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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
source, 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 
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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 is 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) 
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GEMS-005 A Review of Recent Energy Price Projections for 
Traditional Space Heating Fuel 1985-2000 (March 
1979) 

GEMS-006 Geothermal Energy Market Penetration: Develop
ment of a Model for the Residential Sector (Sep
tember 1979) 

GEMS-007 A Review of Recent Energy Price Projections for 
Traditional Space and Process Heating Fuels in 
the Post 1985 Period (April 1980; supersedes GEMS-
005) 

GEMS-008 GRITS: A Computer Program for the Economic Eval
uation of Direct-Use Applications of Geothermal 
Energy (this report; supersedes GEMS-003) 

Further reports may be added to the series as the GEMS efforts con
tinue. 
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1. OVERVIEW 

INTRODUCTION 

The GRl^S 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 revenue 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 (**) indicates 
that the user may specify the value as a time-dependent function. 

Â default value is a built-in value that has been established but 
that may be overridden when more pertinent values become available. 
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GRITS is 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 prograimned 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 GRITS 
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. In 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. 
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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 may be temporarily stored in insulated stor
age tanks, or accumulators, that either permit some load-leveling 
under peak load conditions or iticrease 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 thie 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 envisioned. 
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 geothermal 

^Topping 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. 
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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 pr surface disposal and therefore re
quire a heat exchanger, a secondary loop, and a reinjection well. 
The secondary loop is assumed tp be closed, which entails a two-
pipe distribution net̂ ĵork. Experience by others (Ref. 3) has shown 
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), laaximum 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. 
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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 15% 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 is corrosion resistant and easily disassembled 
for raaintenance. 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, geothennal 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. 
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acquisition of customers, well operation, and sales of energy). 
The assessment phase is specified by its duration* and annual 
cost*. The utilization phase is specified by duration (project 
evaluation period less length of assessraent 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 coiranercial 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 
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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 requireraents. 

Energy frora 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 raaxiraura hourly therraal 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 reraainder 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
raine 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 comraercial 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 deraand 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 
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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 
deraands are then summed to determine total annual energy sales to 
systera customers. All space heating demand for temperatures at or 
above the design temperature and all sanitary hot water deraand are 
used to calculate the volurae of water drawn annually from each 
well. The remaining requireraents are used to determine the size 
of the peaking system boilers and the araount 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 sarae price as a unit of energy. 
However, because nominal costs raay 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 exaraple, 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) ] . 
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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 geotherraal 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 tiraes 
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. In contrast to the real dollar 
approach, where debt service payments are actually devalued over 
tirae, 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. 

Ôf 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 tirae 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 raay 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 sorae pieces of capital equipment influence the cost 
trend in iraportant ways. The user unfarailiar 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., raaxiraum 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 assuraed 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% 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 assuraed 
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 doimhole pumps). Such components are replaced 
in the year following the end of their expected useful lifetime. 
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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 is 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 prograra 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 prograra. Final results are displayed 
on the user's terralnal. After it is run, 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 raay 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 raodel 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 lift 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 

(B.̂ SE PERIOO FOR COSTS IS SPRING, 1930 ) 

RESIDENTIftL-CO'-IMERCI-M.. SCEMIVRIO PARAMETERS 

PROGRAM OPERATING CONDITIONS 

2 
a 
5 
3 

OUTPUT FILE NAME: 
TITLE OF SCENARIO: (DISPLAYED ABOVE, IF ANY) 
RESIDENTIAL-COMMERCIAL SERVICE CHOSEN. 
DATA FILES WILL NOT 3E GENERATED. 

RESOURCE CONDITION PARAMETERS 

42 
12 
11 

21 
23 
'13 
25 

9 32 

NUMBER OF PRODUCTION WELLS: 
DEPTH OF UPWELL (FEET): 
WELLHEAD WATER TEMP.CDEG. FAHR.) 

LINEAR FUNCTION USED WITH: 
1-INITIAL WATER TEMP.= 150, 
2-ANNJAL DROP IN T£MP.= 0, 

REJECT TEMPERATURE (DEG.FAHR.): 
DEPTH OF REINJECTION WELL (FEET); 
NUM3ER OF REINJECTION WELLS: 
DRAWDOWN OF UPWELL (PERCENT) 

LINEAR FUNCTION USED WITH: 
INITIAL DRAWDOWN: 15.00 
ANNUAL CHANGE: 0.00 

FLOW FROM WELL (GPM) 
LINEAR FUNCTION USED WITH: 
INITIAL FLOW= 200.00 
ANNUAL CHANGE: 0.00 

1 
5000. 

35.0 
5000. 

1 

It 33 TRANSPORT DISTANCE (MILES) 0.25 

RESIDENTIAL-COMMERCIAL DEMAND CONDITION PARAMETERS 

// 1 0 
.'/ IU 
'/ 23 
// 35 

AREA UNDER CONSIDERATION; 
SYSTEM DESIGN TEMP.(DEG. 
MIN. AMBIENT TEMPERATURE 
FRACTION OF DISTRIBUTION 

SALISBURY,MD 
FAHR.): 30 
(DEG.FAHR.): -5. 
SYSTEM INSTALLED: 

IN 
IN 
IN 
IN 
IN 

YEAR 
YEAR 
YEAR 
YEAR 
YEAR 

0 
1 
2 
3 
4 

= 
= 
= 
= 
= 

50 
12 
12 
12 
12 

OOOJ 
500$ 
500J 
500S 
5005 

(RESIDENTIAL-SPECIFIC) 
» 13 

3U 
19 

It 13 

PERCENTAGES OF HOUSING TYPES ON SYSTEM: 
HOUSING TYPE (J) 
1-SINGLE FAMILY SUBURBAN: 0.000 
2-SINGLE FAMILY DENSE: 20.000 
3-TOWNHOUSE: 40.000 
4-GARDEN APTS.: 40.000 
5-HIGH RISE: 0.000 

MARKET SATURATION} (.%): 70.00 
PERCENTAGE OF ULTIMATE NUMBER OF HOUSEHOLDS 

LINEAR FUNCTION USED WITH: 
1-INITIAL PERCENTAGE: 15.00 
2-ANNUAL CHANGE = 3.00 

COST PER HOOKUP: ^ 267. 
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Table 1 (cont'd) 

Default parameters for the 
residential/commercial scenario of GRITS 

(COMMERCIAL-SPECIFIC) 
ff 45 NUMBER OF TYPES OF COMMERCIAL BUILDINGS: 2 
It 45 AVERAGE FLOOR SPACE FOR COMMERCIAL BUILDINGS OF 

TYPE 1 : 4.000 THOUSAND SQ. FT. 
TYPE 2 : 10.000 THOUSAND SQ. FT. 

It 47 AVERAGE HEAT DEMAND FOR 
BUILDINGS SPACE HEAT HOT WATER HEAT 

OF (3TU/SQFT/DEG/DAY) (BTU/SQFT/DAY) 
TYPE 1: 9.0 0.0 
TYPE 2: 9.0 0.0 

.'/ 43 NUMBER 0!̂  COMMERCIAL BUILDINGS OF 
TYPE 1 : 5 
TYPE 2 : 2 

!t 51 RATE OF COMMERCIAL MARKET PENETRATION 
LOGISTIC FUNCTION USED WITH: 
1-INITIAL PERCENTAGE: 50.00 
2-YSAR WHEN 100S OF DEMAND IS ON SYSTEM: 2 

It 50 LENGTH OF COMMERCIAL DISTRIBUTION SYSTEM: 0.20 MILES 
// 49 AVERAGE COST PER HOOKUP FOR A COMMERCIAL BUILDING: % 500. 

