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ABSTRACT

The Geothermal Resource Interactive Temporal Simulation
(GRITS) model calculates the cost and revenue streams for each
year in the lifetime of a project that utilizes low to moderate
temperature geothermal resources. With these two estimates, the
net present value of the project can be determined for each year.
The GRITS model allows preliminary economic evaluations of direct-
use applications of geothermal energy under a wide range of re-~
gsource, demand, and financial conditions, some of which change
over the lifetime of the project.
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PREFACE

In order to determine if enough technically and economically
viable markets exist for low to moderate temperature (up to 250°F)
geothermal resources to warrant further exploration and development
of potential geothermal resources in the Atlantic Coastal Plain, a
Geothermal Energy Market Study (GEMS) has been performed by the
Applied Physics Laboratory (APL) and the Center for Metropolitan
Planning and Research (Metro Center) of The Johns Hopkins Univer-
sity. The work has been sponsored by the Department of Energy/
Division of Geothermal Energy (DOE/DGE).

The specific objectives of GEMS are to

1. Identify existing markets for thermal energy at temper-
atures less than 250°F,

2. Determine the technical feasibility of meeting these
energy requirements with the expected geothermal re-
sources,

3. Estimate the costs of satisfying these markets with geo-
thermal energy, and

4. Estimate the extent to which geothermal energy can pene-
trate these markets.

To date, efforts to meet these objectives have been undertaken for
the following four Atlantic Coastal Plain resource areas: south-
eastern New Jersey, the Delmarva Peninsula, the Norfolk area of
Virginia, and eastern North Carolina.

In order to meet the first objective, a detailed energy mar-
ket survey was made in the four areas of interest. Various data
gathering techniques were used to determine the current thermal en-
ergy demands in each of four sectors, namely, residential and com-
mercial, military, agricultural, and industrial. A computational
approach developed at the Brookhaven National Laboratory was used
with Bureau of the Census population data for tracts and minor civil
divisions to estimate demands for residential and commercial space
and water heating. Military energy consumption data were obtained
directly from the Department of Defense. Agricultural energy de-
mands were computed from data obtained from the U.S. Department of
Agriculture and the Bureau of the Census. In the industrial sec-
tor, as data in the required form are not available from government
sources and computational techniques are very unsatisfactory, an

-9 -
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extensive effort was made to gather these data directly from over
600 industries in the four areas. Since there has been no compar-
able survey made, the results gathered here are of unparalleled ac-
curacy., Furthermore, such results are useful for a variety of al-
ternate energy fields such as solar energy and conservation efforts
in waste heat recovery, as well as geothermal energy. The results
of this market definition phase have been reported in GEMS-002 (Ref.
1). The efforts to meet the second objective cited above will be
described in future topical reports on specific applications.

As a part of the third objective, interactive computer pro-
grams have been developed to estimate average and marginal costs of
delivered geothermal energy for specific resource, market, and eco-
. nomic conditions. The Geothermal Resource Economic Evaluation Sys-
tem (GREES) has been developed to calculate average and marginal
costs of geothermal energy to residential users through a geother-
mal community heating system and to industrial users that are colo-
cated with geothermal resources. The model has undergone further
refinements, and a much improved Geothermal Resource Interactive
Temporal Simulation (GRITS) model has been developed to account for
changing resource and demand conditions over the lifetime of a geo-
thermal project. GRITS calculates both the revenue and the cost
streams for each year of the project; from these it gives the net
present value for analysis of the system's economic viability.
GRITS is described in detail in this report.

The fourth objective 1s by far the most difficult to meet.
The efforts to date have included the development of a model, de-
scribed in GEMS-006 (Ref. 2), to estimate the rate of market pene-
tration into the residential sector. Currently, this model is being
used to examine various incentives that may increase residential
hookups to district heating systems. These results will also be
published in the near future.

The results of the Geothermal Energy Market Study are being
published in a series of reports that reflect the objectives of the
study. The series includes

GEMS-001 Executive Summary (to be published)

GEMS-002 Definition of Markets for Geothermal Energy in
Northern Atlantic Coastal Plain (May 1980)

GEMS-003 Economic Evaluation Model for Direct Uses of
Moderate Temperature (up to 250°F) Geothermal Re-
sources in the Northern Atlantic Coastal Plain
(June 1979)

GEMS-004 Geothermal Energy Costs on the Northern Atlantic
Coastal Plain (to be published in 1980)

- 10 -
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GEMS-005

GEMS-006

GEMS-007

GEMS-008

Further reports
tinue. '

A Review of Recent Energy Price Projections for
Traditional Space Heating Fuel 1985-2000 (March
1979)

Geothermal Energy Market Penetration: Develop-
ment of a Model for the Residential Sector (Sep-
tember 1979)

A Review of Recent Energy Price Projections for
Traditional Space and Process Heating Fuels in

the Post 1985 Period (April 1980; supersedes GEMS-
005)

GRITS: A Computer Program for the Economic Eval-
uation of Direct-Use Applications of Geothermal
Energy (this report; supersedes GEMS-003)

may be added to the series as the GEMS efforts con-

-11 -
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1. OVERVIEW

INTRODUCTION

The GRITS computer model calculates the supply costs for
each year of a project directly utilizing the heat of low to mod-
erate temperature geothermal resources. With the model, a user may
make preliminary economic evaluations of community heating systems
or process heating applications. In addition to computing the an-
nual energy production and costs, the model produces several sum-
mary economic accounting measures. The two principal measures are
(a) the discounted average cost, i.e., the price that equates the
discounted cost and revernue streams, and (b) the net present value,
i.e., the sum of the discounted cost and revenue streams. When the
user specifies a selling price for the energy produced that differs
from the discounted average cost of producing the energy, the net
present value differs from zero. The discounted average cost in-
dicates the value of the goods and services required to bring a
unit of energy to a customer. The net present value takes into
account projected market conditions through the specified selling
price (or price trend) for the energy produced and indicates the
potential attractiveness of the investment to developers and finan-
ciers. Other summary financial measures are also provided.

The user of the model defines a project by specifying values
for a wide range of resource conditions (e.g., number of production
and reinjection wells, well depth, water temperature, pumping re-
quirements, maximum flow rate), demand conditions (e.g., user type,
local weather conditions, rate of market penetration), and finan-
cial conditions (e.g., interest rate, inflation rate, project life-
time, cost of purchased energy). The large number of options pro-
vides considerable flexibility to study specific situations. To
facilitate operation of the program, conditions that the user does
not specify for a given run are assigned the values from the pre-
vious run. At the outset all conditions are assigned their base
case or default! values.

The user may specify parameters for many options as time-
dependent functions (e.g., declining flow rates over time, rising
costs for purchased energy over time). In the discussions in the
following subsections, an asterisk (*) indicates that the user may
specify the parameter value, while a double asterisk (**) fndicates
that the user may specify the value as a time-dependent function.

1p default value is a built-in value that has been established but
that may be overridden when more pertinent values become available.

- 12 -
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GRITS 1is designed to provide flexibility while keeping its
operation simple and inexpensive. Once he has set up a ''base case
scenario' or if he uses the model's existing ''default scenario,"
the user may specify a large number of parameter values and obtain
his desired analysis by changing only those values of interest,
The results of model runs may be displayed on an interactive ter-
minal, and, if desired, the detailed outputs may be directed to a
line printer. GRITS currently is programmed in English units; a
metric version is under consideration.

Any simulation model, even the most complex, is necessarily
a highly "stylized" representation of actual conditions. While
considerable effort has been devoted to specifically modeling im-
portant engineering relationships, the results provided by 3RITS
are influenced by simplifying assumptions. GRITS is not intended
to be an economic engineering model, i.e., one whose principal
purpose is to determine the minimum cost engineering solution for
a particular application. Engineering relationships in GRITS are
modeled with sufficient accuracy to provide insights important for
economic decisions. The primary purpose of GRITS is to model the
impacts of changes in specific resource and economic parameter
values on the economic accounting. In this respect, GRITS fills
a gap between the engineering-oriented modeling of geothermal re-
sources and economic modeling based on only the most general engi-
neering relationships.

GRITS permits the incorporation of as much important tech-
nical design and operating information as possible, while minimiz-
ing the cost of running the program. Although it uses relatively
detailed engineering formulas to determine the size and operational
characteristics of major capital components, GRITS does not include
elaborate internal optimization routines for designing subsections
of the utilization system. For example, submersible pumps are sized
and priced on the basis of user-specified flow rates and lift re-
quirements. In contrast, the optimization of pipe sizes and insu-
lation thickness for specific subsections of a community heating
system is assumed to be reflected in the user-specified costs per
mile of installed distribution pipe. The pumps are optimized be-
cause their sizes and costs will vary greatly depending on local
reservoir conditions. It is important that the cost estimates re-
flect these local conditions. 1In contrast, for all but the small-
est distribution systems, the average cost per mile of the system
will fall within a more narrow range and hence for preliminary
evaluations can be estimated in a generally applicable manner.
GRITS includes enough engineering simulation to allow the user to
track the impact on the cost and revenue streams of changes in
reservoir characteristics or the type of end-use. However, since
the model is designed to provide preliminary economic assessments,
detailed calculations that are appropriate only for much more com-
prehensive evaluations are simplified in the model.

- 13 -
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GEOTHERMAL ENERGY DELIVERY SYSTEM

The general configuration of the geothermal energy delivery
system that is modeled by GRITS is shown in Fig. 1. The system
consists of two loops. The first is the primary production loop
wherein hot geothermal fluids are pumped to the surface by a sub-
mersible downhole pump in the production well. At the surface,
the geothermal fluids mdy be temporarily stored in insulated stor-
age tanks, or accumulators, that either permit some load-leveling
under peak load conditions or ifncrease the pump cycle times under
less than full capacity loads. A circulating pump at the surface
moves the geothermal fluids from the accumulator to the heat ex-
changer, where thermal energy is transferred to the secondary loop.
The cooled geothermal fluids leaving the heat exchanger are then
reinjected, either into the original aquifer or into some shal-
lower aquifer that is compatible with the cooled geothermal fluid.

The water in the secondary loop is chemically treated to
control corrosion in the pipes. It is heated to a higher temper-
ature in the heat exchanger and piped through a two-pipe distribu-
tion network to some combination of residential, commercial, or
industrial users. Each customer extracts the heat he requires
and returns the cooled circulating water through a return network
of pipes to the wellhead for reheating.

If the geothermal resource is not hot enough to provide
circulating water at the desired temperature for its users, or if
the heat demand exceeds the thermal output capability of the well,
a fossil-fuel boiler topping system! may be used to provide extra
heat.

A number of variations to this system can be ernvisioned.
For example, if the quality of the geothermal fluids is good enough
so that surface disposal is practical, the reinjection well can be
eliminated or the geothermal fluid might be used directly in a
single-loop system. Another possibility might include a water~to-
water heat pump to transfer the thermal energy from the gedothermal

lropping systems as used here signify boiler systems that are used
to increase circulating water temperatures because resource tem-
peratures are too low. As such they are in constant or nearly
constant use. Peaking systems mean boiler systems that are used
only to supply supplemental heat under peak load conditions. This
is done normally by increasing circulating water temperatures; the
implication is that resource temperatures are sufficient to meet
base load conditions.

- 14 -
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fluid to the circulating water and to elevate the temperature of
the circulating water above that of the resource. Still another
variation might use fresh, potable water in an open secondary loop,
where the customers use or dispose of the water.

Figure 1 represents a conservative system design since it
is assumed that the geothermal waters are too brackish or mineral-
ized for either direct use or surface disposal and therefore re-
quire a heat exchanger, a secondary loop, and a reinjection well.
The secondary loop is assumed to be closed, which entails a two-
pipe distribution network. Experience by others (Ref. 3) has showmn
that the topping system, which is simply a fossil-fuel-fired
boiler, is for several reasons a cost-saving addition to the sys-
tem. First, if the geothermal resource provides only the base
load to the system, fewer wells are required and the cost savings
easily exceed the cost of the boilers. Most peaking systems begin
operating when the ambient temperature falls below a selected de-
sign temperature. Under periods of peak loading, the peaking sys-
tem supplies the extra heat by elevating the circulating water tem-
perature while maintaining constant flow. This allows a smaller
size distribution system at additional savings. Finally, by serv-
ing the base load only, one geothermal well can be used for a longer
time each heating season, which provides more energy for the same
capital investment. Therefore, the hybrid system can serve more
users at a lower cost than either a geothermal or fossil fuel sys-
tem alone. One final advantage of a hybrid system is the ability
of the peaking system to serve as a temporary backup system should
problems occur in the operation of the well.

In order to specify the base load supplied by the geothermal
well, the best mix of geothermal energy and topping system energy
must be determined. This is done by varying the design tempera-
ture of the system and observing the change in the average cost of
delivered energy. The design temperature is the lowest ambient
temperature for which the geothermal well can supply 100% of the
system's thermal needs. As ambient temperatures fall below the
design temperature, the peaking system is used to supply the extra
thermal energy requirements.

To meet the varying demands on the system, the production
rate from the wells will vary, as will the drawdown, i.e., the
level at which the water level stabilizes at full production.
Based on the results of the well at Crisfield, Md. (Refs. 4, 5,
and 6), maximum flow rates from a typical production well are not
expected to be much more than 200 gal/min. Therefore, the model
will design a system around a well that produces 200 gal/min, un-
less the user exercises his option to change this default value.

- 16 -
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In order to obtain economic flow rates of up to 200 gal/min
or more, a submersible pump probably will be required. As water
is pumped from the well, the water level will fall until an equi-
librium between aquifer productivity and pumping rate is achieved
(drawdown). For ease of modeling, the difference between the equi-
librium water level and the surface is expressed as a percentage
of the depth of the well. Initial estimates for deeper aquifers
in the Delmarva Peninsula indicate that drawdowns of up to 157 may
be experienced for production rates on the order of 200 gal/min.
The type of well completion (i.e., perforated casing versus screen-
ing and gravel packing) can significantly influence well drawdown,
which in turn seriously affects the costs of delivering geothermal
energy. Since the screening and gravel packing method is expected
to provide better flow into the well, its use is assumed to reduce
drawdown where this may pose a serious problem.

A plate-type, stainless steel wellhead heat exchanger has
been assumed, which 1s corrosion resistant and easily disassembled
for maintenance. It is also assumed that it operates in a counter-
flow manner with a logarithmic-mean temperature difference across
the heat exchanger of 5°F. This implies that circulating water is
heated to within 5°F of the wellhead resource temperature, a strin-
gent requirement that has been set to maximize the thermal output
of the well and maintain reasonable costs.

Other system assumptions will become evident in the discus~
sions that follow. Specific relations between parameters and spe-
cific assumptions used with the model are explained in Section 3.
The system design for the cost estimates generated by GRITS is
fairly complex; however, it is felt that the overall configuration
may be the most probable that will be encountered. Because of the
system's complexities, the cost estimates of energy delivered by
the system under default conditions are likely to be on the con-
servative side, but the flexibility of the GRITS model allows the
specified parameters to be varied to reflect more optimistic as
well as more conservative resource and operating conditions. Even
with such a complex system design, geothermal energy can be cost
competitive with conventional fuels for a wide variety of condi-
tions, especially for industrial users.

EVALUATION PERIOD

The project evaluation period*, or financial lifetime of
the project, includes a resource assessment phase (for exploration,
testing, licensing, etc.) followed by a utilization phase (well
drilling, installation of transmission and distribution system,

*As stated earlier, a single asterisk indicates that the user may
specify the parameter value, while a double asterisk indicates
that the user may specify the value as a time-dependent function.

-17 -
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acquisition of customers, well operation, and sales of enerzy).
The assessment phase is specified by its duration* and annual
cost*, The utilization phase is specified by duration (project
evaluation period less length of assessment phase) and a large
number of resource, demand, and financial conditions. If the as-
sessment phase is given a zero time period, the evaluation period
and utilization phase coincide. It is important to note that,
even if the user limits the number of years reported in detail by
GRITS, the period over which the project simulation is performed
is defined by the full project evaluation period.

During the initial year of the utilization phase, costs
are incurred for well drilling, purchase and installation of well-
head equipment, and the transmission pipeline. For community heat-
ing applications, the distribution system may be installed at any
starting time* and completed over any period** so long as it is
installed at a rate that equals or exceeds the rate of market pene-
tration**, Capital components are replaced in the year following
the end of their expected useful life*, Typically, pumps and the
central heat exchanger are replaced over the course of the utili-
zation phase, while other components have a life exceeding this
period.

PROCESS HEATING ROUTINE

The user may select either a process heating routine (in-
dustrial) or a community heating routine (residential/commercial).
The process heating routine calculates the cost of producing energy
and delivering it from the wellhead to the plant gate, via the
transmission line. The amount of heat delivered depends on the
maximum thermal output of the well (based in turn on resource tem-
perature**, reinjection temperature*, and flow rate**) and the
industrial utilization factor* (i.e., the proportion of heat avail-
able from around-the-clock full pumping of the well that is uti-
lized by the process heat user). The capital cost of obtaining
geothermal heat depends primarily on the well cost (a function of
depth*), the length of the transmission* and distribution* lines,
and the interest charges*. Variable costs depend primarily on
drawdown** and the cost of electricity** to operate the pumps. (A
zero drawdown results in no cost for pumping energy or for well-
head pumps.)

COMMUNITY HEATING SYSTEM

The residential/commercial routine simulates the system
that supplies dwelling units and commercial buildings through a
community heating system. Housing type*, the number* and size*
of commercial buildings and their heat load*, and the average
hourly temperature data* determine space heating demands. Esti-
mated sanitary hot water demands for both homes and commercial

- 18 -
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buildings are added to the space heating demand. The geothermal
well supplies space heating requirements for outside temperatures
at or above the design temperature* and all sanitary hot water.
For temperatures below the design temperature, a fossil fuel peak-
ing system raises the water temperature in the distribution net-
work to meet additional requirements.

Energy from the wellhead is sent through the transmission
line* to the distribution system and then to individual buildings
on the system. The number of buildings served by a well depends
on the maximum hourly thermal output of the well and the space and
hot water requirements at the design temperature. The commercial
heating demand is determined by the product of the total floor
space* being served and the heating load per unit of floor space¥*,
which is a function of the outside temperature. This demand at
the design temperature is subtracted from the maximum hourly ther-
mal output of the well, which leaves the amount available for res-
idential heating. The remainder is divided by the space and hot
water demand for the typical housing unit* (a single unit or a
composite of several types) at the design temperature to deter-
mine the number of dwelling units served by the well. In addition
to supplying all additional heating requirements at outside tem-
peratures below the design temperature, the peaking system serves
as a backup system which makes up energy deficiencies due to de-
clining thermal output from the well.

The length of the distribution system needed to serve the
commercial and residential area depends on several factors: the
length of the commercial portion of the system®, data internal to
the program on the density of each housing type, and the residen-
tial market saturation* (i.e., the proportion of all housing units
within the market service area that ultimately join the system).

The user specifies the pace at which the distribution sys-
tem is installed** (e.g., half the initial year and the remainder
over the next two years). The installation should exceed or at
least match the rate of market penetration**, A '"rapid" market
penetration could reflect mandatory participation, placement of
the system in an area of new housing construction or commercial
development, or special incentives to join. On the other hand, a
community heating system that is just competitive with other fuels
and relies on voluntary participation may experience a much slower
penetration of its potential market service area.

The annual amount of energy required by system customers
depends on the number of buildings and the heat load of each. En-
gineering relationships determine hourly space heating require-
ments as a function of outside temperature. The demand at a given
temperature is multiplied by the average number of hours in a year
which are at that temperature (see page 33). These demands are

- 19 -
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summed to determine the annual space heating demand. Sanitary hot
water demand is determined on the basis of the commercial floor
space and the number of households. Space heating and sanitary
demands are then summed to determine total annual energy sales to
system customers. All space heating demand for temperatures at or
above the design temperature and all sanitary hot water demand are
used to calculate the volume of water drawn annually from each
well. The remaining requirements are used to determine the size
of the peaking system boilers and the amount of peaking fuel re-
quired each year.

