid temperature at the outlet of the
distribution system. With a heat exchanger at the end of
the transmission line, the fluid temperature drop inside
the distribution system is calculated as the clean water
temperature out of the heat exchanger [TWATOT (°F) in the
input data] minus the clean water temperature out of the
distribution system. The fluid flow rate inside the
distribution system is also calculated in subroutine DIST.

The factor 0.95 is used to allow for heat losses between
the reservoir wellhead and individual user.
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CALQNA (Contd)

The above equation for the peak fluid flow rate QNA inside
the distribution system is derived from the following heat
transfer equation:

Required Heat at Peak Demand (Btu/hr) * (1. + Growth Fraction)

= Temperature Drop (OF) * Specific Heat (]EtgF)

* 0.95 * QNA (1b/hr)

The peak fluid flow rate QNA is used to size the distri-
bution pipeline system, allowing for future growth in heat
demand.

Second, the required peak geothermal flow rate QNANG
(1b/hr) from the geothermal wells to meet current heat
demands (without regard for future growth in heat demand)
is calculated. The peak geothefmal flow rate QNANG is used
to calculate the required number of producing wells and
size the transmission pipeé‘based on current demand. The
assumption is that the reservoir capacity can be expanded
to meet future heat demand by dri]]ing more wells. The
equation.used to calculate the peak geothermal flow rate
QNANG (1b/hr) s as follows:

{Peak Heat Demand at Design Temperature

z (MBtu/bldg - hr) + Peak Hot Water Demand
(MBtu/bldg - hr)}* 1.E6 (Btu/MBtu)* Density
No. of (bldg/sq. mile)*

Districts  pjyersity Factor * Area (sq. mile)/
{Temperature Drop of the Geothermal Fluid (OF)
* Specific Heat of the Geothermal Fluid * 0.95}.
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CALQNA (Contd)

DIST

Without a heat exchanger, the temperature drop of the
geothermal fluid is calculated as the inlet temperature to
the distribution center minus the outlet temperature from
the distribution system. With a heat exchanger at the end
of the transmission line, the temperature drop of the
geothermal fluid is defined as the temperature drop across
the heat exchanger, which is defined as HXDELT(OF) in the
input data. '

Both peak flow rates QNA and QNANG are increased to factor
into consideration the fraction WLEAK of fluid lost due to
leakage in the transmission and distribution system:

QNA = QNA * (1. + WLEAK)
QNANG = QNANG * (1. + WLEAK)

The variable WLEAK is specified by the program user in the
input data.

Calls the subroutines comprising the distribution system
submodel in Figure 4 to simulate the design, capital costs,
operating costs, and maintenance costs of the district
heating distribution system. The design, material
requirements, and costs of the distribution system are
calculated separately in steps 1-11 below for each district
in the city and then totaled over all districts for the
city.

1) The network of pipes from buildings to streets, down
streets connecting buildings, across the lateral
connecting with the midpoint of the streets, and up
the main connecting with the midpoint of the lateral
js designed for each district using subroutine GRAPH.
An example layout of a piping network is illustrated
in Figure 6. The piping network is symmetrical about
the main and lateral pipes as described in the
description of subroutine GRAPH.

34



GE

STREET STREET
P1 P]
H6 1L H6
P2 | H5 P2 |5
F--1--O0 OF--1--{ L F--14--
p3 |Ha ~ H3 P3lHa  H2
LATERAL P4 PS5
g _-__..E; o ::].__..__.l___]<—HOUSE
p6 |IH1
CF--d--4] CF--d---{7 [}---
MAIN

P1-P6 ORDER OF SIZING PIPE SECTIONS
IN THE SUPPLY PIPES

HI-H6 ORDER OF CALCULATING HEAT LOSS
IN THE SUPPLY PIPES

FIGURE 6. Layout for a District With 22 Buildings; The Piping
Network is Symmetrical about the Main and the lLateral



DIST (Contd) 2)

5)

The required peak geothermal flow rate per building is
calculated based on the peak space heating demand and

- peak hot water demand specified in the input data for

this district type and the specified temperature drop
of the geothermal fluid. Based on the peak geothermal
flow rate, the pipe size and insulation thickness are
optimized and the head loss is calculated for pipe
sections in the supply pipes beginning from the
building to the street, down streets, across the
lateral, and up the main using subroutine SIZE. Due
to the symmetry in the piping network, only a few pipe
sections need to be considered to size the whole
network for the district. The size of the return
pipes is set equal to the size of the supply pipes.

The heat losses in the sections of the supply pipes
starting with the main, across the lateral, up the
street, and from the street to the building are
calculated using subroutine HEAT.

The heat losses in the sections of the return pipes
starting from building to street, down the street,
across the lateral, and up the main are calculated
using subroutine HEAT. ’

The output illustrated by the sample output 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 in the
sections of pipe from building to street, down a
street, across the lateral, and up the main. Because
of the symmetry of the piping network, it is necessary
to print only the pipe sections from one building to
the street, pipe sections connecting pairs of
buildings down a half-street (eijther above or below
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DIST (Contd)

6)

8)

the lateral), and pipe sections connecting streets
across a half-lateral (either to the right or left of
the main).

The total head loss and heat Toss in the piping
network are calculated for the district. Based on the
total head loss, the required pumping capacity and
capital costs of the pumps are calculated.

The material requirements and capital costs of the
piping network are calculated based on the material
and configuration options specified for pipes,
insulation, and casing and the capital cost models
described in Appendix B. The length of pipe, number
of fittings, valves, and expansion loops, and the
capital costs of pipes, fittings, valves, insulation
casing, expansion loops, and trenches are tabulated by
up to 17 categories of nominal outer pipe diameter
sizes that can be used throughout the piping network.
These costs are then summed over all pipe sizes and
combined with the cost of meters, pumps, and
retrofitting of buildings to handle geothermal heating
to obtain total capital costs for the district piping
system. |

The output illustrated by the sample output on page
E-10 is printed. This summarizes the material
requirements and capital costs calculated in step 7 by
up to 17 .categories of nominal outer pipe diameter
sizes and also summarizes the total capital costs for
the district piping system.

The annual average heat demand (space heating and hot
water) in MBtu/yr is calculated for the district based
on the peak heat demand, climate, density, area, and
peak hot water demand. The peak hot water demand is
assumed to be 1/7 of the dai1y hot water demand,
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DIST (Contd)

- 10)

1)

12)

13)

14)

occurring at the same time as the hourly peak heat
demand. The annual peak heat demand (space heating
and hot water) in MBtu/hr is calculated for the
district based on the peak heat demand, peak hot water
demand, density, area, and diversity factor. The
diversity factor defined in Section 3.4.2 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. The annual average heat demand and
annual peak heat demand are also summed over all
districts in the city.

The return temperature for each district is weighted
by the mass flow rate for each district to calculate
an average reinjection temperature from the city
distribution system.

The peak supplemental heat requirements (MBtu/hr) are
calculated for each district based on the peak heat
demand, climate, density, and area of the district.

The output illustrated by the sample output on page
E-25 is printed. This summarizes the flow rate, heat
loss, supply and return temperatures, head loss,
nominal outer pipe diameter, and insulation thickness
for the mains to the districts.

The design parameters and capital cost of the heat
exchanger are printed if the option to use a heat
exchanger at the interface between the transmission
line from the reservoir and distribution main is
simulated.

The output illustrated by the sample output on page
E-26 is printed. This summarizes the total material
requirements and capital costs for the entire city
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DIST (Contd)

GRAPH

SIZE

distribution system by up to 17 categories of nominal
outer pipe diameters. The total capital costs summed

~over all pipe sizes and the total operating expenses
are also printed for the entire city distribution
system.

15) The total supplemental heat requirements (MBtu/yr) are
calculated for the city based on the annual average
heat demand calculated in step 9 for the city and the
climate. The cost of providing the total supplemental
heat requirements is also calculated.

Designs the layout of the piping network for the distri-
bution system in each district based upon the area,

density, length, and width which the user can approximate
from a map of the district. Subroutine GRAPH calculates

the number of buildings in a given district (area = density)
and places them on a rectangular grid such that the ratio
of rows to columns is equal to the ratio of width to length
of the district. The rectangular grid defaults to a square
with length and width equal to 1 mile if these two
parameters are not defined in the NAMELIST input data.

An example layout designed by subroutine GRAPH for a
district with 22 buildings and with ratio of length to
width equal to 2 is shown in Figure 6. Pairs of columns of
houses are assigned by subroutine GRAPH to streets. A
lateral pipe, located at the midpoint of the streets,
connects all of the street pipes. A main pipe connects
with the midpoint of the lateral. 1If a street cannot be
completely filled out with buildings, these remaining
buildings are placed on 2 short streets, one at each end of
the lateral, so that the resultings network is symmetrical
both about the lateral and main.

Optimizes the pipe diameter (meters) and insulation thick-
ness (meters) and calculates the pressure drop (meters of
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SIZE (Contd)

HEAT

H20) for each section of pipe in the distribution piping
network. Since all pipes from building to street are
jdentical in a given district, and since the piping network
is symmetrical about the main and lateral pipes, only a few
pipe sections need to be considered to size the whole net-
work in a given district. The optimal pipe diameter for
each pipe section is determined by searching a set of
feasible pipe sizes to find the size that will minimize the
sum of the annualized capital cost of pipe, insulation,
casing, valves, fittings, expansion loops, trenches, and
pumps and the annual costs of heat loss and pumping power
costs. The optimal insulation thickness is determined by
minimizing the sum of the annualized capital cost of insu-
lating the pipes, valves, fittings, and expansion loops,
annualized costs of casing and trenching, and annual value
of lost heat.

The material and configuration options for pipes, insula-
tion, and casings used in subroutine SIZE are specified in
the input described in Section 3.4.3. These design options
include: single pipe systems; various two-pipe systems; use
of steel or fiberglass reinforced plastic pipes; use of
calcium silicate or polyurethane foam insulation; and use
of steel, plastic (PVC), or field-constructed concrete
casings. Material requirements including pipe, insulation,
casing, valves, fittings, expansion loops, and trenches are
accumulated by size at each section in the distribution
piping network. The capital cost models used in subroutine
SIZE are based on the design options specified in the input
data and are described in Appendix B.

Calculates the radial heat loss (joules/sec « meters)
through a composite series of walls (pipe, insulation,
annular aijr space and ground) due to convectijon and
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HEAT (Contd)

DWRIT

(entry point
DWRIT 2)
PROP

conduction for fluid flow in a cylindrical pipe buried
below the ground. Subroutine HEAT s called by both
subroutines SIZE and DIST.

Prints the output entitled "Definition of Districts” with
results in both English and metric units and the output
entitled "District Populations® illustrated in the sample
output on pages E-7 and E-8. This output consists princi-
pally of the input data defining the districts and district
types in the distribution system described in Section
3.4.2. Subroutine DWRIT (entry point DWRIT 2) also prints
the output entitled "Distribution System Description” with
results in both English and metric units. This output
summarizes the calculated heat demands, brine temperatures,
brine flow rates, and costs by district for the distri-
bution system. The output is illustrated in the sample
output on page E-27.

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

h = .0225 * K * pe0+8 « pp0-4
conv D
where:
hconv = convective heat-transfer coefficient,

joules/sec - meter2 . %

K = thermal conductivity of the fluid,
joules/sec.« meter2 -OK/meter
Re = Reynolds number
Pr = Prandtl number
D = inside pipe diameter, meters
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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. The exploration process identifies and evaluates potential
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 of 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. Both
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.

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 reservoir operation tasks include: replacement well drilling, sub-
divided into tangible and intangible costs; nonproducing well drilling
associated with replacement wells; well abandonment and maintenance; over-
head and management; well redrilling due to scale buildup; and fluid
transmission and disposal maintenance. Both reservoir development and
operation costs are computed on the basis of the calculated distribution
system size.

Using discounted cash flow analysis, the unit cost of energy from the
reservoir 1is calculated by equating the present worth of the revenues and
expenses from the beginning of reservoir exploration through the economic
life of the distribution system. Descriptions follow of the subroutines
associated with subroutine RESVOR and the reservoir economic submodel.

CLEAR Clears consecutive locations in memory for initializing
arrays in various subroutines to zero.

TARGTS Calculates the number of prospective geothermal sites to
explore in each of the successive discrete steps comprising
the reservoir exploration process, based upon the success
ratios (finding rates) input for each step. The successive
reduction in the number of sites to explore at each step
culminates in a single producible site at the last step,
completing the exploration process.

DATACK Prints the financial and tax input data for the reservoir
and both calculates and prints the reservoir's annual cash
flow statement from exploration through the economic life
of the distribution system. This statement includes each
year of exploration, development, and operation of the
reservoir, the distribution system load factor or fraction
of annual time the distribution system is operating at full
capacity, and the cash flows computed on an annual basis
for the following items: identifying geothermal target
sites, remaining reservoir exploration beginning with
preliminary reconnaissance, reservoir development, reser-
voir operation, property taxes and insurance, interim
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DATACK (Contd)

FACTRS

PWRCO

DEPREC

COSTEQ

capital replacements for the fluid transmission and dis-
posal system, and the sum of these costs.

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 rate after
taxes. A1l expenses and revenues are assumed to be ‘
incurred at midyear. If year-end discounting is desired,
the variable TIMD appearing in subroutine FACTRS should be
reset from 0.5 to 1.0 in the BLOCK DATA subroutine. Sub-
routine FACTRS is called by both the reservoir and
distribution economic subroutines as shown in Figure 3.

Calculates the annual reservoir operating expenses from
exploration through the economic 1ife of the distribution
system. Subroutine PWRCO also calls subroutine DEPREC to
calculate well depreciation and reservoir depletion and
depreciation. These are printed by subroutine QUTPUT in
the statement of annual deductible expenses.

Calculates the annual depreciation of the reservoir capital
assets, including interim capital replacements. The input
parameter LL2 selects one of two available options: the
straight line method (LL2 = 1) or the sum-of-years-digits
method (LL2 = 2).

Calculates the unit cost of energy from the reservoir by
setting the present worth of the revenues equal to the
present worth of the expenses from the beginning of reser-
voir exploration through the economic life of the
distribution system.

Unit cost of energy (cents/MBtu) = (present worth
of the expenses - present worth of tax credits)/
[(present worth of energy supplied) * (1 - state
gross revenue tax rate) * (1 - combined federal and
state income tax rate)]
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COSTEQ (Contd)

PAYOUT

OQUTPUT

SUMARY

The present worth of energy supplied takes into account the
distribution system load factor.

Calculates the annual income statement and annual payout of
investments for the reservoir. This includes the total
energy sales (gross revenues), state and federal income
taxes, revenue taxes, royalty payments, and the changes in
capitalization: outstanding bonds, bonds repaid,
unrecovered equity, equity recovered, bond interest, and
earnings on unrecovered equity.

Prints the statements of annual deductible expenses,
income, and payout of investments for the reservoir from
the beginning of reservoir exploration through the economic
life of the distribution system. The statement of annual
deductible expenses lists the items: year, present worth
factor for that year, reservoir operating expenses, bond
interest, well depreciation, reservoir depletion and depre-
ciation, total deductib1e>operating expenses, and state
income taxes. The statement of annual income lists the
items: year, trillion Btu of energy supplied, energy
sales, revenue taxes, royalty payments, total tax deduct-
ible expenses, taxable income (federal), and federal income
tax. The statement of payout of investments lists the
items: year, net cash flow, outstanding bonds, equity
capital not recovered, bond interest, earnings on
unrecovered equity, bonds repaid, and recovery of equity.

Calculates and prints the breakdown of the unit cost of
energy from the reservoir in cents/MBtu and equivalent
annual costs in millions of dollars. These are itemized as
follows: identification and exploration, development,
operating costs, revenue taxes, state income taxes, royalty
payments, federal income taxes and bond interest. In
another set of calculations, the taxes, royalty payments,
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SUMARY (Contd) and bond interest are reallocated to the direct cost com-
ponents for the reservoir: identification and exploration,
development, and operating costs. The rate of return on
investment is included in the distributed energy cost for
each component. The deductible nature of the bond interest
causes this expense to be partially included in the rate of
return (the part which is included in the present worth
factor) and the remainder to be accounted for separately.

2.8 DISTRIBUTION ECONOMIC SUBMODEL

The reservoir revenue is a cost to the distribution system. GEOCITY
calls the distribution economic submodel, simulated by subroutine DISTRB and
its associated subroutines. This submodel combines the energy cost from the
reservoir with the distribution capital and operating costs and generates
the cash flow associated with the design, construction, and operation of the
distribution system throughout its useful life. The required revenue and
unit cost of heat are determined by using discounted cash flow analysis, and
equating the present worth of the revenues and expenses over the economic
life of the distribution system. Descriptions of the subroutines associated
with subroutine DISTRB and the distribution economic submodel follow.

HCONST Calculates the following costs appearing in the annual cash
flow statement for the distribution system: capital éosts,
operating costs, interim capital replacements, property
taxes and insurance, the sum of all these costs with the
energy cost from the reservoir, and investment tax credits.
The total capital cost of the distribution system for the
construction period (NYC years, specified in the input
data) is calculated in subroutine DIST according to the
component capital cost models in Appendix B. This cost
includes the following items: pipe, insulation, casing,
fittings, expansion loops, trenches, valves, meters, pumps,
metering and control equipment, buildings and land use,
building retrofit (optional), heat exchanger (optional),
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HCONST (Contd)

and engineering and administration. Subroutine HCONST
apportions the capital cost by year over the number of
years (NYC) input for distribution system construction.
The apportionment is based on the following function.

100 7
1 +e k(a-t)

C(t)

C(t) is the cumulative percent expenditure at time t.
k is a constant, 0.0847.

a is the 50% expenditure point in time, currently
set to the 60% point in the construction schedule.

t is the time in years from beginning of
construction.

If the option to allow growth in heating demand is
specified in the input data (NYGRO > 0), additional annual
capital costs beyond the construction period are calculated
in subroutine HCONST. Additional capital costs during each
year after the first year of operation are calculated by
applying a compound growth curve to the total street and
house pipe capital costs incurred during the construction
period. Only additional street and house pipe capital
costs are calculated beyond the construction period because
the distribution system model designs the main and lateral
pipes with sufficient capacity to meet the specified future
growth.

Annual operating costs are calculated in subroutine DIST
according to the operating cost models in Appendix B. This
includes the following items: personnel costs for operat-
ing the distribution system and for administrative
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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 of
operating costs attributed to the expansion of street and
house pipes is increased annually during the growth period
according to a éompound growth curve. The computed incre-
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.

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

Interim capital replacements ($) = [input fraction
DINPUT(53), with default value 0.0035] * (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 0.0250] * (total capital cost up to the
year of interest in the calculation)

Property insurance ($) = [input fraction DINPUT(54),

with default value 0.0012] * (total capital cost up to

the year of interest in the calculation)
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HCONST (Contd)

DATAK

DPREC

COSTEG

Investment tax credits in the first year of operation are
calculated as a fraction of construction period capital
cost and interim capital replacements during the first year
of operation.

Investment tax credit ($) = [0.01 * input percentage
PIVTCP, with default value 0] * (construction period
capital cost and interin capital replacements in the first
year of operation)

Investment tax credits in subsequent years of operation are
calculated as a fraction of the interim capital
replacements.

Investment tax credit ($) = [0.01 * input percentage
PIVTCP, with default value 0] * (interim capital
replacements in the year of interest)

Subroutine HCONST also calculates the annual net production
of useable heat (after allowance for heat Tlosses in the
distribution system piping) in units of Btu/yr and MBtu/yr.
If the growth option is specified, the annual net
production of useable heat is increased after the first
year of operation according to a compound growth curve.

Prints the financial and tax input data for the distri-
bution system.

Calculates the annual depreciation of the distribution
system capital assets, including interim capital replace-
ments. The input parameter LLZ2 selects one of two
available options: the straight line method (LL2 = 1) or
the sum-of-years-digits method (LL2 = 2).

Calculates the unit cost of heat from the distribution
system by setting the present worth of the revenues equal
to the present worth of the expenses throughout the
economic life of the distribution system.
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COSTEG (Contd)

PAYOT

OQUTPLT

Unit cost of heat (cents/MBtu) = (present worth of expenses
- present worth of tax credits)/[(present worth of heat
production) * (1 - state gross revenue tax rate) *

(1 - combined federal and state income tax rate)].

The present worth of heat production takes into account the
distribution system load factor.

Calculates the distribution system's annual income state-
ment and annual payout of investments. This includes the
total heat sales (gross revenues), total tax deductible
expenses, taxable income (federal), state and federal
income taxes, revenue taxes, and the changes in
capitalization: outstanding bonds, bonds repaid,
unrecovered equity, equity recovered, bond interest, and
earnings on unrecovered equity.

Prints the statements of annual cash flow, tax deductible
expenses, income and payout of investments from the begin-
ning of distribution system construction through its
economic life. The statement of annual cash flow 1lists the
jtems: year, distribution system load factor, capital
costs, energy costs from the reservoir, distribution
operating costs, interim capital replacements, property
taxes and insurance, and the sum of these costs. The
statement of annual tax deductible expenses lists the
jtems: year, present worth factor for that year, operating
expenses, bond interest, depreciation, total deductible
operating expenses, and state income taxes. The statement
of annual income lists the ijtems: year, trillion Btus of
heat produced, heat sales, revenue taxes, total tax deduc-
tible expenses, taxable income (federal), and federal
jncome tax. The statement of payout of investments lists
the items: year, net cash flow, outstanding bonds, equity
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OUTPLT (Contd) capital not recovered, bond interest, earnings on unre-
covered equity, bonds repaid, and recovery of equity.

CPOWER Calculates and prints the breakdown of the unit cost of
heat from the distribution system in cepts/MBtu and equiva-
lent annual costs in millions 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, state income taxes, federal income taxes,
and bond interest. The difference between the unit cost
for energy supply at the distribution system and the unit
cost of energy from the reservoir calculated in subroutine
COSTEQ is caused by heat losses in the distribution system
piping. In another set 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-
late thermodynamic and physical properties of water and steam, their |
arguments, and the temperature-pressure subregions in which they are appli-
cable. The subregions are illustrated relative to 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 critical point in subregion 5, the accuracy of the functions
used should be checked against the individual requirements since the prop-
erties vary rapidly in this area. Definitions for the symbols used in
Tables 1 and 2 follow.

Pressure, psia

Temperature, °F
Specific Enthalpy, Btu/1b
Specific Entropy, Btu/1b-F

p
t
h
S
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- Specific Volume, ft3/1b

- Quality by weight fraction, %/100
Viscosity, 1b/ft-sec

- Thermal conductivity, Btu/hr-ftF

Pr - Prandtl number

Vc - Critical velocity, ft/sec

Fc - Critical flow, 1b/hr-in

Y - Isentropic exponent (pvy = Constant)
°s - Degrees superheat

" T X <
]

Many of the functions are interdependent. Consequently, if the use of a
function is desired the majority of the steam table functions must be loaded

into computer memory.

GEOCITY initially calls the following subroutines in the steam tables
to initialize steam table constants appearing in labeled common: CCSR1,
CCSR2, CCSR3, CCBLL, and COMALL.
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TABLE 1. ASME Steam Table Singie Valued Functions

State Unknown ‘
(either wet (two-phase) or superheated) Saturation Line and Wet Steam

FORTRAN ' FORTRAN

Code Name Function Subregion Code Name Function Subregion
HPS h = f(p,s) 2, 3, 4 HPSW h = f(p,s) 6

SPH s = f(p,h) 2, 3 SPHW s = f(p,h) 6
VPH v = f(p,h) 2, 3 VPHW v = f(p,h) 6
VPS v = f(p,s) 2, 3, 4 VPSW v =f(p,s) 6
TPH t = f(psh) 2, 3, 4 TSL/TSATP  t = f(p) Sat. Line
TPS t = f(p,s) 2, 3, 4 PHSW p = f(h,s) 6

THS t = f(h,s) 2, 3,4, 6 PSL/PSATT p = f(t) Sat. Line
PHS p = f(h,s) 2, 3, 4, 6
XPH x = f(p,h)
XPS x = f(p,s)

Superheated Steam . Compressed Liquid
HPSD h = f(p,s) 2, 3, 4 HPTL h = f(p,t) 1, 3,4
HPTD h = f(p,t) 2, 3, 4 SPTL s = f(p,t) 1, 3,4
SPHD s = f(p,h) 2, 3, 4 VPTL/VCL v = f(p,t) 1, 3, 4
SPTD s = f(p,t) 2, 3,4 TPHL t = f(p,h) 1, 4
VPHD v = f(p,h) 2, 3, 4 TPSL t = f(p,s) 1, 4
VPSD v = f(p,s) 2, 3, 4 VISL u = f(p,t) 1, 2, 3, 4
VPTD v = f(p,t) 2,3,4 CONDL k = f(p,t) 1
TSUPH/TPHD t = f(p,h) 2 PRLIQ Pr = f(p,t) 1
TSUPS/TPSD  t = f(p,s) 2, 3,4 y

THSD t = f(h,s) 2, 3, 4

PHSD p = f(h,s) 2, 3, 4
VISV p = f(p,t) 2, 3,4

CONDV k = f(p,t) 2, 3,4

PRSTM Pr = f(p,t) 2, 3, 4

Saturated Vapor Saturated Liquid

HGP h = f(p) Sat. Line TSLH t = f(h) Sat. Line
HGT h = f(t) Sat. Line HFP ~ h = f(p) Sat. Line
SGP s = f(p) Sat. Line HFT/HSL h = f(t) Sat. Line
SGT s = f(t) Sat. Line SFP s = f(p) Sat. Line
VGP v = f(p) Sat. Line SFT/SSL s = f(t) Sat. Line
VGT v = f(t) Sat. Line VFP v = f(p) Sat. Line
2] p = f(s) Sat. Line VFT/VSL v = f(t) Sat. Line

Some subroutines have been given two names separated by a / mark. When calling
these subroutines, the names can be used interchangeably.
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TABLE 2.

FORTRAN
Code Name
HSSISS
HPSISS

HSS
HSV
HCL
HSSICL
SSSISS
SPSISS
SSICL
CRFLO
CRVEL

ASME Steam Table Multiple Valued Functions

Function

f(pss)
f(p,s)
hys,v = f(p,t)
h,t,s,v = f(p)
h,s = f(p,t)

hyt = f(p,s)
s,t,v,x = f(p,h)
s,t,v,x = f(p,h)
s,t = f(p,h)

fc, °S = f(p,h)
Ve, v = f(p,h)

hyt,v,x
h,t,vox =

Isentropic Drop Subroutines

ISDT

ZSDH

ISRT
ZSRH

hl,Slgxl,Vl,tz,Xz,Vz,hz
= f(pl,p29t1)

tl,Sl,Xl,Vl,tz,XstZshZ
= f(p1,p2,h1)

h],Sl,tz,hz = f(p19p23t1)
t1sS1stoshy = F{pysp2shy)
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State

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

Wet or Superheated Steam
Superheated Steam
Compressed Liquid

Wet or Superheated Steam
Wet or Superheated Ste;m

Wet or Superheated Steam
Wet or Superheated Steam

Compressed Liquid
Compressed Liquid
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3. PREPARATION OF INPUT DATA

3.1 NAMELIST INPUT RULES

The first card required in the input data specifies a Hollerith title
of 80 characters or less for identifying the simulation printout. The
remaining data cards permit the user to override default values initialized
for the input variables in the BLOCK DATA subroutine. These cards are input
using the NAMELIST statement, which permits input of numerical values for
variables and arrays preceded by the identifying variable or array names.

No format specification is used. This section gives a brief description of
the NAMELIST rules for the Cyber computer, which are applicable to most
other machines with minor variations. The reader may wish to consult the
FORTRAN manual available at his/her installation for a more detailed
discussion. A sample case illustrating the NAMELIST input is given in the
next section. The reader may find it helpful to refer to the sample input
during the following discussion. The definitions of the NAMELIST input
variables and their default values in GEOCITY are given following the sample
input.

The NAMELIST input to GEOCITY is composed of two sets of data: 1) the
reservoir and transmission system data and 2) the distribution system data.
The reservoir and transmission system data begin in column 2 of the second
data card (the first card is the title card mentioned above) with the NAME-
LIST group name $RESVOR. The distribution system data begin in column 2 of
the data card following the reservoir and transmission system data with
$DISTRB. Each NAMELIST group name is separated by one or more spaces from
its succeeding list of variables, array names, and their numerical values.