FINANCIAL CONDITION PARAMETERS 

II 40 ECONOMIC ACCOUNTING METHOD: 3-NPV i DISC AVG COST 
* 36 SYSTEM SELLING PRICE (̂ /MIL. BTU): 

GEOTHERMAL SELLING PRICE IS A MULTIPLE OF: 
ELECTRICITY PRICE, FACTOR: 0.70 

ff 33 STUDY PERIOD: 20 YEARS; INTERVALS OF 5 YRS 
'/ 41 RESOURCE ASSESSMENT PERIOD (YEARS): 0 

ANNUAL RESOURCE ASSESSMENT COST: $ 0. THOUSAND 
.'/ 16 WELL COST ADJUSTMENT FACTOR: 1.000 

ADJ. TOT. COST OF WELL3($THOUS.): 329.159 
It 17 HEAT EXCH. COST ADJUSTMENT FACTOR: 1.000 

ADJ TOT COST OF HEAT EXCHS( ̂ THOU): 3'*.511 
It 24 STORAGE TANK CAPACITY: 2.0 HOURS OF FLOW 
It 15 ' CAPITAL EQUIPMENT LIFETIME IN YEARS: 

WELLS 30.(OR PROJECT LIFE) 
PIPING SYSTEM 30.(OR PROJECT LIFE) 
HEAT EXCHANGER 10.(OR PROJECT LIFE) 
IN-WELL PUMPS 10.(OR PROJECT LIFE) 
HOOKUPS 30.(OR PROJECT LIFE) 
PEAKING BOILER 30.(OR PROJECT LIFE) 
STORAGE TANK 30.(OR PROJECT LIFE) 

t 37 DISCOUNT RATE (PERCENT): 2.00 
? 27 INTEREST RATE (PERCENT): 12.00 
It 25 COST CALCULATIONS ARE IN REAL DOLLARS 

INFLATION RATE (PERCENT): 3.00 
? 39 TAXES: 
t 20 COST OF ELECTRICITY (CTS/KWH) 

COMPOUNDING FUNCTION USED WITH: 
1-INITIAL ELEC. PRICE: 5.50 
2-PERCENT ANNUAL CHANGE: 1.50 

t 29 FOSSIL FUEL COST (.$/MIL. BTU) 
COMPOUNDING FUNCTION USED WITH: 
INITIAL F05S. FUEL PRICE: 5.000 
PERCENT ANNUAL CHANGE: 3-500 

' 44 OPER. i MAINT. COST (1 OF CAPITAL): I.OOJ 
I 30 BOILER COST($/100K STU/HR): 1500.00 
I 22 PIPS COST (»TH0U3AND/MILE): 250.000 
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Table 2 

Default parameters for the 
Industrial scenario of GRITS 

(BASS PERIOD FOR CO.STS IS SPRING, 1930 ) 

INOUSTRIAL SCENARIO PARAMETERS 

PROGRAM OPERATING CONDITIONS 

It 2 OUTPUT FILE NAME: 
It 4 TITLE OF SCENARIO: (DISPLAYED ABOVE, IF ANY) 
// 5 INDUSTRIAL SERVICE CHOSEN. 
ff 3 DATA FILES WILL MOT BE GENERATED. 

RESOURCE CONDITION PARAMETERS 

.'/ 42 NUMBER OF PRODUCTION WELLS: 1 
ff 12 DEPTH OF UPWELL (FEET): 5000. 
It 11 WELLHEAD WATER TEMP.(DZG. FAHR.) 

LINEAR FUNCTION USED WITH: 
1-INITIAL WATER TEMP.: 150.0 
2-ANNUAL DROP IN TEMP.: 0.0 

S 21 REJECT TEMPERATURE (DEG.FAHR.): 35.0 
.(f 23 DEPTH OF REINJECTION WELL (FEET): 5000, 
it 43 NUMBER OF REINJECTION WELLS: 1 
li 25 DR.AWDOWN OF UPWELL (PERCENT) 

LINEAR FUNCTION USED WITH: 
INITIAL DR.AWDOWN: 15.00 
ANNUAL CHANGE: 0.00 

ff 32 FLOW FROM WELL (GPM) 
LINEAR FUNCTION USED WITH: 
INITIAL FLOW: 200.00 
ANNUAL CHANGE: 0.00 

ff 33 .TRANSPORT DISTANCE (MILES) : 0.25 

INDUSTRIAL DEMAND CONDITION PARAMETER 

ff 31 INDUSTRIAL UTILIZATION FACTOR (J): 25.00 

FINANCIAL CONDITION PARAMETERS 

ff 40 ECONOMIC ACCOUNTING METHOD: 3-NPV S. DISC AVG COST 
ff 36 SYSTEM SELLING PRICE (5/MIL. BTU): 

GEOTHERMAL SELLING.PRICE IS A MULTIPLE OF: 
ELECTRICITY PRICE, FACTOR: 0.70 

ff 33 STUDY PERIOD: 20 YEARS; INTERVALS OF 5 YRS 
ff 41 RESOURCE ASSESSMENT PERIOO (YEARS): 0 

ANNUAL RESOURCE ASSESSMENT COST: $ 0. THOUSAND 
It 16 WELL COST ADJUSTMENT FACTOR: 1.000 

ADJ. TOT, COST OF WELLS(tTHOUS.): 329.159 
# 17 HEAT EXCH. COST ADJUSTMENT FACTOR: 1.000 

ADJ TOT COST OF HEAT EXCHS($THOU): 34.511 
ff 24 STORAGE TANK CAPACITY: 2.0 HOURS OF FLOW 
ff 15 CAPITAL EQUIPMENT LIFETIME IN YEARS: 

WELLS 30.(OR PROJECT LIFE) 
PIPING SYSTEM 30.(OR PROJECT LIFE) 
HEAT EXCHANGER 13.(OR PROJECT LIFE) 
IN-WELL PUMPS 10.(OR PROJECT LIFE) 
STORAGE TANK 30.(OR PROJECT LIFE) 

ff 37 DISCOUNT RATE (PERCENT): 2.00 
ff 27 INTEREST RATE (PERCENT): 12.00 
It 25 COST CALCULATIONS ARE IN REAL DOLLARS 

INFLATION RATE (PERCENT): 3.00 
ff 39 TAXES: 
It 20 COST OF ELECTRICITY (CTS/KWH) 

COMPOUNOING FUNCTION USED WITH: 
1-INITIAL ELEC. PRICE: 5.50 
2-PERCENT ANNUAL CHANGE: 1.50 

ff 44 OPER. i MAINT. COST (1 OF CAPITAL): 1.00J 
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Study. OPTION 32 inputs raaxiraum flow attainable from an average 
well. Both flow and drawdown may be specified as time-dependent 
functions; for example, drawdown raay increase over tirae even with 
a constant flow rate because oJE reduced pressure within the aquifer. 
To keep GRITS generally applicable, the raodel 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
rained 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). 

Therraal Output of the Well 

The maximum net hourly output of energy delivered to the 
transmission line frora the wellhead heat exchanger depends on the 
wellhead resource temperature (OPTION 11), the reject teraperature 
(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 siraulate 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 
maxiraura 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 

Ât 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 systera so that each cus
tomer's peak deraand can be served by the geotherraal well alone. 
If the systera is expanded so that well capacity is reached at some 
warmer teraperature (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 deraand as the outside 
temperature falls below the design teraperature. While individual 
custoraers 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 systera 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 oil). 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 piunping 
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 Systera. 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 systera is input through OPTION 22. This cost is assumed to 

- 34 -



THE JOHNS HC3PKINS UNIVERSITY 

APPLIED PHYSICS LABORATORY 
LAUREL. MARYLAND 

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 installed 
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 coiranercial 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 is subtracted from the energy available 
from each geothermal well at maximum flow. 

GRITS includes five housing types^: 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. 

^These are modeled generally after those in GEOCITY (Ref. 7). 
^These 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 raeter. The costs will generally be rauch 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 coiranunity heating system, 
a raarket saturation level (OPTION 34) of less than 100% is used. 
As market saturation declines, the length of the distribution sys
tera required to serve the units that do join the system increases. 

The raarket saturation level reflects the relative competi
tive position of the community hea.ting 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) raay 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 custoraers 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 
iraportant to reraember 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
raercial 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, if 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 is related to flow and hence to utilization 
of the well, the drawdown specified in OPTION 26 is assumed to 

- 36 -



THE JOHNS HOPKINS UNIVERSITY 

APPLIED PHYSICS LABORATORY 
LAUREL. MARYLAND 

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 arabient 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 geothennal 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 geotherraal 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 
assessraent 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 tirae remaining in the evaluation period (OPTION 33) after the 
assessment phase. The current default value for the evaluation 
period is 20 years with no assessraent 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 raultiplying the amount borrowed by the capital recovery 
factor (CRF): 

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

The CRF is calculated separately for each major component of the 
fixed plant on the basis of its 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 T [(1 + i)"^ - 1] + 1} 

(1 + r)*' 

For example, a well costing $400,000 financed at 12% 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%% 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., raunicipal 
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 corae 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 inanner over time, i.e., (1 + r) , where r is the discount 
rate and t is the number of years in the future when the return 
is expected. 

At a 2% 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 6% 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 Assessraent 

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 18% 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 Iteras 

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 coraponent 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 system, 
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 1% 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 terins (i.e., after allowing for 
inflation) at a corapound rate of ;^% annually. The default price 
trend for electricity is $0,055 per kilowatt hour, rising at a 
corapound 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 
Cost^ = [E (CRFĵ  X Kĵ ) f (1 + f) *̂ ] + VC^ , 

k 

where: ^^v ~ 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; 

K, = 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; 

t-t 
(1 + f) ^ = deflation factor for debt service charges for 

inflation rate f. t is 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 = t ). 

c 

If (t - t ) is negative, the cost is not cal

culated. If nominal dollars are used, f = 0; 
VC = 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 

Cost^ = [I (CRFĵ  ^ \ ^ ^ + EĈ . + O&M^ , 
k 
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where: EC = energy costs in year t (user-specified price trend 
should account for inflation), and 

O&M = fixed annual operation and maintenance costs, 

multiplied by (1 + f) in year t. 