TREATMENT OF INFLATION

Prices in GRITS may be specified in real (constant) dollar
terms or in nominal terms. In real dollar calculations, the ef-
fects of the overall rate of price inflation in the economy have
been eliminated, i.e.; only differential price changes are consid-
ered. Economists generally prefer real dollar calculations because
they can be readily interpreted with respect to the current oppor-
tunity costs of a given outlay, e.g., the amount of goods and ser-
vices that can be purchased for the same price as a unit of energy.
However, because nominal costs may be useful for some financial
analyses, this approach is also available (OPTION 25).

The user should understand that the price trends for peaking
fuel and electricity are input to the model independently of the
specified rate of inflation. The user should be sure that these
trends are consistent with the real versus nominal dollar choice
and, in the case of nominal dollars, with the specified rate of in-
flation. For example, if real costs are used and the price trend
for electricity is input at 1.5%, the user is assuming that the
price of electricity is rising 1.5% faster than the general rate
of inflation. If nominal costs are used and the specified rate of
inflation is 10%, the same price escalation for electricity must
be represented by an input value of an 11.65% rate of increase.

Real Dollar Values

While this approach facilitates the economic analysis, the
standard loan repayment schedule requires special consideration.
Typically, loan repayments are fixed in nominal monetary values
for the entire repayment period. As inflation erodes the purchas-
ing power of money, the real value of debt service payments de-
creases. If all other prices are rising at the general rate of
inflation*, then the opportunity cost (i.e., what the debt service
payment could buy in the form of other goods and services) of the
fixed nominal payment decreases over time, The real value of the
fixed payment due in year "t" equals

[Nominal payment * (1 + rate of inflation)t] .
- 20 -
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Loans indexed to inflation may be modeled through the use of a zero
rate of inflation and of a real interest rate, e.g., 2 or 3% for
low- or non-risk loans.

Nominal Dollar Values

For nominal values all costs, except electricity, peaking
fuel, and the selling price of the geothermal energy, are assumed
to rise at the specified rate of inflation,! Thus, if one project
includes a four-year resource assessment period and a rate of in-
flation of 10%, the price for each capital component is 1.46 times
that for a project that has no assessment phase and bought its
capital components when the four-year assessment phase was just
beginning for the first project. If a piece of equipment is re-
placed during the project, the replacement cost is assumed to have
risen at the rate of inflation. 1In contrast to the real dollar
approach, where debt service payments are actually devalued over
time, debt service remains fixed in the nominal approach.

DISCOUNT RATE

Even if costs and revenues for different years have been
reduced to the same real price equivalents, it is still important
to consider the time preference for project returns. Typically,
early revenues are preferred to later revenues, while later costs
are preferred to costs incurred early in the project evaluation
period. Several reasons support such preferences. If the income
is available for productive investment, a dollar of revenue earned
early in the project may be invested to provide a larger return
later in the period. If a cost may be deferred to some later date,
the money to meet that cost may be invested in the interim to pro-
vide a greater overall return. If income is needed for consump-
tion, an early return means that the project's financiers must wait
a shorter time for that consumption. It can be argued that, from
society's point of view, the principal return from a geothermal
project is the energy produced. Since such energy is very expen-
sive to store, society prefers that it be produced annually as
needed. Yet, if reliability of the geothermal resource becomes
less certain as the period of exploitation lengthens, the later
portion of the projected cost and revenue stream is less certain
than the earlier. Less certain returns are generally valued at a
lower level than more certain returns.

lof course, in the real dollar approach, all prices except energy
costs are also assumed (implicitly) to rise at the rate of in-
flation. This assumption is not shown directly in the model out-
put, since only differential price inflation is of interest.
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The distribution of projected returns through time affects
their value for many reasons, including forgone investment oppor-
tunities, the need to wait longer for consumption, and the greater
risk that later projected returns may not be realized. The usual
method of treating this change is to reduce the value of later re-
turns through a discount factor. Standard economic practice is
to use a single rate of discount compounded annually. For example,
if the discount rate is 2%, the projected return of a dollar in
10 years is valued at $0.82. The user of the model may select the
appropriate discount rate* (including a zero rate if desired) to
reflect time preference, opportunity cost, risk, or a combination
of these.

INTERPRETING MODEL OUTPUTS

The treatment of debt service payments, the interrelation-
ship between drawdown and market penetration, and the mid-period
replacement of some pieces of capital equipment influence the cost
trend in important ways. The user unfamiliar with the model's
structure may find certain aspects of the cost trend seemingly
counterintuitive. The real level of debt service payments de-
clines over time as inflation erodes the buying power of the an-
nual outlays to repay capital equipment loans. Variable costs
will rise as utilization increases. Even at constant utilization,
the cost of purchased energy (electricity to drive the downhole
pumps and fossil fuel for peaking boilers) will typically rise
over the life of the project. Thus, total cost {fixed plus vari-
able) may continue to rise but will likely level off and then de-
cline before the end of the evaluation period.

The particular level of drawdown specified by the user re~
sults from operating the well under conditions of "project matur-
ity," i.e., maximum utilization. In the residential/commercial
analysis, annual utilization levels will typically start at rela-
tively low levels and require a year or more to reach the maximum
level. During the years preceding project maturity, the actual
level of drawdown is assumed to be proportionate to the degree of
maturity attained to that point. For example, if the system will
ultimately serve 20 commercial buildings and 1,000 housing units
and will experience a 20%Z drawdown when this level of demand is
first served, the average drawdown in an earlier year when only
10 commercial buildings and 500 units are on the system is assumed
to be 10%.

While the typical evaluation period (financial project life)
lasts 20 to 30 years, the expected life of some fixed plant com-
ponents may be considerably shorter (e.g., 10 years for the central
heat exchanger and downhole pumps). Such components are replaced
in the year following the end of theilr expected useful lifetime.

- 22 -
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The model assumes that the nominal price of these components has
been rising at the rate of inflation since the start of the utili-
zation phase. Thus, the real cost remains unchanged. For equip-
ment with a 10-year life, the real value of the debt service pay-
ments declines steadily over this period and then jumps in the
eleventh year (replacement year) before beginning to decline again.

OPERATING GRITS

The GRITS program may be accessed by telephone using inter-
active terminals through the DEC-10 computer facility at the Home-
wood Campus of The Johns Hopkins University in Baltimore. After
the user enters the system and accesses the program by typing RUN
GRITS, a brief introduction is printed. To obtain a list of pa-
rameters and their corresponding option numbers, the user types
HELP. The program will then ask which parameter the user wishes
to change by printing out OPTION? The user types in the option
number associated with the parameter of interest and presses the
return key. The program will specify the unit of value to be used
(e.g., degrees Fahrenheit, cost per mile) and wait for input. For
some parameters where a limited range of values 1s accepted by the
program, if the user types in an unacceptable value, the program
will indicate the acceptable bounds and again request input data.

OPTIONS 1 through 10 are operational commands to display
current parameter values, output program results to a line printer,
specify the type of application (industrial or residential/commer-
cial), execute and exit the program, and perform other program
specifications. OPTIONS 11 through 51 allow the user to input spe-
cific parameter values for resource characteristics (e.g., wellhead
temperature), demand conditions (e.g., rate of market penetration),
and financial conditions (e.g., interest rate). To change a pa-
rameter value from its base case or default value, the user presses
the return key and the program responds by again typing OPTION?
After all desired changes have been made, the user may check the
current set of values before executing the program by calling OP-
TION 1. To obtain printouts of model runs, the user calls OPTION
2 and specifies a file name, composed of six letters followed by
a period and three additional letters. Once specified, the file
remains open and records results until closed. If a file name is
not specified for OPTION 2, no line printer record of that run will
be made. (The user should note that creation of a file adds to the
costs of operating the program. If a file is desired for some but
not all runs, the user should close the file by again calling OP-
TION 2 for the next run and not specifying a file name, i.e., mere-
ly pressing RETURN.) OPTION 3 may be used to save a particular
scenario for later use.
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OPTION 7 executes the program. Final results are displayed
on the user's terminal. After it is rum, the program indicates its
readiness to accept another set of values for the next run by print-
ing OPTION? The user should note that the values input from the
previous run are still in effect. They may be changed individually
or the user may return to the original set of base case values by
calling OPTION 3. After all runs have been made, the user exits
the program by calling OPTION 9. Once program execution ends, the
user may request that his files be directed to the line printer.

This overview has presented some areas of the model in rel-
atively little detail. Section 2 provides additional information
on how specific resource and economic conditions are modeled in
GRITS. Section 3 describes the more important engineering formu-
las and technical relationships internal to the model. Appendix
A lists all the options currently available in GRITS.
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2. MODELING RESOURCE, DEMAND, AND FINANCIAL CONDITIONS

Figures 2, 3, and 4 illustrate the basic structure of the
GRITS model's annual energy production and cost calculations. The
utilization phase of the project evaluation period is essentially
a series of such calculations. The resource, demand, and financial
conditions that the user may specify are illustrated for the resi-
dental/commercial scenario in Table 1 and for the industrial sce-
nario in Table 2.

MODELING RESOURCE CONDITIONS
Production and Reinjection Wells

GRITS may be used to model single or multiple well systems
with subsurface or surface disposal of spent geothermal fluids.
The number of production and reinjection wells is specified through
OPTIONS 42 and 43, respectively. The cost of each type of well
(exclusive of pumps) is a function of depth. Default values cur-
rently in the model are: one production and one reinjection well
each 5,000 feet deep and an unmodified well cost function, i.e.,
a cost coefficient of 1. The cost function coefficient may be
modified by the user by OPTION 16 (see p. 45).°

Extraction and Reinjection Pumping Energy Requirements

Production well pumping energy requirements are functions
of the volume of water extracted and the distance it must be lifted
to the surface. Reinjection energy is assumed to equal up-well
pumping with a proportional adjustment for reinjection to a dif-
ferent depth; in other words, the requirement is multiplied by the
ratio of the reinjection well depth to that of the production well.

Demand conditions, water temperature drop across the well-
head heat exchanger, and the maximum flow rate determine the vol-
ume of water extracted. Required 1lift is input through OPTION 26,
"drawdown." This level, measured as a fraction of production well
depth, is the average level to which the water in the well falls
as a result of exploitation of the reservoir. Artesian pressure,
which typically provides some flow at the surface without pumping,
may be sufficient in certain cases to meet demand. In this case,
pumping is not required; a zero value for drawdown would reflect
this condition.

For many situations, flow rates and the amount of pumping
energy required are economic trade-offs. The nature of this inter-
relationship depends on the characteristics of the reservoir under
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Table 1

Default parameters for the
residential/commercial scenario of GRITS

(BASE PERIOD FOR COST3 IS SPRING, 1930 )
RESIDINTIAL-COMMERCIAL SCENARIO PARAMETERS

PROGRAM OPZRATING COWDITIONS

2 QUTPUT FILE NAME: .

U TITLE OF SCENARIO: (DISPLAYED ABOVZI, IF ANY)
5 RESIDENTIAL-COMMERCIAL SERVICE CHOSEN.

3 DATA FILES WILL NOT SE GENERATED.

RESOURCE CONDITION PARAMETERS

- - - - - - - -

#uz2 NUMBER OF PRODUCTION WELLS: 1
# 12 DEPTH OF UPWELL (FEET): 5003.
1 WELLHEAD WATER TEMP.{DEG. FAHR.)

LINEAR FUNCTION USED WITH:

1-INITIAL WATER TEMP.= 150.0

2-ANNJAL DROP IN TEMP.= 2.0
ran REJECT TEMPEZRATURE (DEG.FAHR.): 85.0
F 23 DEPTH OF RTINJECTION WELL (FEET): 5009.
43 NUM3ER OF REINJECTION WELLS: 1

¥ 25 DRAWDOWN OF UPWELL (PERCEHNT)
LINEAR FUNCTION JSED WITH:
INITIAL DRA4DOWN= 15.09
ANNUAL CHANGE= 2.09

¥ 32 FLOYW FROM WELL (GP¥)
LINEAR FUNCTION YU3ED WITH:

INITIAL FLOW= 290.00
ANNUAL CHANGI= 2.00
# 33 TRANSPORT DISTANCE (MILES) 0.25

RESIDENTTIAL-COYMERCIAL DIMAND CONDITION PARAMETERS

D > - - - - = - " - = . - = U . = - -~ . -

# 10 AREA UNDER CONSIDERATION: SALISBURY,MD
d oy SYSTEM DESIGN TEMP.(DESG. FAHR.): 30
# 23 MIN. AMBIENT TEMPEZRATURE (DEG.FAHR.): -3.
# 35 FRACTION JF DISTRIBUTION SYSTE4 INSTALLED:

IN YEAR O = 52.,000%

IN YEAR 1 = 12.500%

IN YEAR 2 = 12.500%

IN YEAR 3 = 12.509%

IN YEAR 4 = 12.500%

{RESIDENTIAL-SPECIFIC)
# 13 PERCENTAGES OF HOUSING TYPES ON SYSTEM:

HOUSING TYPE (%)
1-SINGLE FAMILY SUBURBAN: 0.000
2-3INGLE FAMILY DEN3E: 20.009
3-TOWNHOUSE: 43,0090
4-GARDEN APTS.: 43.000
5-HIGH RISE: 0.009

34 MARKET SATURATION (%): 70.09
19 PERZENTAGE OF ULTIMATE NUMBER OF HOUSEHOLDS
LINEAR FUNCTION USED WITH:
1-INITIAL PERCENTAGE= 15.00
2-ANNUAL CHANGE = 8.09
# 18 COST PZR HOQXUP: % 2A7.
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Table 1 (cont'd)

Default parameters for the
residential/commercial scenario of GRITS

( COMASRCIAL-SPECIFIC)
# 45  NUM3ER OF TYPEZS OF COMMERCIAL BUILDINGS: 2
# 4%  AVERAGE FLOOR SPACE FOR COMMERCIAL BUILDINGS OF

TYPZ 1 : 4,009 THOUSAND sSQ. FT.
TYPE 2 : 13.000 THYOUSAND 39. FT.
" U7 AVERAGE HEAT DEMAND FOR
3JILDINGS SPACE HEAT HOT WATER HEAT
o7¥ (8TU/SQFT/DEG/DAY) (BTU/SQFT/DAY)
TYPS 1: 9.0 9.0
TYPE 2: 9.0 0.0
¥ us NUM3ER OF COMMERCIAL BUILDINGS OF
TYPZ 1 :

TYPZ 2 : 2
¥ RATE OF COMMERCIAL MARKET PENETRATION
LOGISTIC FUNCTIOM USED WITH:
1-INITIAL PZRCENTAGE= 595.00
2-YZAR WHIN 100% OF DEMAND IS ON SYSTEM= 2
# 50 LENSGTH OF COYMERCIAL DISTRIBUTION SYSTEM: 0.20 JILES
# u9 AVERAGE COST PER 4O0XUP FOR A COVMMERCIAL BUILDING: $ 500.

TINANCIAL COWDITION PARAMETERS
# 49 ECONOMIC ACCOUNTING METHOD: 3-NPV & DISC AVG COST
# 35 SYSTEY SELLING PRICE (B/MIL. BTU):

GEOTHERMAL SELLING 2RICE IS A MULTIPLE OF:

ELECTRICITY PRICE, FACTOR= 2.73
1 33 STUDY PZRIOD: 20 YEARS; IWTERVALS OF 5 YRS
VAR RESQURCE ASSESSMENT PERIOD (YEARS): O
ANNUAL RESOURCE ASSESSMENT COST: $ 0. THOUSAND
¥ 15 AELL COST ADJJUSTMENT FACTOR: 1.090
ADJ. TOT. COST OF WELLS(HTHOUS.): 329.159
17 HEAT EXCH. COST ADJJSTMENT FACTOR: 1.000
ADJ TOT CO3T OF HEAT EXCHS($THOU): 34,511
# 2%  STORAGE TANK CAPACITY: 2.0 HOURS OF FLOW
# 15 CAPITAL EQUIPMENT LIFETIME IN YEARS:
AELLS 33.(0R PROJECT LIFE)
PIPING SYSTEM 30.(0R PROJECT LIFE)
HEAT EXCHANGER 10.(OR PROJECT LIFE)
IN-WELL PUMPS 13.(03 PROJEZCT LIFE)
HO0XUPS 30.(0R PROJECT LIFE)
PSAKING BOILER 30.(0OR PROJECT LIFE)
STORAGE TANX 39.(0R PROJECT LIFE)
t 37 DISCOUNT RATE (PERCENT): 2.00
Y21 INTEREST RATE (PERCENT): 12.00
¥ 25 COST CALCULATIONS ARE IN REAL DOLLAR3
INFLATION RATE (PERCENT): 8.00
7 39 TAXES:
20 COST OF ELECTRICITY (CTS/XWH)
COMPOUNDING FUNCTION USED WITH:
1-INITIAL EL®C. PRICE= 5.59
2-PEZRCENT ANNUAL CHANGE= 1.50
P29 FOSSIL FUEL COST (5/MIL. BTU)
COAPOUNDING SUNCTION USED WITH:
INITIAL F0SS. FUEL PRICE= 5,000
PERCENT ANNUAL CHANGE: 3.599
Eoay OPER. % MAINT. COST (% OF CAPITAL): 1.00%
t 39 BOILER COST($/100< BTU/HR): 1590. 00
t 22 PIPE COST (3THOU3SAND/MILE): 250.009
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Table 2

Default parameters for the
industrial scenario of GRITS

{BASZ PERIOD FOR COSTS IS SPRING, 193) )
INDUSTRIAL SCENARIO PARAMETERS
PROGRAM OPZRATING CONDITIONS

2 QOUTPUT FILE NAME:

oo TITLE OF SCENARIO: (DISPLAYED ABOVE, IF ANY)
o5 INDUSTRIAL SERVICE CHOSEN.

t 3 DATA FILES WILL NOT BE GENERATED.

RESOURCE CONDITION PARAMETEZRS

- b = 4 R P A e - -

' $ 42 NUMBER OF PRODUCTION WELLS: 1
12 DEPTH OF UPWELL (FEET): 50902,
1 WELLHEAD WATER TEMP.(DZG. FAHR.)
LINEAR FUNCTION USED WITH:
1-INITIAL WATER TEMP.= 1597.0
2-ANNUAL DROP IN TEMP.= 9.0
P REJECT TEMPERATURE (DEG.FAHR.): 85.0
23 DEZPTH OF REINJECTION WELL (FEST): 5200,
. # 13 NUMBER OF REINJECTION WELLS: 1
# 25 DRAWDOWN OF UPWELL (PERCENT)
LINEAR FUNCTION USED WITH:
INITIAL DRAWDOWHN= 15.00
' ANNUAL CHANGE= D.00
32 FLOW FROM WELL (GPMW)
LINZAR FUNCTION USED WITH:
INITIAL SLOW= 200.09
l ANNUAL CHANGE= 9.00
# 33 . TRANSPORT DISTANCE (MILEZS) : 0.25

INDUSTRIAL DEMAND CONDITION PARAMETER

- . —  m = D R = =

3N INDUSTRIAL UTILIZATION FACTOR (%): 25.09

FINANCIAL COWDITION PARAMETERS
# "o ZCONOMIC ACCOUNTING METHOD: 3-NPV & DISC AV3 COST
# 35 SYSTEM SELLING PRICE (3/MIL. BTU):
GEOTHERMAL SELLING,PRICE IS A MULTIPLE OF:
ELECTRICITY PRICE, FACTOR= 9.70
# 33 STUDY PERIOD: 20 YEARS; INTERVALS OF 5 YRS
Fou RZSOURCE ASSESSMENT PERIOD (YEARS): O
ANNUAL RESOURCE ASSESSMENT COST: $ 2. THOUSAND
+ 15 WELL COST ADJIJSTMENT FACTOR: 1.009
ADJ. TOT. COST OF WELLS(3THOUS.): 323.159
o7 HEAT EXCH. COST ADJIJSTHAENT SACTOR: 1.009
ADJ TOT COST OF HTAT EXCHS(3THOU): 34.511
$ 24 STORAGE TANK CAPACITY: 2.0 HOURS OF FLOW
t 15 CAPITAL EQUIPMENT LIFETIME IN YEARS:
WELLS 30.{0R PROJZICT LIFE)
PIPING SYSTEM 30.(OR PROJZICT LIFE)
dEAT EXCHANGER 13.{0R PROJECT LIFE)
IN-WELL PUMPS 10.(0OR PROJECT LIFE)
STORAGE TANK 30.(0% PROJZCT LIFE)
# 37 DISCOUNT RATE (PERZENT): 2.00
27 INTEREST RATE (PERCENT): 12.00
¥ 25 COST CALCULATIONS ARE IN REAL DOLLARS
INTLATION RATE (PERCENT): 8.00
¥ 33 TAXES:
# 20 COST OF ELECTRICITY (CTS/K{H)
COMPOUNOTING FUNCTION J3SD WITH:
1-INITIAL ELEC. PRICE= 5.50
2-PZRCENT ANNUAL CHANGE= 1.59
a4 OPER. % MAINT. COST (% OF CAPITAL): 1.00%
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study. OPTION 32 inputs maximum flow attainable from an average
well. Both flow and drawdown may be specified as time-dependent
functions; for example, drawdown may increase over time even with

a constant flow rate because of reduced pressure within the aquifer.
To keep GRITS generally applicable, the model accepts any combina-
tion of values for OPTIONS 26 and 32. The user may conduct sensi-
tivity analyses regarding the economic nature of the trade-off by
hypothesizing varying relationships between the flow and drawdown
and determining the point on each function that results in the
lowest cost for the energy produced.