Input variables and arrays may be defined in three ways.

e variable = constant
° array name = constant,...,constant,
e array name (integer constant subscript) = constant,...,constant,

Commas separate each definition from succeeding definitions. Constants can
be preceded by a repetition number and an asterisk, as for example, array
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name = 3 * 1.0. This sets the first three locations in the array to the
values 1.0. In defining arrays, the number of constants, including repeti-
tions, given for an array name should not exceed the number of elements in
the array. The number of elements in the GEOCITY arrays are given accom-
panying the definition of the input variables and their default values
following the sample input case. When data are ihput using the definition,
array name (integer constant subscript) = constant,...,constant, the array
elements are defined consecutively beginning with the location given by the
integer constant subscript. The number of constants need not equal, but may
not exceed, the remaining number of elements in the array.

Integer or real constants are converted to the type of the variable or
array. A1l input variables to GEOCITY beginning with the letters I through
N, except the variables 10 and KINS, are integer. The variables IO and KINS
are declared real (floating point) variables in GEOCITY. A1l other input
variables are real.

The variables, array names, and their numerical values succeeding the
NAMELIST group name $RESVOR or $DISTRB are read until another $ is encoun-
tered to complete the definition of the input data for the reservoir and
transmission system or distribution system respectively. Variables may be
in any order. Blanks may be used freely to improve readabi]ity except
between $ and RESVOR or $§ and DISTRB, or within array names and variable
names, or within numerical values.

A minimum of three data cards is needed to define the input data for a
simulation case. The first column of each card is ignored and should not
contain any data. A1l cards except the last for a NAMELIST group name must
end with a constant followed by a comma. The last card for each NAMELIST
group name must end with a $ sign.

Consecutive simulation cases can be set up in the input data. Each new
simulation case requires the following cards: 1) a title card, 2) a $RESVOR
card and, when necessary, continuation cards defining the NAMELIST input
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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continuation cards defining the NAMELIST input variables to be changed from
the preceding simulation case for the distribution system. The last card
for each NAMELIST group name must end with a $ sign. The input data for a
simulation case may consist of any subset of the NAMELIST input variables.
In setting up consecutive simulation cases in the input data, only the input
variables with values differing from the preceding simulation case require
redefinition. The values of variables and arrays not included in the input
data for a particular simulation case remain unchanged from:

e The default values in BLOCK DATA for the first simulation case.
e The values from the preceding simulation case for cases after the
first case.

If no values are to be éhanged from the default values in BLOCK DATA in
the first simulation case, the input data consists of: 1) a title card, 2)
a card with $RESVOR $ beginning in column two, and 3) a card with $DISTRB $
beginning in column two.

3.2 INPUT INSTRUCTIONS AND SAMPLE CASE INPUT

The data input to GEOCITY consists of the following three types of
cards:

e A title card of 80 characters or less to identify the simulation
printout.

® Data cards defining values for the reservoir and transmission
system input variables beginning in column two with $RESVOR
according to NAMELIST input rules.

e Data cards defining values for the distribution system input
variables beginning in column two with $DISTRB according to
NAMELIST input rules.

The following steps are suggested for preparing the data input:

Step 1. Review the NAMELIST input rules summarized in the preceding
section.
Step 2. Prepare a title card of 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.

Step 4. Prepare cards defining the technical and economic input
variables for the distribution system following the
NAMELIST input rules. ’

A1l input variables and their default values are defined in the next
section. Those input variables not included in the 1ist of variables in the
data cards for a given case are left set to the default values. To aid the
user, an overview of the key technical and economic input variables and
their default values is summarized in Table 3.

- 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. The distribution system is supplied with hot water from
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.

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 3,4
3 5
4 8
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TABLE 3. Key Technical and Economic Input Variables
and Default Values

FORTRAN Default
Input Variables i __ Name Value
Reservoir Characteristics and Well Properties
Well Flow Rate FLORAT 400,000 1b/hr
i Wellhead Temperature PUTEMP 100°¢
! Well Life AVGHWL 10 yr
Well Spacing WELSPC 20 acres
Wellhead Pressurization PRFACT 2.
Factor (21.)
' Reservoir Financial and Tax Data
Fraction of Initial Investment
in Bonds DINPUT (4) 0.42
Bond Interest Rate DINPUT (5) 0.08
‘ Equity Earning Rate After Taxes DINPUT (6} 0.15
' Federal Income Tax Rate DINPUT (7) 0.48
. State Income Tax Rate DINPUT (15) 0.07
] Property Tax Rate DINPUT (17)  0.025
l i Distribution System Operating Life DINPUT (26) 30 yr
! Royalty Payment DINPUT (27) 10%
Individual Well Orilling Costs
a Producing Well OCPW $400,000.
‘ Nonproducing Well DCNPW $300,000.
' Injection Well or Exploratory Well OCINJW $350,000.
Distribution Financial and Tax Data
| {1 Fraction of Initial Investment in Bonds DINPUT (39) 0.59
I Bond Interest Rate DINPUT (40) 0.08
' Equity Earning Rate After Taxes DINPUT (41) 0.12
Federal Income Tax Rate DINPUT (42) 0.48
| u State Income Tax Rate DINPUT (50} 0.07
' : Property Tax Rate DINPUT (52)  0.025
Distribution System Operating Life DINPUT (61) 30 yr
Distribution System Characteristics
‘ ‘ Length of Transmission Line DRES 10 miles
! Total Annual Degree Days ADGDAY 6500°F days
Degree Days at Design Temperature DDGDAY 6000 °F days
; Minimum Outdoor Temperature TMIN -5°F
Q Design Outdoor Temperature TDES JQ°F
Number of Districts in the City NDTR !
Type N of District for District Number M IDTR (M) 1 (suburban)
Density of Buildings in District Type N DENSE (N) Table 8
u Peak Heat Demand per Building in District
Type N HQ (N) Table 8
Daily Hot Water Demand per Building in .
District Type N HW (N) Table 8
Q Temperature of Return Water in District
Type N TREJ (N) Table 8
. Diversity Factor in District Type N DIVF {(N) Table 8
Area of District Number M AREA (M) 1 sq. mile
/ Width of District Number M © . WIDTH (M) 1 mile
a Length of District Number M XLNGTH (M) 1 mile
j Length of Main to District Number M " DDTR (M) 1 mile
Pipe Option for Distribution System Pd 1 (insulated
supply, uninsu-
lated return)
a Pipe Material Option PMO 1 (carbon steel)
Insulation QOption 10 1 {calcium
n : siliate)
Casing Option o 1 (prefabricated
steel)
U Branching Mains Option DNET AT1 0s
(district
no. M,
u\) main no. MM)
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TABLE 4. Summary of District Input Data for GEOCITY Simulation of Akureyri

District Definition Parameters

GEOCITY Length of Main
District District Area Width Length Serving the District
Number Type (sq.mi.}) (mi.) (mi.) (mi.)
o 1 0.193 0.932 0.466 0.404

2 2 0.023 0.124 0.180 0.217

3 2 0.062 0.124 0.497 0.28

4 1 0.185 0.373 0.497 0.249

5 2 0.015 0.124 0.124 0.186

6 1 0.232 0.248 0.932 0.777

7 1 0.156 0.932 0.167 0.124

8 ] 0.399 0.932 0.932 1.740

District Type Parameters

Density Peak Heat Hot Water Reject
District (B1dg/ Demand/B1dg. Demand Diversity Temperature
Type sq.mi.) (MBtu/hr}) {gal/day) Factor {°F)
1 (Residential) 2731 0.0254 37.8 0.72 1n3.
2 (Industrial) 3000 0.1905 0. 0.72 113.

Branching Main Matrix

Matrix DNET (District No., Main No.) Defining the Districts

Served by the Mains Definition of Matrix Entries
Main Number
1 2 3 4 85 . . . 20 0 - main does not serve district
] 2 0 0 0 1 - main transports flow to district
through branching main
12 0 00 2 - main transports flow directly
District 311 2 0 0O A1l Os to district
Numbers 4137 2 0 O
Served S|y 0 2 0
by Main 612 0 0 0
712 0o o o0
810 0 0 2
9
A1l Os
20
63



The distribution system is designed as a single pipe system (P0=6) -in
which the used water is disposed through the sewer system (INJP=0). The
design features of the distribution piping system are:

e Single supply pipe, seamless schedule 40 carbon steel
(PO = 6, PMO = 1)

e Polyurethane foam insulation (I0 = 2)

e Polyvinyl chloride (PVC) casing with no annular air spacing
(cOo =2, TA = 0.)

e Conduit buried 1/2 meter deep in a dirt and rock mixture (default
trenching model in Section 3.4.4.4)

e Transmission line, mains, laterals and street pipes
designed to meet current (1978) diversified peak heat demand
(GROWTH (District no.) = 0, DIVF (district type) = .72).

SAMPLE CASE INPUT

Col. 2 _
DISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI, ICELAND

$RESVOR FLORAT= 500000., PWTEMP=90., AVGWL=30., FRCEPW=0.T,
FRCNPW=0.05, DCPW=200000., DCNPW=150000., DCINJW=175000.,INJP=0,
TAVWEL=1, DINPUT(4)=1., DINPUT(6)=0, DINPUT(14)=1978, LL6=1%

$DISTRB DRES=7.46, NDTR=8, ADGDAY=10800., DDGDAY=10440., TMIN=-2.2,
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.,
WIDTH=.932,.124,.124,.373,.124,.248,.932,.932,12*0.,
XLNGTH=.466,.18,.497,.497,.124,.932,.167,.932,12%0.,
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*0,2,12*0,320*0,
PO=6, 10=2,C0=2,TA=0., VMBTU=3, DINPUT(39)=1., DINPUT(41)=0.,
DINPUT(49)=1978.8%.

The key technical and economic input conditions selected for defining the
reservoir, transmission, and distribution system characteristics are
summarized below. The input variables not included above were left set to the
default values defined in Sections 3.3 and 3.4.
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Variable

FLORAT
PWTEMP
AVGWL
FRCEPW
FRCNPW
DCPW
DCNPW
DCINJW
INJP

TAVWEL
DINPUT(4)

DINPUT(6)

DINPUT(14)

LL6

Reservoir and Transmission System Input Conditions

Option to Reinject into Injection
Well Field

Option to Reduce Recomputation in
Fluid Transmission Submodel

Fraction of Reservoir and Transmis-
sion System Investment in Bonds

Earning Rate on Reservoir and
Transmission System Equity
After Taxes

Start-up Year for Operation of
the Distribution System

Option to Print Distribution System
Demand and Fluid Transmission
Iteration History

65

Description Value

Maximum Flow Rate per Well 500,000 1b/hr
Wellhead Temperature 90°C

- Average Well Life 30 yr
Fraction of Excess Producing Wells 0.1
Fraction of Dry Wells 0.05
Drilling Cost of Producing Well $200,000/we11
Drilling Cost of Dry Well . $150,000/we 11
Drilling Cost of Exploratory Well $175,000/we11

No (Use Sewer System)

Yes

1978

1(Last Iteration
Only)



Distribution System Input Conditions

Variable Description Value
DRES Length of Transmission Line to 7.46 miles
City Distribution Center
NDTR Number of Districts in City 8
ADGDAY Total Annual Degree Days 10,800 °F days
DDGDAY Degree Days at System Design 10,440 °F days
Temperature
TMIN Minimum Outdoor Temperature -2.2°F
TDES Design Outdoor Temperature 10.4°F
DENSE(N) Density of Buildings in District Table 4
Type N
HQ(N) Peak Heat Demand per Building Table 4
in District Type N
HW(N) Daily Hot Water Demand per Building "Table 4
in District Type N
TREJ(N) Temperature of Return Water in Table 4
District Type N
IDTR(M) District Type N of District Number M Table 4
AREA(M) Area of District Number M Table 4
WIDTH(M) Width of District Number M Table 4
XLNGTH(M) Length of District Number M Table 4
DDTR(M) Length of Main Serving District Table 4
Number M _
DNET(Dist. No., Matrix Defining the Districts Served Table 4
Main No.) by the Mains
PO Pipe Option 6(Supply Pipin
; System 0n1yg
10 Insulation Option 2(Polyurethane
Foam)
co Casing Option 2(Prefabricated
Plastic (PVC)
Casing)
TA Casing Annular Air Space 0.
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Varijable

VMBTU

DINPUT(39)
DINPUT(41)

DINPUT(49)

Distribution System Input Conditions

Description

Value of One Million Btus of Heat,
for Optimization of Insulation
Thickness

Fraction of Distribution System
Investment in Bonds

Earning Rate on Distribution
System Equity After Taxes

Start-up Year for Operation of the
Distribution System

Value

$3/MBtu

1978

The output corresponding to the sample case input is shown in

Appendix E and discussed in Section 4.

The option to print only the final

jteration between the distribution system demand subroutine CALQNA and the

fluid transmission submodel was selected (LL6 = 1).

The default option to

print the full distribution system output was used (DFLAG = .TRUE.). The
default option to print the full economic output for the reservoir, trans-
mission system, and distribution system was also 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:

e Reservoir Characteristics and Well Properties

e Well Drilling Costs

e Fluid Transmission and Disposal

e Reservoir Financial and Tax Data

e Reservoir Exploration, Development, and Operation

o Qutput Options
e Miscellaneous Variables Used Only for Printout Information (Well Design

and Stratigraphy)

The variables in the category, Well Design and Stratigraphy, are used
only for informative purposes in the printout. Well drilling costs are
input directly to GEOCITY rather than calculated internally as a function of
well design and stratigraphy.

3.3.1 Reservoir Characteristics and Well Properties

AVGWL Average production life (years) of reservoir wells. The
default is 10 years.

FLORAT Maximum flow rate (1b/hr) of the geothermal fluid from the
reservoir wellhead. The default is 400,000 1b/hr/well.

FRCEPW Fraction of excess producing wells to provide spare wells.
The default is 0.2.

FRCNPW Fraction of nonproducing (dry) wells. The default is 0.2.

PRDRAT Ratio of injection well to 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°¢.
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PRFACT

WELSPC

Wellhead pressurization factor ( 21.) provided to set the
wellhead pressure of the geothermal fluid at saturation
(PRFACT=1.) or compressed liquid state (PRFACT >1.). Sub-
routine DGHEAT sets the wellhead pressure as follows:

Wellhead Pressure (psia) = PRFACT * (Pressure at
saturation corresponding to the input wellhead
temperature PWTEMP). '

The default value of PRFACT is 2.

Reservoir well spacing in acres. The default is 20 acres.

3.3.2 Well Drilling Costs

DCPW

DCNPW

DCINJW

PERCNT(N)
N=1,2

Total cost ($) of all tasks involved in drilling one pro-
ducing well. The default is $400,000.

Total cost ($) of all tasks involved in drilling one
nonproducing well. The default is $300,000.

Total cost ($) of all tasks involved in drilling ejther one

exploratory well or one injection well. The default is
$350,000.

Fraction (not percentage) tangible and intangible parts
respectively of the drilling costs for producing wells.
The optional breakdown into tangible and intangible parts
is provided because of possible differential tax
treatment. The tangible part is capitalized and expensed
through a depreciation account. The intangible part is
expensed immediately. Nonproducihg wells are expensed and
injection wells are capitalized, with costs recovered
through the depreciation account. The default values for
the PERCNT array~are as follows:

PERCNT(1) = 1/3 fraction tangible,

PERCNT(2) = 2/3 fraction intangible.
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3.3.3. Fluid Transmission and Disposal

COPUMP

EVALUE(1)

TAVWEL

Electrical cost ($/kWh) of operating the transmission
booster pumps to maintain geothermal fluid pressure at
saturation or above saturation (compressed liquid state) in
the fluid transmission lines. The default is 0.025%/kWh.

Design parameter to change the internal diameters of all
pipes in the fluid transmission system in order to alter
the pressure degradataion. The equations optimizing the
internal pipe diameters are programmed in subroutine PIPE.
Since EVALUE(1) occurs with an exponent of 0.163 in these
equations, an increase (decrease) in EVALUE(1) by a factor
of 2, for example, will increase (decrease) the internal
pipe diameter by about 12%. The default value of EVALUE(1)
is 0.02.

Option to speed up the execution time required to calculate
the fluid degradation on a nodal basis in the transmission
system. This option eliminates redundant calculations in a
uniform matrix of well nodes. The execution time for the
transmission system can be reduced almost in half for large
well fields. This option activates subroutine STORE, which
saves and retrieves variables previously calculated to
describe the characteristics of the pipe and fluid exiting
well (nonmanifold) nodes. Assuming that all reservoir
wells have the same average conditions (temperature,
pressure, etc.), the characteristics of the pipe and fluid
exiting each node in a set of well (nonmanifold) nodes that
have the same number of active wells upstream are
jdentical. Therefore, these characteristics need only be
computed once for this set of nodes. This property is
illustrated in Section 4 describing the sample case

output. This option should not be used when inactive well
sites are present in the the well field matrix or when the
wells have variable conditions.

70



IAVWEL (Contd)

INJP

PLINJP

PLMANF

0, calculate the fluid degradation individually for each
well node.

1, calculate the fluid degradation individually only for
those well nodes that have a different number of active
wells upstream.

The default value for IAVWEL is 1.

Option to reinject the effluent water from the district
heating system or heat exchanger.

0
1

no reinjection

reinjection

The default is reinjection into an injection well field.
If no reinjection is specified, disposal of the effluent
water is assumed to be into a sewage system or river. In
this case, there is no cost for an injection well field.
Both the supply and effluent (return) water are
continuously maintained at saturation or above saturation
(compressed liquid state) throughout the city district
heating system by the use of booster pumps in:the
distribution system submodel (subroutine DIST). Both the
capital cost and electrical cost of operating these pumps
are factored into the accounting routines.

Distance (meters) from the city to the injection field. A
pipe of this length is used to conduct the water effluent
from the city or heat exchanger to the origin of the
injection field if the reinjection option INJP is set to
1. The default distance is 1000 meters.

Distance (meters) from the first column of well nodes

(J = 2 in Figure 11) to the manifold pipe nodes (J = 1).
The default value of PLMANF is O, in which case subroutine
TRANS sets this distance identical to the distance between
well nodes. To override the default value, set PLMANF to
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PLMANF (Contd) the desired distance (meters) using the NAMELIST input

PSALVG

data. The distance PLMANF applies to both the reservoir
and injection fields.

Fraction of transmission or disposal pipe that can be sal-
vaged from a depleted or plugged well and used with a
replacement well. This quantity is used in calculating the
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.

3.3.4 Reservoir Financial and Tax Data

DINPUT(N), N = 1,..., 35 1is the array of financial and tax data for

the reservoir defined below.

N
1

Description of Reservoir Parameters

Reservoir capital investment (millions of dollars), which is 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: number of years from the
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 O.

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.
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10-13
14

15
16
17
18

19
20

21-25
26

27

28

Reservoir thermal capacity (MWth); default is 400 MWth.

Depreciable 1ife of reservoir wells (years); default is 10 yr.
This is automatically set equal to the average reservoir well
1ife (AVGWL) in subroutine LOAD.

Not used; default is O.

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 O.
Property tax rate; default is 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, is
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 O.

Distribution system operating 1ife (years); default is 30 years.
The same time must also appear in DINPUT(61) is Section 3.4.5.

Royalty payments, percentage of reservoir annual power sales;
default is 10%.

Transmission systém 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. o

30-35 Not used;'défau]t va1ues are 0.

DA

PIVTCR

3.3.5 Reservoir

Percentage depletion allowance. The default is cost deple-

tion allowance (DA = 0.)

Percent investment tax credit for the reservoir, which
applies only to the first year of energy production. The
default is O. ‘

Exploration, Development, and Operation

ACRES

Size (acres) of each prospective geothermal site leased for
reservoir exploration. This quantity is multiplied by the
input unit costs per acre associated with lease procure-
ment (UNITO(N), N = 6, 7, 8 in Tables 5A 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.

LAGS (ITEX(N), K), ITEX(N) =1, ..., 223 K =1, 2 - Time array to schedule

the tasks defining reservoir exploration, development, and
operation in Tables 5A and 5B 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. A1l 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 sequentially 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
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Index for Itemizing
Individual Tasks

Index for
Grouping Tasks

Description of Grouped Tasks

TABLE 5A. Tasks and Input Costs for Reservoir Exploration, Development, and Operation

Unit Costs (Dollars)
for{8) Individual Tasks

N

6, 7, 8(b)

9
10
11, 12(b)

13
14
15
16
17

18, 19, 20, 21{c)
22

23, 24(c)

25(c)

26, 27(c)
28

IGP = GROUP(N)

W Ny = O

17
18
19
20

RESERVOIR EXPLORATION TASKS

Identification of Targets
Literature Search
Preliminary Land Check

Preliminary Reconnaissance
Literature Search
Geological Reconnaissance
Detailed Land Check

Detailed Reconnaissance
Lease Procurement

Field Geology

Geochemical Examination

Geophysical Examination
[dentification of Drillable Sites

Heat Flow Wells (4 per site)

Temperature Gradient Wells (10 per site)

Electrical Resistivity

Microseismic

Detailed Geochemistry
Exploration Drilling

Well Drilling

Well Testing

FIELD DEVELOPMENT TASKS
Production Well Drilling
Nonproduction Well Drilling
Injection Well Drilling

Transmission System

UNITO(N)

100./site
250./site

700./site
1000. /site
1200./site

1./acre, 1./acre/year,
2./acre

5000./site
6000./site
10000., 15000./site

3000. /well
1250. /well
3500. /well
5000./site
7500./site

DCINJIW/well
10000./site

UNITO(N)
DCPW/well
DCNPW/we 11
DCINIW/well
1.
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TABLE 5A. (contd)

Index for Itemizing Index for Unit_Costs (Dollars)
Individual Tasks Grouping Tasks Description of Grouped Tasks for{a Individual Tasks
N ICP = GROUP(N)
29 21 Disposal System 1.
FIELD OPERATION TASKS

30 ‘ 22 Replacement Well Drilling 1.

31 23 Nonproduction Well Drilling 0.2

32 24 Abandonment 10000. /abandoned wel1l

33 : 25 Well Maintenance 1000. /production or injection
well

34 26 Overhead and Management Computed -- Ref. Appendix

35 27 Well RedriT]ing 5000. /production well

36 28 Injection 0.

37 29 Injection Well Maintenance 0.

38 30 Transmission Systém Maintenance Compdted -- Ref. Appendix

39 3 Disposal System Maintenance 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 11)Gravity survey
7)Annual payment to Teaseholder 12)Seismic noise

8)Administrative procurement cost

(c) Drilling tasks were also consolidated into aggregate tasks, costed in this version of GEOCITY by means of
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 $400,000./well
20), 21)

Nonproduction Well Drilling Injection Well Drilling
25) DCNPW with default value $300,000./well 26), 27) DCINOW with default value $350,000. /well

O __




TABLE 58. Tasks, Input Times and Success Ratios for Reservoir Exploration, Development, and Operation

Index for Index for Index for Index for Number of
!tgmizing Grouping Time Start Month Duration jn Decision Success Favorable
Individual Tasks Tasks Grouping  Relative to N=1(a) Months a} Grouping Ratioia) Sites
N IGP=GROUP (N) ITEX(N) LAGS[ITEX(N),1] LAGS[ITEX(N),2]  NTARG(N) FTF[NTARG(N)-1] FAVSIT(IGP)
1 1 1 0 1 128
2 2 £ [ l
3 3 2 0.5 64
4 4
s L .
6,7,8 6 3,3,3 2 1 3 !5 32
9 7 4 L) ’ 10 4 0.67 21
10 8
11,12 9
13 10 5 11 24 5 0.75 16
14 n
15 12
16 13
3 7 14
18,19,20,21 15 6,6,6,6 23 24 6 0.25 4
22 16 7 47 1 L l |
23,24 17 8,8 a7 42 7 0.25 1
25 18 9 47 42
26,27 19 10,10 89 27
28 20 11 89 27
29 21 12 89 27
30 . 22 13 : 116 348
31 23 14 116 348
32 24 15 . 116 360 7 0.25 1
33 25 16 116 360
34 26 17 116 360
35 27 18 116 360
36 28 19 116 360
37 29 20 - 116 360
38 30 21 116 360
39 31 22 116 360 1

(a) NAMELIST input arrays -- default 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). The default
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 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 1ists
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 to 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. A discussion of the use of these
arrays in subroutine RESVOR is in Appendix A.
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TABLE 6. Subgrouping of Reservoir Tasks
Occurring Parallel in Time

‘ Reservoir Exploration
12 345 678 91701112 1314151617 18 19 20 21 22

Task N
ITEX(N) 11 2 3 4 5 6 7
LAGS[ITEX(N), 1] 0 1 2 4 11 23 47
LAGS[ITEX(N), 2] 6 7 11 10 24 24 1
Reservoir Development
Task N 23 24 25 26 27 28 29
ITEX(N) 8 8 9 101710 11 12
LAGS[ITEX(N), 1] 47 47 89 89 89
LAGS[ITEX(N), 2] 42 42 27 27 27
Reservoir Operation
Task N 30 31 32 33 34 35 36 37 38 39
ITEX(N) 1314 15 16 17 18 19 20 21 22

LAGS[ITEX(N), 1] 116 116 116 116 116 116 116 116 116 116
LAGS[ITEX(N), 2] 348 348 360 360 360 360 360 360 360 360

UNITO(N), N

FTF [NTARG(N

=1, ..., 39 - Cost array defining costs (dollars) for the tasks
in the exploration, development, and operation of the
reservoir on a unit basis, primarily per target site, acre,
or well, based upon industry estimates. The total cost
associated with each task is calculated in subroutine
RESVOR by multiplying the appropriate unit cost in the
UNITO array by the number of favorable target sites, acres,
or wells calculated by GEOCITY for that task. The cost
equations based on the UNITO array are given in Appendix
A. The defaulit values for the UNITO array are shown for
each of the reservoir tasks in Table 5A.

) - 1, NTARG(N) =1, ..., 7 - Success ratios, indexed by the

array NTARG(N), associated with the major decision points
in the step-by-step process of reducing the number of pro-
spective reservoir sites. The process donverges on one
site for development and operation. An internal variable
NUMFTF in subroutine RESVOR currently sets the number of

major decision points in the reservoir exploration
79



L LITERATURE SEARCH
-'2— IDENTIFI CATION OF TARGETS
o PRELIMINARY LAND CHECK
e LITERATURE SEARCH
— GEOLOGI CAL RECONNAISSANCE PRELIMINARY RECONNAI S SANCE
—t— DETAILED LAND CHECK
emtalitmms  LEASE PROCUREMENT
9 FIELD GEOLOGY DETAILED RECONNAIS SANCE
i GEOCHEM I CAL EXAMINATION
emmileiimn  GEOPHY31CAL EXAMINATION
13_ HEAT FLOW WELLS
el ——  TEMPERATURE GRADIENT
e——  ELECTRICAL RESISTIVITY IDENTIFICATION OF DRILLABLE SITES
l6_ MICROSEISMIC
17_ DETAILED GEOCHEMISTRY
[0 0]
3 r— e WELL DRILLING
o EXPLORATION DRILLING
& WELLTESTING
E——————en—  PRODUCTION WELL DRILLING
_25— NONPRODUCTION WELL DRILLING
INJECTION WELL DRILLING __26282—7—
TRANSMISSION SYSTEM PIPING eums——
TASKS YEARS DISPOSAL SYSTEM PIPING s——oeme—
0AND 31 —— 2013 REPLACEMENT WELL DRILLING — 3
NONPRODUCTION WELL DRILLING — 31
327039 > 2014 ABANDONMENT —
WELL MAINTENANCE — 3
OVERHEAD AND MANAGEMENT —
WELL REDRILLING — 3
INJECTION — 3
INJECTION WELL MAINTENANCE — 37
TRANSMIS SION SYSTEM MAINTENANCE —— 38
DISPOSAL SYSTEM MAINTENANCE — %
. - - - 1 ] 1 1 | i | 1 1 | |
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 to six. An internal array, NTARG(N), N = 1,...,39,
subdivides the 39 tasks in Table 5B into 7 series of tasks
(one more than the number of decision points) according to
the major decision points. Appendix A has a description of
the calculation by GEOCITY of the initial number of target
sites to identify for exploration and number of sites to
retain at each decision point for further exploration based
upon the success ratios FTF[NTARG(N) -1]. Table 7A shows
the subgrouping of the tasks by the array NTARG, the
corresponding decision points and the default values of the
array FTF. Table 7B describes the decision points.

3.3.6 Qutput Options

LL6

LL11,
LL12

Print switch for selecting the distribution system demand
and fluid transmission iteration history from GEOCITY.

0, suppresses printout of the iterations
1, prints only the last iteration upon convergence
2, prints all ijterations

Default suppresses all iteration printout.

Print switches for selecting the reservoir and distribution

economic printout.

LL11
LL11
reservoir and distribution system, including the breakdown

1, LL12 = 1, prints all economic output
1, LL12 = 0, prints an economic summary of the

of energy costs from the reservoir and heating costs from
the distribution system, but excluding the statements of
annual cash flow, tax deductible expenses, income, and
payout of investments.