Heat output at the wells in year t is calculated as 

0 = U X maximum output , 

where: 0^ = the actual amount of geothermal energy con
sumed by the process heat user or the community 
heating system in year t (in Btti's); 

t 

U = 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 

Maximum 
output = the niunber of Btu's per year that would be 

delivered net to the transmission line based 
on that year's temperature and flow if the 
systera operated at 100% utilization. 

Revenue in year t is calculated as 

R^ = P^ X (0^ + FE^) , 

where: P = selling price of the system's energy output in year t, 
and 

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

The discounted average cost (DAC) is calculated as 

T 
E 

t=0 
T 

t=0 

( 

(1 

<°t 

(1 

Zost 

+ d)^ 
+ FE^) 

+ d)^ 

where: d = the discount factor. 

- 44 -



THE JOHNS HOPKINS UNIVERSITY 

APPUED PHYSICS LABORATORY 
LAUREL. MARYUND 

Net present value (NPV) is calculated as 

T 
NPV = E 

t=0 

P ^ (0 + FE ) Cost 

(1 + d)^ (1 + d)''j 

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 

4 3 2 
W = dx + cx + bx + ax 

where: d = -4.17 x lo"•'••'• , 

c = +1.00 X 10"^ , 

b = -3.83 X 10"^ , 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) = d̂  + F̂  + P^ . 

where d, is the head lift, F̂  is the frictional head loss in the 
d t 

production tubing, and P, 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, f. 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 lift 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 (P ) required from the downhole pump is 
given by 

P„ = 0.480 (PC) (WD) - 20.0 , 
n 

where PC is the fractional well drawdown and \«JD is the well depth. 

The fluid horsepower required is given by 

. 'h^ 
hp 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 

hp e 

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

B^ = [3.68 X 10"^ (PC) (WD) - 1.54 x lo"^] f . 

Costs of the pumps are then calculated by • 

C = 1175 X B. °*^ (Ref. 10). 
sp np 
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REINJECTION PUMP (Ref. 10) 

In the case where spent geotherraal 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., 

- ^ 

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 

TE = PE (1 + ̂ ) . Dp 

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

C = $3.00 X f + $40.00 X B^ ^ TT 3 rp hp Dp ' 

where f is the flow rate in gal/min, B 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 B, 
hp 

Reinjection pumps are more readily accessible and preventive main
tenance raay 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 ptomping 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 

0.746B _, _ 
kW = , on^ = [3.43 X 10 ̂  (PC) (WD) - 1.44 x 10 ̂ ]f . 

U. oU 

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. 

- 48 -



THE JOHNS HOPKINS UNIVERSITY 

APPLIED PHYSICS LABORATORY 
LAUREL. MARYLAND 

Heating demand for a housing unit is a function of ambient 
teraperature 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 pvomping 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 pvamping energy (the coefficient of 
performance) is 

G _ Geothermal heat extracted _ 
e Pumping energy ~ GT 

This expression allows direct comparison of the energy efficiency 
of a geothennal 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 geothennal 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 stainless steel plate heat exchangers 
the costs (Refs. 15 and 16) can be expressed as 

_ 0.285 Q°'^^ 
^ " ATm 

where 

ATm = 
(T^ - T3) - (T^ - T^) 

In 
iT^ - T^) 

(T2 - T^) 

and Q = 498 f (T - T.). The heat flow, Q, is expressed in Btu's 

per hour, f is the well flow rate, T is the geothermal wellhead 

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

temperature in the secondary loop, and T is the loop return tem
perature. 

A trade-off raust 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 S'F. This simplifies the cost equation to 

C = 0.057 Q°*^^ 

The user specifies the wellhead temperature, T , and the 

reinjection temperature, T_, which is usually assumed to be 75 or 

85''F, and the program calculates the cost. The default values for 
T and T- 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): 

C„„ = $0.0951V + $8.70V^ + $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 1̂2 days. 

DEMAND FOR SPACE HEATING 

In a single-family detached home, the hourly demand for 
space heating may be given by: (65 - T.) 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 - T.) x 1200 x h, *< N , for a 

community containing several housing types, where h. is the frac

tion of the single-family space heating demand required by other 

types of housing units, and N. is the number of houses of type 1 

that use the system.^ 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 

Single family, suburban 

Single family, dense 

Townhouse or rowhouse 

Garden apartment 

High-rise apartment 

" i ' 

1.0 

1.0 

0.65 

0.35 

0.29 

Approximate size 

1600 

1600 

1000 

1000 

800 

^The fraction h 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. 

eluded a large mix of housing stock. 

The values of h were obtained from data that in-
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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 
SO^F, the peak geothermal load per unit is 

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

BOILER 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 

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 75% 
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 is 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 

Type of residence 

Single family, suburban 

Single family, dense 

Townhouse or rowhouse 

Garden apartment 

High-rise apartment 

No. of 
households 
per block 

7.3 

12.9 

32.1 

50.4 

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 assimed 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 /Q (Ref. 23), and 

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

C = n C 
p o 

where: if Q < 110 gal/min, then 

n = (89.232 Q T ^ ' ^ ^ ^ L) , 

C =196Q°-3" ; 
o 

or: if Q > 110 gal/min, then 

n = (35.112 Q-O-^^7 L) , 

C = 108.8 Q°-^^^ ; 
0 

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 Q°*̂ -'-̂  L , 
P 

where E 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 detennined 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% Interest 
over n time periods, which is given by 
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CRF = 
(1 + i)" - 1 

- + i 

where i 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 siraulated 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 
(%) 

8 

10 

12 

14 

18 

Repayment period 
(yr) 

10 

0.149 

0.163 

0.177 

0.192 

0.222 

15 

0.117 

0.131 

0.149 

0.163 

0.196 

20 

0.102 

0.117 

0.134 

0.151 

0.187 

25 

0.094 

0.110 

0.127 

0.145 

0.183 

30 

0.089 

0.106 

0.124 

0.143 

0.181 
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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 parsuneter 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 is 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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Appendix A 

OPTIONS AVAILABLE TO THE USER OF GRITS 

Option 
No. Parameter 

H TYPES OUT THIS LIST OF POSSIBLE INPUTS 
1 TYPES OUT THE CURRENT SCENARIO PARAMETERS 
2 NAME OF FILE TO RECEIVE OUTPUT OF GRITS. THE FILE NAME MUST FOLLOW 

STANDARD DEC-10 CONVENTIONS. 
3 RETURN TO THE DEFAULT SCENARIO 
4 TYPE IN RUN NAME (up to 80 characters) 
5 SELECT WHETHER THE MODEL IS FOR RESIDENTIAL-COMMERCIAL OR INDUSTRIAL 

SALES (residential-commercial Is default) 
6 RETYPE RESULTS OF MOST RECENT SCENARIO RUN 
7 RUN THE CURRENT SCENARIO 
8 GENERATE DATA FILE FOR TABULATION OR LATER PLOT GENERATION 
9 END EXECUTION OF GRITS 
10 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) 

11 WATER TEMPERATURE AT WELLHEAD ("F) 
12 AVERAGE DEPTH OF UPWELL (ft) 
13 HOUSING TYPE, EITHER 

1 - SINGLE FAMILY SUBURBAN 
2 - SINGLE FAMILY DENSE 
3 - TOWNHOUSES 
4 - GARDEN APARTMENTS 
5 - HIGH-RISE MULTIFAMILY HOUSING 
6 - MIXED HOUSING 

14 DESIGN TEMPERATURE OF SYSTEM ('F) 
15 CAPITAL EQUIPMENT LIFE FOR: 

0 - ALL EQUIPMENT 
1 - WELLS 
2 - DISTRIBUTION SYSTEM 
3 - HEAT EXCHANGER 
4 - HOOKUP COSTS 
5 - IN-WELL PUMPS 
6 - PEAKING SYSTEM BOILER (fossil fuel) 

16 ADJUSTMENT FACTOR FOR COST OF AVERAGE WELL 
17 ADJUSTMENT FACTOR FOR COST OF HEAT EXCHANGER 
18 COST PER HOOKUP ($) 
19 PERCENTAGE OF ULTIMATE NUMBER OF HOUSEHOLDS ON SYSTEM 
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Option 
No. Parameter 