Both the size of submersible pumps for the production well
and the size of surface pumps for the reinjection well are deter-
mined as a function of the flow and drawdown. The life of these
pumps is specified through OPTION 15. Original cost and annual
maintenance are a function of size (see pages 45 through 48). The
cost of each kilowatt hour of electricity to operate the pumps is
specified through OPTION 20. The number of hours the pumps operate
during a year depends on the volume of water extracted from a well,
which in turn depends upon the utilization level (see page 48).

Thermal Output of the Well

The maximum net hourly output of energy delivered to the
transmission line from the wellhead heat exchanger depends on the
wellhead resource temperature (OPTION 11), the reject temperature
(OPTION 21), and the maximum flow rate (OPTION 32). Utilization
of this energy depends on demand conditions (see page 44).

Central Heat Exchanger

A 5°F temperature drop across the wellhead heat exchanger
is assumed. Cost estimates internal to the model assume a plate
type construction with an expected life of 10 years (see page 49).
Other types and special materials may be simulated by modifying
the heat exchanger cost function coefficient (OPTION 17) and ap-
propriate changes in expected equipment lifetime (OPTION 15). A
zero value for OPTION 17 may be used to simulate an application in
which the geothermal fluids are sent directly through the transport
and distribution pipes.

Storage Tank

In order to minimize drawdown and therefore pumping energy,
it is advantageous to pump longer periods of time at slower rates
to reduce wear on the pumps. Thus, a storage tank near the well-
head heat exchanger may be desirable. The user indicates the capac-
ity of this tank as the number of hours of storage at maximum flow
from the well (OPTION 24). The cost of the tank is a function of
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capacity (see page 50). The default value is two hours of storage;
a zero value for OPTION 24 eliminates the tank cost.

Transmission Line

The length of the transmission line from the wellhead to
the industrial user or district distribution system is specified
through OPTION 38. The cost per mile of this line depends on the
number of wells and the maximum flow per well. Transmission pump
costs and pumping energy requirements depend on the total flow and
the length of the transmission pipe. The closed loop system from
wellhead to distribution point and back to the wellhead is assumed
to eliminate the effect of modest changes in elevation over the
transmission distance.

MODELING DEMAND CONDITIONS
Utilization Level of the Resource

On the basis of wellhead temperature, reject temperature,
and maximum flow rate, each geothermal well is capable of provid-
ing a calculated amount of energy per hour. Since demand is based
upon variable conditions (such as the industrial production cycle,
weather conditions, or the extent of market penetration), the vol-
ume of water extracted from the well will often be less than the
maximum and at times will drop to zero, Utilization refers to that
fraction of the total annual amount of energy available from a well
operating at capacity around the clock that the user requires.

The annual utilization factor for the industrial routine
in GRITS is specified through OPTION 31. For the residential/
commercial routine, the utilization level is a calculated value
based on the number and types of buildings on the community heating
system (OPTIONS 13 and 45 through 48), the temperature data for the
region (OPTION 10), and the design temperature (OPTION 14), which
determine the relative size of the geothermal base load and the
fossil fuel peaking load.

Community Heating Systems
Areas Being Served. GRITS may be used to simulate a geo-

thermal-supplied community heating system in any area for which
the hourly temperature data are available.! Use of the hourly data

1ot this time, hourly temperature data for three cities on the
Atlantic Coastal Plain are in the model; it can accept such data
for any other region. The Metro Center/APL have data available
for most major cities in the United States.
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rather than the degree day information frequently used in other
models lets the user optimize the relative size of the peaking
system (see below).

Geothermal Base/Fossil Fuel Peaking Loads. When the level
of demand depends primarily on outside temperature, it is highly
inefficient to restrict the size of the system so that each cus-
tomer's peak demand can be served by the geothermal well alone.

If the system is expanded so that well capacity is reached at some
warmer temperature (e.g., 35°F), utilization increases and the
fixed costs are spread out over a large number of customers. The
outside temperature at which the geothermal well reaches capacity
is the design temperature (OPTION 14) of the system.

A peaking system serves incremental demand as the outside
temperature falls below the design temperature. While individual
customers may provide their own peaking plants, it appears to be
better economically to provide this capacity by the community heat-
ing system. Among the factors favoring this approach are higher
utilization of the distribution system and lower fuel costs to the
system compared to those to individual operators (for example,
bulk purchases or the possible use of coal in place of o0il). OP-
TION 29 inputs the cost of peaking fuel in dollars per million
Btu's. This value may be input as a constant or a price trend.
The amount of fuel required is a calculated value based on the
size of the system, the temperature data, and the design temper-
ature. The cost of the peaking boilers per 100,000 Btu's per hour
of capacity is input through OPTION 30. Peaking capacity is based
on the minimum ambient temperature (OPTION 28), which typically
would be somewhat below the coldest average temperature to provide
a margin of safety. OPTION 28 may also be used to enlarge the
boiler capacity sufficiently to provide as much backup (emergency)
power as desired.

The user may optimize the design temperature by varying this
parameter until the lowest average cost for each unit of energy is
found. The principal determinants of this optimum are the pumping
energy requirements for the geothermal heat and the cost of the
peaking fuel. A larger peaking system may also be viewed as re-
ducing the risk of system failure if the well should temporarily
shut down.

Distribution System. The length of the distribution system
for a commercial area is a user-specified input (OPTION 50). The
length for the residential/commercial area is a calculated value
based on the housing type and the market saturation level (i.e.,
the fraction in a given area of all housing units that ultimately
join the system). The cost for each mile of the installed distri-~
bution system is input through OPTION 22. This cost is assumed to
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reflect prior optimization of pipe sizes and insulation thicknesses.
GRITS uses a default value of $250,000 per mile for the cost of the
installed distribution system,

The rate at which the distribution system is installed is
specified through OPTION 35 as the fraction of the total inmstalled
each year. Although this rate is independent of the rate of market
penetration, it should exceed or at least equal the combined rate
of market penetration for the commercial and residential portions
of the system.

Commercial Area. The user models the size and makeup of the
commercial area by specifying how many building sizes are being
served (OPTION 45), the average floor space for each size (OPTION
46), and the number of buildings of each size (OPTION 48). The
heating requirements of the commercial floor space in Btu's per
square foot per degree day and the sanitary hot water requirements
in Btu's per square foot per day are input through OPTION 47.

The hookup cost for each commercial building, specified by
OPTION 49, includes the costs of laying the service pipe from the
distribution system to the building and the cost of the energy
meter to monitor consumption.

Residential Area. In order to determine the number of hous-
ing units of a given type or mixture of types that may be served
by the combined residential/commercial system, commercial demand
at the design temperature 1s subtracted from the energy available
from each geothermal well at maximum flow.,

GRITS includes five housing typeslz single-family suburban,
single-family dense, townhouses, garden apartments, and high-rise
apartments. The user may mix these five types in any combination,
using OPTION 13, Heating requirements per housing unit for each
type‘ relative to that for the single~family types are: 65% for
townhouses, 35% for garden apartments, and 29% for high-rise apart-
ments.

Selection of the housing type also determines the density
of the units and hence the length of the distribution system. The
following densities! are assumed for each 400 by 200 ft block
(street center to street center) in a grid system: single-family
suburban, 7 units; single-family dense, 13 units; townhouses, 32
units; garden apartments, 50 units; and high-rise apartments, 120
units.

lThese are modeled generally after those in GEOCITY (Ref. 7).
2These are modeled generally on data supplied by the Brookhaven
National Laboratory (Ref. 8).
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Hookup costs per housing unit, specified through OPTION 18,
reflect the laying of pipe from the street center to the housing
unit and the energy meter. The costs will generally be much lower
on a per unit basis for apartments, which can share the service
pipes, the meters, or both.

Market Saturation. To reflect conditions under which not
all housing units in a given area join a community heating system,
a market saturation level (OPTION 34) of less than 100% is used.
As market saturation declines, the length of the distribution sys-
tem required to serve the units that do join the system increases.

The market saturation level reflects the relative competi-
tive position of the community heating system and the conversion
costs for each type of housing unit. Some units (those with forced
air or hot-water radiator heat) may have modest conversion costs,
while others (those with electric baseboard heating) may face very
high conversion costs.

Rate of Market Penetration. As noted above, the model first
calculates the number of housing units to be served and then defines
a service area on the assumption that a specific proportion of the
units in this area will not join the system. Thus, the '"market"
for geothermal heat is defined on the basis of the desired number
of customers and the density of units expected to join the system.
The '"rate of market penetration'" refers, then, to the pace at which
the predetermined number of customers, distributed over an area
of specified size, joins the system. The distribution of joining
over time depends on the user-specified functional form. It is
important to remember that, when this form is not linear, a ''rate"
of penetration refers to specific values for the parameters in
the function and not to the rate of any single year.

OPTIONS 19 and 51 input the rates of residential and com-
mercial market penetration. The user first selects the appropri-
ate function, (e.g., linear or log). Depending on the function
selected, the program requests inputs specifying initial values,
annual increments, or year of near-complete penetration. For ex-
ample, 1f the user selects a linear function, the program requests
the following inputs: initial percentage of housing or commercial
units on the system and annual increase as a percentage of the
final number of units on the system,

Utilization of the resource will rise as the system pene-
trates its market more completely each year. After the system
reaches maturity (i.e., 100% market penetration for both residen-
tial and commercial areas), utilization becomes constant.

Since drawdown 1s related to flow and hence to utilization
of the well, the drawdown specified in OPTION 26 is assumed to
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occur only when drawdown approaches the level specified at the
same rate as the system approaches maturity, i.e., the rate of
market penetration.

Industrial Process Heating System

Unlike the community heating system, the market for indus-
trial process heat is not characterized by the distribution of
many small users over a large area. Since only a few (or even one)
major users represent sufficient demand for a geothermal resource,
the industrial routine does not need to consider the market factors
included in the community heating system analysis nor a variable
demand dependent on ambient temperature. The system transports
the energy from the wellhead to the user's plant gate, and the
proportion of the well output indicated by the utilization factor
is used by the process heat user. Table 2 shows the resource de-
mand and financial conditions that the user may specify for indus-
trial applications.

MODELING FINANCIAL CONDITIONS
Economic Accounting Measures

The two principal summary measures provided by GRITS are
the discounted average cost per million Btu's and the net present
value of the system at the end of the project evaluation period
(project lifetime). The program also calculates the year in which
break-even occurs, the total capital cost for the system, and other
measures.

The discounted average cost is a useful measure because with
only minor adjustments it may be compared directly with the cost
of other space heating fuels. The net present value is useful as
an indicator of the growth potential for the investment in the geo-
thermal system. OPTION 40 allows the user to select one or both of
these measures.

The discounted average cost includes both geothermal and
peaking energy outputs and cost for the entire production and util-
ization system. To permit evaluation of strictly geothermal-related
costs and outputs, the discounted average wellhead costs per million
geothermal Btu's are also output.

The total capital costs are simply the sum of the unamor-
tized outlays for initial system components, exclusive of replace-
ment costs. Typically, a very high proportion of these costs is
incurred in the first year of the utilization phase; hence the
capital costs are referred to here as "initial capital costs."
This measure is a useful indicator of the size of the initial in-
vestment required to utilize the geothermal energy.
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Calculation of the net present value requires an assumed
selling price for the geothermal developer's energy output. Sell-
ing price is input through OPTION 36. Currently, the default
price is pegged to 70% of that assumed for electricity (OPTION 20).

Evaluation Period or Lifetime of Project

The evaluation period, or project lifetime, is composed of
a resource assessment phase and a utilization phase. The assess-
ment phase is modeled in a very general manner as a total annual
assessment cost occurring over a specified period (OPTION 41) be-
fore utilization of the resource. This period reflects explora-
tion and testing costs, as well as licensing, permit acquisition,
and other requirements. The utilization phase is calculated as
the time remaining in the evaluation period (OPTION 33) after the
assessment phase. The current default value for the evaluation
period is 20 years with no assessment phase. If the user desires
the results from only a subset of years in the evaluation period,
this request is made during execution of the scenario (OPTION 7),
not by changing the length of the evaluation period.

Annual Capital Costs

The nominal annualized cost of capital loans borrowed at an
interest rate of "i'" and repaid over a period of "T" years is deter-
mined by multiplying the amount borrowed by the capital recovery

factor (CRF):

Amount borrowed x {i * [(1 + i)T - 1] + i} .

The CRF is calculated separately for each major component of the
fixed plant on the basis of 1its expected life or the end of the
project utilization period, whichever is shorter. At the end of
the project evaluation period all debt has been repaid. OPTION
15 allows the user to specify the expected useful life of each
major piece of capital equipment. OPTION 27 inputs the interest
rate.

When costs are calculated in real dollars (OPTION 25), the
model "deflates" the value of the annual debt service payment by
the rate of inflation. Thus for inflation rate "r," the model
values the annual debt service payments in year 't" as,

Amount borrowed x {i & [(1 + i)T - 1] + i}
1+ 1)t

For example, a well costing $400,000 financed at 127 interest over
20 years had a nominal annual cost of about $53,500. In the initial
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year (Year 0) of the utilization phase, the real value and nominal
value coincide. If inflation has progressed at an annual rate of

8% since the start of the utilization phase, the real value of the
annual well cost in Year 4 is about $39,000. '

Debt Financing

Currently, GRITS assumes that all capital costs are fi-
nanced through debt and that all operating costs are financed
through revenues. This restriction makes the financial simulation
less realistic, but introduces only relatively minor distortions
in preliminary analyses. Whether they are holders of debt (e.g.,
bonds) or equity (e.g., common stock), investors will require sim~
ilar levels of return for investments with a given level of per-
ceived risk. Of course, investors will differ in their willingness
to accept risk, in their preference for the timing of the stream
of returns, and in the tax liability of different types of returns
(such as dividends or interest payments versus capital gains).

Such considerations will be important for more comprehensive as-
sessments suitable to a later stage in the evaluation process.
However, preliminary assessments that are concerned with more gen-
eral issues affecting project viability are only minimally affected.

Taxes

A routine to calculate taxes is under development but is
not yet implemented in GRITS. As for the method of financing,
tax considerations will have a relatively minor impact on the out-
come of preliminary economic assessments. Other factors such as
long-term resource reliability or the cost of competing fuels are
likely to be more uncertain and thus more crucial in the early
stages of resource evaluation.

Interest Rate/Inflation Rate

The interest rate is composed of three basic elements: a
rate of return reflecting time preference, a rate reflecting in-
vestment risk assessment, and the expected rate of inflation. A
15% interest rate may be composed of a 2% time preference (an
annual 2% return for a risk-free investment in addition to compen-
sation for inflation over the year), a 3% risk assessment (a 3%
return each year ‘as compensation for the possibility that the loan
will not be repaid as expected), and a roughly 9%7% expected rate
of inflation over each year of the loan repayment period — thus
yielding an interest rate of (1.02) (1.03) (1.095) = 15%.

The interest rate is input through OPTION 27 and the rate

of expected inflation through OPTION 25. Default values for these
rates are 12% and 8%, respectively., The base case assumes a low
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risk investment, or one in which the tax benefits (e.g., municipal
bonds) permit the investor to use a lower before-tax real return
for time preference and risk premiums.

The use of a loan indexed to inflation may be simulated
through a zero rate of inflation and an inflation-free interest
rate.

Discount Rate

Returns that come later in a project evaluation period are
generally valued less than those that come earlier (see page 21).
The most common approach to discounting a stream of returns is to
apply a single discounting factor that increases in a multiplica-

tive manner over time, i.e., (1 + r)t, where r is the discount
rate and t is the number of years in the future when the return
is expected.

At a 27 discount rate, a return of $1.00 will be valued at
$0.98 the next year, $0.82 in 10 years, and $0.45 in 40 years. At
a 67 discount rate, these returns would be $0.94, $0.56, and $0.10.
The discount rate used in GRITS should reflect a real rate, that
is, the effects of the general rate should not be considered. Dis-
count rates may also include risk premiums.

Risk Assessment

Considerable uncertainty exists in regard to the long-term
reliability of specific geothermal reservoirs. Wells, wellhead
equipment, the transmission system, and the distribution system
represent large fixed investments that must be incurred even if
the resource fails to meet expectations or if demand levels fall
short of projections. Thus, potential investors may view geother-
mal utilization systems as involving considerable amounts of risk.
The user may model the level of risk assessment by adding a ''risk
component'' to the interest rate or the discount rate. For example,
the interest rate might be raised from 12% to 187 or the discount
rate from 2% to 8%. Another approach is to shorten the project
evaluation period (financial lifetime). Each of these changes will,
of course, raise average cost and lower net present value. This
approach reflects the fact that the level of risk assessed by po-
tential private investors is a cost that the geothermal utility
can possibly be forced to bear.

Cost of Major Capital Items
GRITS includes internal cost formulas for major system com-

ponents. The actual cost is calculated on the basis of user-
specified values for size and design of each component. To allow
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greater flexibility, cost formulas for several major components
may be scaled up or down to suit local conditions.

Heat exchanger costs are calculated on the basis of the tem-
perature drop (At) across the heat exchanger. To simulate the use
of special materials, designs, or even the absence of a central
heat exchanger, the user may modify the cost of this component by
a coefficient input through OPTION 17 (default value = 1.00). If
the use of a different material (say, specially coated alloys) is
simulated, the user may wish to change the expected life of the
heat exchanger in OPTION 15.

GRITS calculates well costs as a function of depth. To
account for different soil conditions or other factors affecting
well drilling and completion costs, the user may input a value
different from 1.00 in OPTION 16 to scale the cost estimate to the
desired degree.

The cost of an average mile of an installed dual-pipe dis-
tribution system is input through OPTION 22, The estimate is a
composite one for a portion of the distribution main and the secon-
dary lines feeding from it. For most types of community heating
systems, an average cost per mile is a very convenient and useful
first approximation of the actual costs that would be found in a
detailed calculation of pipe sizes for subsections of the systen,
optimal insulation thicknesses, and trenching costs. The default
value in GRITS is $250,000 per mile.

The storage tank cost is a function of capacity, which in
turn is a function of the maximum flow rate (OPTION 32) and the
storage time at maximum flow (OPTION 24),.

The cost of each 100,000 Btu's per hour of capacity for the
peaking boilers is input through OPTION 30. Total boiler Btu ca-
pacity is a calculated value based on the difference in demand at
the design temperature (OPTION 14) and at the minimum ambient tem-
perature down to which the system can supply all heating require-
ments (OPTION 28). If the thermal output potential of the well
declines as a result of values used for resource temperature or
maximum flow, the capacity of the peaking system automatically
expands to make up the difference.