LL11 = 0, LL12 = 0, suppresses all economic output.
Default is full economic printout.
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TABLE 7A. Subgrouping of Reservoir Tasks by Decision Points ﬁiii;

Task N 12 345 678 9101112 1314151617

NTARG(N) . 11 2— 3 4 — 5

NTARG(N)-1= 1 2 3 4

Decision Point

FTFINTARG(N)-1] 0.5 0.5 0.67 0.75
Task N 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
NTARG(N) p——————— 7
NTARG(N)-1= 5 6

Decision Point

FTF[NTARG(N)-1] 0.25

0.25

TABLE 7B. Description of Decision Points

Decision Point Description
1 Fraction of sjtes to retain for prelimi-
nary reconnaissance after identification
of target sites

2 Fraction of sites to lease after pre-
1iminary reconnaissance

3 Fraction of leased sites to retain for
detailed reconnaissance

4 Fraction of sites to evaluate for sub-
sequent exploratory drilling

5 Fraction of sites to retain for explora-
tory drilling

6 Fraction of sites to develop and operate

3.3.7 Miscellaneous Varijables Used Only for Printout Information
(Well Design and Stratigraphy)

CASFRC Fraction of each producing well cased. The default cases
the entire well depth.

DIA Average diameter (centimeters if positive, inches if
negative) of the reservoir wells to be drilled. The
default is 22.225 centimeters.

- T T AT T e S e e T Y O e &) O
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NUMTYP

STRATA(M,N) M

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 to its default value of 1, indicating one hardness
for the entire depth of the well.

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
of strata (N) encountered in drilling the reservoir wells.

The possible values of STRATA (1,N) are:
1 = s0i1, 2 = soft, 3 = medium, 4 = hard, and 5 = very
hard.

The default values are as follows:
STRATA(1,1) = 4, indicating that the rock type to drill
is hard for the entire depth of the
well.
2000., total well depth in meters.

STRATA(2,1)

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:

City Characteristics

District Characteristics

- District Typé Parameters

- District Definition Parameters

Distribution Piping, Insulation, and Casing Design Parameters
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e Parameters for Special Options and Adjustment Factors
- Branching Mains
- Point Demand
- Heat Exchanger
- Adjustment Factors
- Qutput Option
e Distribution System Financial and Tax Data

3.4.1 City Characteristics

DRES Length (miles) of the transmission line from the geothermal
reservoir to the city distribution center. The default is
10 miles.

NDTR Number of districts in the city. The default is 1.

ADGDAY Total annual degree days (°F days), used for calculating
supplemental heat requirements. The default is 6500°F
days.

DDGDAY Degree days (°F days) at the system design temperature.

derived from this quantity. The default is 6000°F days.
TMIN Minimum outdoor temperature (OF). The default is -5°F.
TDES Design outdoor temperature (OF). The default is OCF.

TWATC Cold water temperature (°F) prior to heating for sanitary
hot water usage in the city. The default is 50°F.

TWATH Hot water temperature (°F) after heating for sanitary hot
water usage in the city. The default is 140°F.

3.4.2 District Characteristics

There are two types of input parameters for districts, district defini-
tion and district type parameters. Districts comprise continguous areas of
relatively homogenous building heat demand density. Several districts may
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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. By specifying that the type of district[IDTR(Mﬂ for
district M is equal to N, the Nth element of each district type parameter
below is .associated with district M.

3.4.2.1 District Type Parameters

DENSE(N) Density of buildings (buildings/square mile) for district

N=1,8 type N. The default values for the five default residen-
tial district types in GEOCITY are given in Table 8.

HQ(N) Peak heat demand per buildings (MBtu/hr) in district type N

N=1,8 at the design temperature. The default values are given in
Table 8.

HW(N) Daily hot water demand per building (gal/day) in district

N=1,8 type N. The default values are given in Table 8.

TREJ(N) Temperature (°F) of the return water at the outlet of the

N=1,8 building heating system for district type N. The default
values are given in Table 8.

DIVF(N) Diversity factor (fraction) for district type N. The

N=1,8 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.

POPHSE(N) Number of residents per building in district type N. The

N=1,8

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

Q.

Building
Building Hot Water
Density Peak Heat  Demand Reject Nquer of Floor Area
(Buildings/ Demand (gallons/ Diversity Temperature People Residences (sq ft/
District Type  sq. mi]egi (MBtu/hr)  day) Factor (°F) Per Unit Per Unit Residence)
1 = Suburban 2560 .053 60.6 .72 100 3.2 1 1620
2 = High Density
Single Family 4480 .034 55 .72 100 4 1 1000
3 = Garden
Apartments 293 1.38 3030 .72 100 162 60 990
4 = Townhouses or
Rowhouses 373 .9 1515 .72 100 81 30 1012
. 5 = High Rise
Apgrtments 385 1.728 5400 72 100 324 108 ‘ 780

Heat demand is based o

CRTF(N) Cost($/building) of retrofitting or redoing building heating
N=1,8 systems to handle geothermal heating for district type N.
The default values are O.

3.4.2.2 District Definition Parameters

n 65°F inside temperature, -5°F outside temperature and a 15 mph wind

District definition parameters are arrays where the Mth element is part

of the definition
the city.

IDTR(M)
M=1,20

AREA(M)
M=1,20

of the Mth district. Up to 20 districts may be defined for

Type of district, an integer from 1 to 8. This parameter
appends densijty, 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. The default is 1.

Area (sq.miles) of district M. The default is 1.
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WIDTH(M)
M=1,20

XLNGTH(M)
M=1,20

ELDIFF (M)
M=1,20

GROWTH(M)
M=1,20

NYGRO

Width (miles) of district M. The default is 1.

Length (miles) of district M. The width and length
parameters are used to determine the approximate shape of the
district. Thus, when the graph for the district is created
in subroutine GRAPH, the ratio of rows to columns in the
rectangular grid used to approximate the shape of the
district is the same as the ratio of width to length. The
user can approximate the width and length of a district from
a map of the district or by judgment. The default length is
1.

Length (miles) of the main serving district M. Lengths

are measured from either the end of the transmission 1ine or
the Tast junction in the main to the center of district M.
ITlustrations are given in Section 3.4.4.1 and Figure 10.
The default is 1.

Elevation (feet) of district M above the end of the trans-
mission line. This parameter alters the sizing of the pumps
and the calculation of pumping requirements. The default

is 0.

Total heat demand growth (fraction) in district M over the
specified number of growth years (NYGRO) following the
startup of the distribution system, expressed as a fraction
of the initial heat demand. Mains and laterals are sized to
carry the total future demand. Street and house pipes are
sized to carry only current demand. Capital expenditures,
increased operating costs, and increased heat sales are
incurred during each year of growth. The default is O.

Number of years of growth. The default is O.
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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.

6.

Two pipes, only supply insulated, with supply and
return in common casing.

Two pipes, supply and return in common insulation and
casing.

Two pipes, supply and return insulated separately in a
common casing.

Two pipes, supply and return insulated separately in
separate casings.

Two pipes, supply pipe insulated only and in separate
casing from the return pipe.

Single pipe, supply insulated in casing.

The default is 1.

PMO Pipe material options:

1.
2.

Carbon steel, schedule 40

Fiberglass reinforced plastic, schedule 40

The default is 1.

10 Insulation options (I0 is declared a floating-point variable
in the GEOCITY code):

1.
2.

Ca]cium silicate

Polyurethane foam

The default is 1.
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Casing options:
1. Prefabricated steel, class A casing
2. Prefabricated plastic (PVC) casing
3. Field erected poured concrete casing
The default is 1.

Annular air space size (meters). The annular ajr space is
between the insulation and the casing to allow air circulation
to dry out the insulation. The default is .0254 meters

(1 inch).

Burial depth (meters) of casing, measured from the top of the
casing to the surface. The default is 0.5 meter.

Thermal conductivity of the pipe (joules/sec-m -OC). The
default is 3.56 joules/sec-m -0C or 24.7
Btu/hr-Ft2-CF /in.

Thermal conductivity of the ground (joules/sec-m -%0).
The default is 0.36 joules/sec-m -Oc or
2.5 Btu/hr-ft2-CF/in.

Thermal conductivity of the insulation
(joules/sec-m -°C). The variable KINS is declared a
floating-point variable in the GEOCITY code. The default

values defined in subroutine DIST are:

1. Calcium silicate - .0418 jou]es/sec—m-oc or
.29 Btu/hr-ft°-CF/in.

2. Polyurethane foam- .0187 jou]es/sec-m—OC or
.13 Btu/hr-ft2-CF/in.

Average year-round ground temperature (°K).
The default is 283%.
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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 liquid
state). The default is .65.

AC 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.

VMBTU Value of one million Btu of heat ($/MBtu), used for
determining the value of lost heat for optimization of the
insulation thickness. 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 to serve the
districts in GEOCITY. The configuration of mains is defined by means of two
matrices: DDTR (district no. M), M = 1 to number of districts (NDTR), and
DNET (district no. M, main no. MM), M = 1 to number of districts, MM =1 to
number of mains. The matrices DDTR and DNET are dimensioned 20 and 20x20
respectively. The Mth element, DDTR (district no. M), defines the length
(miles) of the main serving district M. Lengths are measured from either
the end of the transmission line or the last junction in the main to the

center of district M.

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.

90



Option 1. Each Main Serves One and Only One District.
Option 1 is used to simulate a simple layout of mains in which each main
from the distribution center serves one and only one district. The
configuration of mains is illustrated by sample configuration no. 1 in
Figure 10. The matrix DDTR (district no. M), M = 1 to number of districts,
is used to define the length (miles) of the main serving district M. The
matrix DNET (district no. M, 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 O otherwise.

Option 2. At Least One Main Serves More Than One District.
Option 2 is used to 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.

e One or more mains serve several districts in series, i.e., one or
more mains serving a district continue beyond that district to
serve additional districts, as illustrated by sample
configuration no. 2 in Figure 10.

e One or more mains branch (subdivide) into two or more mains to

serve additional districts, as illustrated by sample
configuration no. 3 in Figure 10.

e Combinations of 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. Number the mains such that each intersection has at least two
main numbers. The sample configurations in Figure 10 illustrate
the numbering of mains.

Step 3. 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 of the mains.

Step 4. Set up the matrix DNET (district no. M, main no. MM), M = 1 to
number of districts (NDTR), MM = 1 to number of mains, defining
the districts served by each main. Set the element DNET
(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.

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. Additionally, Os
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.

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. These matrices
are defined for sample configurations 2-4 using NAMELIST input data as
follows:
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2, 1, 2, 17%0, 0, 2, 0, 17*0, 360*0,

2’ 2’ ]’ 2’ 4*]3 23 ]]*Oa 2*09 23 17*0: 4*09 ]s 23 ], 29 ]2*03
4*0, 2, 15*0, 6*0, 2, 13*0, 300*0,

]]: 129 ]33 149 ]5’ 16, ]7, ]8, ]9, ]]*O,

Sample Configuration 2
DNET = 2%2, 18*0, 380*0,
DDTR = 1], 12, 18*0,
AREA = ay, 2, 18*0,
Sample Configuration 3
DNET =

DDTR = 1], 15, 13, 17*0,
AREA = 3y, aps 0, 17%0,
Sample Confiquration 4
DNET =

DDTR =

AREA =

a5 2y, ags 0, ags Ag, Ay, 0, ags 11*0,
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CONFIGURATION # 2

DNET DDTR AREA
Main Number
1
District 1 2 11 a]
Number 2 2 1 a
2 2
CONFIGURATION # 3
DNET DDTR AREA
Main Number
] 2
District 1 2 0 11 a]
Number 2 1 2 12 a,
342 0 1 0
CONFIGURATION # 4
DNET DDTR AREA
Main Number
1 2 3 4 5
1 2 0 0 0 O 11 ay
District 2 2 0 0 0 o 12 a,
Number 3 | 1 2 0 0 O 13 ay
412 0 0 0 O 14 0
511 0 1 2 0 15 ag
6 |1 0O 2 0 O ]6 ag
7 11 o 1 0 2 17 3y
8|1 0 2 0 O ]8 0
912 0 0 0 O 19 ag
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OPTION 1: EACH MAIN SERVES ONE AND ONLY ONE DISTRICT

CONFIGURATION 1

OPTION 2: AT LEAST ONE MAIN SERVES MORE THAN ONE DISTRICT

CONFIGURATION 2
SERIES

M1
£

DISTRIBUTION CENTER

CONFIGURATION 3
BRANCHES

M1
43

DISTRIBUTION CENTER

CONFIGURATION 4
COMBINATION .

L9
OF SERIES AND

BRANCHES DISTRIBUTION CENTER

NOTE: A MAIN INTERSECTION MAY OCCUR AT A
DISTRICT OR AWAY FROM A DISTRICT

® MAIN INTERSECTION
[=]Ip1STRICT
Mi MAIN NUMBER i

lj LENGTH OF MAIN SERVING DISTRICT j:
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M2

M1

M1
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FIGURE 10. Examples of Main Configurations That Can Be Simulated in GEOCITY



3.4.4.2 Point Demand \

An option is available in GEOCITY to define an entire &T@trict as one
point of heat demand, for example, district number M as a sinQ]é building or
factory. This option is implemented by setting the area of disfrict
number M and the density of the district type N corresponding to-district
number M to the values defined below. It is also recommended that the user
set the diversity factor of district type N consisting of a single point

demand to 1.
AREA(M)
DENSE (N)

DIVF(N)

Set AREA(M) to 1.

If N is the district type of district number M, i.e.,

N= IDTR(M), set DENSE(N) to 1.

‘Recommend that DIVF(N) be set to 1.

3.4.4.3 Heat Exchanger

HTEXOP

HXDELT

TWATOT

DIAL,
DIAOL

Option for heat exchanger at the end of the transmission
line from the geothermal reservoir (inlet to the
distribution center).

0. No heat exchanger

1. Heat exchanger

The default is O.

Geothermal fluid temperature drop (°F) in the heat
exchanger. The default is 100°F.

Clean water temperature (OF) out of the heat exchanger.

The default is 195°F. The temperature of the return

water at the outlet of the building heating system, defined
as TREJ(N) in Section 3.4.2.1, is used as the clean water
temperature into the heat exchanger.

Inner and outer tube diameters (ft) of the heat exchanger.
The default values are:

(0.1 ft
0.1104 ft

DIAL
DIAOL
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WVELL

FOULFI,
FOULFO

Velocity of the goethermal fluid (ft/hr) in the heat
exchanger tubes. The default is 28,800 ft/hr.

Inside and outside fouling factors for the heat exchanger.
These factors reduce the overall heat transfer coefficient
in subroutine OHTCOE to allow for the accumulation of
corrosion deposits on the inside or tube-side and outside
or shell-side heat transfer surfaces. The default values
are:

0.001 hr-ft2-°F /Btu
0.001 hr-ft2-°F /Btu

FOULFI
FOULFO

3.4.4.4 Adjustment Factors

CSBTU

Cost of supplemental heat ($/MBtu). The difference in
demand between design conditions and the coldest weather is
met by using an auxiliary heat source to raise the
temperature of the circulating water. The default is
$6/MBtu.

Crooked street factor to increase (multiply) the lengths of
lateral, street, and house pipes (but not mains) in
simulating crooked streets. The default is 1.

Age factor to increase (multiply) friction losses in pipes
due to the increase in relative roughness and the
deterioration of pipes with age. Three multipliers are
used, depending upon the nominal outer pipe diameter. The
default values of the age factor were selected to

(a)

correspond approximately to a pipe age of 10 years.

(a) Hydraulic Handbook, Colt Industries, Fairbanks Morse
Pump Division, 4th edition, 1965.
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TRDF

EXCC

BEDC

The default values are as follows:

Range I of Nominal Quter Pipe Diameter

N 1(<44n) 2 (4to94n.) 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 pipe times the age factor. This
factor applies to all distribution system piping: mains,
Taterals, street, and house pipes.

Trenching difficulty factor, used to increase (multiply)
the cost of trenching depending on local conditions. The
trenching model assumes vertical slopes with excavation
through a dirt and rock mixture. Four inches of bedding
fil1l is placed under the pipes. Sifted backfill material

is hauled to the site and hand filled and tamped in 8 inch

1ifts until the distribution pipe casing is covered by
4 inches of fill. The rest of the trench is filled and
packed by a bulldozer. The default value for TRDF is 1.
The component costs of trenching, i.e., excavation,
backfill, and resurfacing, can be individually adjusted
through the input variables described below.

Excavatinn cost of trenching, $/m3. The default value of

$26.]6/m3 is based on excavation through a dirt and rock
mixture. These costs assume union labor and that the

trenches are being dug in residential areas, requiring some

hand excavation and relocation of existing utilities.

Bedding i1l cost, $/m>. The default value of

$13.10/m3 is based on the use of sifted fill material
hauled 10 miles to the site. Four inches of backfill is
placed in the trench underneath the pipes.

98



BACKC

FINC

RESRFC

WLEAK

DFLAG

Backfi1l cost, $/m>. The default value of $13.10/m° is
based on the use of sifted fill material hauled 10 miles to
the site and hand tamped in 8 inch 1ifts until the top of
the pipe is covered by 4 inches.

Finish fi1l cost, $/m3. The default value of $1.30/m3
is based on using excavated material filled and packed to
grade with a bulldozer.

Resurfacing cost, $/m2. The default value of $8.40/m2
is based on a 2 inch layer of pavement on top of 2 inches
of gravel.

Fraction of fluid lost by leakage in the transmission and
distribution system. The default is O.

Print switch for selecting the distribution system
printout. The variable DFLAG is declared logical in the
program. The default is .TRUE.

DFLAG= .TRUE., prints the full distribution system
output (pages E-7 to E-27).

DFLAG= .FALSE., prints only the first two pages of the
distribution system output (pages E-7 and E-8) entitled
"Definition of Districts" and "District Populations"
and the last page (page E-27) entitled "Distribution
System Description."

3.4.5 Distribution System Financial and Tax Data

DINPUT(N), N= 36, ..., 70 is the array of financial and tax data for

the distribution system defined below.

Description of Distribution System Parameters

36 Distribution system capital investment (millions of dollars),
which is not input directly, but calculated in subroutine DIST.
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37 Project life (years) of distributiqn system, which is not input
directly but calculated in subroutine DISTRB as follows: number
of years of distribution system construction, input through
NAMELIST as NYC, + number of operating years of distribution
system, defined in DINPUT(61).

38 Not used; default is O.

39 Fraction of initial investment in bonds; default is 0.59.

40 Bond interest rate; default is 0.08.

41 Earning raté on equity after taxes; default is 0.12.

42 Federal income tax rate; default is 0.48.

43 Not used; default is O. _

44 Depreciable life of distribution system (years); default is 30 yr.
45-48 Not used; default is O.

49 Startup year for operation of the distribution system; default
is 1985. The same year must also appear in DINPUT(14) in Section 3.3.4.

50 State income tax rate; default is 0.07.
51 State gross revenue tax rate; default is 0.04.

52 Property tax rate, fraction of distribution system capital
investment; default is 0.025.

53 Interim capital replacement rate, fraction of distribution system
capital investment; default is 0.0035.

54 Property insurance rate, fraction of distribution system capital
investment; default is 0.0012.

55-60 Not used; default is O.

61 Distribution system operating life (years); default is 30 yr.
The same time must also appear in DINPUT(26) in Section 3.3.4.

62-70 Not used. Default is 0.

NYC Number of years to construct the distribution system. The
default is 3 yr.
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PIVTCP

LL2

Depreciation option for recovering the reservoir and
distribution system capital costs, including interim
capital replacements.

1= straight line
2= sum-of-years-digits
The default is sum-of-years-digits.

Percent investment tax credit for the distribution system.
In the first year of operation, the investment tax credit
is computed as a fraction (PIVTCP*.01) of the total
construction period capital cost and interim capital
replacements. In any subsequent year of operation, the
investment tax credit is computed as a fraction of the
interim capital replacements for the year of interest. The
default is O.
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4. DESCRIPTION OF QUTPUT

Appendix E Tists the computer output generated by the sample case
described previously to illustrate the input data using NAMELIST. The
41 pages of printout show the output for the final iteration between the
distribution system demand subroutine CALQNA and fluid transmission submodel
(LL6 = 1), the full output from the distribution system submodel
(DFLAG = .TRUE.), and the full output from the reservoir and distribution
economic submodels (LL11 = 1, LL12 = 1). The output results are printed in an
easy-to-read format with an accompanying description. Table 9 presents an
overview of the output, identifying the pages of output generated by the major
submodels in GEOCITY. For the sake of brevity, a more detailed description is
provided below only for output results that require further elucidation.

The input conditions to the fluid transmission submodel are on page E-T.
The output from the final iteration of the fluid transmission submodel is on
pages E-2 to E-6. Since the used water from the district heating distribution
system is disposed through the sewer system in this sample case, there is no
output from the fluid disposal submodel. This accounts for the printout of
the asterisks for the return temperature.

The distribution demand subroutine CALQNA initially calculates the total
geothermal fluid flow requirements for the distribution system based on
wellhead conditions. After the initial iteration between the distribution
demand subroutine and fluid transmission submodel, the total geothermal fluid
flow requirement for the distribution system is calculated based on the
degraded fluid conditions transported by the fluid transmission system. The
inlet fluid conditions to the distribution center are shown on page E-4 for
the final iteration of the fluid transmission submodel.

The degradation of the fluid during conduction is shown on a nodal basis
on pages E-2 to E-4. Figure 11 shows the fluid temperature degradation on a
nodal basis, corresponding to the output on pages E-2 to E-4. The fluid
pressure is maintained at the initial wellhead pressure in the transmission
system through the use of booster pumps simulated in the fluid transmission
submodel (subroutine TRANS).
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TABLE 9. Summary of Computer Output from GEOCITY

Description of Output
Distribution System Demand and Fluid Transmission
Iteration History (Final Iteration)

° Fluid Transmission Submodel Input
. Fluid Transmission Submodel Cutput
. Convergence Test for Distribution System Demand

and Fluid Transmission Iteration

Distribution System Input and Qutput

) Definition of Districts
. District Populations
° Piping Network and Fluid Conditions Repeats
for District M for M=1
. Capital Costs and Material Requirements [to NDTR
of Piping Network for District M {no. of Districts)
° Main Network and Fluid Conditions for each District
. Total Capital Costs, Material Requirements,

and Total Operating Expenses of the Distribution
System Summed Over A1l Districts

. Summary of Oistrict Heating Requirements and
Capital Costs and City C]imatic Characteristics

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

° "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 Heat from the District Heating

Distribution System
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Pages

E-1

E-2 to E-5

E-6

E-7
E-8

E-9 to E-24

E-25
E-26

£-27

E-28
E-29
E-30
E-31
E-32
E-33
E-34
E-35

E-36
E-37
£-38
E-39
E-40
E-41
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The layout of the nodes in the reservoir well field is shown on
page E-3 and illustrated in Figure 11. The well field is based on a
triangular grid shown in the 4th quadrant of a Cartesian coordinate system
with distribution center at the origin. The previous representation in
Figure 5 showed the well field in the 1st quadrant. However, the concepts
and results are independent of the quadrant used in representing the well

field layout.

The routing of the fluid transmission lines is shown in Figure 11.
The pipe runs are parallel to the horizontal X-axis, joining with one
manifold line leading to the distribution center. The fluid degradation is
calculated in the order shown on page E-2 beginning with the perimeter well
node (I = 3, J = 2) and proceeding downstream to the distribution center.

DISTRIBUTION
CENTER X-AX1S
192.1 .+

Y-AXI1S

COLUMNS J

- @ WELL NODES (1-4)
O MANIFOLD NODES
<4— DIRECTION OF FLOW

FIGURE 11. Well Field Nodes and Temperature Degradation on a Nodal Basis
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The output from the first iteration at a node (iteration 1 on page E-2)
shows the condition of the fluid exiting the node. The letter M is used to
indicate the mixture of two inlet flows of fluid at a node:

e Fluid exiting a well node (J>1 in Figure 11) is a mixture of fluid
from the wellhead and degraded fluid transmitted from upstream well
nodes.

e Fluid exiting a manifold node (J = 1 in Figure 11) is a mixture of
degraded fluid from the upstream manifold line and degraded fluid from
the row of wells leading into the manifold node.

The exit enthalpy is a mass-weighted average of the inlet enthalpies. The
exit temperature is calculated using the steam library function TPHL for
compressed liquid or TSLH for saturated liquid based upon the exit enthalpy
and pressure.

The output from the last iteration at a node on page E-2 shows the
degraded condition of the fluid immediately prior to its entry into the next
downstream node. Fluid degradation between neighboring nodes is a function
of the internal pipe diameter. Inversely, the optimization algorithm used
in the fluid transmission submodel to calculate the internal pipe diameter
is a function of the mass flow rate and fluid conditions. The initial
estimate of the internal pipe diameter is calculated assuming no fluid
degradation between neighboring nodes. The fluid degradation is then
calculated as a function of the internal bipe diameter. Using the degraded
fluid conditions, the internal pipe diameter is recalculated. The process
jterates until the degraded fluid temperature at the entry into the
downstream node changes by less than 0.10% from the temperature
calculated in the previous iteration. The internal diameters of the pipes
are shown on a nodal basis on pages E-2 and E-4.

The condensed output on page E-2 for nodes with O iterations lists only
the degraded fluid conditions immediately prior to entry into the next
downstream node. Well nodes with O iterations reflect the savings in nodal
computations obtained by setting the input option IAVWEL=1. This option
takes advantage of the property that well nodes with the same number of
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upstream wells have identical inlet and outlet fluid conditions, provided
that all wells in the well field have identical flow rates and fluid
conditions. The well nodes can be grouped according to the number of
upstream wells (including the current well) shown for each node on page E-3
as follows:

Number of Well Node
Upstream Wells Identification Number
1 2,3,4

2 1

The number of well nodes that require recomputation can thus be reduced
from 4 to 2 nodes. This reduction in recomputation cannot be extended to
manifold nodes which are all individually computed. In addition, the
reduction in computation cannot be used if the user revises the fluid
transmission submodel to simulate a reservoir in which all wells do not have
identical flow rates and fluid conditions.

The input characteristics to the distribution system submodel defining
the districts are given on page E-7 in both English and metric units. The
district populations are on page E-8; however, the information on population
per se is not used in the distribution system submodel.

The design, fluid conditions, capital costs, and material requirements
of the piping network are summarized for each district on pages E-9 to E-24.
The length of pipe, number of fittings, valves, and expansion loops, and the
capital costs of pipes, fittings, valves, insulation, casings, expansion
Toops, and trenches are summarized by up to 17 categories of nominal outer
pipe diameters that can be used throughout the piping network. These costs
are summed over all pipe sizes and combined with the cost of meters and
pumps to give the total capital cost for each district piping system.

The output describing the Tayout and fluid conditions of the piping
network for each district is given in a condensed format. Since the piping
network is designed symmetrically about the main and lateral, output for one
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house (building), one half-street (above or below the lateral), one
half-lateral (to the left or right of the main), and the main is sufficient
to summarize the layout and fluid conditions of the entire piping network

for the district.

The layout of the piping network for district 2 with 68 buildings
(corresponding to 68 meters on page E-12) in the sample output on page E-11
is shown in Figure 12. The layout was constructed from the output on page
E-11 together with the number of buildings (68) to illustrate the
interpretation of the condensed output for the district piping networks.
The output on page E-11 summarizes the layout of the piping network and
fluid conditions for the following sections of pipe:

o street-to-house pipe for each house (building)

e pipe sections down each half-street connecting house pairs 1-4

e pipe sections across the half-lateral connecting full streets 1-3

e main pipe connecting the midpoint of the full lateral in district 2

with the junction at D6 in Figure 8.

STREET 1 STREET 2 STREET 3
HOUSE ~PAIR 1

S0 Oer-0 0 OO O
HOUSE PAIR 2 »
-0 OO0 OO0 O

PAIR 3

-0 O-+-0 OO0 O
L=
O-+-0 OO0 || O-4-0 O-

LATERAL

FIGURE 12. Layout for District 2 with 68 Buildings in Sample Case; the
Piping Network is Symmetrical about the Main and the Lateral
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Two additional comments are in order. First, the value of 0 for heat
loss and head loss for house pair 4 on page E-11 indicates that the lateral
in district 2 is directly below the 4th house pair as shown in Figure 12.
If the heat Toss and head loss are nonzero for the last house pair, as in
district 3, the location of the lateral is half way between house pairs, as
illustrated in Figure 6. The location of the lateral is selected in
subroutine GRAPH to preserve the symmetry of the piping network about the
lateral and main. Secondly, two short half-streets are used in Figure 12,
one on each end of the lateral, to obtain 68 buildings while preserving the
symmetry of the piping network about the main and lateral. The 4 full
streets account for 56 buildings (4x14), leaving a remainder of
12 buildings, which is not enough to fill out a full street.