20 PRICE OF ELECTRICITY (<?/kWh) 
21 REJECT TEMPERATURE ("F) 
22 PIPE COSTS FOR DISTRIBUTION SYSTEM (thousands of dollars/mile) 
23 DEPTH OF AVERAGE REINJECTION WELL (ft) 
24 STORAGE TANK CAPACITY (hours of flow) 
25 INFLATION RATE—AVE. ANNUAL RATE FOR LIFE OF PROJECT (%) 
26 WELL DRAWDOWN (%) 
27 INTEREST RATE (%) 
28 MINIMUM AMBIENT TEMPERATURE (""F) 
29 FOSSIL FUEL PRICE ($/million Btu) 
30 BOILER COST ($/hundred thousand Btu/hour) 
31 INDUSTRIAL UTILIZATION FACTOR (%) 
32 MAXIMUM FLOW RATE OF WATER FROM AQUIFER (gal/min) 
33 LENGTH OF STUDY PERIOD* AND INTERVAL FOR COST CALCULATIONS (years) 
34 ULTIMATE DENSITY OF HOUSEHOLDS ON GEOTHERMAL SYSTEM (%) 
35 PERCENTAGE OF DISTRIBUTION SYSTEM INSTALLED EACH YEAR 
36 SELLING PRICE OF SYSTEM ENERGY ($/million Btu) 
37 DISCOUNT RATE—TIME PREFERENCE ONLY (%) 
38 TRANSPORT DISTANCE (miles) 
39 TAXES 
40 ECONOMIC ACCOUNTING METHOD 
41 RESOURCE ASSESSMENT PERIOD AND COST 
42 NUMBER OF PRODUCTION WELLS 
43 NUMBER OF REINJECTION WELLS 
44 OPERATION AND MAINTENANCE COSTS (% of capital equipment costs) 
45 CHARACTERISTICS OF COMMERCIAL BUILDINGS 
46 FLOOR AREA OF COMMERCIAL BUILDING TYPES (ft /building) 
47 HEAT REQUIREMENTS OF COMMERCIAL BLDG TYPES 

1 - SPACE HEAT (Btu/^F/ft^/day) 

2 - HOT WATER HEAT (Btu/ft^/day) 
48 NUMBER OF COMMERCIAL BUILDINGS OF EACH TYPE 
49 HOOKUP COST FOR COMMERCIAL BUILDINGS ($/hookup) 
50 LENGTH OF DISTRIBUTION SYSTEM FOR COMMERCIAL BUILDINGS (miles) 
51 RATE OF COMMERCIAL MARKET PENETRATION (%) 

*This defines the lifetime of the project. The choice to observe only 
a selected subset of the series of aimual results Is made upon execution 
of the scenario in OPTION 7. 
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GRITS: GEOTHERIIAL RESOURCE INTERACTIVE TEMPORAL SIMULATION 
CENTER FOR METROPOLITAN PLANNING 4 RESEARCH, THE JOHNS HOPKINS UNIVERSITY 

27-May-30 PAGE 

GRITS SAMPLE 0UTPUT--RESID£NTIAL-C0:1MERCIAL APPLICATION 
P c o i 

(BASE PERIOD FOR COSTS IS SPRING, 1930 ) 

RESIDENTIAL-COMMERCIAL SCENARIO PARAMETERS 

PROGRAM OPERATING CONDITIONS 

J 2 OUTPUT FILE NAME: GRITS.SMP 
.» 'I TITLE OF SCENARIO: (DISPLAYED ABOVE, IF ANY) 
I I 5 aESIDEHTUL-COt^lMERCIAL SERVICE CHOSEN. 
,1 5 DATA FILES WILL NOT BE GENERATED. 

RESOURCE CONDITION PARAMETERS 

1 

0 ^ 
O 

J 142 

H 1 2 
S 11 

H 21 
,» 23 
n 13 
a 26 

» 3? 

a 33 

NUMBER OF PRODUCTION WELLS: 
OEPTH OF UP'/(ELL ( F E E T ) : 
WELLHEAD WATER T E M P . ( D E C . F A H R . ) 

LINEAR FUSCTIO-N USED WITH: 
1 - t N I T I A L WATER TEMP.= 1 5 0 . 0 
2-ANNUAL DROP IN TEMP.= 0 . 0 

REJECT TEMPERATURE ( D E G . F A H R . ) : 
DEPTH OF R E I N J E C T I O N WELL ( F E E T ) : 
NUMBER OF R E I N J E C T I O N WELLS: 
DRAWDOWN OF UPWELL (PERCENT) 

LINEAR FUNCTION USED WITH: 
I N I T I A L DRAWDOWN: 1 5 . 0 0 
ANNUAL CHANGE: 0 . 0 0 

FLOW FROM «IELL (GPM) 
LINEAR FUNCTION USED WITH: 
I N I T I A L FLOW= 2 0 0 . 0 0 
ANNUAL CHANGE: 0 . 0 0 

TRANSPORT DISTANCE ( M I L E S ) : 

5000. 

35.0 
5000. 

1 

0.25 

RESIDENTIAL-COMMERCIAL DEMAND CONDITION PARAMETERS 

H 10 AREA UNDER CONSIDERATION: SALISBURY,MD 
H 11 SYSTEM DESIGN T E M P . ( D E G . F A H R . ) : 30 
.? 2 3 MIN. AMBIENT TEMPERATURE ( D E G . F A H R . ) : - 5 . 
ff 35 FRACTION OF D I S T R I B U T I O N SYSTEM INSTALLED: 

IN YEAR 0 = 5 0 . O O O J 
IN YEAR 1 = 12.500J 
IN YEAR 2 = 12.500J 
IN YEAR 3 = 12.5001 
IN YEAR 1 = 12.5001 

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

HOUSING TYPE 
1-SINGLE FA.MILY SUBURBAN: 
2-SINGLE FAMILY DENSE: 
3-TOWNHOUSE: 
l-GARDEN APTS. : 
5-HIGH RISE: 

ff 31* MARKET SATURATION (%): 
ff 19 PERCENTAGE OF ULTIMATE NUMBER OF HOUSEHOLDS 

(!) 
0.000 
20.000 
10.000 
13.000 
0.000 

70.00 



LINEAR FUNCTION USED WITH: 
1-INITIAL PERCENTAGE: 15.00 
2-ANNUAL CHANGE : 3.00 

S 13 COST PER HOOKUP: $ 257. 

(COt^MERCIAL-SPECIFIC) 
ff 15 NUMBER OF TYPES OF COMMERCIAL BUILDINGS: 2 
ff 15 AVERAGE FLOOR SPACE FOR COMMERCIAL BUILDINGS OF 

TYPE 1 : 1.000 THOUSAND SO. FT. 
TYPE 2 : 10.000 THOUSAND SQ. FT. 

ff 17 AVERAGE HEAT DEMAND FOR 
BUILDINGS SPACE HEAT HOT WATER HEAT 

OF (3TU/SQFT/DEG/DAY) (BTU/SQFT/DAY) 
TYPE 1: 9.0 0.0 
TYPE 2: 9.0 0.0 

ff 13 NUMBER OF COMMERCIAL BUILDINGS OF 
TYPE 1 : 5 
TYPE 2 : 2 

ff 5 1 HATE OF COMMERCIAL MARKET PENETRATION 
LOGISTIC FUNCTION USED WITH: 
1 - l N t T I A L PERCENTAGE: 5 0 . 0 0 
2-YEAR WHEN 100J Or DEMAND I S OH SYSTEM: 2 

ff 50 LENGTH OF COMMERCIAL DISTRIBUTION SYSTEM: 0 . 2 0 MILES 
ff 19 AVERAGE COST PER HOOKUP FOR A COMMERCIAL BUILD ING: $ 5 0 0 . 