Expected economic lifetimes for major capital components
are input through OPTION 15. If a component such as the pumps has
an expected lifetime less than the project lifetime (evaluation
period), it is replaced in the year following the end of its ex-~
pected lifetime. Equipment costs are amortized over the expected
lifetime of the component or over the remaining years of the pro-
ject evaluation period, whichever is shorter.
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Operation and Maintenance Costs

Operation and maintenance costs are calculated annually as
a percentage of the capital investment in the project. The default
value of 17 may be changed through OPTION 44,

Cost of Purchased Energy

The user specifies the costs of peaking energy and elec-
tricity to operate the pumps through OPTIONS 29 and 20, respec-
tively. The default value for peaking oil costs is $6.00 per
million Btu's, rising in real terms (i.e., after allowing for
inflation) at a compound rate of 3%% annually., The default price
trend for electricity is $0.055 per kilowatt hour, rising at a
compound rate of 1.5% annually.
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3. TECHNICAL RELATIONSHIPS INTERNAL TO THE MODEL

ECONOMIC CALCULATIONS

The basic annual real cost equation is

t-t

. c
Costt = [t (CRFk X Kk) + (1 + ) ] + VCt .

k

where: CRFk

vC

[}

capital recovery factor for an interest rate
r and a repayment period equal to the ex-
pected life of capital component k or the
length of the utilization phase of the proj-
ect evaluation period (life of the project),
whichever is shorter;

total cost of capital component k, i.e., pro-
duction and reinjection wells, downhole and
surface pumps, central heat exchanger, storage
tank, transmission line, distribution system
and hookup equipment (connecting pipe and
meter), and peaking equipment;

deflation factor for debt service charges for
inflation rate f. t 1is the year being eval-
uated. If the piece of equipment is purchased
in any year other than t = 0, it is deflated
by a proportionately smaller amount since its
nominal cost is presumed to have been rising
at the rate of inflation in the years between
the beginning of the utilization phase (t = 0)
and the year the cost was incurred (t = tc).

If (t - tc) is negative, the cost is not cal-
culated. If nominal dollars are used, f = 0Q;
variable cost in year t, i.e., pumping energy,

peaking fuel, and operation and maintenance
costs.

If the terms are in nominal dollars, the equation is

Costt = (I (CRFk x Kk)] + Ect + o&Mt s

k
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where:

where:

where:

where:

ECt

O&Mt

ener

gy costs 1in year t (user-specified price trend

should account for inflation), and

fixe

mult

d annual operation and maintenance costs,
iplied by (1 + f)t in year t.

Heat output at the wells in year t is calculated as

0
t

Ut x maximum outputt,

Ot =

Maximum

ou
tput,

the actual amount of geothermal energy con-
sumed by the process heat user or the community
heating system in year t (in Btu's);

the utilization factor in year t. For the in-
dustrial routine, this is an input value; for
the residential/commercial routine, it is a
calculated value based on the design tempera-
ture, housing type, level of market penetra-
tion, and temperature data; and

the number of Btu's per year that would be
delivered net to the transmission line based
on that year's temperature and flow if the
system operated at 100% utilization.

Revenue in year t is calculated as

R
t

P
t

FE
t

The

P, x (0, +FE) ,

selling price of the system's energy output in year t,
and

energy supplied by the peaking system (fossil fuel)
in year t.

discounted average cost (DAC) is calculated as

DAC =

d

T

Costt

t=0 (1 + d)°©

*
T (0t + FEt)

t=0 (1 + d)°t

the discount factor.
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Net present value (NPV) is calculated as

NPV = % -

T [Pt x (ot + FEt) Cost ]
=0 a+at 1+t

The break-even point is defined as the year in which the
net present value first reaches or exceeds 0.

WELL COSTS

The costs of drilling, casing, and cementing either a pro-
duction well or a reinjection well increase rapidly with increasing
depth. Thus, to allow for accurate well costs, an analytical ex-
pression was obtained from a polynomial fit of average costs of
drilling oil wells up to 10,000 feet deep in the United States
(Ref. 9). The expression for cost thus obtained is given by

dx4 + cx3 + bx2 + ax

where: d = -4.17 x 10721,

¥y

¢ = +1.00 x 1070 R

b=-3.83 x 1073 , and
a = +28.0 .

Efforts are currently under way to obtain better expressions for
water well drilling and completion costs, but results are still
inconclusive. Until better data are available, use of the above
expression is indicated. The user may modify the expression by a
coefficient different from one in OPTION 16.

SUBMERSIBLE PUMP

Pump sizes and costs vary dramatically with the depth from
which geothermal waters must be pumped (Ref. 10). Since well depths,
flow rates, and drawdown percentages are user-specified variables,
the pump size and cost must be calculated in the model for each new
set of well parameters. In order to size accurately the required
pump and to provide accurate cost estimates, expressions for pump
size, capital costs, maintenance costs, and operating costs have
been developed with information supplied by J. F. Boutwell of
Centrilift, Inc. (Ref. 11).
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The dynamic pressure head that must be supplied by a down-
hole, submersible pump is given by (Refs. 12 and 13)

H(ft) = d, + Ft + P

d d’

where dd is the head 1lift, Ft is the frictional head loss in the

production tubing, and Pd is the discharge pressure head at the

surface. The pump is assumed to be set about 150 ft below the
lowest water level in the well under full production, £. The low-
est water level is given by the well depth times the percentage of
well drawdown. The frictional head losses are assumed to be 25
ft/1,000 ft of 1ift for nominal production tubings. The discharge
pressure at the surface is assumed to be on the order of 50 psi.
Any additional pressure that may be needed for surface circulation
is assumed to be provided by surface pumps. Converting to pressure
(in psi), the pressure head (PH) required from the downhole pump is
given by

PH = 0,480 (PC) (WD) ~ 20.0 ,

where PC is the fractional well drawdown and WD is the well depth.
The fluid horsepower required is given by

th

Frp = 1714 °

where f is the production flow rate. In order to produce this
power rating, pump inefficiencies must be considered. Pump ratings
are given in terms of brake horsepower, which is defined as

where ¢ is the pump efficiency, which has been assumed to be 0.76
(Ref. 13). Thus, the pump size (in horsepower) required for a par-
ticular set of well conditions is given by

= [3.68 x 10”4 (PC) (WD) - 1.54 x 1072] £ .

Bhp
Costs of the pumps are then calculated by -

0.7
CSp 1175 % Bhp (Ref. 10).
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REINJECTION PUMP (Ref. 10)

In the case where spent geothermal fluids are to be rein-
jected either into the aquifer from which they were taken or into
a shallower aquifer with the same transmissibility, the energy re-
quired for reinjection will be the same as that required to bring
the fluids to the surface, under the assumptions of an isotropic,
homogeneous aquifer matrix, no precipitation of solids to restrict
flow into the aquifer, and no direct communication of pressure
changes between the production well and the reinjection well (i.e.,
their separation distance is greater than the combined radii of
influence of the two wells). Therefore, total well pumping is
given by twice the production pumping energy.

The situation changes somewhat when reinjection occurs in
shallower aquifers whose transmissibility is higher. For simplic-
ity, it is assumed that the transmissibility of the reinjection
aquifer scales linearly with depth, i.e.,

1
T D .

Thus, an aquifer at half the depth has twice the transmissibility.
In this case, the percentage drawdown is the same in the two wells,
and the pumping energy for reinjection (RE) scales linearly with
depth and can be expressed as a function of the production energy
(PE), i.e.,

Dr
RE PE Dp °

where Dr is the depth of the reinjection well and Dp is the depth

of the production well. The model calculates the total pumping
energy (TE) as

i} Dr
TE = PE (1 + Dp) .

Reinjection pumps located on the surface are cheaper than
submersible pumps. The reinjection pump costs (Crp) are scaled as

Crp = $3.00 x £ + $40.00 x Bhp x B *

where f is the flow rate in gal/min, Bhp is the brake horsepower

currently calculated for the production well submersible pump,
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and the ratio Dr/Dp scales the size to reflect the smaller sized
pump needed.

PUMP MAINTENANCE COST

The operating lifetimes of submersible pumps are extremely
variable, but under conditions that might be encountered on the
Atlantic Coastal Plain, operating lifetimes may be on the order of
two to four years. After these periods, the pump must be pulled
and reworked. Centrilift has provided estimates of annual repair
costs for its submersible pumps (Ref. 11). An average of these
quotations is given by

Annual submersible pump maintenance = $65 x Bhp .
Reinjection pumps are more readily accessible and preventive main-

tenance may be performed more easily and cheaply. Therefore,
reinjection pump maintenance costs are given by

Annual surface pump maintenance = 1.5% x initial cost .
PUMPING ENERGY

Pumping energy (Ref. 14) for the production well is a func-
tion of production rate from the well (determined by such character-
istics of the aquifer as saturated thickness and permeability) and
of heating demand. The characteristics of the aquifer, accounted
for through a user-specified well drawdown, are assumed to result
from pumping to maintain a flow rate above that which would result
from artesian pressure. From the above, the power requirement for
a downhole pump is given by

kW = 0.746 B
hp
However, motor inefficiency increases power requirements to

0.746Bh

ol = [3.43 x 104 (PC)(WD) - 1.44 x 1072)f .

kW =

If the well were to be operated around the clock for an entire
year, the number of kilowatt hours of electricity required is

given by annual kWh = [3.006 (PC)(WD) - 125,8] flow. For most
applications, especially residential space heating, heat demands

do not require year-round well operation. Thus, a utilization fac-
tor is required to scale the annual number of kilowatt hours of
pumping energy to the specific load.
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Heating demand for a housing unit is a function of ambient
temperature and the type of unit. For ambient temperatures above
the system design temperature, heating requirements for the total
number of housing units on the district heating system are calcu-
lated as a fraction of the energy that could be supplied by the
geothermal well if pumped at maximum flow. To estimate the length
of time that the demand should remain at a given level, average
hourly weather data for the major city climatically closest to the
study area are used.

Although pumping energy is a nonlinear (convex) function of
flow rate, the model uses a linear approximation of the fraction
of the energy required to maintain that rate compared to the energy
for maximum flow. (The linear approximation was purposely used to
make the pumping energy estimates more conservative by slightly
overstating the pumping energy required at most levels.) The num-
ber of hours at each flow rate is then multiplied by this fraction
to obtain "full pumping equivalent hours,' which are then summed
and taken as a fraction of the number of hours in a year.

The model calculates the annual pumping energy as given
above; the resulting value is multiplied by the fraction described
above to produce an estimate of actual pumping energy required.

RATIO OF EXTRACTED GEOTHERMAL ENERGY TO INPUT PUMPING ENERGY

The expression for the ratio of the extracted geothermal
energy to the input electrical pumping energy (the coefficient of
performance) is

€
G - Geothermal heat extracted = COP

Pumping energy GT

“

P

This expression allows direct comparison of the energy efficiency
of a geothermal production well to a heat pump.

HEAT EXCHANGER COST

Many applications of moderate temperature geothermal re-
sources will require the use of a water-to-water heat exchanger
at the wellhead in order to minimize corrosion and scaling of sal-
ine or mineralized waters. For the purposes of this study, plate-
type heat exchangers have been considered, since they have a num-
ber of attributes such as ease of cleaning and high thermal trans-
fer efficiency that are important in geothermal systems. The cost
of any heat exchanger is a function of the logarithmic mean tem-
perature difference, ATm, across the heat exchanger and the total
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heat flow, Q, through it. For stalnless steel plate heat exchangers
the costs (Refs. 15 and 16) can be expressed as

c o 0.285 Q%
ATm

where
(T1 - T3)

ATm =
In

and Q = 498 f (Tl - T2). The heat flow, Q, is expressed in Btu's

per hour, £ is the well flow rate, T. is the geothermal wellhead

1

temperature, T, is the reinjection temperature, T, is the supply

2
temperature in the secondary loop, and T
perature.

3

4 is the loop return tem-

A trade-off must be made between high heat exchanger cost
at low values of ATm, and high reinjection temperatures for the
geothermal waters for large values of ATm. Since pumping energy
is likely to be one of the largest costs in a geothermal system
and since the knee of the cost curve is somewhat pronounced, ATm
has been set at 5°F. This simplifies the cost equation to

¢ = 0.057 Q0+84

The user specifies the wellhead temperature, Tl’ and the
reinjection temperature, T2, which is usually assumed to be 75 or

85°F, and the program calculates the cost. The default values for

T1 and T2 are 150 and 85°F, respectively.

STORAGE TANK COST

After a survey of several vendors involved in the construc-
tion of large storage tanks, an expression for the costs has been
developed (Ref. 17):

2

CST = $0.0951V + $8.70V

w

+ $44,600

where V is the tank volume in gallons. The expression applies to
tanks from 30,000 to 1,000,000 gallons capacity; these tank sizes
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correspond to storage times for the output from a nominal geother-
mal well (500 gal/min) of 1 hour to about 1% days.

DEMAND FOR SPACE HEATING
In a single-family detached home, the hourly demand for

space heating may be given by: (65 - TO) x 1200 (Ref. 18). For

other types of residential housing, the space heating may be ex-
pressed as some fraction of the above expression (Ref. 8). The
hourly demand on the system is (65 - TO) x 1200 x hi X Ni’ for a
community containing several housing types, where hi is the frac-
tion of the single-family space heating demand required by other
types of housing units, and Ni is the number of houses of type i

that use the system.1 The heating demands for the given housing
types in the model are shown in Table 3.

Table 3

Heating demand by housing type

Housing type hi1 Approxim;te size
(ft™)
Single family, suburban 1.0 1600
Single family, dense 1.0 1600
Townhouse or rowhouse 0.65 1000
Garden apartment 0.35 1000
High-rise apartment 0.29 800

lThe fraction hi reflects the various sizes of the different hous-

ing types as well as the resulting reduced heating load due to
shared walls, ceilings, etc. The approximate size is shown for an

average unit. The values of hi were obtained from data that in-

cluded a large mix of housing stock.
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The average number of hours during which the ambient temper-
ature is in a given temperature range, i.e., the time~temperature
distribution, is already in the model for three eastern cities.
Data for additional cities may be input by the user.

DOMESTIC HOT WATER DEMAND

GRITS assumes that all housing units regardless of type con-
sume 20.1 million Btu's per year (Ref. 19). A peak demand of 2.4
times the average hourly demand is assumed when the system is being
sized, Thus for single-family units, at a design temperature of
30°F, the peak geothermal load per unit is

[1200 (65 - 30) + 5500] = 47,500 Btu's/h
BOTLER SIZE

The boiler for the peaking system is sized by computing the
difference in heating demand at a lowest expected ambient tempera-
ture for a given locale and the heating demand at the design tem~
perature (DT) (Ref. 3). The boiler costs include buildings for

5

the boilers and estimates of $1,500 per 10~ Btu's/h of capacity.

FOSSIL FUEL REQUIREMENTS

The fossil fuel requirements to supply the peak loads are
derived from the hourly weather data. Using the time-temperature
distribution, the hourly loads to be supplied by the boiler are
determined for each expected ambient temperature below the design
temperature. This load is multiplied by the average number of
hours in a year during which the ambient temperature is expected
to be at that level. To account for boiler inefficiencies, heat
requirements are multiplied by 1.33, the reciprocal of the 757%
boiler efficiency assumed in the model,

COST OF DISTRIBUTION SYSTEM

The cost of the distribution system is found by multiplying
the total length of the system by a user-specified cost per mile
of installed insulated dual pipe (for two-~way circulation), with
a default value of $250,000. This amount is just above the cost
suggested in the Brookhaven National Laboratory study (Ref. 20)
and is close to the median value of pipe costs surveyed by John
Beebee (Ref. 21).

LENGTH OF DISTRIBUTION SYSTEM

The length of the distribution system 1s determined by the
total number of households to be served by the system and the
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density and market saturation level of these users. Density levels
for various types of houses are taken from GEOCITY (Ref. 7) and
converted to a block density based on a grid system of 400 by 200
ft blocks (street center to street center). This results in the
densities per block given in Table 4.

Table 4

Housing densities per block

No. of
households
Type of residence per block
Single family, suburban 7.3
Single family, dense 12.9
Townhouse or rowhouse 32.1
Garden apartment 50.4
High-rise apartment 119.3

The length of the distribution system is then measured
directly, based on the block length. This is the length that
would occur under 100% saturation. To account for nonparticipa-
tion by some households, the length of the system is multiplied by

the reciprocal of a user-specified market saturation level (the
default value is 70%).

COST OF TRANSMISSION SYSTEM

The cost of transmission depends on the length of the sys-
tem and the volume of water transported. Transmission pipe dia-
meter is calculated from the volume and an assumed optimal flow
rate. The cost per unit length of transmission pipe of a given
diameter is developed from data presented at the Swedish District
Heating Workshops (Ref. 22). The cost formula used in the model is

$/mile = 1 x 10 (0.207 + 0.047 d)

where: d = pipe diameter in in. = 0,2350 /6'(Ref. 23), and

n

Q = flow in gal/min.
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The cost of the transmission line pump is calculated in the
following manner:

C =nC
P o

110 gal/min, then
-0.617 L

where: if Q

N

n = (89.232 Q ),
cC =196 Q0.352 :
o

or: if Q > 110 gal/min, then
n = (35.112 Q 90-617 1y |
Co = 108.8 Q0°661 5

where n is rounded up to the nearest integer, Q is the flow in
gal/min, and L is the length in miles (Ref. 23).

Pumping energy required to pump for a full year is given by

E, = 34181 Q0+ 315 ¢

where Ep is the pumping energy in kilowatt hours.

The cost of electricity per kilowatt hour is a user-
specified variable.

CAPITAL RECOVERY FACTORS

While pump maintenance costs, pumping energy costs, and
fossil fuel requirements may be calculated directly on an annual
basis, the remaining cost components must be determined on an
annual basis through the use of a CRF that reflects the cost of
borrowed funds and the specific life expectancy of individual sys-
tem components (and thus the assumed amortization period). The
interest rate is held constant for all system components under a
given model run. Although a developer might choose to amortize
all system components over a single period in calculating his fi-
nancial costs, the actual life expectancy of each component is the
more relevant factor in determining economic costs.

The capital recovery factors are determined directly from
user-specified or default values. The capital recovery factor re-
flects the annual payment required to repay a loan at i%Z interest
over n time periods, which is given by
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CRF = i +1,

a+1"-1

where 1 is expressed as its decimal equivalent.

Table 5 shows the capital recovery factors for a range of
interest rates and amortization periods. The amortization periods
used in the model are based on life expectancies of each system
component in order to be consistent with an economic rather than
a financial approach. Wells, the distribution system, and hookups
are expected to last about 30 years and the wellhead heat exchanger
and in-well pumps about 10 years. These lifetimes are the default
values, which may be changed by the user. A financial approach
may be simulated by changing the amortization periods and interest
rates to reflect the desired financial conditions.

Table 5

Capital recovery by interest rate and time

Interest

rate Repayment period

(%) (yr)

10 15 20 25 30

8 0.149 0.117 0.102 0.094 0.089
10 0.163 0.131 0.117 0.110 0.106
12 0.177 0.149 0.134 0.127 0.124
14 0.192 0.163 0.151 0.145 0.143
18 0.222 0.196 0.187 0.183 0.181
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4, SUMMARY

The GRITS model is a flexible tool for the study of the eco-
nomics of the direct application of geothermal energy. The large
number of options allow examination of a wide range of relation-
ships. Once the user becomes familiar with the model's operation
and selects his desired base case parameter values, extensive
sensitivity analysis may be conducted easily and inexpensively.

The options available to the user of GRITS are given in Appendix A.

Persons interested in using the program should contact the
authors through The Johns Hopkins University Applied Physics Labo-
ratory or the Center for Metropolitan Planning and Research. Be-
cause it 1s anticipated that GRITS will be enhanced in the future,

enquiries about the enhancements incorporated in the program should

also be directed to the authors.
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Option
No.

wn &~ w

O WO~

11
12
13

14
15

16
17
18
19

Appendix A

OPTIONS AVAILABLE TO THE USER OF GRITS

Parameter

TYPES OUT THIS LIST OF POSSIBLE INPUTS

TYPES OUT THE CURRENT SCENARIO PARAMETERS

NAME OF FILE TO RECEIVE OUTPUT OF GRITS. THE FILE NAME MUST FOLLOW
STANDARD DEC-10 CONVENTIONS.