The output summarizing the design and fluid conditions of the mains and
the districts served by each main is on page E-25. The total capital costs
and material requirements of the piping networks summed over all districts
are summarized by up to 17 categories of nominal outer pipe diameters that
can be used throughout the piping network on page E-26. The total capital
costs summed over all pipe sizes, the cost of meters and pumps, and the
total operating expenses of the distribution system are also given on
page E-26. The heating requirements and capital costs of the piping network
for each district together with the city climatic characteristics are
summarized in English and metric units on page E-27.

The output from the reservoir economic submodel is on pages E-28
to E-35. Page E-28 lists the characteristics of the reservoir and
properties of the wells. The output listed under well properties includes
the following information; descriptions of the calculation of these
quantities are in succeeding paragraphs. -

1) Number of producing wells

2) Number of nonproducing (dry) wells
3) Number of injection wells

4) Thermal energy per well .

5) Actual flow rate per well
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1)

Number of producing wells =
{[total flow rate (1b/hr) demanded by the distribution system]/maximum

flow rate (1b/hr) per well} * (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 of injection wells
[flow rate (1b/hr) from the distribution system]/[maximum injection well

flow rate (1b/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 (1b/hr) per well] * [enthalpy at the
wellhead-enthalpy at the exit from the distribution system]/
(3.41443%105)

5) Actual flow rate (1b/hr) per well =

[total flow rate (1b/hr) required by the distribution system]/
[number of producing wells].

The direct expenses associated with reservoir exploration, development,

and operation are on page E-29. Page E.30 contains the financial and tax

input data for the reservoir.
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expenses are on page E-31; summary accounts of deductible expenses are on
page E-32. A simplified income statement is on page E-33 and the net cash
flow and investment position are on page E-34.

The cost of energy for the reservoir is summarized on page E-35. The
unit cost of energy for this sample case is $1.55/MBtu. The equivalent
annual cost during the operating life of the distribution system is
$1,059,670. In the right-hand column labeled "Distribution of Energy Costs,"
the taxes, royalty payments, and bond interest are reallocated to the direct
cost components for the reservoir. The rate of return on investment is
included in the distributed energy cost for each component. The deductible
nature of bond interest causes this expense to be partially included in the
rate of return (the part which is included in the present worth factor) and
the remainder is accounted for separately under the caption “Bond Interest."

The output from the distribution economic submodel is on pages E-36 to
E-41. Pages E-37 to E-40 contain the same economic and accounting
information for the distribution system as pages E-31 to E-34 for the
reservoir. The cost of heat for the distribution system is summarized on
page E-41. The unit cost of heat for this sample case is $3.46/MBtu. The
equivalent annual cost during the operating life of the distribution system
is $2,320,390. A1l costs from the reservoir are included in the energy
supply cost item. The energy supply costs are derived from the energy cost
account on page E-37. The energy cost account is identical to the total
energy sales from the reservoir on page E-33. The difference between the
unit cost for energy supply at the distribution system and the unit cost of
energy from the reservoir is caused by heat losses in the distribution
system piping. As with the reservoir cost distribution, the taxes and bond
interest are reallocated to the direct cost components in the right-hand
columns of the cost distribution.
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5. CONTROL CARDS AND EXECUTION TIME

The GEOCITY program can be converted to the user's computing facilities
with a minimal set of basic control cards necessary to compile, load and
execute a FORTRAN source program available on tape. In order to execute
GEOCITY, it is necessary to compile and load all GEQCITY subroutines and the
following steam table subroutines:

STEAM TABLE SUBROUTINES REQUIRED BY GEOCITY

CCSR1 COMT3 P23T STER VISL
CCSR2 GRS PSL SVT3 VPH
CCSR3 HCL PVT3 TPS VPT1
CCBLL HPT1 SPH TPSL VPT2
COMALL HPT2 SPT1 TSL VPT3
COMT1 HPTL SPT2 TSLH VPTD
COMT2 HVT3 SPTL VFT VPTL

The object code generated by compiling GEOCITY and these steam table
subroutines can be stored on disk as a sequential file or as a random
library file. The file containing the object code can then be subsequently
attached and loaded for executing input data sets. It is recommended that

the user initialize computer memory to O with an appropriate control card
before executing the GEOCITY code.

The GEOCITY code required one minute to compile with the CDC FTN
version 4.6 compiler at optimization level 1 on the Cyber 73 computer with
Scope 3.4.4 operating system. The sample case described in Section 3.2
required 16 seconds of CPU time for execution.
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APPENDIX A

RESERVOIR EXPLORATION, DEVELOPMENT, AND OPERATION COST EQUATIGNS

The basic equations used in subroutine RESVOR to calculate the costs
associated with the exploration, development, and operation of the reservoir
are given in this section to aid program users who may wish to change the
default input values in Table 5A. The original Tist of 39 tasks indexed
by N in Table 5B are grouped in three different ways during the calculations
in subroutine RESVOR by means of the internal arrays: GROUP(N), ITEX(N),
and NTARG(N), N =1, ..., 39. The array GROUP is used to consolidate the
39 tasks into 31 tasks according to the description of the task. The array
ITEX is used to group the tasks according to the time the tasks are
scheduled to take place. The array NTARG is used to group the tasks by the
major decision points in the reservoir exploration process. Any changes
contemplated for these arrays, such as adding tasks or decision points, will
require some slight reprogramming in subroutine RESVOR. For this reason,
these three arrays are not listed as input arrays.

The cost equations given in this section calculate the total,
capitalized, and expensed costs for the tasks in Tables 5A and B without
breaking the costs down according to the time in which the tasks occurred.
Since the reservoir exploration and development tasks may start in any month
during one year and end in any month during another year, subroutine RESVOR
uses the input time arrays LAGS(ITEX(N), 1) and LAGS{ITEX(N), 2),

ITEX(N) = 1, ..., 22, to calculate total, capitalized, and expensed costs
for the tasks according to the mqnths'in which the tasks are scheduled to
occur. This enables the total, capitalized, and expensed costs of the tasks
to be accurately totaled on an annual basis in order to calculate annual
statements of cash flow, deductible expenses, income, and payout of
investments for the reservoir from the beginning of exploration through the
economic life of the distribution system.



The input array FTF(NTARG(N)-1), NTARG(N) = 2, ..., 7, is used by
subroutine RESVOR to calculate the total number of target sites to be
initially identified in order to converge on one site for development and
operation after the final decision point.

(Expected number of target sites to identify) * (Fraction of sites

retained after decision point I, I =1, ..., number of decision
points) = 1. Substituting FORTRAN variables from subroutine RESVOR and

solving this equation,

Expected number of target sifes to identify,

FAVSIT(1) = 1/[FTF(1) * FTF(2) ... * FTF(NUMFTF)].

For the default values,

FAVSIT(1) = 1/[1/2 * 1/2 * 2/3 * 3/4 * 1/4 * 1/4] = 128.
The number of sites to retain after each decision point is calculated as
follows:

Number of sites to retain after decision point J = (Expected number of
target sites to identify) * (Fraction of sites retained after decision
point I, I =1, ..., J).

Substituting FORTRAN variables from subroutine RESVOR,

Number of sites to retain after decision point J =

FAVSIT(1) * FTF(1) * FTF(2) * ... FTF(J).

The array UNIT representing unit costs used in the calculations below
is defined at the beginning of subroutine RESVOR as the following function
of the input array UNITO (defined in Table 5):

UNIT(N) = RATPR * UNITO(N), N =1, . . ., 22
UNITO(N) » N=23, . .., 39

where:

RATPR is defined in subroutine LOAD as the ratio of the calculated
distribution system heat demand (MWth) stored in DINPUT (43) to the
input reservoir thermal capacity (MWth) stored in DINPUT (8):

RATPR = DINPUT(43) / DINPUT(8), DINPUT(8) = DINPUT(43).
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The ratio RATPR is used to scale the input array UNITO in order to prorate
only the fraction of the costs for the reservoir exploration tasks (N = 1,

eey 22) required to provide enough energy supply for the calculated
distribution system heat demand.

The FORTRAN variables appearing in the following equations taken from
subroutine RESVOR are defined as follows:

CSTNEW(IGP) = total dollars required by task IGP
FAVSIT(IGP) = number of favorable sites for task IGP
CAP(IGP) = capitalized dollars for task IGP
EXPENZ(IGP) = expensed dollars for task IGP

where:

IGP = GROUP(N) as defined in Table 5.

Reservoir Exploration Tasks Indexed by N =1 to 5, N= 9 to 12, N = 15 to 17,

and N = 22

CSTNEW(IGP) = 2 UNIT(N) * FAVSIT(N)
N in Group IGP
CAP(IGP) = D UNIT(N)
N in Group IGP
EXPENZ(IGP) = CSTNEW(IGP) - CAP(IGP)
where:

IGP is defined as GROUP(N) in Table 5.

Lease Procurement, N = 6,7,8; IGP = 6

CSTNEW(6) = 3 UNIT(N) * ‘ACRES * FAVSIT(N)
| N in Group IGP
CAP(6) = 2 UNIT(N) * ACRES

N in Group IGP

A-3



EXPENZ(6) = CSTNEW(6) - CAP(6)
where:

ACRES, input through NAMELIST, is the size of each geothermal site
leased.

Heat Flow Wells, N = 13, IGP = 10

CSTNEW(10) = UNIT(13) * 4. * FAVSIT(10)
CAP(10) = UNIT(13) * 4.
EXPENZ(10) = CSTNEW(10) - CAP(10)

based upon the assumption that 4 wells are drilled per site to 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)

based upon the assumption that 10 wells are drilled per site to measure

temperature gradient.

Exploratory Well Drilling, N = 18, 19, 20, 21; IGP = 15

RATPR = DINPUT(43)/ DINPUT(8)
CSTNEW(15) = RATPR * DCINJW * FAVSIT(15)
CAP(15) = PERCNT(1) * CSTNEW(15) / FAVSIT(15)
EXPENZ(15) = CSTNEW(15) - CAP(15)
where:

RATPR is the ratio of the calculated distribution system heat demand
(MWth) to the input reservoir thermal capacity (MWth). DCINJW, input
through NAMELIST, is the cost (dollars) of drilling one exploratory or

injection well.
PERCNT(1), input through NAMELIST, is the tangible fraction of the

drilling cost.
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. Production Well Drilling, N = 23, 24; IGP = 17

CSTNEW(17) = DCPW * WELLS * FAVSIT(17)

CAP(17) PERCNT(1) * CSTNEW(17)

EXPENZ(17) CSTNEW(17) - CAP(17)

where:

DCPW, input through NAMELIST, is the cost (dollars) of drilling one
production well.

WELLS, calculated in subroutine TRANS, is the number of required
production wells.

PERCNT(1), input through NAMELIST, is the tangible fraction of the
drilling cost.

Nonproduction Well Drilling, N = 25, IGP = 18

CSTNEW(18) = DCNPW * BADWEL * FAVSIT(18)
CAP(18) = 0.
EXPENZ(18) = CSTNEW(18)

where:

DCNPW, input through NAMELIST, is the cost (dollars) of drilling one
nonproduction well.

BADWEL, calculated in subroutine TRANS, is the number of nonproduction
wells.

Injection Well Drilling, N = 26,27; IGP = 19

CSTNEW(19) = DCINJW * WELINJ * FAVSIT(19)
CAP(19) = CSTNEW(19)
EXPENZ(19) = 0.

where:

DCINJW, input through NAMELIST, is the cost of drilling one injection
well.



WELINJ, calculated in subroutine INJECT, is the total number of
injection wells.

Transmission System, N = 28, IGP = 20

CSTNEW(20) = UNIT(28) * TCCOST * FAVSIT(20)
CAP(20) = CSTNEW(20)
EXPENZ(20) = 0.

where:

TCCOST, calculated in subroutine TRANS, is the capital cost of the
fluid transmission system.

Disposal System, N = 29, IGP = 21

CSTNEW(21) = UNIT(29) * DCCOST * FAVSIT(21)
CAP(21) = CSTNEW(21)
EXPENZ(21) = 0.

where:

DCCOST, calculated in subroutine INJECT, is the capital cost of the

fluid disposal system

Replacement Wells Based on Production Well Life, N = 30, IGP = 22

CSTNEW(22) = CSTNEW(17) * UNIT(30) / AVGWL
CAP(22) = PERCNT(1) * CSTNEW(22)
EXPENZ(22) = CSTNEW(22) - CAP(22)

where:

CSTNEW(17) 1is the production well drilling cost.
AVGWL, input through NAMELIST, is the production well life (years).

PERCNT(1), input through NAMELIST, is the tangible fraction of the
drilling cost.
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Nonproduction Well Drilling Associated with Replacement Wells, N = 31,

IGP = 23
CSTNEW(23) = FRCNPW * CSTNEW(22)
CAP(23) = 0.
EXPENZ(23) = 0.

where:

FRCNPW, input through NAMELIST, is the ratio of nonproduction to
production wells drilled.

CSTNEW(22) is the cost of replacement wells drilled.
Well Abandonment, N = 32, IGP = 24

CSTNEW(24) = UNIT(32) * (WELLS/AVGWL) * FAVSIT(24)
CAP(24) = 0.
EXPENZ(24) = 0.

where:

WELLS, calculated in subroutine TRANS, is the number of required
production wells.

AVGWL, input through NAMELIST, is the production well life (years).

Well Maintenance, N = 33, IGP = 25

CSTNEW(25) = UNIT(33) * (WEL‘LS + WELINJ) * FAVSIT(25)
CAP(25) = 0.
EXPENZ(25) = 0.

where:

WELLS, calculated in subroutine TRANS, is the number of required
production wells.

WELINJ, calculated in subroutine INJECT, is the number of injection

wells.

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 to Scale Build-Up in the Production Wells, N = 35,
IGP = 27 ‘

N

CSTNEW(27) = UNIT(35) * WELLS * FAVSIT(27) J
cAP(27) = 0. |
EXPENZ(27) = O.

where:

WELLS is the number of required production wells.

Annual Injection Well Costs, N = 36, IGP = 28

CSTNEW(28) = UNIT(36) * WELINJ * FAVSIT(28)
CAP(28) = 0.
EXPENZ(28) = 0.

where:

WELINJ, calculated in subroutine INJECT, is the number of injection

wells.

Injection Well Maintenance, N = 37, IGP = 29

N

N
N
b

CSTNEW(29) = UNIT(37) * FAVSIT(29)
CAP(29) = 0. :
EXPENZ(29) = 0.

.
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Transmission System Maintenance, N = 38, IGP = 30

CSTNEW(30) = UNIT(38) * TMCOST * FAVSIT(30)
CAP(30) = 0.
EXPENZ(30) = O.

where:
TMCOST is calculated in subroutine TRANS as TMAINT * TCCOST,

TMAINT, input through NAMELIST, is the transmission maintenance factor
(fractional).

TCCOST, calculated in subroutine TRANS, is the capital cost of the
fluid transmission system.

Disposal System Maintenance, N = 39, IGP = 31

CSTNEW(31) = UNIT(39) * DMCOST * FAVSIT(31)
CAP(31) = 0.
EXPENZ(31) = 0.

where:

DMCOST 1is calculated in subroutine INJECT as DMAINT * DCCOST,

DMAINT, input through NAMELIST, is the disposal maintenance factor
(fractional).

DCCOST, calculated in subroutine INJECT, is the capital cost of the
fluid disposal system.
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APPENDIX B

CAPTTAL 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 piping string and associated
components. The capital cost models are primarily functions of pipe size
and design options, although other parameters are used in many of the
models. Other capital cost models and operating cost models are used for
pumps, instrumentation, operating expenses, and taxes.

This appendix describes the cost models in three sections: capital
cost models, operating cost models, and cost model equations. The first two
sections describe the bases and assumptions used in the models. The third
section lists the equations or cost tables used. Each cost model is
associated with an account in which the costs are accumulated.

CAPITAL COST MODELS

Costs are calculated for the entire piping system up to the outer wall
of housing units. The basic design is a two-pipe network (Figure B-1). A
two-pipe network includes both a supply and a return pipe for each
building. The cost models also apply to one-pipe networks which have only a
supply pipe for each building.

The total 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
material option chosen, applicable component cost models are selected, and

costs generated. Component costs are then added to give total piping system
capital costs. Fittings and valves are costed at each pipe intersection.

Pipe
Optimal pipe diameter is selected for each segment of the piping
network by minimizing the sum of the annualized capital cost of pipe,
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FIGURE B-1. District Heating System Two Pipe Network
(shown without expansion loops)

fittings, insulation, casing valves, pump capacity and the annual costs of
heat loss and pumping. Head losses are based on correlations for aged
pipe. The default value assumes a pipe age of 10 years, but the value can
be changed through the input data. Pipe may be either carbon steel,
schedule 40, or fiberglass reinforced plastic (FRP) depending on the pipe

material options.

The pipe account includes only the material cost for straight lengths
of pipe.
Insulation

Optimal insulation thickness is that which produces minimum annual
costs of insulation and casing and heat loss values. Either polyurethane
foam or calcium silicate insulation can be specified. Insulation is assumed
to be factory installed unless foam insulation and field erected concrete
casing is specified. For that situation, it is assumed that the insulation
is foamed in place.

The insulation account includes material and labor cost for insulating
straight pipe lengths and pipe fittings.

-
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Casing

The smallest standard caéing size that will contain the pipe(s), insu-
lation, and annular air space is selected for each segment of the piping
network. Casing may be either felt- and tar-wrapped steel, polyvinyl
chloride (PVC) or concrete. Concrete casing is assumed to be a field’
constructed rectangular box.

The casing account includes costs of material, labor for placing the
pipe(s) in the casing, warehousing, transportation, field placement, and
alignment of the casing sections.

Fittings

Two pipe fittings and one casing fitting, sized according to the pipe
and casing, are accumulated at each pipe intersection. Two additional
fittings are accumulated for each pipe into a building.

The fitting account includes both material cost for the fittings and
labor for field connection of the pipes and casing sections.

Expansion Loops

One expansion loop is located in each 300 ft segment of the piping
network. The size of the loop is calculated as a function of pipe diameter.
Expansion loop cost is the sum of the pipe, fitting, insulation casing,
trench and installation costs. Each of these component costs for the
expansion loops are calculated separately as described previously and then
summed.

The expansion loop account includes all labor and material costs
associated with the expansion loop.

Trench

The trench model assumes vertical slopes in a rock and dirt mixture.
Sifted fi1l material is hauled to the site. The casing is laid on 4 in. of
sifted fill and is covered to a depth of 4 in. with hand sifted fill
material which is hand tamped in 8 in. lifts. The rest of the trench is
then filled and packed by dozer. Reéurfacing consists of 2 in. of pavement
on top of 2 in. of gravel. The top of the casing will be at the specified
burial depth below the surface. Costs for trenching, representing

B-3



differences from the default values in this model, can be easily adjusted by
use of the NAMELIST input variables EXCC (excavation cost), BEDC (bedding
fill cost), BACKC (back fill cost), FINC (finish fi11 cost), and RESRFC
(resurfacing cost). A trenching difficulty factor (TRDF) may be specified
through input to reflect unusual circumstances.

The trench account includes excavation, purchase and delivery of sifted
fi11, hand filling and tamping, andvdozer filling and packing costs.

Valves

One valve, sized according to the larger pipe size, is located at each
pipe intersection. Screwed valves are used when the nominal pipe size is
less than 2.5 in. Larger sized valves are flanged. The valve is assumed to
be a forged steel ball type.

The valve account includes valve, mating flange, bolt-up, handling,
insulation, casing and field connection costs.

Meters

One meter is located at each building. Meters are sized according to
the expected range of flowrates.

The meter account includes meter, connections, and installation labor

costs.

Pumps

One pump and a standby pump are located in each district. The pump is
sized to overcome the total head loss and pump the district fluid
requirements. Pump motor size is determined from the hydraulic horsepower
and the input pump and motor efficiency factors.

The pump account includes the main pump, standby pump, motors, vault,
setting and installation, fittings, and labor costs.

Metering and Control

This account covers the cost of instrumentation, additional flow
controllers, and sensors required to operate the distribution system. The
metering and control account covers capital and installation costs, and is
calculated to one percent of the piping system capital cost.
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Building and Land Use

This 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 to one
percent of the piping system capital cost. '

Building Retrofit

The user can specify retrofit costs for buildings in each district type
in order to study total costs of district heating in old built-up areas.
The user specifies the retrofit cost per building in input data. The
retrofit account will consist of retrofit costs for all of the buildings in
the distribution system.

Heat Exchangér

If the heat exchanger option is specified, a tube and shell heat
exchanger is designed to satisfy the input requirements and is located at
the end of the transmission line (inlet to the distribution center), even
though the costs appear in the distribution system account.

The heat exchanger account includes material, installation, and
indirect costs.

Engineering and Administration

This account is 12% of the piping system total cost to cover the
engineering and administration costs of building 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 in 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 cdntroTled by the system design. The other
accounts(interest, taxeé, capital replacement and insurance) are percentages
of capital investment or portions of annual revenue. The percentages are
specified through the input data.
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Operating

This account includes the personnel cost for operating the distribution
system and administrative functions. The charges to this account depend on
the number of meters connected to the system.

Maintenance

The maintenance account includes routine repair and maintenance of the
distribution system. The charges depend on the pump size, the number of
buildings connected, and the flow to each building.

Pump Operation

This account includes charges for the annual pumping costs, calculated
from the input values for the cost of electricity, and pump and motor
efficiencies.

Meter Readers

This account includes wages, benefits, and overhead for meter readers
with an assumed productivity of 50 meters/day.

Supplemental Heat

The difference in heat demand at design temperature and the minimum
temperature is met by purchasing heat and elevating the temperature of the
circulating water. The charges to this account depend on the climatic data,
the design temperature, and input value for the cost of supplemental heat.

Heat Exchanger

The annual operating cost of the heat exchanger is assumed to be 2% of
the total capital cost of the heat exchanger.

Other Operating Cost Accounts

The following accounts are calculated as percentages of other
accounts. The percentages are specified in the input data.

e Interim Capital Replacement - percent of total system capital cost
e Bond Interest - percent rate, charges assume compound interest on
unpaid portion of debt and are calculated for each year

e Gross Revenue Tax - percent of annual revenue
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e 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
depreciation) ,

e Federal Income Tax - percentage of taxable income less state income tax

e Property Tax and Insurance - percentage of distribution system capital .

cost

COST MODEL EQUATIONS

Capital cost models are summarized in Table B-1, and operating cost
models are summarized in Table B-2. The cost models use the equational

form:

Cost = a + b(x)(s)(t)

Equation coefficients reflect fixed costs (a), variable costs (b), and scale
size (s) and (t). Costs are in July 1976 dollars. Where cost equations are
not appropriate, cost tables (Tables B-3 through B-6) are used. Cost data
were gathered from three sources: industry vendors, mechanical contractors,
and architect-engineers.

Costs are factored to reflect lower unit costs for larger piping
systems; such systems have reduced material unit costs because of quantity
purchase discounts.” Also the installation labor learning curve lowers unit
labor costs for large systems. Costs are "factored" after they are
generated from component cost models. Pipe, insulation, casing, expansion
loop, and trenching labor costs are multiplied by FACTOR 1. Fitting, valve,
and meter costs are-multiplied by FACTOR 2. Table B-7 1lists values for

these factors.



TABLE B-1.

District Heating System Capital Cost Coefficients (July 1976 Dollars)

(NOTE: A1l measurements are in meter units) Cost = a + b(x)S
Account No. Component Unit a b X s t
1.0 Pipe
- Carbon Steel Pipe Meter 0 368.71 P 1.27
FRP Pipe Meter 0 2.89 2.72 (=e) 11.62 P
(Fiberglass reinforced plastic)
2.0 Insulation
Calcium Silicate Meter 0 3.12 2.72 (=e) 4.25
+22.33 R
Fiberglass Meter -1.30 51.90 P
+221.77 R
Rigid Polyurethane (See Note 1) Meter 0 1 2.72 (=e) 3.56
& +4.83 P
@ +.00  In(R)
Foam-in~Place Polyurethane Meter 0 141.00 (Q)(P)+(Q){R)(2)
| -(V)(P)?(0.79)
Fitting Insulation Each 0 0.9 F
Valve Insulation
- Nom. pipe size < 0.0635 Meters Each 0 0.61 F
- Nom. pipe size > 0.0635 Meters Each 0 9 F
NOTE: (1) If nominal pipe diameter = 0.0254 meters and pipe material = carbon steel - Add $3.50/meter to pipe cost.
If nominal pipe diameter = 0.038) meters and pipe material = carbon steel - Add $1.70/meter to pipe cost.
F = Insulated Cost/Meter P = Pipe Diameter Q = Outside Diameter of Pipe & Insulation R = Insulation Thickness

-~
H

Number of Pipes in Conduit
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TABLE B-1. District Heating System Capital Cost Coefficients (July 1976 Dollars)
(NOTE: A1l measurements are in meter units) Cost = a+ b(x)St (contd)

Account No. Component Unit a b X S t
3.0 Casing
Steel (One Pipe Conduit) Meter 0 40.54 2.72 (=e) 2.06 U
' -0.07 v
Steel (Two Pipe Conduit) Meter 0 38.99 2.72 (=e) - 2.16 u
-0.06 v
PVC (See Note 1) Meter 0 5.54 2.72 (=e) 5.09 1]
Concrete Box Meter 18.87 49.73 Q
+142.27 P
+284.54 R
Placement Labor Meter 0 110 U
w 4.0 Fittings
o Steel Pipe Fitting - Each See Table B-3
FRP Pipe Fitting Each 0 5.47 2.72 (=e) 14.30 p
Fitting Steel Casing Each See Table B-4
Fitting PVC Casing Each v See Table B-5
Valve Casing ’
- Nom. pipe size < 0.0635 meters Each 0 0.61
- Nom. pipe size > 0.0635 meters Each 0 9 H

NOTE: (1) If U
Ify

Casing Cost/Meter
Casing Diameter

0.0266 meters and pipe is carbon steel then add $3.50/meter to pipe cost.
0.0408 meters and pipe is carbon steel then add $1.70/meter to pipe cost.