FINANCIAL CONDITION PARAMETERS 

, ff 10 ECONOMIC ACCOUNTING METHOD: 3-NPV 4 DISC AVG COST 
ff 35 SYSTEM SELLING PRICE ( { / M I L . BTU) : 

CJ\ GEOTHERMAL SELLING PRICE I S A MULTIPLE 0 7 : 
M ELECTRICITY PRICE, FACTOR: 0 . 7 0 

ff 33 STUDY PERIOD: 20 YEARS; INTERVALS OF 5 YRS 
' ff 11 RESOURCE ASSESSMENT PERIOD (YEARS): 0 

ANNUAL RESOURCE ASSESSMENT COST: $ 0 . THOUSAND 
ff 16 WELL COST ADJUSTMENT FACTOR: 1 .000 

ADJ . TOT. COST OF WELLS(^THOUS.) : 3 2 9 . 1 3 9 
ff 17 HEAT EXCH. COST ADJUSTMENT FACTOR: 1 .000 

ADJ TOT COST OF HEAT EXCHS($TH0U): 3 1 . 5 1 1 
' f f 21 STORAGE TANK CAPACITY: 2 . 0 HOURS OF FLOW 

ff 15 CAPITAL EQUIPMENT L IFETIME IN YEARS: 
WELLS 30 . (OR PROJECT L I F E ) 
P I P I N G SYSTEM 30.COR PROJECT L I F E ) 
HEAT EXCHANGER 10.(OR PROJECT L I F E ) 
IN-WELL PUMPS 10. (OR PROJECT L I F E ) 
HOOKUPS 30 . (OR PROJECT L I F E ) 
PEAKING BOILER 30. (OR PROJECT L I F E ) 
STORAGE TANK 30. (OR PROJECT L I F E ) 

B 37 DISCOUNT RATE (PERCENT): 2 .00 
ff, 27 INTEREST RATE (PERCENT): 12.00 
ff 25 COST CALCULATIONS ARE IN REAL DOLLARS 

INFLATION HATE (PERCENT): 8.00 
ff 39 TAXES: 
ff 20 COST OF ELECTRICITY (CTS/KWH) 

COMPOUNDING FUNCTION USED WITH: 
1- INITIAL ELSC. PRICE: 5.50 
2-PERCENT ANNUAL CHANGE: 1.50 

ff 29 FOSSIL FUEL COST ( t / M I L . BTU) 
COMPOUNDING FUNCTION USED WITH: 
INIT IAL FOSS. FUEL PRICE: 5.000 
PERCENT ANNUAL CHANGE: 3.500 



t o 

ff 11 OPER. 4 MAINT. COST ( i OF CAPITAL): 1.005 
ff 30 BOILER C0ST($/100X BTU/HR): 1500.00 
ff 22 PIPE COST (tTHOUSAND/MILE): 250.000 

» COST OF INITIAL CAPITAL EQUIPMENT 

WELLS: $ 
DISTRIBUTION SYSTEM: $ 
HEAT EXCHANGERS: $ 
PUMPS: $ 
HOOKUPS: $ 
PEAKING BOILER: $ 
TRANSPORT SYSTEM: $ 
STORAGE TANK: $ 

329.159 THOUSAND 
193.000 THOUSAND 

31.511 THOUSAND 
23.750 THOUSAND 
55.513 THOUSAND 
31.113 THOUSAND 

101.120 THOUSAND 
52.239 THOUSAND 

TOTAL 391.065 THOUSAND 



GRITS: GEOTHERMAL RESOURCE.INTERACTIVE TEHPORAL SIMULATION 
CENTER FOB METROPOLltAM PL&HNIHG 4 RESEARCH, THE JOHNS HOPKINS UNIVERSITY 

27-May-3p PAGE 

0^ 

HE3IDEHTIAL-C0HMERCIAL SCENARIO IN YEAH 0 

OPTION VALUE 

GRITS SAMPLE OUTPUT—RESIDENTIAL-COMMERCIAL APPLICATION 

RESULTS OF RESIDENTIAL-COMMERCIAL MODEL FOR YEAH 0 

10 
-n 
^̂  
13 
11 
1,5 

16 
17 
13, 
19 
30 
21 
22 

23 
24 
25 
25 
27 
23, 
29 
30 
32 
33 
31 
35 
•36 

36; 
39 
13 
11 
•12 
13 
1 1 . 
16 
19 
51 

AREA UNDER COtJSIDERATION 
WELLHEAD MATER TEMP.CDEG 
DEPTH'OF UPWELL (FEET): 
HOUSING TYPE: 
SYSTEM DESION TEMP.(DEG 
CAPITAL EQUIPMENT 

WELLS 
PIPING SYSTEM 
HEAT EXCHANGER 
IN-WELL PUMPS 
HOOKUPS 
PEAKING BOILER 
STORAGE TANK 

SALISBURY.MD 
FAHR.X: ' • 150.0 

5000. 
6 

FAHR.): 30 
LIFETIME-,IN YEARS: 
30:tOR PROJECT'LIFE) 
30.(OR PROJECT LIFE) 
10.COR PROJECT LIFE) 
10.(OS PROJECTLIFE) 

[OR PROJECT LIFE) 
(OR PROJECT LIFE) 

30.(OR PROJECT LIFE) . 
1.000 

30. 
30. 

WELL COST ADJ'JSTMEST. FACTOR; 
HEAT EXCH. .COST ADJUSTMENT FACTOR,: 1.0.00 
AVERAGE COST PEH .HOOKUP: $ 267. 
MKT 'PENETHATioN: 1 5 . 0 1 ; HbUSEHOLDS: 29. 
COST OF ELECtSTCITY (CTS/KWH): 5.500 
REJECT TE>JPERATURE (DEG.FAHR.): S5."b 
PIPE COST (JTHOUSAND/MILE): 250.000 

5000. 
21000. 
s.bo 
2.65 

12.00, 
) : - 5 . 

6. 00 
1500.00 
200.00 
5 YR3, 

70.00 

DEPTH OF REINJECTION WELL (FEET); 
STORAGE TANK CAPACITY (GALLONS): 
REAL/NOMINALt:R,; INFLATION 'RATECI): 
DRAWDOWN OF 'UPWELL (PERCENT): 
INTEREST RATE (PERCENT): 
MIN. AMBIENT TEMPERATURE CDEG.FAHH.) 
FOSSIL FUEL COST C$/MIL. BTU): 
BOILER COSTCjt/inOK BTU/HR): 
MAXIMUM FLOW RATE (GAL./MINUTE); 
STUDY PERIOD: 20 YRS'; INTERVALS OF 
MARKET SATURATION C D : 
PCT. OF DiSTHlS. SYS. BUILT THIS YEAR; 50. 
SYSTEM SELLING PRICE ( $ / M I L , BTU): 11.'28" 
DISCOUNT RATE ( IN PEftCESlT): 2.00 
TRANSPOHT DISTANCE (MILES):' 0.250 
•TAXES: 
ECONOMIC ACCOUNTING METHOD: NPV J. DISC. AVG. 
RESOURCE ASSESSMENT: 0 YRS ? ITHOU O./YR 
NUMBER OF PRODUCTION WELLS: 1 
NUM3ER OF REINJECTION WELLS; 1 
OPER. 4 MAINT. COST ( 1 OF CAPITAL): 1 .00* 
COMM. FLOORSPACE ON LiHECTHOU.SQ FT) : :20. 
COST FOR .COMMERCIAL HOOKUP:' $ 500. 0"o' 
MKT PENETRATION: 50.6,1; BUILDINGS: 1 . 

COST 

LENGTH OF DISTRIBUTION SYSTEM: 0.10. MILES' 
TOTAL HESIDENTTAL BTU'S (MILLIONS): 2594.56 
TOTAL GE0TH£R.̂ ^AL BTU'S (MILLIOUS): 3351.55 
TOTAL SYSTEM BTU'S CMILLIOfiS): 3116.63 
COEFFICIENT OF PERFORMANCE: 1Q3.063'. 
PERCENTAGE •GEOTHERMAL UTIL-IIATION; 5..89. 
PERCENTAGE SERVICE 'GEOTHERM RL: 97 . 21 
PUMPIM'3 E;)Ef!GY: 0 . 0 0 ^ MILLIO."J KWH 
ANNU.AllZED COSTS (THOUSANDS OF DOLLARS); 

WELL COSTS: 11.067 
DISTRIBUT ION SYSTEM COSTS': 13-251 
HEAT-EXCHANGER COSTS: 6.1,03 
ORIGINAL PUMP COSTS: 5.033 
HOOKUP COSTS: 1.279 
PUMP OVERHAUL COSTS: 1.005 
PUMPING COSTS; 0.500 
PEAKING BOILER C'OSTS; 10.901 
."OSSIL FUEL COSTS: 0.75,9 
TRANSPORT COST: 13-930 
STORAGE TANK COST: 8 i333 
OPERATION -AND MAIHTEH.ANCE COSTS: •i.<iK'\ 
RESOURCE ASSESSMENT COSTS;: 0.000 

TOTAL ANNU.AL WELLHEAD COSTS: '62.711 
TOTAL ANNUAL SYSTEH COSTS; 117.217 

WELLHEAD COST PES GEO .MIL. 3TUC*): 
SYSTEM COST PER MIL , BTU($): 

REVENUE ($ THOUSANDS): 
NET REVENUE ( ( THOUSANDS): 

18.72 
31.01 

,33.891 
-73 .326 

•CBflSE PERIOD FOR; COSTS IS SPRING, 1930 
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R ES I DE NT I AL -COM ME R e IA L SGEN A RIQ., IN YEA R 5 