RETURN TO THE DEFAULT SCENARIO

TYPE IN RUN NAME (up to 80 characters)

SELECT WHETHER THE MODEL IS FOR RESIDENTIAL-COMMERCIAL OR INDUSTRIAL
SALES (residential-commercial is default)

RETYPE RESULTS OF MOST RECENT SCENARIO RUN

RUN THE CURRENT SCENARIO

GENERATE DATA FILE FOR TABULATION OR LATER PLOT GENERATION

END EXECUTION OF GRITS

AREA UNDER CONSIDERATION

1 - ATLANTIC CITY, NJ

2 - SALISBURY, MD

3 - NORFOLK, VA

4 - AREA CHOSEN BY USER (hourly weather data must then be input)

WATER TEMPERATURE AT WELLHEAD (°F)

AVERAGE DEPTH OF UPWELL (ft)

HOUSING TYPE, EITHER

1 - SINGLE FAMILY SUBURBAN

SINGLE FAMILY DENSE

TOWNHOUSES

GARDEN APARTMENTS

HIGH-RISE MULTIFAMILY HOUSING

MIXED HOUSING

DESIGN TEMPERATURE OF SYSTEM (°F)

CAPITAL EQUIPMENT LIFE FOR:

0 -~ ALL EQUIPMENT

- WELLS

- DISTRIBUTION SYSTEM

- HEAT EXCHANGER

HOOKUP COSTS

- IN-WELL PUMPS

- PEAKING SYSTEM BOILER (fossil fuel)

ADJUSTMENT FACTOR FOR COST OF AVERAGE WELL

ADJUSTMENT FACTOR FOR COST OF HEAT EXCHANGER

COST PER HOOKUP ($)

PERCENTAGE OF ULTIMATE NUMBER OF HOUSEHOLDS ON SYSTEM

AN WN
'

(= )WV, RS SN UVRN L )
[}
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Option
No.

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
49
50
51

Parameter

PRICE OF ELECTRICITY (¢/kWh)

REJECT TEMPERATURE (°F)

PIPE COSTS FOR DISTRIBUTION SYSTEM (thousands of dollars/mile)
DEPTH OF AVERAGE REINJECTION WELL (ft)

STORAGE TANK CAPACITY (hours of flow)

INFLATION RATE--AVE. ANNUAL RATE FOR LIFE OF PROJECT (%)

WELL DRAWDOWN (%)

INTEREST RATE (%)

MINIMUM AMBIENT TEMPERATURE (°F)

FOSSIL FUEL PRICE ($/million Btu)

BOILER COST ($/hundred thousand Btu/hour)

INDUSTRIAL UTILIZATION FACTOR (%)

MAXIMUM FLOW RATE OF WATER FROM AQUIFER (gal/min)

LENGTH OF STUDY PERIOD* AND INTERVAL FOR COST CALCULATIONS (years)
ULTIMATE DENSITY OF HOUSEHOLDS ON GEOTHERMAL SYSTEM (%)
PERCENTAGE OF DISTRIBUTION SYSTEM INSTALLED EACH YEAR

SELLING PRICE OF SYSTEM ENERGY ($/million Btu)

DISCOUNT RATE--TIME PREFERENCE ONLY (%)

TRANSPORT DISTANCE (miles)

TAXES

ECONOMIC ACCOUNTING METHOD

RESOURCE ASSESSMENT PERIOD AND COST

NUMBER OF PRODUCTION WELLS

NUMBER OF REINJECTION WELLS

OPERATION AND MAINTENANCE COSTS (% of capital equipment costs)
CHARACTERISTICS OF COMMERCIAL BUILDINGS

FLOOR AREA OF COMMERCIAL BUILDING TYPES (ft“/building)

HEAT REQUIREMENTS OF COMMERCIAL BLDG TYPES

1 - SPACE HEAT (Btu/°F/ft’/day)

2 - HOT WATER HEAT (Btu/ft’/day)

NUMBER OF COMMERCIAL BUILDINGS OF EACH TYPE

HOOKUP COST FOR COMMERCIAL BUILDINGS ($/hookup)

LENGTH OF DISTRIBUTION SYSTEM FOR COMMERCIAL BUILDINGS (miles)
RATE OF COMMERCIAL MARKET PENETRATION (%)

*This defines the lifetime of the project. The choice to observe only
a selected subset of the series of annual results is made upon execution
of the scenario in OPTION 7.
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GRITS: GSOTHERMAL RESOURCE INTERACTIVE TEMPORAL SIMULATION 27-May-39 PAGE 1
CENTER FOR METROPOLITAN PLANNING & RESEARCH, THE JOHNS HOPKINS UNIVERSITY

GRITS SAMPLE OUTPUT--RESIDENTIAL-COMMERCIA'L APPLICATION

(BASE PERIOD SOR COSTS IS SPRING, 1930 )
RESIDENTIAL-COUMERCIAL SCENARIO PARAMETERS
PROGRAY OPERATING COWDITIONS

fr 2 OUTPUT FILE NAME: GRITS. S4P
i TITLE OF SCENARIO: (DISPLAYED ABOVE, IF ANY)
t 3 RESIDINTIAL-COMMERCIAL SERVICE CHOSEN.

3 DATA FILES WILL NOT BE GENERATED.

) aNV‘!Auvw 13unv
AHOLYHOBV1 SOISAHd Q3aNddY
ALISHIAINN SNINJIOH SNHOP 3HL

RESOURCE CONDITION PARAMETERS

? 42 NUMBER OF PRODUCTION WELLS: 1
$ 12 DEPTH OF UPWELL (FEET): 5009.
# 1 WELLHEAD WATER TEMP.(DEG. FAHR.)

LINEAR FUNCTION JSED WITH:

1-INITIAL 'YATER TEMP.= 150.0

2~-AWNUAL DROP IN TEMP.:= 0.0

121 REJECT TEMPERATURS (DEG.FAHR.): 85.0
¥ 23 DEZPTH OF REINJECTION WELL (FEET): 5020.
# 43 NUM3ER OF RETINJECTION WELLS: 1
8 26 DRAWDOAN OF USWELL (PZRZENT)
LINEAR FUNCTION USED WITH:
INITIAL DRAWDOWN= 15.00
ANNUAL CHANGE= 2.00
" 32 FLOY FROM WJELL (5PW)
LINEAR FUNCTION USED WITH:

_09_

INITIAL FLOW= 200.00
ANNUAL CHANGE= 9.00 )
733 TRANSPORT DISTANCE (MILES) 0.25

RESIDENTIAL-COMMERCTIAL DEMAND COHDITION PARAMETERS

710 ARSA UNDER CONSIDERATION: SALISBYRY, ™D
4 14 SYSTEM DESIGN TE4P.(DEG. FAHR.): 30
4 28 MIN. AMSIENT TEMPERATURE (DEG.FAHR.): =5.
¢ 35 FRACTION OF DISTRIBUTION SYSTEM INSTALLED:

IN YEAR O = 592.000%

IN YEAR 1 = 12.520%

T4 YEAR 2 = 12.500%

IN YEAR 3 = 12.5003

IN YEAR & = 12,500%

(RESIDENTIAL-SPECIFIC)
# 13 PERCENTAGES OF HOUSING TYPES ON SYSTEM:

HOUSING TYPE (1)
1-SINGLE FAMILY SUBURBAN: 0.000
2-3INGLE FAMILY DINSE: 20.0090
3-TOWNYOUSE: 43,000
4-GARDEN APTS.: 42,000
5-HIGY RISE: 0.000
7 34 MARKET SATURATION (%): 70.00

719 PERCENTAGE OF ULTIMATE NUMBER OF HOUSEHOLDS



-'[9_

== 5

4 18

LINZAR FUNCTION USED WITH:
1-INITIAL PERCENTAGE= 15.00
2-ANNUAL CHANGE H 3.00
COST PER HOOXUP: $ 267.

(COMMERCIAL-SPECIFIC)

# 45
¥ ous

»ou7

50

4
743

NUMBER OF TYPES OF COMMERCIAL BUILDINGS: 2
AVERAGE FLOOR SPACE FOR COMMERCIAL BUILDINGS OF

TYPE 1 : 4,000 THOUSAND SQ. FT.
TYPE 2 : 10,000 THOUSAND 5Q. FT.
AVERAGE HEAT DEMAND FOR
BUILDINGS SPACE HEAT HOT 4ATER HEAT
oF (BTU/SQFT/DEG/DAY) (BTU/SQFT/DAY)
TYPE 1: 9.0 0.0
TYPZ  2: 9.0 0.0
NUMBER OF COMMERCIAL BUILDINSS OF
TYPE 1 :
TYPE 2

RATE OF COMMERCIAL MARKET PENETRATION
LOGISTIC FUNCTION USED WITH:
1-TNTITIAL PERCENTAGE= 597.00
2-YEAR WHIN 100% OF DEMAND [S ON SYSTEM= 2

LENGTH OF COMMERCIAL DISTRIBUTION SYSTEM: 0.20 MILES
AVERAGE COST PER HOOKUP FOR A COMMERCIAL BUILDIUI: $

FINANCIAL CORDITION PARAMETERS

#
n 35

33
U1

==

24

37
25

39
20

L]

B L T T ey —

ECONOMIC ACCOUNTING METHOD: 3-NPV % DISC AV5 COST

SYSTEM SELLING PRICE (3/MIL. BTU):
GEOTHERMAL SECLLING PRICE IS A MULTIPLE Q7:
ELECTRICITY PRICE, FACTOR= 0.79
STUDY PERIOD: 20 YEARS; INTERVALS OF S5 YRS
RESQURCE ASSESSMENT PESRIOD (YEARS): 0

ANNUAL RESOQURCE ASSESSMENT COST: $ 3. THOUSAND

WELL COST ADJUSTMENT FACTOR: 1. 0090
ADJ. TOT. COST OF WELLS($THOUS.): 3293.139
HEAT EXCH., COST ADJUSTMENT FACTOR: 1.090
ADJ TOT COST OF HEAT EXCHS(3THOU): 34.511
3TORASE TANYX CAPACITY: 2.0 HOURS OF FLOW
CAPITAL EQUIPMENT LIFETIME IN YEARS:

WELLS 30.(0R PROJECT LIFE)
PIPING SYSTEM 30.(0% PROJECT LIFE)
HEAT EXCHANGER 12.(OR PROJECT LIFE)
IN-WELL PUMPS 10.(OR PROJECT LIFE)
H400KUPS 30.(OR PROJECT LIFE)
PEAKING S8OILER 30.(0R PROJICT LIFE)
STORAGE TANX 30.(OR PROJECT LIFE)
DISCOUNT RATE (PERCENT): 2.00
INTEREST RATE (PERCENT): 12.090
COST CALCULATIONS ARZ IN REAL DOLLARS
INFLATION RATE (PERCENT): 8.00
TAXES:

COST OF ELECTRICITY (CTS/KWH)
COMPOUNDING FUNCTION USED WITH:
1-INITIAL ELEC. PRICE= 5.50
2-PERCENT ANNUAL CHANGE= 1.50

FOSSIL FUEL COST ($/MIL. 8TY)
CO4POUNDING FUNCTION USED WITH:
INITIAL FOSS. FUEL PRICE= 5.009
PERCENT ANNUAL CHANGE= 3.500

5930.

ANVIABYIN 1380V
AHOLYHOBY SOISAHd 3Nddv
ANSUIAIND SNIOH SNHO 3ML



I uy JPSR. ¥ MAINT. COST (% OF CAPITAL):
? 30 BOILER COST(3/100X BTU/HR):
b 22 PIPE COST (3THOUSAND/MILE):

1500.00
250.000

* = COST OF INITIAL CAPITAL EQUIPMENT * *

. 139
.000
51
. 750
.543
.4y

L1420

2.239

THOUSAND
THOUSAND
THOUSAND
THOUSAND
THOUSAND

3 THOUSAND

THOUSAND
THOUSAND

WELLS: $ 329
DISTRIBUTION SYSTEM: $ 193
HZAT EXCHANGERS: $ 34
PUMPS: $ 28
HOOKU?S: 3 55
PEAKING 30DILER: $ N
TRANSPORT SYSTEM: $ 104
STORAGES TANK: $ 52
* TOTAL * 3 394

_29-
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GRITS:

GEOTHERMAL RESOURGE. INTERACTIVE TEMPORAL SIMULATION

27-May-32

CENTER FOB METROPOLITAN PLANNING & RESEARCH, THE JOHWS HOPXINS UNIVERSITY

AREA URDER COHSIDERATION

GRITS SAMPLE QUTPUT--RESIDENTIAL-COMMERCIAL APPLICATION

RESIDENTTAL-COMMERCIAL SCEMARIG IN YEAR O

SAFISBJRY,MD

WELLHEAD WATER TEMP.{DEC. FAHR.): 150.0
DEPTH "0F UBWELL {FEET): 5009,
HOUSING TYPE: B
SYSTEM DESIGN TEMP.(DEG. FAHR.): 30
CAPITAL EQUIPMENT LIFETIME IN YE&RS
WELLS 30:{DR PROJECT LIFEY
PIPING SYSTEM 30.{0R PROJECT LIFE}
HEAT EXCHANGER 10.(QR. PROJECT LIRE}
IN-WELL PUMPS 10.{0% PROJECT LIFE)
HOQHYPS 30.{03 PRGJECT LIFE)
PEAKING BOILER 30.{DR PROJECT LIFE)
STORAGE TANK 30.{0R PROJECT LIFE)
WELL - 203T ADJUSTMENT, FACTOR: . .00
HEAT EXCH. COST ADJUSTMENT FACTOR: 1,000
AVERAGE COST _PER HOOKUP: 3 257
MKT 'PENETRATION: 13.0%; HOUSEHOLDS: 29.
OST OF ELECTRICITY (CTSIKHH) 5.500
REJECT TEMPERATURE (DEG.FAHA.}: 85.'0
BIPE COST  CATHOUSAND/MILE): 250,000
OEPTH OF REINJECTION WELL (FEET): 5000,
STORAGS TANY CAPACITY (GALLONS): 24304,
REAL/NOAINALS: R INFLATION: RATE(RS: 4:00
DRAMDOAN OF -UPWELL (PERCENT): 2.65
INTEREST RATE (PERCENT): 12.00.
MIN. AMBLENT TEMPERATURE (DEG.FAHR.}: -5,
FOSSIL FUEL -COST {$/MIL. BTU): 6.00
BOILER COST($/100K BTU/HR): 1500, 00
MAXIMUM FLOW RATE (GAL./WINUTE): 200.00
STUDY PERIOD: 20 YRS} INTERVALS OF 5 ¥RS.
MARKET SATURATION [%): 70.00

PCT, OF DISTRISB, SYS. BUILT THIS YEAR: 52,
SYSTEM SELLING PRAICE ($/HIL, BTU): 11.28

DISCOUNT RATE (LN PERCEHT): 2.00
TRANSPORT DISTANCE (MILES): 0.2%9

TAXES: .
ECONOMTC ACCOUNTING METHOD: NPV & DISC, AVG, COST
RESOURCE ASSESSMENT: O YRS -2 STHOU. D./XR
NUMBER OF PRODUCTION 'WELLS: 1

HUHBER OF REINJECTIDN JELLS: A
QPER. & MATINT. COST (% OF 'CAPITAL): 1.00%
COMM, FLOORS“ACE o LINECRHOU.SQ FT): 20.
cOsT FOR COMMERCTAL, HGGWUP $ 5090.00
MKT PENETRATION: 50.0%; BUILDINGS: b,

RESULTS OF RESIDENTIAL-COMMERCIAL MODEL FOR YEAR-

PUMPING ESHERGY:
AMNUALTZED COSTS

WELL COSTS: 4, 067
DISTRIBUTTION SYSTEM COSTS: 13.254
AEAT EXCHANGER COSTS: 8.123
ORIGINAL PUMP COSTS: 5. 038
HOOXUP COSTS: 1.279
PUMP OVERHAUL TOSTS: 4,005
PUMPING COSTS: 0.%00
PEAKING SOTLER COSTS: 10,904
FOSSIL FUSL COSTS: 0.758
TRANSPORT COST: 13.930
STORAGE TANY COST: 8.333
OPERATION AND MAINTENANCE COSTS: Boomt
RESOURCE ASSESSMENT COSTS: o.coo
TOTRL ANNUAL WELLYZAD £O3TS: 6? 7u1

TOTAL ANNUAL SYSTEM COSTS:. 17, 217

WELLHEZAD COST PER.GEO MIL. BTU($): 18.72
SYSTEM COST PER MIL. BTU($): 34,01

REVZINUZ (% THOUSANDS): 38.8%1
NET REVENUS (3 THOUSANGS): -78.326

#{BASE PERIOD FOR: COSTS. IS SPRINT, 1930

LENGTH OF DISTRIBUTION SY3TEM: 0. 40. MILPS
TOTAL RESIDENTIAL 3TU'S (MILLIONS)t 2694.65
‘TOTAL GIZOTHERMAL BTU'S {MILLIONS): '3351.55
TOTAL -SYSTEM BTU'S (MILLTONS): I446.63
COEFFICIENT OF PERFORMANCE: 108,003
PERCENTAG’“GEOTHERW&’ UTILIZATION: 5.589
PERCENTAGS SERVICE GEZOTHERMAL: 97.24

0.009 MILLION KdH
(THOUSANDS OF DOLLARSY:

)

- - -“ - - - -

BAGE 4

QHYAEYA 13Ny
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GRITS: GVOTHERHAL RESOURCE INTERACTIVE TEMPORAL SIMULATION 27-"ay-80 PAGE 5
CENTER FOR METROPOLITAN PLANYING 3 RFSEAHCH, THE JOHNS HOPKINS UHIVERSITY