Nominal Casing Size
Pipe Diameter
Outside Diameter of Pipe and Insulation

O < C Z T
n
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TABLE B-1. District Heating System Cap1ta1 Cost Coefficients (July

1976 D%1lars)

(NOTE: A1l measurements are in meter units) Cost = a + b(x (contd)
Account No. Component Unit a b X S t
5.0 Expansion Loop
Expansion loop (See Note 2) Each (c)(D)
+(4)(E)
+(F)(Cc+3.66)
+(4)(6)
+(C) (H)
+(4)(3)
+(C) (K)
6.0 Trenching Costs (See Note 3)
Excavation Cu. Meter TRD*TRW . EXCC
Bedding Fill Cu. Meter .0508*TRW BEDC
Back Fill Cu. Meter (N+.05)*TRW BACKC
Finish Fill Cu. Meter (DPTH-.05) *TRW FINC
Resurfacing Sq. Meter TRW RESRFC
NOTE: (2) Expansion loop length = (19.27)(nom. pipe dia.)0-46 _ (9)(nom. pipe dia.)
NOTE: (3) TRD TRW
Pipe options 1, 2, 3 N+DPTH+. 1016 N+.2036
Pipe option 4 N+DPTH+.1016 2*N+.3048
Pipe option 5 N+DPTH+.1016 2*N+P+.31
Conduit option 3 2*R+P+DPTH+.26 2*R+P+,3048
C = Expansion loop length = Pipe cost/meter E = Pipe fitting cost F = Insulated Cost/Meter G = Insulation fitting cost
H = Casing Cost/Meter J = Casing fitting cost K = Trenching cost/meter N = Casing Diameter P = Pipe Diameter
R = Insulation Thickness Q = Qutside Diameter of Pipe and Ingulation DPTH = Depth from sugface to top of conduit (meters)
EXCC = Excavation cost ($/m3) _ BEDC = Bedding fill cost ($/M9) BACKC = Backfill cost ($/m°) FINC = Finish fill cost ($/m3)
RESRFC = Resurfacing cost ($/m

-
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TABLE B-1. District Heating System Capital Cost Coefficients (July 1976 Dallars)
~ (NOTE: A1l measurements are in meter units) Cost = a + b(x)>" {contd)
Account No. Component Unit a b X s t
7.0 Valves
Valve Each See Table B-3
8.0 Meters
Water meter (1 per housing unit) Each See Table B-6
9.0 Pumps
Basic Pump (2 per district)
- horsepower < 26 Each 1269 80 M
- horsepower > 26 Each 4929 64 M
Accessor Pump (2 per district) Each 0 81.53 2.72 (=e) 6.08 p
10.0 Metering and Control 0 .01 CT
11.0 Building and Land Use 0 .01 CT
12.0 Building Retrofit 0 Input NB
13.0 Not Used
14.0 Not Used
15.0 Heat Exchanger 93.3 HTA .78
16.0 Engineering and Administration 0 .12 cT

M = Horsepower
N

CT = Piping System Capital fost

B = Number of Buildings Connected to the System

HTA = Heat Transfér Areas
P = Pipe Diameter
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TABLE B-2. Operating Cost Models
Cost = a + b(x)st

Account Component a b X S ‘ t

1 Operating 25,000 5 NB
2 Maintenance 500 | cp

+.05 CM
3 Pump Operation 6532 HP*CKW*PF

ETA

4 Meter Readers 25,000 2.1 NB
5 Not used
6 Supplemental Heat CSHEAT SDD
7 Heat Exchanger .02 HEC
8 Interim Capital Replacement Input )
9 Bond Interest Input uB
10 Gross Revenue Tax Input REVENUE
n State Income Tax Input Revenue-{items 1-9 above, and

energy costs)

12 Federal Income Tax Input Revenue-(items 1-11 above, and
energy costs)

13 Property Tax and Insurance Input CcT

Cost of Electricity ($/KwH)  SDD = Supplemental Heat

NB = Number of Connected Buildings CKW
: Requirements (MBtu/yr)

CP = Total Cost of Pumps AD = Average Annual Heat Demand HEC = Heat Exchanger Capital Cost
(MBTU/yr)
CM = Total Cost of Meters COP = Coefficient of Performance CT = Total Distribution System
Capital Cost
HP = Total Hydrualic Horsepower  CSHEAT = Cost of Supplemental Heat UB = Amount of Unpaid Bonds

($/MBTU)

O




TABLE B-3. Valves and Carbon Steel Fitting

Nominal Pipe

Diameter. (meters) Cost/Fitting ($) Cost/Valve (§)
0.0254 3 58
0.0381 3 70
0.0508 3 85
0.0635 4 118
0.0762 5 274
0.1016 9 375
0.1524 - 24 528
0.2032 4 776
0.2540 84 1276
0.3048 109 1687
0.3556 162 2535
0.4064 227 3802
0.4572 322 5052
0.5080 433 6740

~0.6096 638 9678

TABLE B-4. Steel Casing Fitting

Nominal Inside Casing

Djameter (meters) Cost/Fitting ($)
0.1614 145
0.2122 158
0.2662 189
0.3170 222
0.3488 238
0.3996 ’ 259
0.4504 295
0.5012 315
0.5489 340
0.5997 373
0.6505 | 406
0.6998 432
0.7506 436
0.8014 505
0.8522 550
0.9144 558

B-13




TABLE B-5. PVC Casing Fitting

~ Nominal Inside
Casing Diameter (meters) Cost/Fitting ($)

0.0762 27
0.1016 27
0.1143 35
0.1270 40
0.1524 40
0.1778 57
0.2032 76
0.2540 ' 108
0.3048 ‘ 143
0.3556 190
0.4064 247
0.4572 437
0.5080 591
0.6096 828

TABLE B-6. Meter

Minimum Flow Maximum Flow Cost/Meter

(GPM) (GPM) (%)
0 7 144

7 30 209

30 50 313
50 100 608
100 160 921
160 360 2990
360 500 4589
500 1000 9400

B-14
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TABLE B-7.
Housing Units in District > 800
Housing Units in District > 600 and < 800
Housing Units in District > 400 and < 600
Housing Units in District > 200 and < 400
Housing Units in District < 200

Length of Same Diameter Pipe
Length of Same Diameter Pipe
Length of Same Diameter Pipe
Length of Same Diameter Pipe

in District
in District
in District
in District

v v v

A

Cost Factors

FACTOR 2 = 0.6
FACTOR 2 = 0.75
FACTOR 2 = 0.85
FACTOR 2 = 0.95
FACTOR 2 = 1.00
4000 m

2500 m and < 4000 m
1000 m and < 2500 m

1000 m

FACTOR 1
FACTOR 1
FACTOR 1
FACTOR 1

0.85
0.90
0.95
1.00



APPENDIX C

DESCRIPTION OF PREDEFINED RESIDENTIAL DISTRICT TYPES

FOR DEFAULT USE IN GEOCITY
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APPENDIX C

DESCRIPTION OF PREDEFINED RESIDENTIAL DISTRICT TYPES
FOR DEFAULT USE IN GEQCITY

Many residential areas in the United States can be described by one of

five residential district types defined in the GEOCITY model data base.
These district types are:

Suburban

High density single family
Garden apartments
Townhouses

Highrise apartments.

The district type parameters of peak heat demand, hot water demand,

density, reject temperature and diversity factor have been calculated for
each of these district types. The user may use these district types as

defined or may modify one or more parameters as required through the
NAMELIST input data.

Peak heat demand was calculated by designing typical residential units

for each district type and calculating the heat loss according to ASHRAE
procedures assuming —5°F outside temperature, 679F inside temperature
and a 15 mph wind. Floor plans, dimensions and construction parameters for

each of these district types are summarized in Figures C-1 through C-5.

Hot

water demand is based on the number of residents in a typical building and
ASHRAE design recommendations. Dehéity data are averages of the values
recommended in various‘p1anh1hg-books and zoning gquides. The district type
parameters used by GEOCITY are also summarized in Tables C-1 through C-5.

C-1



IR

DINING KITCHEN | BEDROOM | BATH | BEDROOM

L
o o] 1] | cLoser
] cL
LIVING L
15' ROOM o MASTER
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2 4 e 16"

FIGURE C-1. Plan of Suburban Residential House
54 x 30 ft. Attached garage not shown.

TABLE C-1. Design Basis for Suburban Residential

House 54 x 30 ft

SUBURBAN RESIDENTIAL
NUMBER OF STORIES -1

DIMENSIONS
FLOOR ft?
EXTERIOR WALL AREA ft
GARAGE WALL AREA
WINDOW GLASS 1
 DOOR AREA ft2
CEILING ft?

STORY HEIGHT €

2

CONSTRUCTION PARAMETERS

FLOOR

EXTERIOR WALLS

CEILING
WINDOWS

DISTRICT TYPE PARAMETERS

PEAK HEAT DEMAND
HOT WATER DEMAND
DENSITY

REJECT TEMPERATURE
DIVERSITY FACTOR

1620
918 (NET OF GLASS)
240
186
21
1620
8

MAPLE FINI SH FLOORING ON YELLOW PINE
SUBFLOORING.

BRICK VENEER, BUILDING PAPER, WOOD
SHEATHING, STUDDING, METAL LATH,
2in, INSULATION

METAL LATH AND PLASTER, 6 in. INSULATION
DOUBLE-HUNG WOOD WINDOWS

53,000 BTU /hr

60 gallons /day

2560 HOUSES / SQ. MILES
100 %

0.72

c-2
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FIGURE C-2. Plan for High Density Single Family Home

TABLE C-2. Design Basis for High Density Single Family Home

p
y
.
]
b
J
)
4
d
p
o
d
b
B
o
.
1

HIGH DENSITY

NUMBER OF STORIES 1

STORY HEIGHT ft

CONSTRUCTION PARAMETERS

FLOOR

EXTERIOR WALLS

DIMENSIONS
FLOOR 2 1000
EXTERIOR WALLS f2 865
WINDOW 1t 133
DOOR £ a2
CEILING f? 1000

MAPLE FINISH FLOORING ON YELLOW
PINE SUBFLOORING

BRICK VENEER, BUILDING PAPER, .
WOOD SHEATHING, STUDDING,
METAL LATH, 2in, INSULATION

CEILING METAL LATH AND PLASTER,6 in,
INSULATION
WINDOWS DOUBLE-HUNG WOOD WINDOWS

DISTRICT TYPE PARAMETERS

PEAK HEAT DEMAND
HOT WATER DEMAND

34,000 BTU /hr
55 gailons /day

DENSITY 4,480 HOUSES / SQ. MILE
REJECT TEMPERATURE 100%F
DIVERSITY FACTOR 0.72
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TABLE C-3.

<

LIVING MASTER -
ROOM BEDROOM | arproOM
Y

10 JDINING KITCHEN

~—8

12-

1 u

45'

FIGURE C-3. Plan for Garden Apartment Unit

GARDEN APARTMENT

Design Basis for Garden Apartment Unit

NUMBER OF STORIES - EACH APARTMENT | S ONE STORY AND
'S CONTAINED IN A 2 STORY BUILDING

DIMENSIONS
FLOOR ft?
EXTERIOR WALLS ft%
winows 1
DOOR ¢
CEILING

STORY HEIGHT ft

CONSTRUCTION PARAMETERS

FLOOR

EXTERIOR WALLS

CEILING

WINDOWS

DISTRICT TYPE PARAMETERS

PEAK HEAT DEMAND
HOT WATER DEMAND
DENSITY

REJECT TEMPERATURE

DIVERSITY FACTOR

C-

990
617
®
21

12 (990) FOR HEAT LOSS
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

1.38 MBTU /hr

3030 gallons /day

293 BUILDINGS/SQ. MILE
100 %

0.72

4
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BATH BEDROOM
UTILITY = o EK o
LIVING
MASTER
D ROOM DINING BEDROOM | A
1st FLOOR 2nd FLOOR

FIGURE C-4. Plan for Townhouse Unit

TABLE C-4. Design Basis for Townhouse Unit

ROW HOUSE
NUMBER OF STORIES - 2

DIMENSIONS
FLOOR 1t 506 (1st STORY)
FLOOR 10 506 (2nd STORY)
EXTERIOR WALL 1 58
WINDOW ft° 124
poor 1 21
CEILING 0 506
STORY HEIGHT ft 8
CONSTRUCTION PARAMETERS
FLOOR MAPLE FINISH FLOORING ON YELLOW
, PINE SUBFLOORING :
EXTERIOR WALLS BRICK VENEER, BUILDING PAPER,

WOOD SHEATHING, STUDDING,
METAL LATH, 2in. INSULATION

CEILING METAL LATH AND PLASTER, 6 in.
INSULATION
WINDOWS ~ DOUBLE-HUNG WOOD WINDOWS
DI STRICT TYPE PARAMETERS '
PEAK HEAT DEMAND 0.9 MBTU /hr
HOT WATER DEMAND 1515 gallons /day
DENSITY 373 BUILDINGS / SQ. MILE
REJECT TEMPERATURE 100 %
DIVERSITY FACTOR 0.72
C-5
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FIGURE C-5. Plan for High Rise Apartment Unit
Eight Apartments per Floor

TABLE C-5. Design Basis for High Rise Apartment Unit

HIGH RISE APARTMENT

NUMBER OF STORIES - EACH APARTMENT 1S ONE STORY
AND 1S CONTAINED IN A9 STORY

BUILDING.
DIMENSIONS
FLOOR 12 780
EXTERIOR WALL 1€ 370
WINDOWS ft2 78
DOOR ¢ 21
ROOF ft2 19 (780) FOR HEAT LOSS
STORY HEIGHT ft 8

CONSTRUCTION PARAMETERS

EXTERIOR WALLS BRICK VENEER, BUILDING PAPER, WOOD
SHEATHING, STUDDING, METAL LATH,
2in, INSULATION

CEILING METAL LATH AND PLASTER, 6in.
INSULATION
WINDOWS DOUBLE-HUNG WOOD WINDOWS (i
DI STRICT TYPE PARAMETERS

PEAK HEAT DEMAND 1.73MBTU/hr
HOT WATER DEMAND 5400 gallons /day
DENSITY 385 BUILDINGS /5Q. MILES
REJECT TEMPERATURE 100%
DIVERSITY FACTOR 0.72

C-6
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APPENDIX D

. DIMENSIONAL RESTRICTIONS ON INPUT DATA

The economic arrays beginning with CAP and ending with TAXCR in the
blank common array CCC (COM11 in the code) are dimensioned by 50 to allow
the reservoir and distribution system lifetime to be simulated up to
50 years.

The district type arrays defined in Section 3.4.2.1 are dimensioned by
8 in labeled common DHEAT (COM13 in the code) to accommodate up to
8 district types in the distribution system. The district definition arrays
defined in Section 3.4.2.2 are dimensioned by 20 in labeled common DHEAT
(COM13 in the code) to allow up to 20 districts in the distribution system.

The transmission nodal arrays beginning with NODE and ending with EWH
in subroutine TRANS, which are used in modeling the fluid conduction and
degradation in the fluid transmission submodel, are dimensioned 25x25 to
accommodate a maximum well field size of 625 wells. Since no dynamic
storage is used and no economically viable district heating system is likely
to require 625 wells, these dimensions could be reduced to 20x20 or 15x15 if
memory size is a problem at the user's computing facilities.

The transmission nodal arrays are currently equivalenced to
9475 decimal locations in the blank common array CCC (COMIO in subroutine
TRANS). A set of economic arrays beginning with CAP and ending with TAXCR,
which are used in the reservoir and distribution economic submodels, are
equivalenced to the first 7050 decimal locations in the blank common array
CCC (COM11 in subroutine LOAD). The transmission nodal and economic arrays
are permitted to share the same locations in blank common to conserve
memory, since they are required at different times during the program
execution and need not be saved. A reduction in the dimension of the well
field to 15x15 (225 wells) would permit equivalencing the transmission nodal
arrays to the first 3390 decimal locations in the array CCC. The dimension
of the CCC array could then be reduced to 7050 decimal, the maximum size
based upon the economic arrays. The result would be a reduction in memory



arrays to the first 3390 decimal locations in the array CCC. The dimension
of the CCC array could then be reduced to 7050 decimal, the maximum size
based upon the economic arrays. The result would be a reduction in memory
requirements of 2425 decimal (4571 octal) words. The following changes
would also be necessary in the code:

1) Reset MD and KD to 15 in subroutine DGHEAT

2) Reset NDUP used in subroutine TRANS to 15 in BLOCK DATA

3) Change the FORTRAN statement, CALL CLEAR [CCC(1276),MK], to read
CALL CLEAR [ccC(466),MK] in subroutine TSTART.

D-2
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APPENDIX E

LISTING OF SAMPLE CASE OUTPUT
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PISTRTCT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI,ICELAND

GFOTHFRMAL WEL AND FLUID TRANSMISSION INPUT DATA

WFLLHFAD TEMPERATURE (F)

WELLHEAD oRFSSURE (PSTA)

WELLHEAD PRESGURE AT SATURATIAN (PSIA)
WELLHEAD STEAM FRACTION

WELLHEAD FLUTN STATF

WELLHE AD PRESSURTZATION FACTAR (PRFACT)
MAXTM( FOW PATE/WELL (LB/SFR)

WELL SPACING (ACRES)

FOACTINN FXCESS PRADUCING WELLS

FRACTION NONPRONUCING WELLS

WFLL LYFE (YRS}

MAXTMU!” PAWS TN WELL DESIGN MATRIx

MAXTIMyM cALHMNS IN WELL DESIGN MATRIX
TPANSMISSION MAINTENANCE FACTOR

nISPOSal mAINTENANCE FaCTOR

FRACTTINN nF PIPF THAY CAN RE SALVAGED

TOTAL FLOW PATE RFQUIRED RY  PLANT (LB/HR)
OPTIONAL INJECTION WELLS USING DISTRB EFFLUENT
DISTANCE ¢ROM DISTRR TO INJECTION WELLS (M)
RATIO nF INJECTION/PRODUCTION WFEL} FLOW RATE
{ AROR rOST FOR PIPF INSULATION ($/FT)

OPTION YO RENYCF NNNAL RECOMPUTATION
SCALING FACTOR TO aDJUST PIPE SIZES (EVALUE)
ANNUAYL TZEn COGT FACTOR

1.9400008402
2.,0336R6E40]
1,016843F401
0

. COMPRESSED

2.000000E400
1.388889F 402
2.000000E+01
1,000000Ea0)
5,000000F=~02
3,000000F 401
25
2s
5,000000E=07
%.,000000E-02
1.000000F=01
1.439999E+06
[}

1.000000F201
P.U00000Fep0
4,500000E«00
1

2,L00000E=02
1.600C00F =01

( -



NODAL FLUTITD TRANSMISSION THERMODYNAMIC DEGRADATION FOR LINE 1
NODF STEAM FLOw RATE HEAT LOSS SATURATION ENTHALPY PIPE INTER EXTER INSUL
1 J ITR MIX FLUID STATE FRACT (LR/SEC) (BTU/SEC=FT) TEMP (F PRES(PSIaA} PRES(PSIA) (BYU/LB) SCHD DIAM(IN) DIAM(IN) THK{IN)

3 2 ComPRFSSED 00,0000 100, 0,000 194,000 20,337 10,168 162,078 0. 6,846 a 3,000
a E COMPRESSED  0,0000 100, nl2 193,882 20,337 10,143 161,960 10, 6,846 8 . 3,000
a PR COMPRESSED 10,0000 100, L012 193,882 20,337 10,143 161,960 10, 6,846 8- 3,000
k] [ COMPRESSED 04,0000 100. 0,000 193,882 20.337 104143 161,960 10, 6,846 -8 3,000
3 yo2 CAMPRESSED 06,0000 100, - 012 193,764 20,337 10,118 161,841 10. 6,846 8 3,000
3 [ COMPRESSED 0,000n 100, $012 193,764 20,337 10,118 161,841 10, 6,846 8 3,000
2 7 0 CAMPRESSED " 0,0000 1060, 012 193,882 20,337 10,143 161,960 10, 6,846 8 3.000
2 v v CAMPRESSFD 0,000 200, 0,000 193,823 20,3437 10,130 161,900 - 10, 9,387 10 3,000
? 12 COMPRESSED 0,0000 200, $0le 193,152 20,337 10,115 161,829 10, 9,387 10 3,000
T1 1 T on CAMPRESSED  n,000n 100 012 193,882 20.337 10,143 161,960 10 6,866 a 3,000
V)
1 LI u COMPRESSED 0,0000 200 04000 193,94) 20.337 10.156 162,019 10« 9,387 10 3,000
1 I COAMPRESSER 00,0000 200, 2014 193,870 20,337 10,141 161,948 10, 9.387 10 3,600
1 1 v .COMPRESSED 00,0000 400, 0,000 193,811 204337 10.128 161,889 10. 12,874 14 3,000
1 1 2 COMPRESSED 0,000n 400, 018 192,045 20,337 9,756 160,116 10, 12,874 1¢ 3,000
1 11 COMPRESSED  0,0000 400. 018 192,045 20,337 9,756 160,116 10. 12,874 14 3,000
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YRANSMISSTITON DESIGN THERMODYNAMICS) AND COST
t INEFE mUMBEPR 1 (wATER)

INLET TEMPERATURE INTO LINE 1.940000E+02 (F)
INLET PRESSURF INTO LINE 2,0336B6E401 (PSIAy
IMLET FNTHALPY INTO LINE 1,620786E402 (BTU/LB)
MUMRER OF TRANSMISSION LINES INTO CENTER 1 (LINE)
NUMRER OF PRONUCING WELLS 4 (WELLS)
NUMRER OF DRY WELLS 0 (WELLS)
ACTUAL WELL FLOW RATE 9.999995E+01 (LBM/SEC
FFFECTIVE WELL SPACING 2+100000E01 (ACRES)
PIPE LeNGTH BFTWEEN WELL NODFS 3,1325@85€+02 (METERS)

wELLFIELD DESIGN LATTICE WwWI1ITH ACTIVE wELLS NUMBERED
CENTER CnL 1 = MANIFOLD NODESe OTHER COLS = WELL NODES

) 1 3
0 2 0
0 4 0

NUMODFR nF UPSTPFAM WELLS FLOWING INTOQO EACH NODE

CENTER CoL 1 = MANTFOLD NODESs OTHER COLS = WELL NODES

4 2 1
2 1 0
1 1 o *

I NI 1AL WELLHEAD CONDITIONS

YE“PERATUDE (F) €OL 1 = MANIFOLD NODES, OTHER COLS = WELL NODES

coL 1 coL H coL 3
POW 1 O, 1.940n000Een2 1,960000E402
00w ? o, 1:4960000Ee02 0.
ROwW a 0, 1.940000E+02 0.
PEESSURE (PST1A)

coL 1 coL 2 cou 3
|-1.1% 1 0, 2,0336R6E401 2,033586E401
POwW 2 0. 2,033686En] 0.
f0w b} 0, 24033686E401 0,

VISCOSITY (LR/FTeSEC)

coL 1 coL 2 coL 3
PAW ) 0. 2,092038E=04  2,09203BE=04
ROW 2 0, 2.0920388-04 O,
rOW 2 0. 2,092038E-04 0,

DFNSITY (| B/Ch FT)

L] coL ] coL 2 L, coL 3
Pow 1 0. 64025200E60]1  6,025200E+01
el ] ? 0, 5,025200Ee0] 0.

pAW ) 0, 60025200E00] 0,



NODaAaL ExIT CONDIJTIONS AFTER DEGRADATION AND MIXING

TEMPERATURE (F! . COL 1 = MANTFOLD NODESs OTHER COLS = WELL NODES

oL 1 coL 2 coL 3
RPOwW 1 1.938112F¢02 14939409E402 1.940000E%02
ROW  ? 1.818227€402 1.940000E¢02 O
ROW k] 1,938817E+02 1.940000€602 0,
PPESSUPE (PSTA}

oL 1 coL 2 coL 3
RNw 1 2.033686E40) 2+0336R6Ee01} 2.033686E+01
ROW ? 2.033686E¢+0] 2.033686E401 [
ROW 2 2.033686E40) 2.0336R6E0]) 0,

VISCOSTITY (LA/FT=SEC)

coL 1 coL 4 coL 3
ROW 1 24.094555E~=04 24097825E=04 2,092038E=00
PAW 4 2,094402E~04 2.092n38E=04 0.
POw k) 2,093A14E~04 2,092038E=04 0.

DENSITY (LR/CU FT)

coL 1 coL 2 coL 3
POW 1 6.025643E 0] 6+025339E¢0]  6.025200E+01
pew 2 6,025617E+0] 6,U25200€¢01 0,
ROW k) 6,025478€+01 6£+025200E+01 0.
m
& INTERNAL PIPE DIAMETER (IN)
oL 1 coL 2 coL 3
POW 1 1,287437E+01) 9,387059Een0 6,84608TE+00
POwW H 9,3R7102E+00 6.866087E400 0.
ROW k] 6.8646)118E%00 6,84608TE*00 0.

PIPE INSULATION THICKNFSS (IN)

coL 1t coL 2 coL 3
ROy 1 3,000000E600 3,000000Ee00 3,000000E400
LL " 3,000000E¢00 3.000000Ee00 0,
PoW 2 3,000000F+00 3,000000Ee00 0,
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9

CFNTYERP TNLET CONDITIONS
{INCLUPES DEGRADATINAN FROM LAST NODF TO CFNTER)

FLOW RATE 1,439999€406 (LAM/HF)

TEMPER A TURF 1.92065%Een2 tFy

PRESSURE 2,033686F401 (PSIA)

FENTHAL PY 1,60115%6E+02 (BYu/sLE)
TPANSMTISSTION SYSTEM COSTS
TOTAL YRANSMIGSTON rOST 3.65531RE406
PIPE rOST 24590123F«06
INSULETIAN CNST 4,004B64E405
WELLHFAD VALVES 2.000000E04
INSTRUMETTATTON 4.,000000F«023
SOLINS SFPARATORS 2,000D00E04
TRANSHIGRIAN RNOGTFR pUMPS 242906T0E+0S
FNGINFERTNG AND DESIGN (12%) 3+916412E405

TRANSMTSSTON MAINTFNANCE CoOST

TRANSMTSSTON c2PITAL REPLACEMENT

1.827659E405

3.000000E~-02

(%)

(RATE)



N1STRIARUT I ON=-FLUID TRANSMISSION CONVERGENCE TEST
PREVTOUS GENTHEAMAL FLOW RATE nEMANDEn RY DISTRIBUTION SYSTEM 1,439977t«nb

FURBENT GFOYHERMAL FLOW RATE DEMANDED BY DISTRIAUTION SYSTEM  1,439999 .06
DIFFFRFyCE  (LRM/HR) ?+246899E <01
NIFFFRENCF (PER CENT) 1.560347t =03
CONVERGEHAF CRITERIAN (PER CENT) 2.000000t +00

nIsSTolanTIn: SYSTEM DEMAND SUBROUTIME CALQNA AND FLUID TRANSMISSION SUBMUDEL SATISFY COMVERGENCE CRITERION

9-3

NUMRER OF NDISTRICT HEATING = TRANSMISSION ITERATIONS 4

O




DISTRICT HEATING SYSTEM WITH HRANCHING MAINS FOR AKUREYR]I,ICELAND

DEFINITION OF DISTRICTS

nls 1o PEAK HEAT HOT WATER HOyYSE STREELT GROWTH REJECT PEOPLE
PIgT  ATST DPISTRA DENGITY AREA  LENGTH WIDTH DIVERS UDEMAND/UN DEMAND  SPACING SPACING FACTOR TEMP  PER UWIT
NO TYPF (MT)  (UN/SMT) (SMI) (MI) (MI)} FACTOR (MBTiI/HR) (GAL +»/DAY) (MI) (M1) (%) (OF6 F)
01 a1 406 2731,00 .193 466 932 .72 ,025400 ' 37.8 ,0191 2038 0 113,0 3.2
02 n? «217  3000.,00 L0723 180,126 .72 .190500 040 - <0183 2037 0 113.0 4,0
03 02 «?R0 3000, 00 Nh2 . 697 126 .12 .190500 00 0183 2037 0 113.0 4,0
ne nt 0249 273)1,090 L1R5 «697 L3173 .72 .025400 37.8 «0191 <038 0 113,0 3.2
0= 02 «1R6  3000,00 N5 o124 o128 T2 .190%00 000 .0183 £ 037 0 113,0 4,0
06 0l 77T 2731400 2232 932 248 .72 125400 37.8 «0191 .038 0 113.9 3,2
07 nl W 126 2731,00 ,156 167 932 T2 025400 37.8 0191 «03A 0 113.0 3,2
0R 0} 14740 2731,0n L399 2932 .932 72 2025400 37.8 20491 .038 0 113.0 3,2

METRIC EQUIVALENTS

i
~ nIS TO PEAK HEAT HOT WATER  HOUSE  STREET  GROWTH  REJECT  PEOPLE
plge  nIST CISTRR  DFMSITY AREA - LFHGTH  WIDTH DIVERS  UFMAND/UN NEMAND  SPACING SPACING FACTOR TEMP  PFR UNIT
No  rYPF (kM) (UN/SKM)  (SKM) (KM (kM) (MCAL /HP) (LITERS/DAY)  (KM) (KM) (%) (DEG Uy
01 ol 650 105644 .50 W15 1,%0 W72 6,40 1631 L0308 ,0616 0 45,0 3,2
02 0? 2349 115R,30 06 29 .20 72 4R,00 0.0 0294 +0588 0 45,0 4,0
03 0e 651 115A,30 ,16 R0 .20 W12 48,00 n.0 L0296 .0588 0 45,0 4,0
06 nl L4601 10%4,44 Y. 80 .60 72 6,40 143,1 0308 Wn616 0 45,0 3,2
05 ne «299. 115AR,30 04 20 .20 R4 48,00 0,0 . 0294 .0588 0 45,0 4,0
06 nl 1.250 1056446 60 1.50 40 272 6440 143,1 »0308 00616 0 4540 3.2
07 0! W200  1054,44 W40 .27 1,50 W72 6440 143,1 ,0308 «0616 0 45,0 3,2

(L] 0t 2,R00 1054,44 1.03 1.50 1,50 72 6,40 143,1 0308 «0016 0 45.0 3.2



DISTRICT PoPULATITONS

RISTRICT TYPE DISTRICT NuUM NUM OF HOUSES PEOPLE /7HOUSE . NUM OF PEOPLE
1 . 1 927,1 3.2 1687,
4 505,2 3.2 1617e
6 633,6 3,2 2027,
7 426,0 3.2 1363e
8 10897 3,2 3487,
ToTaL ;1;1:; ° 101;;.
4 ) 2 69,0 440 276,
T1 3 186,90 4,0 Tase
®© 5 45,0 640 180.