SITS SAMPLE OUTPUT—RESIOEJITIAL-COMMERCIAL ,APPLICATION 

RESULTS pF RESIDENTIAL-COMMERCIAL MODEL FOR. YEAR 5 

OPTI O.N VALUE 

10 
11 
12 

13; 
,11 
15' 

16' 
'1.7 
13 
.19 
20 
:2,i, 
-22 

23: 
•21 
25 
26 
'ST 
^23 
29 
•30 
32 
33, 
31 
35 
36 
3̂7 

•33 
39 

•10 
•1,1 
•12" 
'13 
'11 
1:6. 
•19 
51 

AREA UNDER CONSIDERATION: SALISBURY,MD 
WELLHEAD WATER TEMP.(DEG. FAHR.): 150,.D 
DEPTH OF UPWELL (-FEET): 5 0 0 0 . 
HOUSING TYPE'; 
SYSTEM DESIGN, TEMP. CD̂ EG 
CAFIJAL EQUIP.MENT 

WELLS 
PtPING SYSTEM 
HEAT eX'CHANGER'' 
IN-WELL -PUMPS 
HOOKUPS 
PE'AKtNa: B'OILER' 
SfdRAGE TANK 

WELL COST ADJUSTMENT FACTOR 

6 
FAHR.): 30 

L T F E T W E IM YEARS: 
.30; ("OH'PROJECT LIFE) 
30.COR PROJECT LIFE) 
10.'COR PROJECT LIFE) 
10:.'C:0R PROJECT LIFE) . 
,30,.C''0a PR'OJECT L'lFEO 
30.COR,. PROJECT L I F ' E ) 
3 0 . (OR PH'QJi'CT LIFE) 

'1.:000 
HEAT EXCH, COST ADJ'JSTMENT FACTOR; l.OOQ 
AVERAGE COST PER- HO()KUP: 'ii'' 2 6 7 . 
MKT PENETRATION: 5 5 ; 0 1 ; HOUSEHOLDS: 107. 
COST OF ELECTRICITY CCTS/KWH): 5 . 925 
REJECT TEMPERATUR.E CDEG. 'FAHR. ) ; !85.0, 
PIPE COST tITHOUSAND/MILE): 253vQQ0 

DEPTH OF RETNJECT- ION WELL (FEET): 
STORAGE TANK C4RACITY' CGALLONS): 
REAL/NOMINAL$:R;' INFLATION HATECI): 
DRAWDOWN OF UPWELL (PERCENT); 
INTEREST R'ATE .(PERCENT): 
M IN, AM'31 E NT TEM PE R ATUR E' COEG. FA HR.) 
FOSSIL FUEL COST ( 'J /MIL. BTU): 
BOILER ' cb3T($ / lbbK ' BTU/HR)-: 
MAXIMUM FL"bW RATE (GAL./MINUTE,): 
STUDY, PE'HIOD: -30 YRS',; 'I'NTE&VAtS •:0F 
M.ARKET SATURATION ( jJ ) : 
PG-T. OF D13TRI3 . ' SYS. BUILT, THIS YEAR;' 0 
SYSTEM SELLING PRICE C t / H t L . BTU): 1 2 . 1 6 
DISCOUNT RATE (IN >PE RE ENT): 
TRANSPORT ^DISTANCE (HILE'S); 
TAXES: 
ECONOM'IC ACCOUNTING METHOD': NPV 4 .OISC 
RESOURCE ASSESSMENT; b YRS ? iTHOU * 
NiiMBER OF 'P'SODUCTION 'rfELLS: 
NUMBER OF 'REIUJZ-E.TION W-ELUS,; 
OPER, 4 MAINT. COST Cl bF CAPITAL): 
COMMi F L O O R S P A C E bN LINE (THOU .SO -FT-) 
COST 'FOIi COMMERCIAL HOOKUP"; t 

5000, 
21000. 

3.,'00' 
:e.t7 

13.'0b 
- 5 . 

7.13 
1500 ,00 
3 0 0 , 0 0 
5 YRS 

70,.':00. 

:2.'00 
0.^250 

MKT PENETRATION: 100,0%; BUILDINGS;: 

AVO. 
O./YR 

• " 1 ' 

1 
DOI-
1 0 . 

5 0 0 . 0 0 

1, 

COST 

LENGTH OF DISTRIBUTION.SYSTEM; 
TOTAL HE3-I0E NT IAL "BTU'S CHILL'IONS') 
TOTAL GEOTHERilAL BTU'S; CMILLIONS): 
TOTAL SYSTEH 3TU!:S CMILLI0N3); 
COEFFICIENT OF PERFORMANCE: 
PERCENTAGE GSOTHERMAL UTIL I I ATION,: 
PERCENTAGE SERVICE GEOTHERMAL: 
PUMPING ENERG'Y: 0 . 1 0 2 
ANNUALIZED COSTS CTHOUSANOS 

WELL COSTS: 
DISTRIBUTION SYSTEM :COSTS; 
HEA'T EXCHANGER COSTS: 
.OR'IG INA L :P UM P .C 0 3 f S ; 
HOOKUP COSTS: 
PUMP" OVERHA'UL COSTS: 
'PUMPING 'COSTS: 
. PEAKING B OltER- COSTS; 
FOSSIL FUEL COSTS: 
TR'ANSPORT COST: 
STOHAGS TANK COST: 
OPERATION, AND MAINTENANCE COSTS: 
RESOURCE ASSESSMENT .COSTS: 

b-,79 MILES 
9 3 3 0 . 0 5 

1 1 0 7 1 , 2 1 
1 1 3 8 1 . 2 0 

3 1 . 9 5 0 
19. '15 
9 7 . 30 

MILLION KWH 
.OF DOLLARS): 

29.9 ,93 
2 0 . 1 5 7 

157 
.16.3-
5.31 
005 
019 
13,1 
909 
5:1-1 
67.1 

a . 911 
•o.,obb 

TOTAL ANNUAL WELLHEAD .COSTS: 5 0 . 1 S 9 
TOTAL ANNUAL SYSTEM' COSTS; 1 0 6 . 1 1 3 

WELLHEAD COST PER GEO MIL, BTU C D : 1 .55 
SYSTEM COST PEHrMIL. BTUC$'):: - 9 . 3 3 

REVENUE Ci THOUS.ANDS): 133.383 
NET. REVENUi CJ THOUSA'NDS.) : '32,235 

•'(•BASE PERiq.0, FOR, COSTS IS SPHISa, 1930 
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GRITS SAMPLE OUTPUT—RESIDENTIAL-COMMEHCIAL APPLlCATIbtJ 

RE3IDENTIAL-C0M.MERCIAL SGEtJARIO IN YEAR 10 

OPTION VALUE 

10 
11 
13 
13-
f l 
15 

15. 
17 
'18 
19 
30 
31 
33 

33. 
3 i : 
:25 
36-
a-f 
2 8' 
39 
30 
32 
33 
31 
35 
'36-
'37-
33 
39 
10' 
11 
12" 
13 
1 4 
1 6 ' 
49"-
51 

AREA UNDER' CONSIDERATION; .SALISBURY.MD 
WELLHEAD WATER TEMP,( DEG. FAHH.): ISO'̂ O 
OEPTH OF UPWELL (FEET): 5000. 
HOUSING TYPE: 6, 
SYSTEM DESIGN TEMP.(DEC. FAHH.): 30 
CAPITAL EQUIPMENT. LIFETIME IN YEARS: 

30.COH PROJECT LIFE) 
30.(OR PHOJiCT LIFE) 
10. Co a- PROJECT LIFE) 
lO.C'OR PROJiCT LIFE) 
30. COR PROJECT LI!^E) 
3b,C0R' PROJiCT LIFE,) 
30. COH PHOJECT LIFE) 

• 1 .'ooo 

WELLS 
PIPING SYSTEM 
HEAT EXCHANGER 
IH-WELL PUMP3 
HOOKUPS 
P'EAKtNG BOILER• 
STORAGE.TANK 

WELL COST ADJUSTMENT FACTOR: 
HE.AT EXCH. COST 'ADJUSTrlENT FACTOH: 1.000 
AVERAGE .COST PER HOOKUP; % 267, 
•IKT PENETRATION: 95,OJ; HOUSEHOLDS': 185. 
COST OF ELECTRICITY (CTS/.KWH): 6:383 
REJECT TEMPERATURE [DEC,FAHH.): 85,0 
PIPE COST CSTHOUSAUD/MILE): 250.000 