GHLTS SAMPLE OUTPUT--RESIDENTIAL-COMMERCIAL APPLICATION

RESIDEHTI&L COMMERCIAL SCENARIQ IN YE&R 5 RESULTS -OF RESIDENTIAL-COMMERGIAL WODEL FOR. YEAR 5

______________________ ok ke e e e e e e A R e e e ———

OPTION VALUE

GRYIALYIN T3HNYT
AHOLYHOEYT SOISAHE Q3NddY
ALSHIAIND SNINGOH SNHOM 3HL

10, AREA UNDER couszngn , ._ISBURY,MD LENGTH OF DISTRIBUT101 STSTEN: 0,73 MILES
11 WELLHEAD WATER TEMP.(DEG. FAHR.}: 153,.0 TOTAL RESIDENTIAL BTU'S {MILLIONS): 9385.05
12 DEPTH OF UPWELL (FEET): soao TOTAL GEOTHERWAL BTU'S; (MICLIONSY: 11077. 24
13 HOUSING ‘TY¥PE: TOTAL SYSTEM BTU'S (MICLIONS): 11384 20
A4 SYSTEM DESIGH TEMP.(DEG, FAHR.}: 30 COEFEICIENT OF PERFORMANGE: 31.950
15 CAPITAL EQUIPMENT  LI¥ TIHE IN YEARS: PERCENTAGE GZOTHZRMAL UTILIZATION: 19745
WELLS 30.(0% PROJECT LIFE) PERCENTAGE SERVICE GEIDTHERMAL: 97,30
PTPING . SYSTEM aogtoq PROJECT LIFE) PUMETNG SNERGY: 0.102 MILLION K4H
HEAT EXCHANGER 10.(OR PRDJECT LIFE) AHNYALTZED COSTS: {THOUSANDS OF DOLLARS)
TH-WELL PUMPS 10.(0R PROJECT LIFE} WELL COSTS: 29,932
HOOKIPS 30.(0R PROJECT LIFE) DISTRIBUTION :SYSTEM COSTS: 20457
PEAKING BOILER  30.(0R PROJSCT LIFE). HEAT EXCHANGER COSTS: 8,157
STORAGE TANK 30.(08 PAOUSCT LIFE) IRIGINAL :PUMP COSTS: : 3453
16° WELL COST ADJUSTMENT FACTOR: 1,000 HInKUP COSTS: 3.531
47  HEAT EXCH. COST ADJUSTHENT £ACTOR:  1.000 PUMR OVERHAUL TOSTS: §.005
18 AVSRAGE COST PER HOGKUP: a8’ 267, PUMPING 'COSTS: 6.019
19 MKT PENSTRATION: 55,;0%; HOUSEHOLDS: 107! PEAKING BOTLER COSTS: 7421
' 20  COST OF ELECTRICITY (CTS/KWH): 5.525 FOSSIL FUEL COSTS: 2.909
23, REJECT TEMPERATURE (DEG.FAHR.D: 85,0 TRANSPORT COST: g. 514
o 22 PIPE CAST: CETHOUSAND/MILE): 255360 STORAGE TANK COST: 5,671
£ ORERATION, AND MAINTENANCE COSTS: a ELS)
| .23, DEPTH OF RETNJECTION WELL (FEET): 5900, RE soquE ASSESSMENT COSTS: 0..000
‘24 STORAGE TAN{ CABRACITY (GALLONS): 24000, e rems s mmm e mem e
25  REAL/NOMINALS:R; INTLATION AATE(R): 8.00 TOTAL ANNUAL WELLAZAD.COSTS: 56. 459
26 DRAWDOWN OF UPWELL (PERCENT): 8.7 TOTAL AHMUAL SYSTEM COSTS: 106, 143
27 INTEREST RATE {(PERCENT): 12,00
‘23 MIN. A¥BIENT TEMPERATURE  (DEG.FAHR.): 35, WELLHEAD COST -PER GEO MIL, BTU(S): 4,56
29°  FOSSIL FUEL GOST (3/vIL. BTU): 7.13 SYSTEM COST PER: MIL. BTU(H): S 9032
'30°  BOILER COST($/100% BTU/HR): 1500..00 .
32 MAXTMUM FLOW RATE (GAL./MINUTE): 200.00
33 STUDY, PERIOD: 20 YRS; INTERVALS OF 5 YRS REVENUE '(§ THOUSENDSY: 138.383
39 MARKET SATURATION. (33: 70700 YET. REVENUZ (3 THOUSANDS): 32,235

35 8¢T, OF DISTRIB. SYS. BUILT THIS YEAR: Q.
35 SYSTEM SELLING PRICE ($/MIL. BTU): 12,18

37 DISCOUNT RATE CIN PERCENT): 2,00

3% TRANSPORT DISTANCE {MILES): 0.:259

39 TAXES: ] .

Uy SCONOWIC ACCOUNTING METHODT NPV % DISC. AVS, COST

4} RESDUACE ASSESSMENT: O YRS 2 $THOU 0./YR )

42 AUMBER OF :PRODUCTION WELLS: T ®{BASE PERIOO FOR 'COSTS IS SPRING, 1930 )

3 {UMBER OF REINJEICTION WELLS: A
' APER, % MAINT. CDST (! OF CAPITAL): 1.00%
45 COMM; FLOORSPACE 0N LINE({TROU.5Q FTI: 49,
ug COST 'FOR COMHERCIAL HOOKYPY & 590,00
21 MET PEHPTRATION 100 US ‘BUILDINGS: T
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SGRITS SAMPLE OUTPUT--RESIDENTIAL-COMMERCIAL APPLIGATION

RESTDENTIAL-COMMERCIAL SCENWARIC IN YEAR 19

AREA' UNDER CONSIDERATION: SALTSBURY,MD
WELLHEAD WATER TEMP,{DZG. FAYR.): 150..0
DEPTH 2F UPWELL (FEET): 5000,
YOUS ING TIPL 6
SYSTEY DESIGN TEMP.(DEG. FAHR.): 30
CAPITAL EQUIPMENT. LIFETIME IN YEARS:
WELLS 30.(0R P
PTPING SISTEW 30,(0% PROJE )
HTAT EXCHANGIR 10, (OR PROJECT LIFE)
IH-WELL PU4ES 10.{0R PROJZCT LIFED
HOOKUPS 39.(0R PROJECT LIEE)
PEAKING BOILER: 39.({0% PROJICT LIFE)
STORAGE _TANK 30.{0% PROJECT LITE}
WELL COST _ADJUSTMENT EACTOR: 1.000
HEAT EXCH. COST ‘ADJUSTAENT FACTOR: 1, 000
AVERAGE COST PER. HOOXHP: 3 267.
AKT PENETRATION: 95.0%; HOUSEHOLDS: 185.
£OST OF SLECTRICITY (CIS/KWH): 6:383
REJZCT TEMPEZRATURE (DEG,FAHR.): 85..0
PIPE COST  C(STHOUSANI/MILED: 259,009
DEPTH OF REINJEGTION WELL (FEET): 5000.
STORAGE TANY CAPACITY (GALLONS): 24349,
REAL/N{INALS:R; INFLATION RATE(RZ)Y: 9.00
DRANDOWY OF UPHELL (PERCENT): 43
INTEREST RATE (PERCENT): RE2T)
MIN, AMBIENT TEMPERATURE (DIG.FAHR.): =5,
FOSSIL FUSL COST ($/MIL. BTU): B.45
A0ILER COST(3/100K BTU/HR): 1500.09
MAXTMUM FLOW RATE (SAL./MINUTE): 200.00
STYDY PERIOD: 20 YRS, INTERYALS 2F S YRS
MARKET SATURATION (:) 75,90

SCT. OF DISTRIB, SYS. BUILT THIS YEAR: ‘0.
SYSTEM S”LLIN PRICE ($/MIL. STUM 13.10

DISCOUNT RATE (IN PERCENT):. 2.00
TRANSPORT DISTANCE (MILES): 0,250
TAXES:

SCONOMIC ACCOUNTING METHOD: NPY & DISC. AVG.
RESOURCE ASSESSMENT: 0 YRS. 7 3THOU 2, /YR
NU4BER OF PRODUCTION WELLS: 1
NUMBER 0F REINJECTION WELLS: 1
JPER. % MAINT. COST (% OF CAPITALY:  1.00%
£oMM. FLOORSPACE 04 LINE(THOU.SQ £Tj: 43,
COST- FOR COYMMERCTAL ‘HODKUP: $ 500, 00;
MKT PENSTRATION:1DJ.0%;  BUILDINGS: 7.

RESULTS OF RESIDENTIAL~-COMMERCIAL MODEL FOR YEAR 10

LENGTH OF DISTRIBUTION SYSTEM: 0. ?9 MILES
TOTAL RESIDENTIAL BTU'S [MILLIONS): 170355.514
TOTAL GEOTHERMAL BTU'S {MILLIONS): 18075. 86
TOTAL SYST ¥ 3TyU's (MILLIONS): 18556, 69
COEFFICIENT OF PERCORMANCE: 19.514
PERCENTAGE GEOTHERMAL UTILIZATION: .75
PERCENTAGE SERVICE GEOTHERMAL: 97.34
PUMPING SNERSGY: OU271 MILLION KdH
AHNNUALIZED COSTS (THOUSANDS OF DOLLARS):
WELL COSTS: . 20.u12
DISTRIBUTION SYSTEY COSTS: 13.923
HEAT EXZHANGER COSTS: 6,103
QRTGINAL PUMP COSTS: 5.0488
HO0ZUP 5QSTS: 5,332
PUMP QVERASUL COSTS: 4,005
‘PUMPING COSTS: 17.329
PEAKING BOTLER COSTS: 5,059
F085IL FUEL COSTS: 5.559
TRANIPORT COST: L4715
STORAGE 'TANYX COST: 3.850
OPERATION aND MAINTENANCE COSTS:. “8.941
Rrsouwcs ASSESSYENT COSTS: 0.000
TOTAL ANNUAL WELLHEAD COSTS: 55.142
TOTAL ANNUAL SYSTEM COSTS: 102,138
WELLHEnD ‘COST PER GEO 4IL. BTU(§): 3.05
SYSTEM COST PER MIL. BTU(S): 5.50
REVENUE {4 THOUSAND3): 243,174
AET REVENUE (F THOUSANDS): 14.1, 035

#{BASE PERIOD FOR COSTS IS SPRING, 1932 ]
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‘GRITS: GEOTHERMAL RESOURCE INTERACTIVE TEMPORAL SIMULATION 27-May-30 PAGE 7 O35
CENTER FOR YETROPOLETTAN PLANWING & RESEARCH, THET JOHNS HOPKINS UNIVERSITY 2Pz
R
GRITS SAMPLE DUTRUT--RISIDINTIAL-COMMERGIAL APPLICATION % %g
3Pz
RESIDENTIAL-COMMERCIAL STENARIO IN YEAR 15 RESULTS OF RESID"NTI&L COMMERCIAL MODEL FOR YEAR 15 z ;:g
__________________________________________________________________________________________________________ S
LOPTION vaLuz © 82'r,<,
_________________________________________________ ——- e e M et m e — i m e m e mmm—mm—m e mmm DB
10 NREA UNDIR CUNDID“RRTIO“ SALTSBURY,MD. LENGTH:OF DISTRIBUTION 3YSTou: 0.79 MILES 5
11 WELLHEAD WATER TEMP.(DEG. FAHR.}! 159.0 TOTAL RESIDENTIAL BTU'S (MILLIONS9:  17953.73 o~
12 DEPTH 'OF UPWELL (FEET)! ‘ 5000, TOTAL GIOTHERMAL BTU'S (MILUTONS): 18359.59 )
13 HOUSING TYPI: 6 TOTAL SYSTEM BTU'S (MILLIONS): 1945787 =<
1 SYSTEM DESIGH TEMP.{DEG. FAHZ.): 32 COEFFICIENT OF PERFORMANCE: 18,603
15 CAPITAL EQUIPMENT  LITETIME IN YEARS: ‘PERCENTAGE GEOTHERMAL UTILTZATION: 33:28
JELLS 39. (0% BYQJECT LIFE) PERCENTAGS SERVICE GEOTHERMAL; 9734
FIPLHG SYSTEW 97 PROJECT LIEE) PUMBING ENERGY: 0.298 MILLIGN KiH
HEAT -EXCHANGER OR ‘PROJECT LIFE} KNNUALTZED COSTS (THOUSANDS QF DOLLARS):
TN-dELL BUMPS . PADJECT LIFE) WELL COSTS: 13.892
HAI0K!IPS PROJECT LIEE) DISTRIBUTION SYSTEM COSTS: 9 433
PEAKTING 3OILER 3.{QR PROJECT LIFE) HEAT EXCHANGER COSTS: SA57
STORAGE TAWK, (DR FROJSCT LITE) 93IGTNAL. PUMP COSTS: 3;n53
16 WELL COST ADJUSTHENT FACTOR: 1.002 4OOKUP COSTS: 4.022
17 HEAT EXCH. COST ADJUSTMENT FACTOR:  1.00D 2Udp OVERHAUL COSTS: 4,005
18 AVIRAGE COST PER HOOXUP: $ 267. PUMPING COSTS: 20,524
19 4KT PENETRATIQN:100.0%; HKOUSZHOLDZ: 193, PEAKING BOILER COSTS: 3.437
1 20 COST OF ELECTRICITY (CTS/XWH): 6.575 F0SSIL FUEL COSTS: 6.914
21 BEJECT TEMPERATURS (DEG.FAHR.): 85.0 TEANSPORT COST: 4.497
o 22 PIPE COST “(FTHOUSAND/MILE): 253. 000 STORAGE TANHY COST: 2.627
Sy . DPERATION AHD MAIHTENANCE COSTS: 3.941
. 23 DEBTH OF RETHJECTION WEEL (FEET): 5000. RESOURCE ASSSSSMENT COSTS: 0.000
24 STORAGE TANK -CAPASITY (GALLONS): 280008 e oo z-
25  AEAL/NOMINALS:R; INFLATION RATE(L): 8.00 TOTAL ARNUAL WELLHEAD COSTS: 43,350
25  ORAWDOWN OF UPWELL (PERCENT): 15. 08 TOTAL .ANNUAL SYSTEY £0STS: 85.96%:
27 TMTEREST RATE (PERCENT): 12,00
28 MIN,’ AMIIENT TEMPERATURE (DEG.FAHR.): 5. WELLHEZAD COST PER GED MIL. BTU(%):  2.55
29 F0SSIL. FUEL COST (%/MIL, BT): 10.05 SYSTEM COST PER WIL. BTUGS): Bl
30 BOILER COST($/100¢ BTU/HR): 1500.00
32 MAXTMUM FLOY RATE (GAL,/MINUTE): 200,00 . B
33 STUDY PERI&GD: 20 ¥RS; PNTERVALS OF 5 YRS REVEHUZ (4 THOUSANDS): 274.633
34 MARKET ‘SATUTATION (%) 70.00 MET REVENUZI (3 THOU3ANDS): 188.76%;
35 ®CT, OF DISTAIB, SYS. BUILT THIS YEAR: 0.
36 srsrrw AELLINT PRICE ($/MIL. :BTUY: ~ 1.1
37  DISCOUNT RATE (IN PERGENT): 2.00
33  TEANSPORT DISTANSE (MILES): 0.2%9
33 TAXES: :
33 ZCONOAIC ACGDUNTING METHOD: NPV & DISG. AVG. GOST
4i  RESOUICE ASSESSYENT: 0 _raS @ 3THOU 0. /1R o , . .
42 NUMBER '0F PRODUSTION WELLS: 3 *(BASE PERIOD FOR COSTS IS SPRING, 1930 y
u3 3ER OF REINJECTION WELLS: 1 :

4y SPZR. % MAINT. COST (l OF CAPITAL): T.00%
4s  TOMM. FLOOASPACE QN LINT(THOU,SQ FT) oo,
43 X0ST Fom COMMERCIAL HIORUP: § 590,00
1 MKT PENETRATION 1305083 BUILDINGS Ta

&3 - [ -‘ - - -
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GEOTHERWAL RESQURCE INTERACTIVE TEMPORAL SIMULATION

2T-May-3Q

FOR METROPOLITAN PLANNING ¥ RESEARGH, THE JOHNS HOPKINS UNIVERSITY

GRITY SAMPLE OUTPUT--RESIDENTIAL-COMMERCIAL APPLICATION

RESIDENTIAL-COMMERCIAL SCENARIG. IN YEAR 19

_______ " —_————

YALUE
ARER uwn-a CONSIDERATION: SALISBURY,MD
WELLHZAD WATER TEMP.(DEG. FAHR.):  159.0
DEPTH OF UPWELL (FEZET): 5000,
HOUSTHG TYPL: &
SYSTEM DESISN TEMP.(DEG. FAHR.): 30
CAPITAL EQUIPAENT = LIFETIME IN YEARS:

WELLS 30,{0% PROJICT LIFE)

'€OST FOR COMMERCIAL HOOKUP: %,

PIPING SYSTEM .30, (0% PROJECT LIFE}
YEAT EXCHANGER 19,{D8 PFROJESCT LIFE)
IN=-XELL PUMPS 10.(0R. PROJECT LIFE)
»HDOKUPS 33.(0% PROJECT LIFE)
PE AKIMG SOILER 3J.(0R PROJECT LIFE)

STORAGE TANK 39,(0R, PROJICT LIFE)
WELL CO3T ADJUSTMENT TACTOR: 1.000
HEAT EXCH, COST ADJUSTHENT FACTOR: 1.000
AVERAGE COST PER HDDKUP $ 287,
KT PENETRATION:130.0%; HOUSEHOLDS: 195,
COST" OF ELECTRICITY (CTS!(NH) 7.293
REJECT TEHPERATUHF {DEG,FANG.): 85.0
PIPE COST (ATHOUSAND/MILE): 250,009
DEPTH: OF REINJICTION, WELL {FEET): 52040,
STORAGE TANL, PHPR”!TY (GALLDONS): 24200,
REAL/NOMINALA:R: INTLATION RATE(L)}: 8.00
DRANDOAN OF UPHELL (PERCENT )= 13,00
INTEREST RATE (PERCENT): 12.00
MIN. AMBIEUT TEMPERATURE (DEG.FAHI. bE -5,
FOSSIL FUEL COST ($/MIL, BTUD: 11.5H
BOILER COST($/100% BTU/HRY: 13003, 00
MAXIMUS FLOW RATE (GAL./MINUTE): 200.00

STUDY PZIRIOD: 29 YRS; IMTEAVALS OF 5. YRS

MARKET SATURATION (%): 79,00
PCT. OF PISTRIB. SYS. BUILT ‘THIS YEAR® 0.
SYSTEM SELLING PRICE ($/HIL. BTU): 14.97

DISCOUNT RATE (1N PERCEHT): 2.00
“TRANSPDRT DISTANCE (MILES): ‘0, 2640
“TAXES:

ECONOMIC ACCOUNTING METHOD: WIPY & DISC: AVG.

RESOURCE ASSESSMENT: O YRS 2 ASTHAY a.x!n
NUMBER OF PRODUCTION HELLS

NUMSER, 0F REINJECTION WELLS:

APER. & MAINT. COST (3 OF CAPITAL): T 001

LoMM. FLOORSPACE ON LIKE(THOU.SQ FT): b
590,00

MKT PENETRATION: 120.0%; BUILOTIHGS:
AR

cosT

T
*¥ INITIAL GAPITAL COST:
*A¥ NET PRESENT VaLUEZ:
R DISCOUNTED AVERAGE
sAb DISC. AVG WELLHSAD COST:
*3¢ BREAK-EVEN

AESULTS OF RESIDENTIAL-COMMERCIAL MODEL FOR YEAR 19

ENGTH 0OF DISTRISUTION SYSTEM
TOTAL RESIDENTIAL BTU'S (MILLIONSY:
TOTAL GEQTHERMAL ATU'S (MILLTIONS):
TOTAL SYSTEM ENatRE:T (WIL‘IONS)
COEFFICIENT OF PERFORMAHCE:
PERCENTAGE GEOTHSRMAL UTILIZATION:
PLRCFHT&GF S‘RVIC“ GEOTHIRMAL:
PUMPING ENERGY:
AMHUALIZED (COSTS

AELL COSTS:

DISTRIBUTION SYSTEY COSTS:

HEAT EKCHAN"R COaTS

QR[GIMRL "PUMP COSTS:

HOOXUP COSTS:

PUMP OVERHAUL COSTS:

PUMPING COSTS:

PEAKING BOILER COSTS:

FOSSIL FUEL COSTS:

TRANSPORT COST:

STORAGE TANZ COST:

OPERATION AND MATINTEMANCE COSTS:

R’SOUR”E ASSESSHEMT COSTS:

TOTAL ANVUAL WELLHZIAD COSTS:

TOTAL AMNUAL SYSTEM COSTS:

WELLYEAD COST BRER GEOQ WIL. BTU(S):

SYST’% COST PER MIL. BTUCS):

REVENUE (% THOUSANDS):
NET REVEZNUE- {§ THOUSANDZ}:

*{BASE PERIOD FOR COSTS IS:SPR[NG.