TOTAL 300,0 1200,
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DISTEICT HFATING SYSTEM WITH RRANCHING MAINS FOR AKUREYRTSICELAND

DISTRIARUTIAN SYSTEM 0F DISTRICY

HALISF NEeCPTIPTION

FLOWKATF
(LR/SFey
HNUSe ol
CTREET NESCRIPTINN
CTREFT H00SF
1 1 .2
? x3
3 N
4 .9
= 1.1
& 1.2
LATERAL rESCRIPTION
| ATERAL STYeFfY
1 1 .9
? 2.6
3 4,3
4 A0
S 7.7
6 9,4
? 1l.1
A 12.9
Q 16,6
R 16,3
11 12,0
1 ? 19.7
11 20,6
MATN “ESFRIPTINN
wrIN 41,2

HFAT LOSS
(RYU/SFC)

“.l

-1,6
1,6
“1.6
=l.6
1,6

0,0

-2.8
-2.A
-3,3
-3,3
-3.7
“3.R
~3,R
~3,R
-3 ,8
~3.8
-4,
4,2

0,0

—ed,

TEMPERATURE (F)
SUPPLY RETURN
188, 113.
189, sewse
190, LYY

190,

191, seesn
191, seen
181, aeesn
191, sean
191, Tenw
191, seas
191, sese
1sl.

191,

191,

192,

192, (XX
192, “ass
192, soes
152, csse
19¢e, sene
192, ssen

1 SINGLE PIPE SYSTEM

HEAN L 0SS

FFET

2.98

.30
1.08
2,28
3,88
585
0.00

7,42
55.99
18,133
34,05
16,14

9.99
13,58
17.67
22425
27.30

A,33

9,85

0,00

315, M

Since the used water from the distributicn system is disposed through
the sewer system {no reinjection) in this sample case, there is no

output from the fluid disposal (reinjection) submodel.

This accounts

for the the printout of the asterisks for the return temperature.

NOMINAL
DIAM(IN)

1,00

1,00
1,00
1,00
1,00
1,00
1,00

1,00
1,00
1,50
1.50
2,00
2.50
2.50
2,50
2.50
2.50
3,00
3,00
3.00

INSUL
(IN}

2.5

OW Wi wwwww Wiwww
e @ © o e o ® o s a8 o o
QUL AR BUT N nan

(=]
.
w
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DISTRICY HEATING SYSTEM WITH RRANCHING MAINS FOR AKUREYRI»ICELAND

DISTRICT 1 CAPITAL COSTS AND MATERIAL REQUIREMENTS

PIDF PIPE PISE  MUMRER FTNGS  NUMBER VALVE INSUL  CASING NUMBER EXP LOOP TRENCH LINFT,
SI7E  (LINGFT) cnsT oF cosT OF cosy cosy cosY OF EXP cosT coSsTv cosT
(I ¢x1n00  FINGS  $x1000  VALVES  $x1000  sx1000 $x1000 LOUPS $x1000 $X1000 (S/FT)
1.0 593138 51.9 1638 ol 819, ol 98,7 513,6 194 23,6 175.5 14,80
1.5 A0R 1.4 8 ol oo .1 1.5 12,9 2 le4 6.1 26459
2.0 406 140 4 ol 2, .2 N 6,3 1 o7 2,0 26,82
P 2020 6,8 20 o1 10, .2 3,0 31,3 6 3.9 10,1 27,43
3.0 2941 12,5 14 .0 1. .7 o7 56,2 ° 7.2 17.1 33.45
TATALS 44513 73,6 .3 1,6 108,5 620,2 36,7 208,8 16,27

cosT nF 627, METFRS OF FLOW RATING 7, 6pM 1S 8 65, (THOUSAND)
ragY rF puMPg WITH 67, HOngtPOWER CaPACITY IS ¢ 9, (THOUSAND)

m

. PIPINA SVETEM(§X1000.)

© Pler 73,64
ING LATTON 108,53
CAQING 820,21
FITTINGS N
EXPANSTON | ONP 16.75
TREHCH 208,75
VAL VES 1430
METFRS f8e5N
HEAT Py MP 0.00
pPyYMD 9.38

YOTAL SYCTFM CAPITAL COST 1123.43
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NISTPICT HEATING SYSYEM WITH RRPANCHING MAINS FOR AKUREYRI¢ICELAND
NISTRIRUTION SYSTEM OF DISTRICT 2 SINGLE PIPE SYSTEM

HOUSF DEcCRIPTION

FLOWPATF HEAT LOSS  TEMPERATURE (F) HEAD LOSS  NOMINAL INSUL
(LB/SFC) (RTU/SFC) SUPPLY HETURN FEET DIAM(IN) (IN)
wrUSE .7 -1 191, 113, 4,55 1,00 2.5
STREET DFSCRIPTIAM
STREFT =0
1 1 1,6 ~1.5 191, sese 9.02 1,00 2.5
? 2.8 =1,7 191, sees 4,19 1.50 3.0
3 4,2 1.7 192, ssne R,83 1,50 3,0
4 4.9 0.0 ‘192, veesn 0,00 1.50 2.5
LATERAL rFSCRIPTINN
LATERAL  SToEET
1 1 3,0 =3,1 192, vese 9.26 1,50 3,5
? 10,1 3,6 192, ssae 10.85 2,50 3.5
3 17.2 2,4 192, csee 3,94 3,00 2.5

MAIN nESFRIPTICON
MATN 34,4 ~27,9 192, sons 170,10 4,00 3.5



PIGTRICT HEATING SYSTEM WITH ARANCHING MAINS FUR AKUREYRI,ICELAND
DISTRICT 2 CAPITAL COSTS AND MATERIAL REQUIREMENTS

Plof P1OE PiPE MUMRE R FINGS HUMBF R VALVE INSUL CASING NUMBER EXP LOOP TRENCH LINGFT.
ST7F  (LINGFT) cosY nF cosT OF cost cosT cusT OF tXP cosT cosT cosT

(In) $x1000 FTINGS $x1000 VALVES $x1000 §X1000 $x1000 LOOPS $x1000 $x1000 ($/FT)

1.0 “A68 4eM 152 .3 76, 5 9.3 47,7 16 o8 16,3 16437

1,8 1928 3,4 52 .1 26, W2 3,3 25,6 6 2,7 8,5 22,67

2,5 3RS 1.3 0 ol 2, .3 .0 6,0 1 o7 1,9 28,20

3,0 192 R 4 W1 2, .9 .2 2.3 0 o3 o8 28,40

4,0 1145 Te0 2 ol 1. .9 2.0 21,9 3 3.¢ 6,7 36,50

TATALS ag2Q 17,3 o6 2,R 15,3 103,5 ) 7,9 34,2 21,31

rosY rF R, METERS OF FLOW RATING 7., GPM IS § 10, (THOUSAND)
cnST NF eyvPg wWlTH 15, HORSEPNLER CAPACTTY IS § 3, (THOUSAND)

ZL-3

PIPIN~ SYSTFa($X1000,

P1Pf 17,39
INSIULATION 15,34
CAQTNA 103,51
FlrrINGS 56
EXPANSTOH | NOP T.87
TRF*ICH 6,17
VALVES 278
METFKS Y,79
MEAY PrHiMD N.0n0
pUMP 2+59

TATA{ SYGTFM CAPTYAL COST 193,97
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DISTEICT HEATING SYSTFM WITH HRANCHING MAINS FOR AKUREYRIsICELAND

HOUSE DECRIPTIONM

HAUSF

STREFT DFSCRIFTINN

STREET HOUISF

1 1
2
k]

LATERaL NFSCRIPTION

LATERAL STeEFT

1

O X 4T N PN

VAIN ~ESFRIPTINN
mMaIN

FLOWRATE
(LR/SFC)

HEAT LOSS
(BTU/SEC)

-1.5
=1.7
“1.0

3,6
4,0

=36,0

PISTRIBUTION SYSTEM OF DISTRICY

3 SINGLE PIPF SYSTEM

TEMPERATURE (F)  HEAD LNSS

SUPPLY RETURN FEETY
191, 113. 4455
191, 9,02
191, 4.19
191, 4.77
191, 2459
192, 14,94
192, 18.84
192, 9462
192, 15.43
192, 6436
192, 8,77
19¢, 11.52
192, 0.00
192, seee 326493

NOMINAL
DIAM(IN)

1,00

1,00

1,50

1.50

INSUL
(IN)

2,5

Nw N
D)
ocoowm

W e W Www
PEREEEEREE
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DISTRICT HEATING SYSTEM WITH RRANCHING MAINS FOR AKUREYRI,ICELAND
NISTRICT 3 CAPITAL (COSTS AND MATERIAL REQUIREMENTS

P1oF PIPF PIPt  NUMBER FTNGS  NUMBER VALVE INSUL CASING  NUMBER EXP LOOP TRENCH LIN,FT,
SIZE (LINGFT) cosy oF €osT OF cosT cosT cosT OF EXP cosT coSTt cosv
(1) sxlabn FTNOS $x1000 VALVES sxlooo sx1000 $xi000 LOOPS $x1000 $x1000 (S/FT)
1.0 14231 12,7 436 1) 217, 1,9 24,2 124,8 47 249 42,7 14,77
1.8 g013 R4 132 W1 66, .2 7,3 57,1 16 6,3 19,4 19,70
2.0 3RS 1,0 4 o1 2. .2 N 6,0 1 o7 1,9 264,96
2,% 3RS 1,3 4 o1 I o3 o6 6,0 1 o7 1,9 28,20
3,n 771 3,3 8. .l [N 1,1 1.2 14,7 2 1.9 4,5 34,79
4,0 2635 16,1 18 o1 9. ] 4,0 50,3 8 Ted 15.3 36,06
TOTALS 23422 ap T 1,5 4,6 38,6 258,9 20,V 85,7 19,30

cOST AF 185, METERS OF FLOW RATING 7. GPM 1S § 27, (THOUSAND)
rOgY NF PutPg wWITH 74, HORGEPNHWER CAPACTTY Is s 10, (THOUSAND),

vl-3

PIPIN. SYSTEM(¢X1000,)

plpr 42.6R
INSIHILATINN ELTLE
CASING 258494
FITTINGS 1.46
EXPANSTON | OOP 19,90
TRENCH 85,72
VAL vES 4,58
METERS 26,64
HEAY PiimP 000
PymMD 9.70

TOYAL SYQTEM CAPYITAL COST 4R&.41

O
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DISTPICT HFATING SYSTFM WITH HRANCHING MAINS FOR AKUREYRI+ICELANND
DISTRIRUTION SYSTEM OF DISTRICT & SINGLE PIPF SYSTEM

HOUSF DEQCRIPTION

FLOWPATF HEATY LNSS TEMPERATURE (F) HEAD LOSS NOMINAL INSUL
(LB/SEC) (RTU/SFC) SUPPLY RETURN FFET NIAM(IN) (IN)
urlSE ol -l 188, 113, 2.98 1,00 2,5
STREEY NFSCRIPTINON:
STREE? HOUSF
1 1 .2 =1,6 189, sese .30 1,00 2,5
? b =1.6 190, sses 1.08 1,00 2.5
3 6 =l.6 190, een 2.28 1,00 2.5
4 .9 =1.6 190, ssee 7,88 1,00 2.5
S 1.1 =16 191, e 5,85 1.00 2.5
6 1.3 1,6 191, seee 8,18 1,00 245
7 1.5 “1.h 191, seese 10.86 1,00 2.5
m ] 1,7 =1,6 191, ssee 13,88 1,00 2.5
!, 9 1.9 -1,6 151, voes 17,26 1,00 2.5 .
o 10 2.2 -,8 191, sasse 11,01 1,00 2.5
LATERAL NFSCRIPTION
ATERAL STofFT
1 1 1,0 =2.8 191, 10,09 1,00 3,5
2 4,1 “3.3 191, 17413 1,50 3,5
3 7.3 =3,7 192, 14439 2,00 3.5
4 10,4 =3,R 192, 11.R8 2,50 3.5
5 13.5 -3,.8 192, 19.28 2.50 3.5
[} 16,6 -4,2 192, L4 A4 T.18 3,00 3.5
7 19,7 =2.5 192, sven 5.29 3,00 2.5
MAIN NESFRTIPTINN
MmaIN 39,5 ~61,1 19¢e, seae 76,17 6,00 3,5



DISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AxyRFYRI,ICELAND

DISTRICT 4 CAPITAL COSTS AND MATERIAL REQUIREMENTS

PirF PIPE PiPg NUMBER FTNGS NUMBER VALVE INSUL CASING NUMBER EXP LQOP TRENCH LINGFT,
SI?E  (LINJFT) cosY oF cos? OF cosy cosT cOST OF LXP cosY coSsT cosT
(1r) : sxlnpn FTNGS $x1000 VALVES $x1000 $X1000 $xioo00 LooPs $x1000 $x1000 ($/FT)
1.0 58332 49,3 1494 W1 767, ol 93,2 486,2 184 2240 166,2 14,77
1.5 404 W7 4 W1 2, ol 8 6,5 1 o7 2.0 26,86
2.0 «he 1.0 4 o1 2. .2 ) 6,3 1 o7 2,0 26482
2.5 aope 2.7 8 ol ‘. o2 1.2 12,5 2 1.6 4,1 27,65
3,0 606 240 8 L 8 o9 10,2 2 1.3 3,2 31,29
6,0 1314 13.° 2 ol . 1.1 3, 3,6 4 6,V 9.4 51,53
TorTaLs SAETo 69,7 ot 2,6 99,6 556,2 32,3 187,0 16,10

rosT rF 606, METERS OF FLOW RATING 7. GPM 15 & 62, (THOUSAND)
c0ST ~F puUMPE WITH 43, HODRSEPOWER CAPACITY IS's 6., (THOUSAND)

m

la PIPINA SYSTEMI(EX1000,)

(o]
PIPF 69,74
INSULATINN 99,64
CASTING 596,20
FITTINAS 42
FXPANSTION | ONP 32.3%
TREMCH 186,97
va vES 255
METERS «lef)
MEAT PijmP 0.00
PUMP T.RQ

TOYAL SYSTEM CAPITAL COST 1017,.,57




DTSTRICTY HEATING SYSTEM WwITH BRANCHING MAINS FOR AKUREYRI#ICELAND
DISTRIBUTION SYSTEM OF DISTRICT S SINGLE PIPE SYSTEM

HOUSE DE<CRIPTION
FLOWRATF HEAT LOSS TEMPERATURE (F) HEAD LOSS NOMINAL INSUL

(LB/SEC) (BTU/SEC)  SUPPLY RETURN FEEY DIAMI{IN) (IN)
HAUSE o7 “,1 191, 113, 4,55 1,00 2.5
SYREF.T DFSCRYPTION
STREFT HONISF
1 1 1,4 1,5 191, tese 9,02 1,00 2,5
: 2 2.8 ~1.,7 191, sens 4,19 1,50 3,0 -
3 4,2 1,7 191, sese a,R3 1,50 3,0
q1 4 4,9 0,0 191, seee 0,00 1.50 2,5
3 LATEPAL PESCRIPTINN .
LATERAL  STREEY
N 1 .5 =3,1 191, sossn .34 1,50 3,5
2 7.6 -3,8 192, T 16,94 2,00 3,5
3 11.1 0.0 192, vess 0.00 0 3.5

VAIN NESrRIPTINN .
MeIN 22.2 -18,4 192, cese 223,83 2,50 3.5



NISTRICT HFATING SYSTEM wITH BRANCHING MAINS FOR AXUREYRI4lCELAND

DISTRICT § CAPITAL COSTS aAND MATERTA(L RFQUIREMENTS

PloF PIoF PIPF  MUMRER FIMGS  MUMBER VALVE INSUL CASING  NUMBER EXP LOOP TRENCH LIN,FT,
SI7F  (LINGFT) cosY oF cosT OF cosY cosT cOST OF tXP cosT coST cosT

(e «x1000  FTNGS  $x1000  VALVES  $x1000  sx1000 $x1000 LOOPS $x1000 $x1000 (S/FT)

1.0 4272 1.6 106 o3 52, .5 6.5 33,5 11 o8 11.5 16,50

1,8 1928 3,4 52 .1 26, .2 3,3 ?5,6 6 2.7 8,5 22,87

2,0 385 1.0 8 .1 ., o2 o0 6.0 1 o7 1.9 27,00

2.5 °A? 1,3 2 .0 1. o1 1,4 15,2 3 1,9 4,9 27 44

TATALS &T1R 1n,! o5 1.0 11,8 ol T 6,1 26,8 20,47

t0sY nF 44, METERS 0F FLOW RATING 7. GPM IS § 6. (THOUSAND)

cNST ~F plivPg WITH 8, HORSEPOWER CAPACITY IS § 2. (THOUSAND)

m

1

— (13 7 N

> PIPINA SYSTEM(SX]1N00.)
PlpF 11,07
INSTHLATION 11.77
CASTING R0,3)
FITTINGS ey
EXPANSTON | OOP 6,13
TRFMCH 26,78
VALVES 1.01
METFRS 634
HEATY Py MP 0.00
PUuP 2,06

TOTAL SYGTEM CAPITAL COST 145,93

O
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DISTRICY HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRIsICELAND
DISTRIRUTION SYSTEM OF DISTRICT 6 SINGLE PIPE SYSTEM

HOUSE DE<CRIPTION
FLOWRATF HEAT L0SS  TEMPERATURE (F) HEAD LOSS  NOMINAL INSUL

(LB/SEC) (RTU/SEC) SUPPLY RETURN FEET DIAM(IN) (IN)
HAUSE o1 .1 188, 113. 2,98 1.00 2.5

STREET DFSCRIPTION

STREET HOUISF

1 1 .2 =l.6 189, .30 1,00 2.5
2 b “l.6 1R9, 1.08 1.00 2.5
3 6 “1.6 190, 2.28 1,00 2.5
4 .9 1.6 190, 3,88 1,00 2.5
S 1,1 *1l.6 190, 5,85 1,00 2.5
& 143 =1.6 190, B,18 1,00 2.5
7 1.4 0,0 191, 0,00 1,00 2,5

m LLATERAL NESCPIPTION

JJ LATEPAL STREFT

e 1 1 e -2.8 191, 1,78 1,00 3.5
) 2 2.4 2,8 191, 49,91 1.00 3,5
3 4,4 -3,3 191, 19,58 1,50 3,5
4 6.5 3,7 191, 11,67 2,00 3,5
5 8.5 -3,8 191, R,26 2,50 3,5
3 1645 =3,R 192, 12,21 2,50 3,5
7 12,6 “3,8 192, sves 16.89 2,50 3.5
8 14,6 -3,8 192, ssee 22.25 2,50 3,5
9 16,6 4,2 192, e 7.18 3,00 3.5
10 18,6 =4,2 192, e 8.87 3.00 3,5
11 20,7 6,2 192, veee 10,73 3,00 3,5
12 22.7 6,2 192, ssen 12.74 3.00 3.5
11 26,7 =2.7 192, waee 2.28 4,00 3.0

MAIN NESeRIPYINN
M IN 49,4 -128,2 192, wese 318,36 6,00

w
-
o
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DISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI»ICELAND

PIPE
(LINGFT)

6982
404
408
1616
1616

202
4102

TR228

coST nF puvpe WITH

DISTRICT 6 CAPITAL COSTS AND MATERIAL REQUIREﬁENTs

PIPE NUMSER FTINGS  NUMBER VALVE
cosY oF cosT OF cosY
$Xx1000 FTNGS $X1000 VALVES $x1000

62,2 1946 .0 973, ol
. 4 o1 2, .l
1.0 4 o1 2. o2
6.6 16 ol 8, o2
£, 9 16 ol a, o8
1.2 4 ol 2, o9
30,9 2 ol 1, 1,0
117,46 o5 3,3

613, METFRS nf FLOw RATING 7. GPM IS § 68, (THOUSAND)

65. HORSEPOWEP CAPACITY IS § 9. (THOUSAND)

PIPING SYSTEM(EX1000,)

plpr
INGi
CAgr
Flvtr

LATTION
NG
INGS

EXPANSTOY | NOP

TRF*

VALV
VETE
HEAT
Pypr

TOTA|

CH

£s

LA
P)IMP

11740
133.62
7IR9,07
47
5501
260464
3.3?
&Be38
0400
9,32

SYQTFM CAPTYAL COST 1437.22

INSUL  CASING
cosT cOST
$X1000  $X1000

118.1 614,8
.8 6,5

o0 6,3
2.4 25,0
2.6 30,9
o3 3,1
8,9 102,5
133,86 789,1

NUMBER
OF EXP
LOOPS

e3e

WO U N~

EXP LOOP
cosT
$x100U

28,

——

3
3

e wBwe

.
.
17.

55,0

TRENCH
coSsT
$x1000

210,1
2,0
2,0

'1

9,4

®

@
oo

2

260,7

LINDFTI
Cost
(S/FT)

14,79
26,80
26,75
27,44
33,78
35,32
48,34

17,38
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DYSTRICT HEATING SYSTEM wITH BRANCHING MAINS FOR AKUREYRIICELAND
NISTRIBUTION SYSTEM OF DISTRICY

HOUSE DEQCRIPTION

HAUSE

SYREET DFSCRIPTINN
STREFT HOUSE

1

W -

t ATERPAL nESCRIPTION
LATERAL STREFT

1

S WN— D ODVAPTNE NN —

— ot et s

MAIN nESFRIPYION
MAIN

-l b s e e
o
.

ol

. e o e
o e N

EN= OO ADU SN
R EE RN
Ce—~ 0PSO S~ ODPS

1=
w
-

N

FLOWRATE
(LB/SFC)

HEAT LOSS
(BTU/SEC)

=l

1,6
~1.6
1,6

-,8

-2,8
-2.8
-2,8
-3,3
-3,3
-3,7
-3,7
-3,8
-3,8
-3,8
-3,8
‘3,R
~3,8
.2,5

-28,9

TEMPERATURE
SUPPLY RETURN
188, 113,
189, tene
190, e
190, sene
190, sene
180, sene
191, “ens
191, 1L
191, seusn
191, cean
191, cean
191, sses
192, sesse
192, snas
192, sese
192, sens
192, sese
192, seew
192, esen
182, Xy

(F)

7 SINGLE PIPE SYSTEM

HEAD LOSS

FEET
2,98

«30
1,08
2,28
2,04

1.74
24,37
69,11
17.13
27.83
12.19
16.75

9,39
11.88
14465
17.67
20.95
264448

3 las

NOMINAL
DIAM(IN)

1,00

1,00
1,00
1,00
1,00

1,00
1,00
1,00
1,50
1,50
2,00
2,00
2,50
2,50
2,50
2,50
2,50
2,50
3,00

10,00

INSUL
tIN)

205

VA WUWWWW WWWWwww
R EEEEEEEREREER
Vnoamuuanoannan

w
.
(V)
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DISTRICT HEATING SYSTEM wITH RRANCHING MAINS FOR AKURFYRI+ICELAND

DISTRICT 7 CAPITAL COSTS AND MATERTAL REQUIREMENTS

PIPF PIPE PIPF  NUMBER FTNGS  NUMBER VALVE INSUL CASING  NUMBER EXP LOOP TRENCH LINGFT.
SI?76  (LINGFT) cosT oF cos’ OF cosT cos? cosT OF EXP cosT coSY cosy
(I $X1000 FYNGS  $x1000 VALVES  S$xl000  &X1000 s$xlooo LOOPS $x1000 $X1000  (S/FT)
1.0 46503 4140 1280 o1 660, ol 18,7 4l10,8 155 18,5 140,2° 14,83
1.8 808 1,4 8 ol 4y o1 1.5 12,9 2 1,4 4,1 26,59
2.0 ao08 240 8 ol 4y .2 1.2 12,5 2 1.4 6,1 26,52
2.5 2426 R,2 24 ol 12, o2 3,6 31,5 8 4,7 12,2 27,40
3,0 202 9 4 ol . .8 o2 2,4 0 o3 .9 27,44
10,0 654 12,9 2 2 1. 2,1 2,4 25,2 2 5.8 5,9 83,29
TOTALS 51402 65,7 o6 3,5 B7,7 501,3 32,2 167,3 16,72

cosT nF 426, METERS OF FLOW RATING 7. GPM 1S & 52, (THOUSAND)
COST nF pyMPg WITH 58, HOQSEPOWER CAPACITY IS s 9, (THOUSAND)

PIPING SYSTEM($X1000,!

PlpF 66.72 |
INSULATION B7,.67
CASING 501432 '
FITTINGS «57
EXPANSTION (OOP 32.18 :
TREMCH 167429
VAL VES 3450 :
METFRS 52414
HEAT PimP 0,00 ;
PUMP 9.04 :
1
TOTAL SYGTEM CAPITAL COST Q20,40

o

-



f

NISTPICT HEATING SYSTEM wITH RRANCHING MAINS FOR AKUREYRIWICELAND
DISTRIBUTION SYSTEM OF DISTRICT B8 SINGLF PIPF SYSTEM

HOUSE DEgCRIPTION

FLOWRATE HEAT LOSS  TEMPERATURE (F)  HEAD L0SS  NOMINAL INSUL i
(LB/SEC) (RTU/SEC) SUPPLY RETURN FFET DIAM(IN) (1N
|
HNUSFE .l -1 188, 113. 2.98 1,00 2.5 i
SYREET DFSCRIPTION i
STREFT HOUSFE i
1 1 .2 =-1,6 189, sece .30 1,00 2.%
2 ol =1,6 190, ke 1,08 1,00 2.5 ‘
3 .6 *1.6 190, sene 2.28 1,00 2.5 i
4 .9 1.6 190, see® 3,88 1,00 2.5 ;
! 5 1.1 1.6 - 190, sess 5.85 1.00 2,5 i
] 6 1,3 1,6 190, ense R,18 1,00 2.5 i
7 1.5 =1,6 191, vens 10,86 1,00 2.5
I ) 1.7 -1.6 191,  esee 13,88 1.00 2.5
9 1.9 =1,6 191, sses 17,24 1,00 245
10 2.2 «1,6 191, TIL 20,93 1,00 2.5
m 11 2.4 “1.6 191. sene 24,94 1.00 2.5
' 12 2,5 0,0 191, veue 0,00 1,00 0.0
N
w LATERAL DFSCRIPTION ;
LATERAL  STREET ‘
1 1 1.2 -2,8 191, ssan 16,78 1,00 3,5 i
2 4,8 -3.3 191. sean 22.86 1.50 3.5 j
3 8,4 =-3,.8 191, soes 8,10 2,50 3.5 !
4 12,0 =3,8 191, sene 15,56 2,50 3,5
5 15.6 -3,8 191, sene 25.17 2,50 3.5 :
6 16,2 =4,2 191, e 9,36 3,00 3,5 ‘
7 22.8 4,2 191, seen 12,83 3,00 3,5 !
] 26,4 4,2 191, seae 16,79 3,00 3,5 i
9 29,9 4,9 191, 5,93 6,00 3,5 |
10 33,5 ~4,9 191, 7.30 4,00 3,5 I
11 37,1 4,9 191, 8,80 4,00 3,5 .
12 40,7 =4,9 191, 10,43 4,00 3,% |
13 42,5 0,0 191, sess 0,00 4,00 3,%

MAIN DESCRIPTION
MAIN 85,0 ~223,4 191, wene 1667,53 4,00

W
-
A



NICTRICY HEATING SYSTEM wITH RRANCHING MAINS FOP AwyREYRI,ICELAND

DISTRICT A CAPITAL CNSTS AND MATFRIAL PEQUIREMENTS

PIpF PIPF PIPE  NUMBLR FTNGS  NUMBER VALVE INSUL CASING  NUMBER EXP LOOP TRENCH LINGFT,
SIZE  (LINGFT) cosT oF cosT OF cosT - cosY cosY OF tXP cosT cosT casr
(11 $x1na0  FTINGS  &x1000  VALVES  $x1000  §x1000 $x1000 LouPS $xloo0 $x1000 (S/FT)
1.0 122524 109.1 1334 .0 1667, o1 20644 1075,% 408 5044 367,8 14,77
1.8 404 .7 4 ' 0 2, o1 o8 6,5 1 o7 2,0 26,70
2.5 1212 4.l 12 3! 6. o2 1.8 18,8 o 263 6.1 27445
3,.n 1212 5,1 12 ol 6, T WT 2,0 23,2 4 3.0 1.0 33,02
4,0 10R04 50,5 22 «0 11, N 17.3 185,8 36 21,5 56,4 32.12
TATALS 136157 178,5 .2 1.6 228,2 1309,7 83,9 439,3 16,46

rO&T oF 10Rg, METFRS NF FLOW RATING 7, GPM IS § 94. (THOUSAND)

Tﬂ rosT ~F puyvpe wliTk 150, HORSEPOWER CAPACITY IS § 15, [THOUSAND)

N

S

PIPING SYSTEM (SX10004)

PIPF 178,45
INSHLATION 228,21
CASTNG 1309,66
FITTINGS o248
FXpANSTON | ONP A3.9
TRE' CH 439434
VALVES 1459
METFRS Q94,09
HEAY PLMP 0,00
PUME 14,67

TOYAL SYGTEM CAPITAL COST 2150.1R

. 0

S — - _— ) - T A T N ) &) i ] “li}:] |
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nISTRICT HEATING SYSTEM WITH RRANCHING MAINS FOR AKUREYRI,ICELAND
DESCRIPTION OF MAINS SERVING THE DISTRICTS

CUMYLATIVE

FLOWRATE HEAT L0SS  TEMPERATURE (F)  HEAD LNSS  NOMINAL INSUL FLOWRATE
(LB/SEc)  (BTU/SEC)  SUPPLY RETURN FEETY DIAM(IN)  (IN) (LB/SEC)
MaIN nISTRICT
NUMBER NUMRER
1 1 41,2 -be,1 192, sree 37s,71 3,00 3,5 41,2
2 34,4 -27,9 192, tens 176,10 4,00 3,5 75.5
: - 6 49,4 ~128,2 192, “ven 918,34 6,00 3.5 28047
m 7 33,2 -2 ,9 192,  sees R,48 10.00 1,5 313.9
I\
o
2 1 96,0 -36,0 192, reur 326,93 4,00 1.5 94,0
s 39,5 -41,1 192, coer 76,17 6,00 3,5 133.5
a 5 22,2 -18,6 192, coan 223,83 2,50 1.5 2202

4 R 85,0 «223,4 191, LY 1667,53 4,00 3,5 85,0
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PISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI,ICELAND
TOTAL CAPITAL COSTS AND MATFRIAL REQUIREMENTS

PIog P1PE PIPE NUMBER FTNGS NUMBEER VALVE INSUL CASING NUMBER EXP (LOOP TRENCH ([ INJFT,
SIZE  (LINGFT) cosY oF cosT oF cosT cosT cosT OF EXP cosT coSTY cosY
(I sx1np0 FTNGS  §x1000  VALVES  Sxlppp  $X1000 $x1000 LOOPS $x1000 $X1000 (3/F1)
1.0 175103 336.7 10382 1.8 5191, 3.4 635,1 3306,9 1250 147.1 1130,2 14,4R2
1.% 11698 20,1 264 & 132, 1,2 19,2 153,6 38 1646 50,5 22436
2.0 2792 7.1 32 b 16, 1.1 6,0 3,2 9 5.0 14,0 26,77
2.5 9R136 33,1 90 6 “S, 1.7 14,8 152,2 32 19,0 49,3 27,51
30 7541 12,0 66 o5 33, 5,8 11,8 139,9 25 1840 42,8 33,25
4.0 14787 83,8 “6 o2 23, 3.4 . 26,3 261,1 49 38,7 79,4 33.71
6.0 5417 53,6 4 o2 2. 2.1 11.Y 137,12 18 24,0 37,% 49,12
10,0 654 12.9 2 .2 1. 2.1 2.4 25,2 2 5.8 5,9 83,38
TATALS 427R33 &§T7.1 4.5 20,7 723,4 4219,2 274,2 1409,6 16,90
~OST AF 2677, METERS 1S ¢ 384, (THOUSAND)

COSKT ~F pUMPc WITH 481, HORGEROWER CAPACITY IS § 65, (THOUSAND)

CAPITAL ¢NAST ACCAUNTS (gX1000.)