DEPTH OF REINJECTION WELL (FEET); 5000. 
STORAGE TANK CA'PACITY (GALLONS): 21000. 
SEAL/NOMINAL$:H; INFL.ATION HATEC): 3,DO 
DHAWDOWN OF UPWELL CPEHCEWT): 11;31 
INTEREST RATE (PERCENT): 12,00 
MIN. AMBIENT TEMPESAfUHE ( D E O . F A H H . ) : - 5 , 
FOSSIL FUSI, COST ( V / M I L . BTU): 8.46 
•BOILER COSTCJ/lOOK BTU/HH)-: 1500,00 
MAXIMUM 7\.m HATE (GAL./MINUTE); 300.00 
STUDY PERIOD: 20 YRS; INTERVALS OF 5 YRS 
;iAHKET SATUSATIOH ( I ) : 70.00 
PCT'. OF DIS.THIB. SYS. BUILT THIS Y'EAR : Q'. 
SYSTEM SELLING PRICE CJ/MIL. 9TU}': 13.10 

NPV 1 DIS 
JTHOU 

DISCOUNT RATE CIN PERCENT) 
TRAHSPbHT'lDISTANCE (MILES)-: 
TAXES:. 
ECONOMIC ACCOUNTING METHOD: 
RESOURCE ASSESSMENT: 0 YRS. 
NU;iaER OF PHODUCTION WELLS.; 
NUMBER OF REINJECTION WELLS; 
OPEH. 4 MAINT. COST (:I OF .CAPT'TAL): 
COMM. FLOORSPACE 'ON LINEtTrlOU.SQ FT) 
COST- FOR 'COMMERCIAL HOOKUP: $ 
MKT PENETRATION; 103.01;" ' BUILDIN^GS: 

2.Q0, 
0 .350 

AVG. 
o:/YH 

1 
1 

l.'O'Ol 
: 13. 
500.00: 

7. 

COST 

RESULTS OF RESIDENTIAL-COMMERCIAL MODEL FOH YEAH 10 
CO 1 

LENGTH OF DISTRIBUTION SYSTEM; 
TOTAL RESIDENTIAL BTU'S (MILLIONS) 
TOTAL GEOTHERMAL BTU'S (MILLIONS): 
TOTAL SYSTEM STU'S (MILLIONS): 
COEFFICIENT QF PERFORMANCE: 
PERCENTAGE GEOTHERMAL UTILIZATION; 
PERCENTAGE SERVICE GEOTHERMAL: 
PUMPING SNEHGY; 0.-271 
ANNUALIIEO COSTS (THOUSANDS 

VEUL COSTS * 
DISTRIBUTION SYSTEM COSTS; 
HEAT EX:HANGER COSTS: 
OHIG ' INAL PUMF COSTS: 
HO0:<UP COSTS: 
PUMP OVERHAUL COSTS: 

•PUMPING C O S T S : 
PEAKING BOILER COSTS: 
FOSSIL FUEL COSTS: 
TRANSPORT COST: 
STORAGE TANK COST: 
OPERATION AND MAINTENANCE COSTS,: 
'RESO'UHCE ASSES'SMENT 'COSTS: 

0.79 MILES 
; 17055,:54 

13D75.86 
13569.69 

19.511 
31.75 
97. 31 

MILLION KWH 
OF DOLLARS); 

20,412-
13.939 
6,103 
5.033 

332 
1.005 

17.329 
5.0.50 
5.559 
.6.fl75 
3.85a 
•8.941 
0. OOD 

TOTAL ANNUAL WELLHEAD COSTS: 55,142 
TOTAL .ANNUAL SYSTEM COSTS: 103.138 

WELLHEAD COST ,PEH GEO MIL. BTU(S): 3.D5 
SYSTEM COST PER MIL, a t u ( $ ) ; 5,50 

REVENUE H THOUSANDS): 313'. 174 
>\-n REVi-NUi- (J THOUS'A'NDS); 11.1,'. 0.35 

•[BASE PERIOD FOR COSTS IS SPRING, ,1933 
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HESIDENTIAL-COMMEHCIAL SCENARIO IN YEAH 15 

10 
11 
12 
13 
I'l 
15 

16 
1-7 
18 
19 
20 
21 
32 

33 
34 
25 
25 
27 
33 
29 
30 
33 
33 
31 
35 
36 
37 
3,,3 
39 
13 
m 
12 
113 
11 
15 
49 
51 

GRITS .SAMPLE OUTPUT —HESIDENTIAL-C.OMMERCIAL ..APPLICATION 

RESULTS OF RESibiNTIAL-C'OMMEHCIAL MODEL :F"OH YtAR 15 

iOPTION' VALUi 

AREA UNDER CONSIDERATION 
WELLHE'AD WATER TEM P.'[DEG 
DEPTli OF UPWELL (FEET): 
HOUSING "TYPE: 
SYSTEM DESIGN TEMP.(DEG 
CAPITAL EQUIPMENT 

•i.ELLS' 
PIPING SYSTEM 
HEAT -EXCHANGER 
IN-WELL "PUMPS 
H-OOKUPS . 
PEACUG BOILER 
STORAGE TANK 

SAI 
FAHH.): 

FAHH.) 
LIFETIME IN Y 
'30. COR P.ROJEC 
3b.Cba PROJE.C 
l b . COH PHbJEC 
10, (da.PROJEC 
30.(OR PROJEC 
30.(OH PROJEC 
30i,('"bR PROJEC 

WELL COST ADJUST:^ENT :FACTOR': 
HE.AT 'eXC.4,. COST ADJUSTMENT -FACTOR, 
AVSRAGS COST PER' HOOkijP: $ 
'•iKT PE,NETR-ATiail:"-130..31; Ĥ SUSSHOL 
COST :0F ELECTRICIT-Y (CTS/KWH): 
REJECT T.EMPEHA.TUSE ' [DEG". FAHH-.) : 
PIPE COST '(-JTilOUSAND/MILS): 

I33UaY,MD, 
• "153.0 

5300. 
6 

30 
EARS: 
-f LI F'E) 
T 'L IFE) 
T ' - L I F E ) 
T LIFE) 
T LIFE) 

LIFE) 
LIF:E) 

1,000 
1. obb̂  

267,. 
195, 

5.,575 
35.0 

350i000 

OS,: 

D.E P.TH ::0F R E-I NJ EC Tl'b N ' W ELL C FE ET): 5000. 
StqnA'GE' TANK'CAPACITY CGALLONS): 2,1,330!: 
•aEAL/N^O[-liNAL$;R;, INFLATION RATECij): 3.00 
0RA:'>b0WN OF UPWELL [PEH'CENT"): 15.00 
• INTER'EST RA-T'E (PERCENT):' 13.00 
-MIN." AMBIENT TE'MPER-ATUHE 'CDECFAHR. ; ) - ; - 5 . 
FOSSIL FUEL COST C^/MIL. 3TU): 10.05 
BOILER COST(J/100;< BTU/HH); 1500.00 
MAXIMUM FLO.J R.ATE (GAL./MINUTE):: ,330,00 
"STUDY PERIOD': 33, Y,R"3.; TNTEHV-ALS OF' 5. YH'S 
'MARKET :'3ATUaATI0N C l ) : 70.03 
PCT." -OF DISTHIB, SYS. BUILT THIS YEAR; iO. 
SYS'TEM, SELLI'tn PHICE ( t / M I L . -BTUn); ' 14.11 
DISCOUNT RATE (JN PEHCE'lilt): 3.00 
TRANSPORT DISTANCE (MILES)': 0.250 
TAXES: 
ECONOMIC ACCOUNTING METHOD: NPV 4 UISC, AVG. 
HES0U3GE ASSESS'MENT: 0 YHS '2 :6TH0U D./YR 
NUM'BER ,'bF PHODUCTION WELLS; 1 
'-NJ.M3EH -'OF HEI'HJEC'TION WELLS: 1 
•3PSR. ,1 •MA:IMT-. COST ,(1. OF CAPI-TAL): 1.001 
'COMM. FLOORSPACE ON LINEdHOU. SQ FT); 13. 
SOST FOR, COMMERCIAL HOOKUP: t ; ' 5 0 0 . 0 0 
MRT PE"NETHAtlOfl:-130::3-J; BU-ILDINGS: 7. 