894,065 THOUSAND DOLLARS L
1508.955 THOUSAND DOLLARS bl

CasT: T:011 DOULARS/MILLTON 3TL #ee

3.79% DOLLARS/MILLION BTU *te

POINT ACHIEVED IH YEAR & LLi

0579 MILES

17953.73
18950,69
19457,37

18,603

33.28
97.3%

0.29% MILLION KWH
(THOUSANDS OF DOLLARS):

10.211
6.953
3.955
2.545
2,955
‘4.005
21.784
2u528
kL
w232
331

Lrel
£
-y

.939
. 095

2.32
3087

-
e WS

291. 431
215.375

1532 b3

PAGE 8
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SI0THERYAL RESOURCE TNTERACTIVE TEMPORAL SIMULATION

VERSION A4
_SRMPLE OUTPUT OF INDUSTRIAL SCENARTO-

FORMULATED  BY BILL. BARRON:

.—Bg_

MRITTEN 3Y PETER KROLL

A MHCW W M ow W w w mTw a  n N M R ok W R W R M W W W

ADDITIONAL. PROGRAMMING BY SUSAN MITCHELL

CEATER FOR METROPOLITAY PLANMING % RESEWRCH
THE JOHN3 HOPKINS UNIVERSITY
BALTIMORE, MARYLAND 21218

APRIL 1932
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GRITS: GEOTHERMAL RESOURCE INTERACTIVE TEMPORAL SIMULATION 27-May-30 PAGE 1 coz
CENTER FOR METROPOLTTAN PLANNING & RESEARCH, THE JOHNS HOPKINS UNIVIRSITY 5 & b
F g
-GRITS SAMPLE OUTPUT--INDUSTRIAL APPLICATION i§»€3 2
B W
UBASE PERIDD FOR COSTS 1S SPRING, 1930 ). gg._‘g
Zm-E
INDUSTRIAL SCEYARIG PARAMETERS %?;
5
PROGRAM OPERATING CONDITIONS Ej <
............................ 3
# 2 OUTPUT FILE MAME: IHDUST.GAT -2
# 4% TITLE OF -SCENARIO: (DISPLAYED ABOVE, IF ANY)
# 5 TMDUSTRIAL SERVICE CHOSEN,
4 3  DATA FILES WILL NOT SE GENSRATED,

RESQURCE COMDTITLAN PARAMETERS

# 42  WUMBER OF PRODUCTION WELLS: i
# 12 DEPTH OF UPWELL (FEET): 5004,
# 11 WELLHEAD WATER TEMP.{DEG. FAHR.)

LINEAR SUNCTION USED WITH:

1-INITCAL WATSR TEMP,= 159.0

2-ANNUAL DROP IN TE€4P.= . 0.0 y
# 21 REJECT TEMPERATURE (DIG.FAHR.): 85.0
% 23 DEPTH OF REINJSCTION JELL.(FEVT) 5009,
# %3 §UMBER OF REINJECTION WELUS: 1
# 25 DRANDOWY OF UPWELL (PERZENT),

LINEAR FUNSTION.JSED WITH:
THITLIAL DRAWDOWN= 15.0)
ARNUAL CHANGZ= 9.09

¢ 32 FLOW EROM WELL (GBM),
LTNEAR FUNCTTON USED WITH:

- 69 -

INITIAL FLOWz 209,00
ANYIAL CHANGE= 0, 00,
# 33  TRANSPORT DISTANCE (MILES) : 0..25

INDUSTRIAL DIMAND CGND[TIOV PAR&MLTER

¥ o3 TNDUSTRIAL UTILIZATION FACTOR. (3): 25.00
FINANCIAL CONDITION PARAMETERS

[ "CONDiIC ACCOUNTING METHOD: 3-YPV & DISC AVE COST
% 35 SYSTEM. SELLIN’ PRICE {F/MIL. BTUY:
GEOTHERMAL SELLING-PRICE 1S, & MULTIPLE DF:

. . ELECTRICITY PRIZE; FACTOR= 93.70
# 33 STUDY PERIOD: .20 {EARS; INTER¥ALS OF 'S YRS
# RESDURCE AS3ESSMENT PERIOD (YEARSY: 0

ANNUSL RESOURCE AS3SESSMENT COST: § . 3. THOUSAND
3 16 WELL COST ADJJSTWEWT FACTOR: G

4DJ, TOT, COST .OF WELLS(STHOUS.): 323.159
‘rT HEAT EXCH. COST ADJUSTHENT FACTOR: 1,000
. ADJ TOT COST DOF HEAT EXC HS(:THGU} 34511
24 .STORR E TANX CAPACITY: . 2.0 HOUWS aF FLOW
15 fAPIThL EUTPMENT LI”ETIWE IN YEARS:

LS 3 SOR PRQJECT" LIFE;
PIP[J’ SYSTEM 0..OR PROJECT LIFE

HEAT EXCHANGER, 140, (OR PROJECT LIFE)

e ER



TN-WELL PUMPS 12.(0% PROJECT LIFE) c

STORAGE TANY 39.(0R PROJECT LIFE), £

¢ 37  DISCOUNT RATE C(PERCENT): .06 @
# 27 INTEREST RATE (PERTENT): . Y2 00 T
£ 25  COST ‘CALCULATIONS :ARE IN REAL DOLLARS :
INFLATION RATE (PERCENT): 8.90 Z

# 39  TAXES: :
# 2)  COST OF ELECTRICITY (CTSYLWH) S

i

AHOIVHOBY SOISAHY G3IMNddY
ALSHIAINND SNINGOH SNHOM JHE

CO%POUﬂB[V” FUNCTION USED WITH:

1-THITIALELEC; PRICE= 5.50

2PERCENT ANNUAL -CHANGE= 1.59 .
§ by OPER, % MAINT. COST (% OF CAPITAL): 1.00%

* ®  COST OF INITIAL CAPTTAL EQULPMENT # -*

WELLSY $ 129,159, THOUSAND
HEAT EXCHANGERS: $ 34,511 "THOUSAND
PUMPS.: $ 28,759 THOUSANY
"TRANSPORT SYSTEM: % 194 420 “THOUSAND
STGRAGE TAHX: $ 239 THOUSAND
¥ TOTAL = 1 559.07% THOUSAND

_OL_
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GRITS: GEOTHERMAL RESOURCE INTERACTIVE TEMPORAL SIMULATION 27-Hay-80 PAGE 3 coi
‘CENTER. FOR YETROPOLETAH PLANNING % RESEARCH, THE JOUNS HOPKINS UNIVERSITY ﬁE‘Q
ru
. z ) i
GAITS SAMPLE QUTPUT--INDUSTRIAL APPLICATION 0z
<
. ~
INDUSTRIAL SCENARIO IN YEAR © RESULTS OF INDUSTRIAL MODEL FOR YEAR © %%E
,OPTION YALUE g g
19 AREA UNDSR CONSTOTRATION: . -SALISBURY,MD z . 3 3
17 WELLYHZAD YATER TEWE.{DEG. FRHR.): 150.0 PHMPING rnsa ¥ 0. 29!4 MILLION KWH i)
12 PEPTH OF UBYELL (FEET): ‘5008, COEFFICIENT OF PEAFORMANCE: 18.-603 <
) RNNUALIZED COSTS {THOUSANDS OF DOLLARS):
15 CAPLTAL EQUIPMENT  LIFETIME ‘IN YEARS: WELL COSTS: - B4, 057
’ WELLS : 3%.{0R PROJECT LIFE) YIAT EXCHANGER COSTS: 6.103
PTPING :SYSTEM 30.{0R PROJEICT LIFE) HGRISTYAL PUMP (COSTS: 5.038
HEAT EXCHANGER 10, (0% PROVECT LIFE} PUMP QVERHAUL COSTS: . 005
TH-WELL PUMRS: 10.{0R PROJECT LIFE) ANNUAL PUMPING TOSTS: 12:331
STORAGE TANK 30.{0% PROJICT L.IFE},. TRANSPORT COSTS: 13.930
15, WELL C£OST ADJUSTMENT FACTOR: Loue STORAGE TANK COSIS: 8.1333
17 HIAT EXCH. COST ADJUSTAEHT FACTOR: 1 oo OPERATION AND MAINTENAHCE COSTS: 5.531
RESOUACE ASSESSMENT COSTS: 9.000
23 COST OF ELECTRICTTY (CTFS/XHHI: 5.500 TOTAL AMWUAL AELLHEAD :COSTS: TH.09%
21 REJECT TEMPERATURE (DEG.FAHR.Y: 85.0, TOTAL ANNYAL SYSTEM COSTS: 89,502
\ 23 DEPTH OF REINJECTION WELL (FEET): 5000,
2l STORAGE TANX CAPACITY (GALLONS): 24080,
~d .25 CREAL/NOMINAL3Z;  INFUATION RATE(R): 8:09 HELEYTAD COST PER GED MIL, BTU($):  5.21
L 25 DRAWDOWH OF UPWELL (PERCENT): 15..00 “SY3TEM COST PER- MIL. BTU(S): 5.92
| 27  INTEREST -RATE {PERCENT): 12.50.
31 THMDUSTRIAL UTILIZATION TACTOR (3):  25.00 REVERUZ {5 THOUSANDS): 150, 624
32 MAXIMUM FLOW RATE. (GAL./MINUTE): 200.00 NET REVEHUI (3 THOUSANDS): 51,121

33 STUDY BERIOD: 20 YRS; INTERVALS 0F 5 YRS
35 SYSTEM SELLING PRICE (4/MIL. BTU): 11.8%;

37 DISCOUNT RATE LI P?RuEﬂT) ) 2.00

33 TRANSPORT DISTANCE (MILES): Q..250

39 TAXES: i :

43 ECOHOHI; ACCOUNTING METHMOD: BRY & DISC, AVG. COST

u1 RESOURSE ASSESSMENT: 0 YRS ? $THAU 0./YR

42,  WUMBER OF PRODUSTION WELLS: 1 ®(BASE PERIOD FOR COSTS I3 SPRING, 1930 3
53 HUMBER OF REINJECTION WELLS® 1

4y JPER. % MAINT. COST (1 OF CAPITAL): 1,008 .
*E¥ BREAKLEVEN POTNT ACHIEVED IW THIS YEAR xRN
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-
5 T INDUSTRIAL AEPLICKTION TE
SRITS SAMPLE QUTPUT--THDUSTRIAL APPLTCATION 3oz
=
INDUSTRIAL SCENARIO IN YZAR HESYLTS QF INDUSTRIAL MDDEL FOR-¥YZAR § 2 E H
e . g i gy s A g S i e o = oﬁ
e e e e e e e e e e A S A A A M A= - e g 8 e e e ™ g {,:I?:
10 AREA UNDER CONSIDEZRATION: TOTAL GEOTHERMAL-BTU'S (MILLTIONS): 15235, 00 .23~3
11 WELLHEAD WATER TEME.[DIG. PUMPTHG INERGY: 00224 MILLION K4H s )
12 DEPTH OF UPWELL (FEST): COEFFICIENT OF PIRFORMANCE: 18.603 =<
ANNJALIZED CoOSTS {THIUSANDS DF DOLLARSY:
15, CAPITAL EQUIPMENT  LIFETIME TN YEARS? WELL COSTS: 29.992
WELLS 30,798 PROJECT LIFE) HEAT EXCHANGER COSTS: b 4,137
PLPING SYSTEM, 30. (0% PROJICT LIFEY DRIGINAL PUMP COSTS: 3.453
AEAT EXCHANGIR.  10.{0R PROJEIT LIFE) PUMP OVERHAULL cosrs 4..005
IN-WELL PUAPS. 0. (OR PROJEICT LIFEY ANNUAL BUMPING SOSTS: 13.284
‘ STORAGE TANX 30, (OR PRDJECT LTRE) Tnuwsponr COSTSy 9.514
15 NELL GOST ADJUSTMENT FACTOR: 1.000, S5TOTAGE “TANX C£OSTS: 5,671
17 HEAT SXCH. COST ADTUSTAENT FASTOR:  1.0090 0? RATION AHD MATHTENANCE CO3TS: 5.5%1
RESOURGE ﬁS&”SaHENT £O8T3: 0.009
20 L0ST OF ELECTRICITY (CTS/(Wd): 5.925 -TOTAL ANNUAL WELLHIAD COSTS: 57.583
2%  REJECT TEMPERATUIE (DEG.FAHR.): 35.0 TOTAL ANNUAL SYSTEM COSTS: ' 75.675 -
' 23 DEZPTH OF REINJECTION WELL (FEET): .5003.
231 STORAGE TAYX CARACITY (GALLOWS): 24023, )
~d 25  AEAL/NOMINALSR; TUNFLATION RATECT): 85,00 FELLHEAD COST PER GE0 WIL: BTU(3): 4,05
K3 25 DR&WDOWN OF UPWELL (PERCINT): 15.00 3YSTEM 'COST PER MIL. BTU(E): 5:32
27, INTEREST RATE (PERCENT): 12..00
! 31 TUDUSTRIAL UTILIZATION TACTQR (3%): 25.00 REVENUZ (% THOUSSNDS): 173.037
32 MAXLAUM FLOW RATE (GAL./MINGTE)® 299,00 ET REVENUE (¥ TUOUSANDS): 97.38%
33, STUDY PERIOD: 20 YRS; INTEAVALS OF 5 RS '
35 SYSTEM SELLTHG PRICE (§/MIL. BTU): 12,35
37 DISCOUNT RATE ({H PERCENT): 2,00
33 TRANSPORT DISTANGE (MILES): 0.250
33 TARES:
4y ZCOMIMIC ACCOUNTING METHOD: JNPU & DISC. AYS. cosT
41 RESSOURCE ASSESSMENT: 0 YRS 2 $THOU 0./YR )
42 NUMBER OF PRODUCTION WELLS: 1 *(BASE PERIOD FOR.COSIS IS SPRINSG, 1939 )

43 NUMBER OF ACTHIZCTION WELLS: 1
ny APER. % MAINT. -COST (% .OF CAPITAL): 1.00%
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GRITS.SAMPLE -QUTPUT--TNDUSTRIAL APPLICATION

IHDUSTRIAL SCENARID [q YeEaR 12

oPTIOM anUE
19 AREA UNDER "ousxu~wnrlau " $4LI3BURY, 4D
11 WELUHEAD WATER TEMP.{DEG. FAHR.): 153.8
12 'DEFTH OF UPYELL (FEET): 5900,

i5  GAPITAL 3
HELLS

oLPLNG SYSTEW
HEART EXCHANG

IN-WELL PO

STORAGE TANK

QUIPYENT

LIFETIME IN‘}EARS}

39.{0R% PROJSCT LIFE)
39,0 PROJSCT LIFE)
12 (0% PROJECT LIFE)
qgs 10.{0% PROJECT LIFE)
31.(OR PROJECT LI”E]

15 WELL COST ADJUSTMERT FACTOR: L 000
7T HEAT EXCH. COST "ADJUSTMENT SACTOR: '1.Q39

27 cO%T oF ELECTRI’ITY LCTS/ AN 6.333
21 SEJECT TEMPERATURE (DEG.FARRLY 5.0

23 DEPTH 27 REI

HJECTION WELL (FEET): 5399,

24 STORAGE TANY CAPACITY (CALLONS): 24300,

25 RE&LFNDWIHALﬁq THTLATION RATE(Y: 3.09
| 26 DRAWDOWH 0F U“HELL (PERCENT): 15,09
o 27 THTEREST RATE (PnRCE"T) 12,00
b 31, THOUSTRIAL UT[‘[ZATIDH FACTOR (33v 25.700

32 MANTMUM FLOY RATE (GAL. fﬂINUT”)
33 5TUDY PEZAIOD

35 SYSTEM SELL
37 DISCOUNT RA

200,00
'20: ¥RS; INTEAVALS: OF 5 YRS
oRICE {3/MTL. BTUd:  13.10
£ {IN PZRCENT): 2.00

33 TRANSPORT DISTANGE {(MILES): 0.:250

39 TAXES:

49 TCONOMIC ACCOUNTING METHOD: NPV ¢ DISE. AVS, COST
41  RESOURCE. ASSESSMENT: 0 YRS 2 $THOU 3. F1R

42, NUMBER OF PR
U3 HUMBER OF RE

ODUTSTION WELLS: 1
INJECTION WELLS3:

1
B)  9PER. % MAINT: COST (1 OF CAPITAL):  1.00%

RESUTTS OF INDUSTRIAL MODIL FOR YZAR 10

TOTAL GEQTHERMAL BTU'S [(MILLIONS):

PUMPING SNERSY: 0,224

COEEFICIENT OF PERFORMANCE:
AHHUALIZED COSTS {THDUSANDS
JELL "COSTS:
HEAT EXCHANG:R CO3TS:
ORIGENAL PUME COSTS:
PUMP-OVERHAUL COSTS:
ANNUAL PUMPINS COSTS
THANSPORT COSTS:
STORAGE TANK COSTS:
OPERATION AND MATNTENANCE COSTS
QESGURCE ASSEISMENT COSTS:

TQTAL ANNUAL WELLHEAD COSTS
TOTAL ANMUAL SYSTEM £0STS:

AELLHMEAD COST PER Gofr 4IL.
SYSTEM COST RER MIL.

3TH{S )
BTU(ﬁ);

REVENUZ C% TdBJaANDS)
MET REVENUZ (b THOUSANDS):

¥ BASE PERIOD FOR COSTS IS SPRIUSG,

14235, 00

MILLTON XWH

13.50%

OF DOLLARS):

20,812
6.193
5033,
4,005

14,311
6.475
3.859
5.5%1
a. GDG

135.4110
120,541

1930 1

PRGE

5
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Pa3
GRITS SAMPLE DUTRUT--INDUSTRIAL ARPLICATION z cji
' : ' 7
[NDUSTRTAL SGEMARID TH YEam 15 RESULTS. OF INDUSTRIAL MODEL FOR -YEAR 15 = G e
e e e e e e o R e e e e B et b zZ =z
ITYRIES o gﬁ
A e e e e e e ek e e e e A e s T T e eSS T II"a
39 AREA UHDER CONSIDIRATION: saLisauay,: TOTAL GEOTHIAEMAL BTU'S (MILLIONI): 1423500 »5
A1 WEMLHEAD 4ATER TIME, (DEG. FAHA): 150.0 SUMPING ENERGY: D 229 MILLTON Kdf o=
12 DEPTM- 37 UPWELL -(FESTY: ! toIFSICTIENT OF PERFORMANCE: 13608 by
ANMUALIZED CDSTS (THOUSANDS OF DOLLARS): =
A5 CAPITAL EQUUPMENT  LIFETIME IN YEARS: WELL COSTS: 13.8%2:
YELLS 30.{0% PROJEST | HEAT CXCHANGER TOSTS: 4957
PIPING SYSTEY 39.00R PROJES JRTGTHAL PUMP~COSTS: 3.453
4EAT EXCHANGIR 12.%40% PROJECT LIF BUME OVZIRHAUL COSTS: ¥,005
IN-WELL “PUMPS 15. (OR PROJICT ANNUAL -PUMPING COSTS: 153,417
) STORAGE TANK 33,108 PRITICT TAANSPORT £OST3: L. gy
16 WELL £0ST ADJUSTMENT FACTOR: 'STORRGE TANY £0STS: 2.627
17 HEAT EXEY. COST ADJUSTMENT TAGTOR: 1.0 DQPERATION AND MATHTEHANCE COSTS: 5.531
: RESHURCE ASSESSYENT COSTS: .00
20, COST OF ELECTRICITY.(CTS/XdH): 5:875 TOTAL ‘ANNYAL WELLHEAD COSTS: 43.511
31 REJICT TIMPERATUSE (DEG,FRHR.): 85,0 TOTAL ANNUAL SYSTEM-COSTS: 53.53%3
23 DEPTY DF REINJECTION WELL CEEEI): ‘5004,
I .2k STHRASE TANS SAPACTTY (GALLONS):
_ 25 REAL/NOWMINALS$R; TNFLATION RATE(SY: .5.69 WELLYSAD, COST PER GED WIL. BTU(3):  3.06
~d, 25 DRAADOWN OF UPWELL (PERCENT): 15.00 : SYSTEM 508T PERMIL, BTU(3): 3.76
+- 2T LATERSST RATE (PERCENT): 12,90
1 31 CINDUSTRIAL UTICTZATION FACTOR ¢33:  '25.90 RENENUE ($ THOUSANDS): 290,817
32 MAXIMUM SLOYW RATE (GAL./MINOTE):r 207,00 HET REVENUZ (5. THOUSANDS): 147,259
313 STUDY PIRIOD: 20" ¥R5; INTERVALS OF S YRS
35 SYSTEM SELLING PRICE ($7MIL. BTU}: 4. 11
37 DISCOUNT RATE (IN PERCENT): 2,00
33 TRANSPORT DESTANCE (MILES): °0, 253
39 TAX2S: '
43 ICOUOATE ACCOUNTUNG WMETHOD: NPV & DISC. AVG. COST
N1 RESQUATE ASSESSYEYT: '0 YRS 9 $THAY WAT Y , )
42 NUMEER ;0F PRODUSTION WELLS: 1 A{BASE PERTOD. YOR COSTS IS SERING, 1932 )
43 [UM3ER 'OF REINIECTION WELLS: 1