PIPING SYGYFM

PIPF 577405

1VSULATINt 723,60

CASInG 4219.,22

FITYINRS 4.50

£vPASIMY, LONP 276,19

TeENeN 1400,64

vaLves 20,70

METEDS 381,68

pLIMPC 64,73
YOTAL PIPING SYSTEM 7677.12 OPFRATING EXPENSE ACCOUNTS ($X1000,)
METFRING CANTROL 76,77 OPFRATING EXPENSES 42,39
BUTLOING AMD LAND USE The1? MAINTENANCE 21,15
RUTI DInG RFTROFIY 0,00 PUMP oPERATION 68,25
STADAGE 0,00 METER READLRS 32,26
HEAT PymMP 0,00 HEAT pUuP OPERATION 0,00
HEAT EYCHANGFR 0,00 SUPPLEMENTAL HEAT 138,91
ENGINEFRING ANP ADMINISTRATION 921,25 HEAT EXCHANGER OPERATION 0.00
TOTAL FAPITAL CONSTS 8791,91 TOTAL OPERATING EXPENSLS 302,94 .

- M —y _—r [ e " ") |l W) ') | ] llﬁii ‘l[}:j .!E:]




m
o METRIC EQUIVALENTS
~J
UNTT UNTT
TNTAL PEAK TEMp FLOW TOTAL PEAK
rIST HEAT DEMANN  DROP RATE FLUID DEMAND
NO (MEAL/HR) (<) (KG/HRA) {KG/HRe1000)
01 PR10, 4R 4l,p 177, 67,
02 ?3n4,84]1 41,8 1148, 56,
03 642R T2 6l,A 1168, 154,
. 06 2603,957 41,8 177, LN
oS 1565,313) 41,8 1146, 36,
06 TITR L2412 41,8 177, Ry,
07 2271.577 41.8 177, S4,
oA %A% ,995 41,8 177, 139,
TOYALS 27337 ,R04 0,0 n, 651,

PTSESTRIAUTION SYSTEM
UNIT  UNIT
TOTAL PEAK TEMP  FLOW TOTAL PEAK
DIST WEAT DEMAND DROP  RATE FLUID DEMAND
NO (MBTU/HR) (F) (LMZHR) (KLR/HR)
01 11.153 75,2 390, 148,
02 9,664 15,2 2827, 124,
03 75,512 15,2 25?77, 338,
04 10,690 75.2 390, 142,
0s 6,172 15,2 2527, 80,
o0& 13,606 75,2 390, 178,
[} 9,015 75,2  3vo, 120,
1] 23,056 75,2 390, 306,
TATALS 118,448 0,0 0. 1436,

DISTANCE FROM SOURCE TO DISTR, CENTER (M])
SCURCF FLHTN TEMPERATURE (F)
RETURN FLUTN TEMPERATURE (F)
NISTRICUTION SYSYEM WEAT (05§ (MBTU/HK)
C1PPLEVENTAL HEAT REQUTIREMENTS

DEGRFE nAYS

PERCFNT OF TOTAL PESIGN NEMAND
PFAK S PP FMENTAL WEAT REQUIRFMENTS (MBTU/HR)
TATAL QUPOLFMEHTAL HEAT RFAUTREMENTS (MATU/YR)

PISTANCE FROM SOURCE TO DISTR, CENTER (KM)
SPURCE FLIITN TEMPFRATURE (¢
RETURN FLIITN TFUPERATURE ()
FISTRIGUTION QYSTEM HEAT (0SS (MCAL/HR)
SUPPLEVENTAL WFAT RFQUIREMENTS

PEGRFE nAYS (C}

PERCFNT OF TOTAL DESIGN DEMAND

PEAK PP FMENTAL HFAT REQUIREMENYS (GCAL/HR)

TOTAL SUPPLEMENTAL HEAY REQUIREMENTS (GCAL/HR)

ANNUAL
HEAT

NEMAND
(TBTUY

07
06
16
L)
06
.08
.05
lé

67

7.5
194.0
senee

=1.212

360,
3.6
31,838
23151.6

ANNUAL
HEAT

DEMAND
(6CAL)

17.08
19,20
40,97
16,37

9,91
20,53
13,81
3%,31

169,19

12.0
90.0
senee

=305.370

200,
3.4
008
5.8

DI1STR
SYSTEM
CoSrs
e 11

1e123
194
«488
l.018
o148
1,637
+920
24350

T.677

DISTR

SYSTEM

COSTS
($M)

1.123
+194
«488

1.018
sl46

1.637
0920

24350

T.677

DESCRIPTION

LOAD FACTOR

TOTAL UVISTRICY AREA (SMI}

COLDEST nAy TEMPERATURE (F)
DFESIGN TEMPERATURE (F)

ANNUAL DEGREF DAYS

DEGREE DAYS AT DESIGN TEMPERATURE

LOAD FACTOR

TOTAL DISTRICT AREA (SKM)

COLDESY DAY TEMPERATURE (C)
DESIGN TEMPERATURE (C)

ANNUAL DEGREE NAYS (C)

DFGREE DAYS AT DESIGN TEMPERATURE

‘11
143
=242
10s4
10800,
10440,

71
3.3
»19,0
1240
6000,
5800,



10/30/78 CASH FLOw AND DISTRICT HEATING COSTS ‘ PAGE 1
NISTRICT HEATING SYSTEM wITH BRANCHING MAINSG FOR AKUREYRI,ICELAND

ECONOMIC ANALYSIS FOR GEOTHERMAL DISTRICT HFATING

RFSERVAIR CHARACTFRISTICS FLUID cOMPNSITION
AVFRAGE DFPTH 2000,0 M CALCO) 0,00 *
AyFRARE TFMPERATURE 90,0 c NACL 0,00 [
THFRMA| CAPACTITY 400,0 MW (TH) s102 0,00 [ 0, PPm
OTHER 0.00 [
TOTAL DISSOLVED SoLINS 0,00 »
PHa T.00
WELL NFSIAN (AVFRAGF)
NgeTH 2000,0 ]
80TTOM DIAMETER 224225 CM
FoaCTICoM CASED 1.00 MONCONDENSTBLE UASES
WFLL PPOPFRTIFS (AVERAGE) R
Mw (TH) /WELL 81,0 H2S 0,000 & 0, PPM
MaxTuyw FLCWw PATE/WELL S %0np00,0 LR/HR co? 0,000 ®
wWerl | IFF 30,0 YEAPS CHS 0,000 *®
m PRADIAING WELLS NN LINF 4,0 OTHER 0,000 %
N DRY Wri LS 0,0 TOTAL NONCONDENSIBLE GASES Ve000 [}
[e) INJECTION WELLS 0,0
INPUT WwF | SPACING 20,0 ACRES
AcTUA; “Lnw RATF/WELL 159999 ,R #/HR
TatAL FLOw RAYF 1439999,3 #/HR
WELLHF AD TFMPFRATURE 194,0 F
wEl LHFAD pPFSSPE 20,3 PSIA
SATURATINN PRFSSURE 10,2 PSIA
WEt LHF AN PRESSURIZATION 2000
WEI LHMFAD QTEAM FRACTION 0,00
STRATIRRAGKY RESERVOIR FCONOMIC DEVELOPMENT FACTORS
RACK TYRF NEPTH (M)
HARN 2000.0 FAVORABLE TARGEY FRACTION «500
FAVORABLE SITE FRACTION «500
FRACTION OF SITES TO EVALUATE 667
FRACTION OF SITES TODRILL o750
FRACTION OF wELLS TO CASE »250
FRACTION OF SITES TO DEVELOP «250
PERCENT NONPRODUCING WELLS 5,0
INJECTION/PRODUCTION WELL FLOW RATE 2,000

FRACTION EXCESS PRONUCING WELLS e10
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10/,30/78 CASH FLOW AND DISTRICT HEATING COSTS PAGE 2

DISTRICT HEATING SYSTEM WITH HRANCHING MAINS FOR AKUREYRI,ICELAND
PESERVNIR EXPLORATION COSTS

TOTAL CAPITALIZED EXPENSED FAVORABLE BEGINNING END NG
(DOLLARS) (DOLLARS) (DOLLARS) SITES MONTH/YEAR MONTH/YEAR
INENTIFICATION OF TARGFTS
LITERATURF SEARCH 729, 5.7 723,7 128, MAY/1968 0CT/1968
PRELIMINARY LAND CHECK 1823, 14,2 ’ 18g9,2 120, MAY/1968 0CT/)968
PRELIMINAPY RFCONNAISSANCE
LITERATURE SEARCH 2553, 39,9 2512,9 64, JUN/ 1968 DEC/1968
GErLOGICA| RECONNAISSANCF 3647, 57,0 3589,9 64, JUN/1968 DEC/1968
DETAILED LAND CRECK . 4376, 68,4 “397,9 64, JUN/ 1968 DEC/)1968
PFYAILFD pFCONNAISSANCE
LEASE cOSsY : 1096407, 3419,0 105988,0 32, JuLs19e8 MAY /1969
FIFLD GFOLOGY 5983, 2R4,9 5698.3 21. SEP/1968 JUN/1969
GENCHEMTCAL EXAMINATION 7180, 341,9 6837,9 21, SEP/1968 JUN/1969
GENPHYSICAL EXAMINATION 29916, 1424, 28491, 4 21, SEP/1968 JUN/1969
IFrENTIFICATYION OF NRILLARLE SITES
HEAT FLOW 10941, 683,8 10256.9 16. APR/ 1969 MAR/197)
TEYPEDATRE GRADIENT 11397, 712,3 10684,3 16, APR/ 1969 MAR/197)
FLFCTPICAL RPESISTIVITY 3191, 199,4 2991,6 16, APR/1969 MAR/197)
MICROGEISMIC A 4559, 284,9 €273,7 16, APR/1969 MAR/1971
DETAY FD GEOCHEMISTRY €838, 427 .4 6410,6 16, APR/1969 MAR/1971
FYPLORATIAN DRILLING
CneT oF DOILLING - - 39888, - 3324,0 36544 ,0 4o APR/1970 MAR/1972
HELL TFSTING ’ 22719, 69,8 1799,5 4, APR/19T2 APR/19T2
TOTAL FXPLORATINN COST ‘o 244707, 11857,2 232849 ,8 1,00
FIFLD NEVFLOPMENT
PRADUFING WELLS ROCO0O, 266666,7 533333,3 APR/1972 SEP/1975
NOMPRADUCTNG WFLLS - 0. 0,0 0,0 APR/19T2 SEP/1975
INIECTION wELLS - 0, 0,0 0,0 0CT/197% DEC/197T
TRANSUISSTON SYSTEM 3655318, 3655317,6 0,0 0CT/1975 DEC/1977
D1<POSAL RYSTEM o, 0,0 0,0 0CY/1975 DEC/)1977
TATAL FIE| D DEVELOPMENT COST 4455318,
FTELD nPEPATION
RFOLACFMENT WFLL COST 24242, A0BO,A 1618l,6 JAN/1978 DEC/2006
NO*PRANUCTMG WELL DRILLING COST 1212, 0,0 0,0 JAN/1978 DEC/2006
ARANDANMENT 13133, 0,0 0,0 JAN/1978 DEC/2007
WELL ~ATNTENANCE 4000, 0,0 0,0 JAN/1978 DEC/2007
OVFRHFAN aND MANAGEMENT 73586, 0,0 0,0 JAN/1978 DEC/2007
WE! L oFDRILLING COST 20000, 0,0 0,0 JAN/1978 DEC/2007
INJECTION CNST 0, 0,0 0,0 JAN/1978 DECs2007Y
PUsP nPERATIONAL COST T 56775, 0,0 0,0 JAN/1978 DEC/2007
TRANSMISSTON SYSTEM MTF, 182766, 0,0 0,0 JAN/1978 DEC/2007
DISPOGAL SYSTEM MTE. 0, 0,0 0,0 JAN/1978 DEC/2007
TATAL FIELD OPERATION COST 363915

o TOTAL EYPLORATION COST ALLACATEN TO THIS 22.8 MW(TH) DISTRICT HFATING SYSTEM 1S ,0570 OF TOTAL EXPLORATION COST fOR THIS
400.,0 MWITH) RESERVOIR THFERMAL CAPACTITY



10/30/7R CASH FLOwW AND DISTRICT HEATING COSTS PAGE 3
NISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI,ICELAND
PESFRVOIR INPUT DATA

ROMN RePAYMENT PROPORTIONAL
SUm OF YEARS NIGITS DFPRECTATION

CAPTTA| INVESTMENT, $M 3,9338 (INITIAL FINANCING)
PROJECT LIFE, YEARS 40,0000
FRACTIAN OF INTTIAL INVESTMENT IN BONDS 1,0000 (MUNICIPAL UTILITY FINANCING)
RONA IMTEREST RATE 0800
FOUTTY EARNING RATE (AFTER TAXES) 0.0000
FENRFRAL INCOME TAX PRATE 0,0000
DEPRECTARLF LIFE OF WELLS, YRS, 30,0000
FIRST vEAR OF OPERATION 1978,
§TATE NCOME TAx RATE 06,0000
STAYTE TNCOME TAx RATE n,0000
§TaTE ~PNSe REVENUE TAX RATE 0,0000
PROPERTY TAX RATE n,0000
N1cc0SAL SYSTEM PEPLACEMENT RATE «0300
m TPANSMISSINM SYSTEM REPLACEMENT RATE .0300
U PRACFRTY INSURANCE RATE 0012
w ROYALTY PAYMENT & 10,00
o DICTRA SYSTEM OPERATING LIFE 30,0000
YRA* SMTSSTIAN SYSTEM MTE, RATE .0500
P1sPOSAL SYSTEM MTE, RATE 20500
EVaIUE 020000
DISTRIRUTIAN RFINJFCTION APTIOM 0
PISTANCF (¥) DISTRR TO INJUFCTION FIEL 100040000
DRILLING CAST PFP PRODUCTING WELL(S) 200000,
PRILLING CAST PER NONPRODIICING WELL () 150000,
DRTIILINA CAST PER INJECTIAN wELL ($) 175000,
PERCENTARE INVESTMENT TaX CREDIT 0+0000

RECFRVAIR YN DISTRIBUTIAN CENTFR(MI) T.5
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ANNUAL CAgH FLOW NATA,

—
D ODNIPAL 4N —~

——
N

— e e o
O®D® >N

LY VIRV
N D

N VN
N> D

W LAV NVVNY
WA= D30 DN

Tab tad

L aL XY R
DO DEAX A

YFAR

1968
1069
1970
1071
1872
1073
1974
1375
1976
1277
1278
1~7¢
1280
1481
1982
1983
1984
18RS
1086
1087

1<R8

1289
1990
1291
1092
1293
1994
1095
1996
1797
198R
1999
2nr00
2001
2°02
26003
2nros
2108
2006
2007

LOAD
FACTOR

0.,00000
0.00000
0400000
000000
0.00000
0.00000
0.00000
0,00000
0,00000
0,00000
70656
«T0656
+T0RS6
70456
70656
70656
«7N6SA
70656
«T0R56
+ 70656
70656
«70656
70656
«T0656
+ 70656
2 T0656
70656
«TN6SA
+T0A56
+«7065¢
«TOESE
«T0AS6
70656
270656
+T0656
« 70654
70656
+ 70656
«70656
70656

DISTRICT HEATING SYSTEM wITH HRANCHING MAINS FOR AKUREYRI, ICELAND

EXPENSES IN sM/YR

FIELN
1DENT,

00285
Ne000N0
n,00000
0.000n00
0.,000n00
0,000n0
n,000n0
n,00000
0,000n0
n,00000
0,000n0
n,00000
0,00000
0,00000
0,000n0
0,000n0
0,00000
ne000NN
0.,00000
0,000n0
0,000n00
n.00000
n,000n0
0.00000
0,000n0
n,00000
0.,00000
0,00000
n,00000
n,000n0
0,00000
0,00000
0,00000
n,00000
0.00000
¢,00000
N,00000
0,00000
0,000n00
n,00000

FIELD
EXPLOR,

«N8748

208942

«03342

02456

00727
N,00000
f,n0000
0,00000
N,00000
0.00000
0,00000
0,00000
0,n0000
0,00000
0,00000
0.,00000
0,00000
0,00000
0,00000
n,00000
0,00000
0.00000
0.00000
N,00000
000000
0,00000
0.00000
0.00000
0,00000
0,00000
0,00000
0,00000
0.,00000
N,00000
0,00000
0,00000
0,00000
Nea00000
0,00000
0,00000

CASH FLOW AND DISTRICT HEATING COSTS

FIELD
DEVELOPMENT

0,00000
5,00000
0,00000
0,00000

17143

.22857

.22857

.57757
1.,62459
1.62459
0.00000
0.00000
0,00000
0,00000
0.,00000
0,00000
0.00000
0.,00000
0,00000
0.00000
0.00000
0.,00000
0,00000
0.,00000
0.,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0.,00000

RFSERVOIR
OPERATION

0400000
0,00000
000000
0.00000
000000
0,00000
0.00000
0.00000
0,00000
0.00000
16392
236392
236392
16392
+36392
«36392
«36392
«36392
236392
«36392
,26392
+36392
.36392
+36392
£36392
036392
36392
«36392
«36392
»36392
«36392
.363%92
+16392
236392
036392
236392
.361392
36392
«36392
«33845

PROPERTY
TAXES AND
INSURANCE

«00000
«00001
«00001
«00001
«00008
200017
«00027
00082
200277
. 00672
00672
«00472
«004T2
00472
«00472
« 00472
«0N&T2
«00672
200672
200472
200672
00472
00472
00672
«00472
200472
+ 00472
«00672
«00472
00472
000472
«00472
00672
200672
200672
00672
00672
«00672
« 00472
«00672

INTERIM
CAPITAL
REPLACEMENT

0,00000
0.00000
0,00000
0,00000
0.00000
0,00000
0,00000
0,00000
0,00000
0,00000
« 10966
«10966
210966
10966
« 10966
.10966
.10966
«10966
«10966
10966
10966
»10966
10966
10966
«10966
«10966
«10966
«10966
«10966
10966
10966
10966
.10966
10966
«10966
.10966
10966
10966
«10966
0.,00000

ToralL

«09004
+08943
«03343
102457
«17878
22875
222884
57849
1.,6273¢
1.62931
47830
47830
47830
67830
+47830
47830
47830
26T7R30
«47830
67830
47830
47830
47830
47830
47830
047830
47830
+67839
W 67830
«47830
47830
47830
47830
47830
«47830
«47830
47830
47830
+34318

PAGE

TAX
CREDIT

0,00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0,00000
0,00000
0,00000
0,00000
0.00000
0.,00000
0.,00000
0.,00000
000000
0.00000
0.00000
0400000
0.00000
0400000
0000060
0.00000
0,00000
000000
0,00000
0,00000
000000
0,00000
0,00000
0,00000
0,00000
0,n0000
0,00000
0,00000
0,00000
0,00000
0.00000



1n/30/78 CASH FLOW AND DISTRICT HtATING COSTS pAGE 9
NISTRICT HEATING SYSTEM WITH BRANCHING MAINS FUR AxUREYRI s ICELAND

ANNUAL DENIICTIRLE EXPENSES, M

A 0N PCY FIELD RESERVOIR YOTAL STAYE

PRESENT OPERATING ROND wWELL VEPLFTION ANU DEDUCTIBLE INCOME

YFAR WORTH FACTOR EXPENSES INTEREST DEPRECIATION OEPRFCTIATION OPER. EXP, TAXES

1 1968 $9¢225 L,00]12R 0400000 0.00000 0,00000 00128 0,00000
2 1769 +«R9097 .04558 00720 06.00000 0.,00000 .05278 0,00000
3 1a70 «22497 ,01372 201493 0,00000 0,00000 02866 0,00000
4 oM «76387 08687 +01R8B0 0,00000 0,00000 » 06538 0,00000
5 1a72 «TOT2R ,24010 02227 0,00000 0,00000 026237 0,00000
& 1073 +65489 19256 +03836 0,00000 0.,00000 «19091 4,00000
7 1674 RC63A 15285 .05973 0,00000 0,00000 21237 0,00000
A 1nTS «5K146 211511 08281 0,00000 0.00000 19792 0,00000
9 67& «S1987 .00277Y ,13571 0,00000 0,00000 «13848 0,00000
16 1977 L4R136 ,00472 27675 0,00000 0,00000 28147 0,00000
11 1278 606571 36055 42924 201720 023622 1.04322 £,00000
12 197% 041269 36085 +42554 ,02421 «33118 1416149 0,00000
13 19f8n 3212 L360K5 242155 .02316 «3169% 1e.12223 0,00000
14 198] «35382 . 3R0EE 41725 .02216 230320 110315 0,00000
15 182 232761 36085 .41259 02118 . 2899 1+s0R424 0,00000
16 19R3 L0334 36055 40757 .02025 2770 1.06547 0,00000
m 17 nfg J2RQHT , 36055 240214 .01934 26476 1.04679 0,00000
& 1R 19R5 V26007 34055 .39628 01847 .25289 1.02819 0,00000
~ 19 1986 2 260FP0 36055 « 38995 s01764 24149 100963 0,00000
20 1987 22297 «38055 «3R311 .01684 23056 99107 0,00000
21 "8R8 20645 36055 37573 01607 «22011 97247 0,00000
22 1989 219116 «36085 236778 ,015234 .21012 «95378 0,00000
23 19990 «17700 . 36055 35914 L01665 20061 « 934696 $,00000
24 1991 «15389 38058 34984 01399 «19187 «91596 0,00000
25 1192 15175 236055 »33980 01336 .18300 V89672 0,00000
26 1793 16051 ,38055 +32895 L0l1277 17491 WA7718 0,00000
27 179 2123010 + 38085 31723 0l122¢ .16728 +85728 0,00000
2R 1695 12046 ,36065 +30458 J01170 216013 «83695 0,00000
26 14996 11156 . 36055 29091 01121 +15345 1612 0,00000
1 1097 «10312R .36085 27615 01076 214724 « 79470 0,00000
1] 1198 209563 L. 3R0RS 26021 010346 » 14150 V77260 0,00000
12 1799 JHRAGG + 36055 26299 ,00996 13623 2 T4974 0,00000
a3 2n0n «0A19A 380585 22640 L N0961) $13146 + 72600 0,00000
A4 200} «N7591 38085 20632 .00930 «12711 «70128 0,00000
1% pn0? «NT029 +36055 «18263 . 00902 012326 «67547 0,00000
34 2003 +N6S0R ,36085 +15921 .0087H 11988 64842 0,00000
37 2004 06026 36085 .13391 00887 .11697 62001 0,00000
1R 2105 JNREARD 36055 10659 .00839 11456 +59008 0,00000
39 2006 WNE166 36085 L07709 .0082% 11257 155847 0,00000
4 2007 WNGTR4 L34318 .04522 08626 1.17112 1.64579 0,00000

TOTALS® 250101 6.R4730

_O
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YFAR

168
1069
1970
1?71
1272
1273
1974
1775
1076
1o77?
1078
1079
1980
1081
1"R2
19R3
1084
13RS
1986
1087
ELL
1189
1090
1091
17682
1393
1094
1995
1996
1097
1698
1099
2n00
2n01
2n02
2nr03
2n0é
2n0s
2n06
2007

10/30/7R

ENERGY
UMITS
(T RTH

Ne00000
0.00000
0.00000
0400000
N,00000
N.00000
fe00000
0e0NOO0
0s00000
Ne00000
W6R202
68202
«6R202
cAR202
BE2N2
WAR202
«6R202
6E202
hR202
«hP202
«hR202
«hR202
68202
KA2N2
«AR202
«&R202
«HR202
«hR202
RR202
«AR202
«6B202
«6R202
68202
«hR202
hB202
«&R202
WhR202
«hP202
AR202
WAR202

M

NISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI,ICELAND

TOTAL
FNERGY
SALES

n,00000
0,000n0
n,00000
n,00000
0,000n0
06,000n0
0,000n0
0.000n00
0,000n0
0007000
1,09947
1.056rY
1.095947
1,05947
1.09947
1.099¢e7
1,09947
11,0997
1.,09967
1,05947
1.,05047
1.059a7
1.,09947
1,05967
1,09947
1,09947
1.,09947
1,05947
1.05947
1,05947
109947
1.05947
1.09947
1,05947
1.,09967
1,09947
1,09947
1.05947
1.09947
109947

RY PRODUCT
SALES

0.00000
0,00000
0,00000
0,00000
N.00000
0,00000
0,00000
0,00000
0400000
0.00000
0.,00000
0,00000
0,00000
0,00000
re00000
G,00000
0,00000
f8,00000
N,00000
0,00000
0,00000
0,00000
N,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
Ns00000
0+00000
0400000
0.,00000
0,00000
0.00000
0,00000
0,00000
0,00000
000000

CASH FLOW AND DISTRICT HEATING COSTS

PERCENTAGE
LEPLETION
ALLOWANCE

0.00000
0,00000
0,00000
0,00000
0,00000
0,00000
0.,00000
0.00000
0400000
000000
0.,00000
0.,00000
0.00000
0.00000
0,00000
0.00000
0,00000
0,00000
0,00000
0.,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0.00000
0,00000
0,00000
0,00000
0,00000
000000
0.00000
0.,00000
0,00000
0.00000
0,00000
0,00000
0,00000
0.00000

ROYALTY
PAYMENTS
EXPENSFS

0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0400000
0,00000
0.00000
0.00000
10597
10597
«10597
10597
10597
«10597
+10597
210697
«10597
210597
10597
«10597
10597
10597
«10597
«10597
«10597
«10597
10597
»10597
«10597
+10597
+10597
«10597
10597
«10597
«10597
«10597
«10597
«10S97