iy IPTR, % MAINT. COST (! OF CAPITAL): 1.00%
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BREAK-EVEN POTNT ACHIEVED IN YEAR O
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GRITS SAMPLE OUTPUT--THDUSTRIAL APPLIGATION g a z
= w
TYDUSTRIAL SCEWARIO I¥ YEAR 19 RESULTS OF INDUSTRIAL MODEL FOR YEAR 19 5 E% <
----------------------------------------------------------------------- B e T et -] =
OPTION VALOE g by
__________________________________ A ———————— A = e o . R LR R R e i g P oA Al o o
19 AREA UNDER COHSIDERATION: 'SALISBUAY, 4D TOTAL SEZOTHER¥AL BTU'S- (MILLIONS): 14235, 00 %3
11 WELLHEAD WATER TEMP.(DEG. FAHR.Y: 159, 9 PUMPING- SNERDY: 0.224 MILLION K¥H gg
12 DEPTH OF UPWELL (FEET): 5003. COEFFICIENT OF PEREORMANCE: 15.609 =
) o ANNUALTZED COSTS: (THOUSANDS OF DOLLARS)
15 CAPITAL EQUIPMENT. LIFETIME IN YEARS: WELL COSTS: 12. 211
WELLS 30.108 PROJECT LIFE) HEAT EXCHANGER COSTS: 3: 055
PLPING SYSTEM 30.{0% PROJECT LIFE) ORLGTHAL PUMP COSTS: 2.545
HEAT EXCHANGER 10, {OR, PROJZCT LIFE) PUMP OVZRHAUL 'COSTS: 4.005
TH-MELL PUMPS. 10, (0% PROJECT LIFE) ANNUAL PUMPING COSTS? 15.35%
STORAGE TANK 30.(0R PROJECT GLIFE): TRANSPORT COSTS? 3.239
¥5  WELL COST ADJUSTMENT FACTOR: 1.000 STORAGS TANK COSTS! 1.931
17 HEAT EXCH. COST ADJUSTMENT FACTDR:  1.008 'DPERATION AND MAINTENANCE COSTS: 5.591
RTSOURTE ASSESSMENT cosrs 0. 009
200 TOST OF ELECTRICITY (CTS/XH): 7293 TOTAL ANHUAL WELL _AD CosTS: 33.843
21 REJICT TEMPERATURE (DEG,FAHR.): 5.0 TOTAL ANWIUAL SYSTEM COSTS: 45,940
23 DEPTH OF REINJICTION WELL (FEET): 5000,
2l STORAGE TANK CAPACITY (GALLONS): 24300,
25 REAL/NOMINALSR; INFLATION RATEC(): B8.00° WELLYCSAD. COST, PER GE0 MIL. BTULS): 2473
25 DRAWDOWN OF UPWELL (PERCENT): 15.00) SYSTEW COST PER-MIL. BTU(H): 3.30
27  INTEREST RATE (PERGENT): 12,000 . ]
31 INDUSTRTAL 'UTILIZATION ZACTOR (%): 25,00 REVEMUZ (3 THOUSANDS): 213,140
32 MAXIMUM FLOW RATE (G4L./MINUTE): 209,00 YET. REVENUE ('3 THOUSANDS): 155.199
33 STUDY. PERIOD: 20 ¥RS; INTERVALS OF S YRS
35 SYSTEM SELLING PRICE ($/MIL. BTUY: 14297
37T  DISCOUNT RATE (TN PERCENT): 2.100
33  TRANSPORT DISTANCE (MILES): 0.259
39  TAKES:
40 ICONJMIC ACCQUNTIAS METHOD: MNPV % DISC. AVG. COST
41  RESQURCE ASSEZSSMENT: 0 YRS 7 3THOYU 0./Y8 ] ) . )
42 WUMBER OF PRODUCTION WELLS: 1 "{BASE PERIOJ FOR COSTS IS 3PRING, 1930
43 NUMBER OF REINJESCTION WELLS 1
44 9PER. % MATNT. COST' (¥ oF captrar) C1.00% ,
**3 INTTIAL CAPITAL COST: 559.073 THOUSAND DOLLARS ViE
$19 NET PRESENT VALUE: 1991.712 ‘THOUSAND DOLLARS el
*¥¥ DISCOUNTED AYERAGE COST: U, Q14 DULLARS/MILLION BTY #¥
ves DISC. AVS WELLAZAD COST: 3.820 DOLLARS/MILLION BTU ®iw
[ 23 ERR
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Annualized costs, 38, 43-44
Assessment phase-and cost, 17-18, 38
Average codt, 37, 44
Boiler, peaking system, 19, 34, 41
Break-even point, 37; 45
Capital equipment costs, liferimes, 40-41
Capital recovery factors, 38—39, 43-b4, 54-55
Coefficient of performance, 4%
Commercial demand, 18-20, 33-37
Commercial heating, 18-20 34-35
Commetrcial scendrio in GRITS, 29-30; 59-67
Community heating, 18-20, 33-37
Default values, 12, 29-31
Demand:
Commercial, 18-20, 33-37
Industrial, 33, 37
Residentlal, 18-20, 33-37, 51-52
Design temperature, 19, 33-34
Discount rate, 21-22, 40
Discounted average cest, 37, 44
‘Discounted average wellhead cost, a7
Distribution system:
Commercial area, 34—35
Cost of, 34, 52
Design and length of, 52-53
Market saturation level 36
Residential housing, 34-36
Drawdewn, 17, 18, 25
Economic zccounting method:
Average cost, discounted, 37, 44
Wet present value, 38, 45
Nominal dollars, 20, 21, 38-40
‘Real dollars, 20, 21 38-40
Electriecity costs, 42
Energy (geothermal and total), 18-19, 32, 34
Evaluation peried, 17-18, 38
Floo¥ areag, commercial buildings,‘BS
Flow rate from well, 25, 32
Fossil fuel (sée also Peaking system):
Peaking system requirements, 19-20, 34, 52
Costs, 42 '
Fuel, peaking (see Fossil fuel)
Geothermal Resource Interactivé Temporal Simu-
lation {see GRlTS)
Geothermal well:

Depth, 25
~ Cost, 25, .45
GRITS:

Compiiter wodel definition; 12-13
Prograr options, .29-31

Running the program, 23-24
Sample preogram ocutput, 57-75

- 79 -

INDEX

Heat exchanger costs; 32, 41, 49
Hookup costa:
Commercial buildings, 35
Housing uplts, 36
Hourly weather data; 33
‘Housing types, .35, 53
‘Industrial demand; 18, 33, 37
Industrial process heating rautine. 18
Industrial scenario in GEITS, 31, 68-75
Inflation rate, rezl vs nominal dollars,
20-21, 38-40
Initial capital costs, 40-4l1
Interest rate, 20-21, 39-40
Lemgth of distribution ‘system:
Commercial area, 34=-35, 52-53
Market saturation level, 34-36, 52-53
Residertial .housing types, 34-36, 52-33
Length of tramsport system (see Transmis-
sion system)
Lifetime of project, 17-18, 38
Maintenance cests, 42, 43- 44
Market penetration rate, 36-37
Market gdaturation level, -36
Minimym amblent temperature, 34
Net present value, 37, 38, 45
Nowinal dollars, .20, 27, 38-40
Opeération and maintenance costs, 42, 43-44
Options 4in GRITS program, 29-31
Peaking system:
Boilers, 19, 34, 4l
Definition,“lﬁ {footnote)
Fuel costsg, 42
Fuel requirements, 19- 20, 34, 52
Prices:
Electricity, &2
Fogsil fuel, 42
Geothermal energy, 38, 44
Proctess heating, 18, 33
Production well:
Costs, 25, 41, 45
Pumping energy requirements 25, 32
Projeéct évaluation peried, 17-18; 38
Project: lifetime, 17-18, 3%
Pumps:
Maintenance; 48
‘Reinjection (surface), 47-48
Sizing and cost, 25, 32, 41, 45-48
Submersible (downhele, production well),
4 5-46
Transmission, 54
Pumping energy requireménts, 25, 32, 48-49,
54
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‘Rate of market penetration, 36-37
Real dollars, 20; 21, 38-40
Reinjection well:

Costs, 25, 41, 45

Pumping énergy requireients, 25, 32
Reject temperature, 32; 49-50
Residential/commercial . heating :system, 18-20
Residential demand, 18=20, 33-37
Residéntial scénarie in GRITS, 29~30, 59-67
Résource asseseément period. and cost, 17-18, 38
Resource conditions:

Drawdown, 25

Maximum hourly flow, 32

Temperature, 32

Well depth 23
Risk dssessment, 40
Rupning the GRITS program, 23-24
Sample GRITS program output, 57-75

- 80 -

8élling prige for geothermal energy, 38, 44
Storage tank size and cost, 32— 33, 50- 51
Trarsmission system:
Cost, 33, 53-54
Lerngth, 33 )
Pumping energy, 54
Utilization factor; 33
Utilization phase of evaluation peried,
17-18, 38-39
Weather data, 33
Wells. (see reinjection, production):
Flow rate, 25, 32
Geothermal
Depth, 25
‘Cost, 25, 45
Number, 25
Pumping energy requirements, 25, 32,
48-49, 54
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0ASN (R&D) Washington, DO R. Leonard, Rm GE 787 1
WAVEAC .Alexandria, VA W. Adams 1
' ) T. Ladd 1
NAVPRO o Laurel, MD i
NWC/China Lake China Lake, CA C, Austin 1
HAVMAT Washington, DC NMAT 0QBT3 1
U.5. Haval Academy Annapolis, MD B, Edsall 1
Maval Air Rework Facility .
Naval -Air Station ) Norfolk, VA W. J: Maxwell, Code 640 3
STATE AND LOCAL ‘AGENCIES
Alabama
.State Energy Management Board | Montgomery, AL -Directér 1
Geological Survey of Alabama ) i ) )
University of Alabama University, AL State Geclogist 1
‘Arkangas’
Arkarisas State Enerdy Office. Little Rock, AR Pirector 1
california
‘California'Ehergy Commission sacremento, CA 8. Willazd 1
Colorado
Mational Conf., 'of State
Legislatures Dénver, CO K. Wonstolen 1
‘Delawsre:
State Energy Office. Déver, DE D. Anstiné 1
State Legislature Dover; DE ‘H. B. MéDowell, III 1
University of Delware . )
Delawdre Geoleogical Survey Newark, DE State Geologist 1
Florida.
Erergy Management Admihistraticn Tallahassee, FL Diregtor 1
‘Bureau of Geology, Dept. of ) ]
Katural Resources Tallahassee, FL 1
Georgia
‘State Energy Office Atlanta, GA Director 1
Dept.. of Natural Resourtes: Director and State
Earth and Water Div. atlanta, GA géclogist 1
Illinois
Energy Hesourcée Commissicn Springfield, IL 1
Illinois. State Geological Survey Urbana, TIL- Chief 1
Indiana
Dept. of Commerce )
Enexgy Group Indianapolis, IN 1
Dept of Natural K Resources,
Geological Survey Blgomington, IN S5tate Geologist 1
JIowa
Energy Policy Council Des MOinek, IA Chairman 1
Iowa Geological Survey Towa City,; IA State Geologist 1
‘Kansas
Kansas Energy Office Topeka, KS Director 1
Kangas Geological Survey
Uhiv, &f Kansgas Lawrence, K8 Director 1
Kentucky
Kentucky Energy Council Frankford, KY Chairman ] 1
Kentucky Geolegical Survey Lexington, KY Director and State
Geclogist 1
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STATE AND LOCAL AGENCIES (cont'd)

Maryland

Energy Policy Office

Dept. of Natural Resources
Water Supply Div.

Dept. of State Planning
Coastal Zone Management

Michigan

Michigarn Dept. of Natural
Resources, Geclogical Survey
Div,

Mississippi

Assistant ‘to the Governor

Mississippi Geological Survey

Missouri

Missoliri Ehergy Agency

Missduri, Geological Survey,
Div. of Geological Survey

Nebraska

Office of Energy
Cocordinator and State Tax
Commj ssioner

Univ. of Nebraska _ )
Conservation and Survey Div.

New Jersey
State Energy Office

Geolggic Survey

New México

bNew Mexico State Uniw,

New Mexico Energy Inst.

New York

Cayuga Co. Planning Board

BERDA&

State Eneérgy Office

Herth Carolina

Dept. of Natural & Econ. Resources
Qffice of Earth -Rescurces

Dept. of Military and Vet. Affairs

Dept. of Commerce
Energy DPivision
North Carolina Energy Inst.

North Dakota

Geological - Survey

Office of Enérgy Manageément
and Conservation

Ohio

Energy Adviscery Council

Chic Dept. of Natural Rescurces
Div. of Geclogical Survey

Cklahoma,
Covernor's Advisory Council on.
Energy

[

Baltimore, MD
Annapolis, .MD

Salisbury, MD

Lansing, MI
Jackson, MS

Jackson, MS

Jefferson City, MO

Rolla, MO

Linceln, NE

Lincoln, BE

Newark, NJ
Trenton, WJ

Las Cruces, HM

Auburn, NY
Albany, NY
Albany, NY

Raleigh, NC
Raleigh, NC

Raleigh, NC
Research Triangle Park, NC

Grand Forks, ‘ND

Bismarck, WD

Columbus, OH

Columbus, OH

Oklahoma City, OK

Director
Chief

E. Phillips

State Geologist

Director and State
Geologist

Director

Director 'and State
,Geologist

Director and State
Geologist

Commissionar

J. Marlin

K., Mital
Erakow
Maxwell

g

Director
P, Hitchcock, Director

Director
J. C. Presee

Div. Chief and State
Geolegist
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STATE AND LOCAL AGENCIES (cont'd)
Pennsylvania ‘
Governor's. Energy Counecil Hartrisburg, BR ‘ 1
Dept of Env1ronmenta1 Resources
‘Bureau of Topographic and )
Geological Survey Harrisburg, PR | Director & State
) Geologist 1
South .Carnlina:
Div. of Geology Columbia, SC State.Geologist 1
Energy Mahagemént Dffice Columbia, SC Director 1
South Dakota
Geological Survey Yermillion, 'SD 1
Office of Energy Policy Pierré, SD. 1
Tennessee
Tennessee Energy Office Nashville, TN Director 1
Dept. ‘of Conservation,

piwv :0f Geology Nashville, TN State Geologist 1
virginia
piv. of Mineral Resources: Charlottesville, Va State Geologist and

Cominissioner 1
R. DeKay 1.
Emergency Energy Services

Virginia State Office Richmond, VA J. Johansen 1
Efergy’ Offlce Richmond, VA Director 1
Virginia Industrlal Development . )

Authority, Accomack Courity Parksley, VA S. K. Schubart 1
Water Control Board Richmond, VA A. Giles dx
West Vlrginia
Fuel and Energy Cffice Charleston, WV Director -
West Virginid Geologlcal‘and

Econcmiic Survey Morgantown, WV Director and State

) Geologlst 1
LABORATORIES.
hrgonnq Nat'l, Lab. mrgonne,‘iL. E.. F. Gustafson 1
Battelle Pacific NW Lab. Richland, Wh C. H. Bloomster 1
L. L. Fassbender 1
{ D. W. sShanncn 1
Br¥ookhaven Nat'l. Lab. Upton, NY J. Karkheck 1
M. Ste1nberg 1
Civil Eng. Lab., NCBC Port Hierdeme, GA E. H. Barly 1
Lawrence Livérmore, LiB. A. L, Rustin 1
Lawrénce Berkeley Lab. H. Goldstemn 1
K. F. Mirk 1l
. ] W. Yen 1
Los Alamos Scientific.lab. Los hlamos, WM R. C..Eeber i
A. W. Laughlin 1
J, Maxwell 1
G. Morris 1
Oak Ridge Wat'l. Lab. Oak Ridge, TN J. Griess 1
W. Barron 1
COLLEGES AND UNIVERSITIES
Institute. for Energy -Analysis ‘Oak Ridge, TN N. L, Treat 1
; , €. E. Whittle 1
Oregon Inst. of Technology Klamath Falls, OR D, Karr 7
The Johns Hopkins University

Centet MEErd Plan. and. Res. Balttimbre, ML Dirgctor 1
» A 5. Kané 14

University of Maryland Cambridge, MDD Dept. of " ‘Enginéering,
J. Lankford 1
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‘ORGANIZATION LOCATION ATTENTION Copies
COLLEGES: AND UNIVERSITIES {cont'd)
University of Maryland College Park, MD Library 1
University of Maryland | Princess Anne, MD Library 1
University of virginia Charlottesville, VA 5. F. Singer 1
Vikgifiia Polj¥technic. Ihst.
and State University Blackshirg, VA J. K, Costain 1
L. Glover 1
COMPANTES
A. C. Schultes & Sons, Inc: Woodbury, NJ ‘1
BASCO Servicés, Inc. New York, NY R. Cummins 1
.Burng and Roe Industrisl ‘Services
Corp. Paramus, WJ R. M, Costello 1
_ M. I. Khebel 1
Campbell Soup Co. Camden, NJ 1
The Brand Cokp. Annapolis, MD W. Carrell p
Centrilift, Inc. Tulsa, 0K J. F. Boutwell 1
CHZM Hill Reston, VA R. Dagostaro 1
’ Bodise, ID J. C. Austin 1
Columbia LNG Corp, Wilmingten, DE 2. Litchfield 1
Dames and Moore Cranford, NJ President o
D'Appalonia. Consulting Engineers Pittsburgh, PA Schubert 1l
Delmarva Drilling Co. Bridgeville, DE ) 1
Delmarva: Poultry Industry, Inc. Georgetown, DE ‘W. Stephens 1
Delmarva Power .and Light - Wilmington, DE W. D. Ferguscn 1
Dunn Gecscience Corp. Latham, NY J. R. Dunn 1
EBL Engineers, Inc. Salisbury, .MD R. H. Stratemeyer 1l
ECsG Idaho, Ine. Idaho Falls, ID R. Schulz ' 5
Energy Exploration, Inec. Regearch Triangle Park, NC M. Beam 1
Energy .Resources Group New York, NY J. Cline 1
Energy Systems, Inc. Anchorage, AK W. Ogle 1
GCeneral Eper-Tech., Ine. San Diego, CA C. R. Possell 1
Geraghty & Miller, Inc. Annapoclis, MD J. P, Sgambat 1
Grace Geothermal Co. New York, NY A. W, Rutherfurd 1
Gruy Federal Ine. Arlington, VA J. Renner 1
Kidde Consultants, inc, Neéwark, DE R. R. Ruggis 1
Malone and Williams, Archltects Sallsbury, MD J., H, Sprinkle 1
Nablsco, Inc. East Hanover, NJ Manager of Tech. 1
Pamlico Reflnerles, Inc, Raeford NC F. Clark, Jt. 1
Raytheon Company Burllngton MA A. Slater 1
"R: G. Jacgques Associates Albany, NY C. A. Hall 1
Resource Communities, Inc. Santa Fe, NM J. Estogue 1
Salisbury Wicomico Economic
Development Corp. Salisbury, MD R. L. Kilay 1
Standard Brands. Inc. Wilton, CT W. B, Sharp 1
Shore Engineering Melfa, VA A, Grothaus 1
Solar Energetics Wilmington, DE B. Weéber 1
Sperry Vickers X Jackson, MS D. J. Tearpock 1
Sydnor Hydrodynamlcs, Inc. Richmeond, VA E. Henely 1
Systems Development Corp. Santa Monica, CA F. Zimmerman 1
The: Armfield Organization Winston Salem, NC W. A, Armfield, Ir. 1
The Mitre Corp. McLean, VA ) D. Entingh 1
United Indian Planners Assoc. Washington, DC D. Larson 1
US5S Agri-Chemical Atlanta, GA R. F. McFarlin 1
Westinghouse Elec. Corp. Staunton, VA R. C. Meiss 1
Worthington Pump Corp., Washington, DC R.-L. Ftench 1
FOREIGN INSTITUTIONS
-Sunderland Polytechnic Great.Britain R. Harrison 1
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