TOTAL TAX
DEDUCTIBLF
EXPENSES

«00128
.05278
« 02866
+ 06538
26237
«19091
«212237
«19792
«13848
PR147
1.064322
1e164149
1012223
1.10315
1.0R424
1406547
104679
1.02819
1.00963
99107
+97267
95378
+93496
«91596
«R9672
«87718
«85728
»83695
81612
«79470
e 77260
e 74974
272600
«70128
«67547
«64842
+62001
+59008
«55847
164579

TAXABLE
INCOME

(FEDERAL)

-.00128
-,05278
-, 02866
-,06538
©,26237
-,19091
~-.21237
-,19792
-,13848
-,28147
-,08952
-,18778
~.16852
v.14945
=,13054
-.1117¢
-,09309
., 07449
-, 05593
-, 03737
-~,01876
-,00008
01874
.0377s
05698
.07652
< 09642
211678
13758
.15900
,18110
20397
22770
025242
.27824
30528
33369
036362
.39523
-,69209

FEDERAL
INCOME
TaX

0.00000
0.00000
0,00000
000000
0.00000
0,00000
0.00000
0.00000
0.,00000
000000
0.00000
0+00000
0.00000
0.00000
0400000
0,00000
0.00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0.00000
0,00000
0,00000
0.,00000
0,00000
0.00000
0.,00000
0.00000
0.00000
0,00000
0000000
0.00000
0400000
0.00000
0,00000
0,00000
0,00000

PAGE
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10s30/7e CASH FLOW ANDO DISTRICY HLATING LOSTS . PAGE 7
NISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI,ICELAND

PAYOUT OF INVESTMFNTS, SM

NFT EQulTy EARNINGS ON RECOVERY

CASH NUTSTANDING CAPITAL NOT BONOU UNRECOVERFU RONDS oF

YFAR FLOW RONDS RFCOVERED INTEREST EQUITY REPATD EQUITY
1 1n6A -eN19006 0Ne000N0 0,00000 0.00000 0400000 =e00004 0.00000
2 1969 - N3666 L090n4 0,00000 200720 0.00000 -0 09664 0,00000
2 1570 -~ N4R3T LYYy 0,00000 «01493 0.00000 -s 04837 0,00000
4 177 =. 04338 23506 0,00000 01880 0.00000 «s 04338 0,00000
& 1772 -.2n105 27842 0,00000 0c227 0.00000 -e20105 0,00000
6 1073 - ?6710 .,47947 0,00000 . 03836 0.00000 -s26710 0,00000
T 1074 -, PRA56 JT4687 0,00000 ,05973 0,00000 -.28856 0,00000
A jo7s5 ~ebh121 1,03513 0,00000 .08281 0,00000 -eb612] 0,00000
9 1976 “1.76706 1,69634 n,00000 W13571 0,00000 ~1.76306 6,00000
10 1277 =1,90606 3,49940 0,00000 27675 0,H00000 -1+90606 0,00000
11 107A 06b1T - 5,36546 0,00000 142926 0,00000 06617 0,00000
12 1879 06986 5,31929 0,00000 L 42554 000000 . 04986 n,00000
13 1780 « NSRS §,26943 0,00000 s 62159 0,00000 +«05385 0,00000
14 ]98] LYY §,215%7 0,00000 41725 0,00000 «05816 0,00000
15 19Rp JORPR] &, 19761 nNs00000 41259 0.00000 06201 0,00000
16 17R)3 NeTRS 5,09440 n,00000 240757 0.00000 06784 0,00000
q1 17 y9R4 « 07327 5,02676 0400000 160216 000000 «07327 0,00000
w 18 10RS #N7913 4,95349 0,00000 .39628 0,00000 +07913 0,00000
= 19 19P6 LT 4.,M%416 0,00000 + 38995 0.00000 +0R566 0.00000
20 1787 209230 4,7489] 0.00000 .38311 0,00000 £ 09230 0,00000
21 1°RA «N096R 4,09081] 0,00000 ,37573 0.00000 109968 0,00000
22 19R9 10768 4,99603 0.,00000 «36775 0,00000 «10765 0,00000
231 1999 11827 4, 44078 0,00000 235914 0400000 .11627 0,00000
24 199 + 12557 4e37301 0,00000 +345a46 0,00000 12557 0,00000
2% 1992 13561 4,24745 N.00000 ,33980 0.00000 + 13561 0,00000
26 1093 14646 4e111R3 0.00000 32895 0.00000 16646 0,00000
21 1994 BLLE 3,965137 0.00000 231723 0,00000 15818 0,00000
2R 1195 17083 1,80720 0,00000 30458 0,00000 17083 0,00000
?9 1796 18450 3,636136 0n,00000 .29091 0,00000 «18450 0,00000
1 1297 19926 3.85]R7 0,00000 27615 0.,00000 19926 0,00000
1] 1998 21820 3,29241 0,00000 26021 0,00000 «21520 0,00000
32 1099 «2324] 3,03741 0.,00000 24299 0.00000 023241 0,00000
33 2100 «”5101 2.,B0409 N,00000 22440 0,00000 «2%101 0,00000
A4 2101 «?7109 2455399 N,00000 20432 0,00000 227109 0,00000
Ak 5002 «2927R 2.2H290 0,00000 18263 0,00000 29278 0,00000
16 2703 «314K20 1,99012 0,00000 15921 0.,00000 «31620 0,00000
27 2n04 « 36149 1.67302 0,00000 13391 0,00000 234149 0,00000
AR 2008 +36AR] 1.33243 0,00000 210659 0,00000 «36881 0,00000
19 pn04 +9R3? RLELY nN.00000 «07709 0,00000 39832 0,00000
an  2n07 256530 »96510 N.00000 « 06522 0.00000 «56530 0,00000
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10/30/78 CASH FLOW AND DISTRICT HEATING COSTS pAGE 8
PISTRICY HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI,ICELAND

DETAILED CASH FLOW DISTRIBUTION OF ENERGY COSTS
CENTS ANNUAL CENTS ANNUAL
PER MBTU {$ MILLIONS} PER MBRTU ($ MILLIONS)
cosTtT nF ENERGY 155.37222 1,05967
FIELD TDENTIFICATION nﬁo EXPLORATION 5.89250 «04019 6,54722 104465
i Y
FIELD NEVFLOPMENT (ybrkL) 63,86542 +43558 70,96158 248397
PRADUCING WFLLS 13,68506 2091333 15.20560 010371
Tn«NSuxSSyON‘<§5TEE $0.18038 34226 55,75598 38027
D1ePOeAL <v§TFM ,; 0.00000 0,00000 0,00000 0,00000
NOWPRODUCTING WFLLS 0.00000 0,00000 0,00000 0.,00000
FIELD APERATING, CNSTS (TOTAL) 70.07708 4T796 77.86362 .53104
oi¥P0<Al FOSTS ' 0,00000 0,00000 0,00000 0,00000
PRADUCTNG WELLS 7.23758 04936 8,04176 205485
TorNSHISE1ON COSTS 51,05900 ,36223 56,73222 +38693
QT-ER OPERATING CASTS 11.78050 .0R013S 13,08944 .08927
EEVFNUF TaXFES 0,00000 0,00000
STATF INCOME TAXES 0400000 0,00000
POYALTY PAYMENTS 15,53722 10597
FEDFRPRAL ITNCOME TAXES 0.,00000 0,00000
ARANN T NTFREST 0,00000 8,00000
RY PRANUCTYT REVEMUE 0.00000 0,00000 0,00000 0,00000

TOYALS 155437222 1,05967 155,37222 1,05967
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10,30/78 CASH FLOW AND DISTRICT HEATING COSTS PAGE 9
PISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI,ICELAND
PISTRICY WEATING DISTRIBUTION SYSTEM INPUT DATA

RONM RFPAYMENT PROPORTIONAL
SUmM OF YEARS DIGITS DEPRECIATINN

PICTRA SYSTFM THMVESTMENT, §M R,7519 (INITIAL FIMNANCING)
PROJECT LIFE, YEARS 33,0000
FRarTIpn OF INTTIAL INVESTMENT IN HONDS 1.0000 ° (MUNICIPAL UTILITY FINANCING)
RONN INTERFST 0ATE 0800
EQUTTY FAPNING RATE (AFTER TAXES) 0,0000
FENRFRAL INCOME TAX RATE 0,0000
DEPRECTASLE LIFE nF DISTRa,YRS, 30,0000
DISTRA CONCTPUCTION AND LTCENSING, YRS, 3,0000
FIRST YFAR OF OPERATION 1978
STATE INCOME TAx RATE 0.,0000
6YaTE nRN&c REVENUE TAX RaTE 0400
PROPFRTY TAX RATYF 0,0000
INTFRIn CAPITAL REPLACEMENTSs RATE/YR 0035
PRNAPERTY InNSURANCE RATF .0012
ROYALTY PAYMFENT, & n,0000
NISTRA SYSTEM NPFRATING LIFE 30,0000
PERFENTAGE INVESTMENT TAX CREDIT 0,0000
OPTION PEFINITIONS IN 1'SER MANNAL

PIPF OPTION (PO 6o
PIPF MATFRTAL OPTION (PMO) 1e
INGILATION CPTION (10) 2.
CASTNG NPTION (CN) r-

|
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CASH F| OW TAR E

DODDNPAES W

- N

3]

YFAR

1278
16076
17277
1378
1o79
168n
1oR}
1582
19873
1084
1765
1686
1087
1088
1989
199n
1091
1992
1993
109
1055
1796
1097
1698
11799
2n00
2nnt
2r02
2n03
2n04
2n05
2006
2n07

10/30/78

LNAD
FacTOR

D,00000
0,00000
0.00000
70656
+T0656
«T0656
«T0656
«T0656
sT0656
s TNE5A
« 70656
«T0KR56
«TNESE
RALET
+T0ASA
«TN6SH
«TH65€
«70656
«T0656
«T0656
ALY
70656
+10656
«T0RS56
AT
« 70656
+ 70656
« 706564
70656
170656
«T0KS6
70656
70656

DISTRICT HEATING SYSTEM WITH BRANCHING MAINS FUR AKUREYRI,ICELAND

CAPITAL
COSTS

.Hera7
6,751k5
A,17229
n,00000
n,000n0
0,00000
n,00090
0,00000
n,00000
0,00000
0,00000
n,000n0
n,000¢c0
n,000n0
n,000n0
n,000n0
N."00n0
0n,000n0
n.000n0
0,00000
n,000n0
n,00000
0,00000
0,00000
n,000n0
n,000n0
6,000n0
0,00000
n,0000n0
0.00000
0,00000
n,000n0
0,00000

NISTRIBUTION SYSTFMy $ MILLIONS

ENEPGY
cosTS

0,00000
0,00000
0.00000
1,05967
1.,05967
1,05967
1,05967
1,05967
1.05967
1,05967
1,05967
1,05967
1.,05967
1405967
1,05967
1.,05967
1,05967
1.05967
1,05967
1,05967
1.05967
1,05967
1,05967
1.05967
1.05967
1.,05967
1,05967
1.05967
1,05967
1,05967
1,05967
1,05967
1,05967

CASH FLOW AND DISTRYCT HEATING COSTS

DISTRB
OPERATING
cnsSTs

0,00000
0.,00000
0.00000
30294
.30294
30294
«30294
.3029¢
230294
,30294
.30294
«30294
230294
+30294
230294
230294
30294
.30294
.30294
« 30294
«30294
30294
230294
.30294
30294
30294
230254
30294
.30294
,30294
230294
30294
,30294

INTERIM
CAPITAL
REPLACEMENT

0,00000
0,00000
0.00000
«N3IN63
+03063
o03063
«n3063
03063
«N3063
«N3063
+«03063
« 03063
«03063
«03063
+13063
03063
«N3063
«N3063
«N3067
«03063
«03063
«03063
«N3063
«03063
» 03063
203063
«03062
03063
« 03063
03063
03063
«03063
0,00000

PROPERTY
TAXES
INSURANCE

0.00000
«00099
«00670
«01050
«01050
«01050
«01050
«01050
«01050
«01050
«01050
«01050
201050
«01050
01050
+01050
+»01050
«0105¢0
«01050
201050
«01050
01050
01080
«010%0
«01050
+01050
»01050
«01050
«01050
»01050
«01050
«01050
01050

TOTAL
COSTS

.82797
4,75264
3,17899
1,40374
1.,40374
1,40374
1,40374
1,40374
1,40374
1,40374
1,40374
1,40374
1,40374
1,40374
1,40374
1,40374
1,40374
1,40374
1,60374
1,40374
1,40374
1,40374
1.40374
1,40374

1,40374

1,4037%4
1,60374
1.,40374
1,40374
1,40374
1,40374
1,40374
1,3731)

TAX
CREDIT

0,00000
0.00000
0400000
0400000
0,00000
0,00000
000000
0.00000
0.00000
0,00000
0,00000
0,00000
0,00000
0400000
0+00000
0,00000
0,00000
0400000
0.00000
0400000
0400000
0400000
0400000
0.00000
0.00000
0400000
0,00000
0,00000
0,00000
0.,00000
0,00000
0400000
0400000

PAGE
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10/30/7R CASH FLOW AND DISTRICY HEATING COSTS . PAGE 11}
NISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI,ICELAND

ANNUAL TAxy DEPUCTIBLE EXPENSFSe & MILLIONS

R 000 PCT TOTAL
PRESENT VEPUCTIBLE STATE
WARTH OPERATING ‘ BOND OPERATING INCOME
veAR FACTOR EXPENSES INTERESY  OEPRECIATION EXPENSES TAX
1 1078 ,96225 0,00000 0,00000 0,00000 0,00000 0,00000
2 1076 ,R90S7 .00099 06626 0,00000 06723 0.,00000
3 1977 W1A2407 200670 145178 U,00000 45844 0.00000
4 1078 JTHIRT 1,37311 «T4221 56664 2,6799¢ 0,00000
5 y0T9 .70728 1.,37311 73568 57454 2,68333 0,00000
& 1780 65489 1.37311 + 72862 »55394 2,65568 0.00000
T 08 L60638 1.3731) 72101 53347 2,62759 0.00000
AR 082 56146 1,37311 71278 51314 2,59903 0,00000
9 1983 .51987 1,37311 «70390 «49293 2,564994 0,00000
10 1284 L481368 1.,37311 269430 47286 2,54027 0,00000
11 1985 L6657] 1.37311 168394 «45792 2,50997 0.00000
12 1486 41269 1,37311 eT275 L63311 2,47H97 0400000
"I"‘ 12 1087 .38212 1.37311 166066 041343 2,44720 0.,00000
w 14 1988 .15382 1,37311 64761 «393A8 2,61460 0.,00000
0 1& 1284 .3274) 1,3731) +6335) 37647 2,38109 0,00000
16 1690 .30334 1,37311 W61B28 . 35519 2,3465A 0.00000
17 199) 28087 1,37311 160184 33604 2,31099 0,00000
1A 1192 26007 1,37311 +58408 31702 2,2742) 0,00000
19 1993 .24080 1,37311 56490 29913 2,23014 0,00000
20 1994 22297 1,37311 56618 27937 2,19687 0,00000
21 1995 20645 1.,37311 «52181 «26075 2,15%68 0,00000
P2 1096 19116 1,3731] 49765 024226 2,11302 0,00000
23 1297 17700 1,37311 67156 22350 2,0685%7 0,00000
24 1098 .16389 1,37311 264337 20567 2,02216 0,00000
>& 1099 L15175 1,37311 41294 .18757 1,97362 0,00000
26 2000 14081 1,37311 «38007 216961 1,92279 0,00000
27 200} ,13010 1,37311 + 38456 .15178 1,86945 0,00000
2R 2002 .12046 1,37311 30622 13407 1,8134) 0,00000
29 2n03 .11156 1,37311 026481 11650 1,75443 0,00000
30 2nbs ,10328 1,37311 «22009 .09907 1,69227 0,00000
M2e0s . 09563 1,37311 17179 .08176 1,62667 0,00000
a2 2r06 L08R 1,37311 111963 06459 1,55733 0,00000
13 2n07 .08198 1,37311 06329 ¢34165 1,78005 0,00000
NFPRECTATION QlIM = 9.6402

O
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ANNUAL INCOME STATFMENT

e
W= DO P PRS-

e
15

17
1R
19
20
21

2
?3
24
4
?6
77
28
29
30
N
hrd
kk)

YFAR

1075
1776
1977
107R
19079
1980
1581
IGLY
12R3
1984
1%RS
1°R¢
1087
19R8
1289
1690
199}
1002
1993
17%e
1998

16896

1797
1798
1799
2000
Fdal '3
2n02
2003
2004
2005
2n06
2607

HEAT
UNITS
(T ATY)

n, 00000
0,00000
n,00000
67140
67140
67140
67140
67140
67140
67140
47160
«HT140
67160
LAT140
67160
LAT140
67140
SAT1460
LATY160
67140
.67140
L6T140
,6T160
JT160
«67140
,6T7140
HTI60
«67140
67160
AT160
67140
hT140
67140

CASH FLOW AND DISTRICT HEATING COSTS

NISTRICT HEATING SYSTFM WITH BRANCHING MAINS FOR AKUREYRIICELAND

$ MIcLIoNS

TOTAL
HEATY
SALES

0.00000
0,00000
0,00000
2.32039
2.32039
2,32039
2,32039

2.32039

2,32039
2,32039
2.32039
2.,32039
2.32039
2,32039%
2,32039
2,32039
?,32039
2,32039
2,32039
2,37039
2,32039
2,32039
2,32039
2,3203%
2,32039
2,372039
2,32039
?2,32039
2,32039
2,32039
?2.32039
2,32039
2.32039

REVENUE
TaXES

000000
0.00000
000000
+ 09282
« 09282
«09282
« 09282
09282
«N9282
09282
+0928¢
« 09282
0 0928¢
s 09282
« 09282
«09282
«0928¢
09282
« 09282
+ 09282
09282
. 09282
«N9282
+ 09282
09282
09282
009282
« 09282
« 09282
.09282
« 09282
. 09282
« 09282

TovaL

Tax
DEDUCTIALE
£ XPENSES

0,00000
206723
«A4BH44

2,67996

2,6R8333

2,65568

2,62759

2,59703

2,56994

2,54027

2,50997

2,47097

2,44720

2,41660

2,3R109

2,34658

2,31099

2,27421

2,23814

2,19467

2,15%68

2,11302

2,06R87

2,02216

1,97362

1,92279

1,86945

1,81341

1,75443

1,69227

1,62667

1,55733

1,78005

TAXABLE
INCOME
(FENER&L)

0,00000
~,06723
~, 45844
~,45238
=, 45575
=.42810
~,4000}
-,37145
-,36c36
-.,31269
-,28239
-,25139
-,21962
-, 18703
-,15381
-, 11900
-,0834)
-, 04663
-, 00056
.03091
L07190
, 11456
,15901
220542
,25398
30479
35813
.41417
L471315
L5351
60091
67025
.“752

FEDERAL
INCOME
TaX

0,00000
0.00000
0,00000
0,00000
0,00000
0.00000
0,00000
0,00000
0,00000
0.,00000
0.00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0,00000
0.,00000
0,00000
0,00000
0,00000
0.,00000
0,00000
0,00000
0,00000
0,00000
0,00000
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10,30/78 CASH FLOW AND DISTRICT HEATING COSTS PAGE 13
DISTRICT HEATING SYSTEM WITH BRANCHING MATNS FUR AKUREYRIsICELAND

PAYOUT OF INVFSTMENTSy $ MIL{ IONS

NET Faulry EARNINGS ON RECOVERY
CASH OUTSTANDING CAPITAL NOT BOND UNRECOVEREN BONDS OF
YEAR FLOW BONDS RECOVERED INTEREST FQuUITY REPAID EQuUITY
1 1578 -,R2797 0,00000 0,00000 0,00000 0,00"00 -,82797 0,00000
2 1°7s ~4,R1R88 .A2797 0.00000 206626 0,00000 ~4,81888 0,00000
A 1n7? -3,63074 5,64685 0.00000 45175 0,00000 =3,63074 0,00000
4 197A .08163 9,27159 0.00000 ,74221 0,00000 +08163 0,00000
5 1079 LJORRYE 9,19596 0400000 73568 0,00000 .08816 0,00000
6« 1°Rq .09521 9,10780 0400000 72R62 0,00000 209521 0.00000
7 1ch] .102R3 9,01259 000000 72101 0,00000 .10283 0,00000
8 9R? .11105 R,90977 000000 71274 0,00000 11105 6,60000
9 1083 11994 A,79872 0,00000 . 70390 0,00000 11994 0.,00000
10 19R¢ .129%3 8,67R78 0400000 H9830 6,00000 «12953 0,00000
11 108§ .13989 R,54925 0.,00000 «6RIG4 0,00000 »13989 0.00000
12 17°R6 .15109 8,40935 000000 «67275 0,00000 «15109 0,00000
13 1087 1617 6,25827 0.,00000 «66066 0,00000 «16317 0.,00000
f? 14 1788 L17623 8,09510 0,00000 264761 0,00000 217623 0,00000
~ 15 1CR9 19032 7,91887 0400000 263351 0,00000 .19032 0,00000
o 16 1990 .20555 7,72854 0,00000 61928 0,00000 20555 0,00000
1Y 129t ,22199 7.5229¢9 0,00000 60184 0,00000 221998 0,00000
18 1992 ,23975 7,30100 0,00000 ,58408 0,00000 .23975 0,00000
19 1993 25893 7,061¢5 0.,00000 56490 0,00000 25893 0.,00000
20 199 . 27965 6,80231 0.00000 54418 ©0,00000 227965 0,00000
21 1695 30202 6,52266 0,00000 52181 0,00000 30202 0,00000
?2 1096 .32618 6,22064 0,00000 49765 0,00000 +32618 0,00000
23 1697 ,15228 5,89446 0,00000 .47156 0,00000 35228 0,00000
28 1598 38006 5,54218 0,00000 ,46337 0,00000 2368066 0,00000
2% 1099 ,61090 5,16172 0,00000 41294 0,00000 241090 0,00000
26 2n0n ,606377 4,75083 0,00000 .38007 0,00000 46377 0,00000
27 2n01 L47927 4,30706 0,00000 .36456 0,00000 ,47927 0,00000
2R 2002 ,51761 3,82779 0,00000 .30622 0,00000 51761 0,00000
29 2003 .55002 3,31018 0,00000 26481 0,00000 255902 0,00000
1 2n04 L60376 2.75116 0,00000 22009 0,00000 260374 0,00000
31 2108 L65204 2.147642 0,00000 17179 0,00000 65204 0,00000
12 2006 70420 1,69538 0.00000 .11963 0,00000 . 70620 0,00000
23 2007 79117 79117 0,00000 .,06329 0,00000 79117 0,00000

O
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CASH FLOW ANU DISTRICT HEATING COSTS

PISTRICT HEATING SYSTEM WITH BRANCHING MAINS FOR AKUREYRI,ICELAND
DETAILELD CASH FLOW

CENTYS
PER MATU
cChelT 0F HFEATY 345,60742
c0sT D1gsTRIBUTLION
INTTTAL NISTPA SYSTFM 122.64217
INTEEIM CAPITAL REPLACEMENTS 4.52212
ENFRAY SURPLY 157.,83084
OPFPATYNG FYPENSES 65,12092
PRNPERYY TAXES AND INSURANCE 166703
STATF REVENUF TAX 13.,826430
STATF HNCOME TAX 0,00000
FEMERAL INCOME TAX 0.00000
AOME INTERESY 0.00000¢
TovaL 345,60742

ANNpAL
($ MILLIONS)

2,32039

«82341

03036

1.068967

30294

«01119

+092R2

0,00000

0,00000

0,00000

2,32039

EQUIVALFNT CASH FLOW
CENTS ANNUAL
PER MhTU (s MILLIONS)

345,60742 2,32039
127.75226 85772
4,71054 03163
164,40717 1.10382
47,00096 +31556
1,736409 011606

345,60742 2432039

PAGE

14

N



-~

(o

No. of
Copies

OFFSITE
1

10

239
20

A. A. Churm

DOE Patent Division
9800 S. Cass Avenue
Argonne, IL 60439

I. Paik

DISTRIBUTION

No. of
Copies

ONSITE

—_—

1

~

101

Division of Geothermal Energy

Department of Energy
Washington, D. C.

20545

DOE Technical Information Center

Lewis Ranzini
Argonne Code Center

Argonne National Laboratories

9700 South Cass Avenue
Argonne, IL 60439

Distr-1

PNL-2742
UC-66

DOE Richland Operations Office
H. E. Ransom

Pacific Northwest Laboratory

NTDLUVMOLITITXZOLZO0
e o e e 8 o 9 © © & © © ©

PO =0 omE mTT

Bloomster (15)
Carter

Currie

Deonigi
Erickson
Fassbender (18)
Huber (33)
Litchfield
McDonald (15)
Owzarski

. Schulte

Thomas
Walter
Weakley

Economics Library (3)
Technical Information (5)
Publishing Coordination (2)



	ABSTRACT
	LIST OF FIGURES
	LIST OF TABLES
	1 INTRODUCTION
	2 DESCRIPTION OF PROGRAM
	2.1 GENERAL PROGRAM DESIGN
	2.2 EXECUTIVE PROGRAM AND DATA INPUT SUBMODEL
	SYSTEM AND FLUID TRANSMISSION SUBMODELS
	2.4 FLUID TRANSMISSION AND DISPOSAL (INJECTION) SUBMODEL


	2.5 HEAT EXCHANGER SUBMODEL
	2.6 DISTRIBUTION SYSTEM SUBMODEL
	2.7 RESERVOIR ECONOMIC SUBMODEL
	2.8 DISTRIBUTION ECONOMIC SUBMODEL
	2.9 STEAM TABLE FUNCTIONS
	3 PREPARATION OF INPUT DATA
	3.1 NAMELIST INPUT RULES
	3.2 INPUT INSTRUCTIONS WD SAMPLE CASE INPUT
	FOR THE RESERVOIR AND FLUID TRANSMISSION SYSTEM
	3.3.1 Reservoir Characteristics and Well Properties l
	3.3.2 Well Drilling Costs
	3.3.3 Fluid Transmission and Disposal



	3.3.4 Reservoir Financial and,Tax Data
	3.3.5 Reservoir Exploration Development and Operation
	tion (Well Design and Stratigraphy)
	VALUES FOR THE DISTRIBUTION SYSTEM
	3.4.1 City Characteristics
	3.4.2 District Characteristics
	3.4.2.1 District 'Type Parameters
	3.4.2.2 District Definition Parameters

	Design Parameters
	Adjustment Factors
	3.4.4.1 Branching Mains
	3.4.4.2 Point Demand
	3.4.4.3 Heat Exchanger
	3.4.4.4 Adjustment Factors and Output Option

	3.4.5 Distribution System Financial and Tax Data


	4 DESCRIPTION OF OUTPUT
	5 CONTROL CARDS AND EXECUTION TIME
	ACKNOW LE DG EM EN TS
	REFERENCES
	Cost Equations
	Heating Distribution System

	APPENDIX D: Dimensional Restrictions on Input Data
	APPENDIX E: Listing of Sample Case Output
	Heating Systems
	GEOCITY

	Detailed Flow Diagram for GEOCITY
	Subroutine DGHEAT
	Transmission Lines
	I u

	Network is Symmetrical about the Main and the Lateral
	I u
	Temperature and Pressure
	Branching Mains

	I u
	Development and Operation Tasks
	Simulated in GEOCITY
	a Nodal Basis


	Layout of District 2 with 68 Buildings in Sample Case
	Plan for High Rise Apartment Unit

	1 ASME Steam Table Single Valued Functions
	2 ASME Steam Table Multiple Valued Functions
	3 Key Technical and Economic Input Variables
	Simulation of Akureyri
	Devel opment and Operat i on
	Exploration Development and Operation

	Parallel in Time
	7A Subgrouping of Reservoir Tasks by Decision Points
	7B Description of Decision Points
	Types Used by the Distribution Systems Model

	9 Sumnary of Computer Output from GEOCITY
	B-1 District Heating System Capital Cost Coefficients
	B-3 Valves and Carbon Steel Fitting
	8-4 Steel Casing Fitting
	B-5 PVC Casing Fitting
	B-6 Meter l
	C-5 Design Basis for High Rise Apartment Unit
	0 Fluid Transmission Submodel Input
	Convergence Test for Distribution System Demand
	Definition of Districts
	District Populations
	0 Capital Costs and Material Requirements to NDTR E-9 to
	Main Network and Fluid Conditions for each District
	Total Capital Costs Material Requirements
	Summary of District Heating Requirements and