COST 

LENCTH-OF DISTRIBUTION SYSTEM; 
TOTAL "RESIDENTIAL BTU'S [MiLLtON3>): 
TOT.AL GEOTHER.MAt STU'S (MILLIONS): 
TOTAL SYSTEM 3TU'3 :(MILLIONS): 
-COEFFICIENT OF PERFORMANCE: 
PEHCEHTAGE GE-'OiTHERMAL UTILIZATION; 
PERCENTAGS SEHVICE GEOTHEHMAL: 
PUMPI i f t ENEHGY: 0.293 
ANNUALIIED COSTS (THOUSANDS 

WELL'.COSTS; 
DISTRIBUTION SYSTEM COSTS: 
HEAT EXCHANGER COSTS; 
ORIGINAL PUMP COSTS': 
SOOKUP COSTS': 
PU.MP OVERHAUL COSTS: 
PUMPING COSTS,: 
PEA'KING BO' ILSR COSTS: 
FOSSIL FUEL ,,C0ST3;:' 
TR'AN3>0HT COST: 
STORAGE TAN-i COST:. 
OPERA'TION AND MAINTENANCE COSTS: 
EESOUHCE ASSESSMENT COSTS; 

TOTAL ANNUAL WELLHEAD COSTS: 
TOTAL -ANNUAL SYSTEM COSTS: 

WELLHEAD COST PEH GEO MIL. BTU [I'),; 
SYSTEM COS't PER MIL. BTU(>$):" 

REVENUE ($ THOUSANDS): 
NET ,RE'VENU'-, i'4 TH'bUSANDS): 

•̂C'BASE PERIOb'Fbii COSTS IS -SPRING, 1930 ) 

0.79 MILES 
17963. 
18950. 
19457. 

73 
69 
87 

i'-a.603 
33. 

,97: 
:2S 
-31 

MILLION KWH 
OF DOLLARS): 

T3.,892 
9.130 
4. ,,1-57 
3.i45'3. 
4.022 
4,005 

30.521, 
3.437 
6 .911 
1.437 
2,627 
3.94,1 
0.000 

13.3"50 
85.5^9: 

1,: 2,55 
l . ' l i l 

374.5 33' 
133.769; 

l i 
m ^ 

I- -n ^ 
e X (n 

kr O'S 

i > i 

I" 
ID 
-< 



0 \ 

GRITS: GEOTHERMAL RESOURCE INTERACtlVE TEMPORAL SIMULATION 
CENTER FOR- METROPOLITAN PLANNING 4 RESEARCH," THE JOHNS. HOPKINS UNIVERSITY 

3f-May-3Q PAGE 

GRITS' SAMPLE OUTPUT—HE3IDENT.IAL-C0MMERCIAL APPLICATION 

RESIDENTIAL-COMMERCIAL :SCENARIO, IN YEAH 19 

OPTION VALUE 

10 
' I I 
13 
13; 
14 
15 

16 
17 
18. 
19 
30 
21 
,2.2 

33 
31 
35 
25 
27 
33 
29 

-30 
:3'2 
33 
31 
35 
'3'5 
37 
33 
39 
10 
41 
42 
13 
l i * 
46 
19 
51 

.AREA UNDER CONSIDERATION: SALISBURY,MD 
WELLHEAD WATER TEMP.CDEG". FAHR/): '153.0 
DEPTH OF UPWELL (FEET): 5000. 
HOUSING TYPE; 5 
SYSTEM DESIGN TEMP.CDEG. FAHR.): 30 
CAPITAL EQUIPMENT LIFETIME IN YEARS; 

30.(OH PROJECT LIFE) 
30.COH PROJECT LIFE) 
10.(OH PROJECT LIFE) 
10.(OH, PROJECT LIFE) 
33.(OH PHOJECT LIFE) 
30.(QH PROJECT LIFE) 
30,C:bH4 PROJiGT LIFE) 

1.00b 

WELLS 
PIPING SYSTEM 
HEAT EXCHANGER 
IN-WELL PUMPS 

•HOOKUPS 
.PEAKING BOILER 
STORAGE TANK 

WELL COST ,ADJUSTMENT F-ACTOR: 
HEAT' EXCH. COST ADJUSTMENT FACTOR; 
AVERAGE COST PEH HOOKUP; $ 
MKT PENETRATION: Iba . ,01 ; HOUSEHOLDS'; 
COST OF ELECTRICITY CCTS/KWH)'; 
REJECT TEMPEHATUHE CDEG.FAH'i-. ) : 
PIPE- COST CJTHOUS.AND/HILE): 

DEPTH, OF REINJECTION, WELL (FEET): 
STORAGE TAN:<. CAPACITY (GALLONS): 
HEAL/NOMINAL.J:'R; INFLATION HATECi) 
DRAWDOWN OF UPWELL (PERCENT): 
INTEREST RATE (PERCENT): 
MIN. AMBIENT" TEMPERATURE CDEG.FAHH. 
fbSSIL FUEL COST ( t / M I L , BTU); 
BOILER COSTCi/lOOK BTU/HR-): 
MAXIMUM FLOW RATE COAL,/MINUTE); 
STUDY PiHIOD: 30 YRS; INTERVALS OF 
MARKET, S.ATUa.ATION Cl)-: 
PCT. OF MSTHIB. SYS. BUILT THIS YE 
SYSTEM SELLING PRICE C,J/SlU. BTU): 
DISCOUNT HATE (IN PERCENT): 
THAN3P0HT QISTANCE (MILES); 

•TAXES: 

ECONOMIC ACCOUNTING METHOD: NPV 4 D 
RESOURCE ASSESSMENT; 0 YRS 3 .JTHOU 
NU.MSER OF PRODUCTION WELLS: 
NUMBER, OF HEINJECXtON'-WELLS: 
.OPER. .4 MAINT': COST [1 Or CAPITAL); 
COMM. FLOORSPACE ON LINE(THOU.SQ FT! 
'(;OST FOR COMMERCIAL HOOKUP; t . 
M'iCT PENETRATION: 1 0 0 . 0 1 ; BUILDINGS: 

Itt 
i*t 
i'tt 
1,11 
tit 

1. 000 
367. 
195, 

T.293: 
85.0 

250.000 
5000. 

24600, 
8.00 
15.00 
12.00 

): -5. 
11.51 . 

15OOi00 
300.00 
5, YRS 

73,00 
AR:' 0. 
" 11.97 

2.00 
-0. 350 

I S C , AVG. COST 
0 , / Y H 

1 
1 

1.001 
: • 40'. 
500,00 

HE5ULTS OF RESIDENTIAL-GOMMEHCIAL LMODEL FOH YEAH 19 

LENGTH OF DISTRIBUTION SYSTEM: O"-. 79 MILES 
TOTAL RESIDENTIAL BTU'S (MILLIONS): 17953.73 
TOTAL GEOTHER.MAL BTU'S (MILLIONS)': 18950.69 
TOTAL SYSTEM 3TU'S' (MILLIONS): T9467.SJ 
COEFFICIENT OF PERF OHM ANCE:' 18.603 
PERjiENTAGE GEOTHERMAL UTILIZATION: 33'.'33 
PEtTCEHTAGE SERVICE GEOTHEMAL; 97 .31 
PUMPING ENERGY: 0.293 MILLION KWH 
ANNUALIIED OOSTS (THOUSANDS OF DOLL.AHS): 

WELL COSTS: 10.311 
DISTRIBUTION SYSTEM COSTS'; 6.953 
HEAT EXCHANGER COS'TS; 3.055 
QHIGIMAL PUMP COSTS: ' 3 . 5 l 5 
HOOKUP COSTS: 3'. 95 5 
PUMP OVERHAUL COSTS: I.ObS 
PUMPING COSTS; 31.731 
PEAKING BOILER COSTS: -2„536 
FOSSIL FUEL COSTS.: 7.'934 
TRANSPORT COST; 3-. 239 
STORAGE TAN-C C03T: 1.'931 
OPERATION AND MAINTENANCE COSTS: 3,911 
HESOUaCE ASSESSMENT, COSTS: 0.030 

TOTAL -ANNUAL WELLHEAD COSTS: 13,939 
TOTAL ANN'JAL SYSTEM COSTS; 76.09,5 

WELLHEAD COST PER .GEO MIL. BTUCt-); -2.32 
SYSTEM COST PER MIL, BTUCt): 3:91 

REVENUE CJ THOUSANDS): 391.491 
NET REVENUE- Ct THO'JSANDS ) : 215.395 

IN IT IAL CAPITAL • 
NET PRESENT VALU 
DISCOUNTEb AVERA' 
DISC. AVG WELLH 
BHEAK-EVEN ' POINT 

•(BASE PERIOD-FOH COSTS ISlSPHING, 1933 

;OST: 891.065 THOUSAND DOLLARS » • " 
! : 1503.-955 THOUSAND DOLLARS • » • 

GE COST; 7:011 DOLLARS/MILLION 3TU • • ' 
AD COST; 3.799 DOLLARS/MILLION BTU »»» 

ACHIEVED IM YEAH 8 • » • 
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,Gi OTHE RMAL HESbUHCE INTERACTIVE: TEMPORAL SIMULATION 

VERSION •S.A 

SAMPLE OOTPCIT OF IKDUSTBIAL SCENARIO 

FORMULATED' SY B I L L 3 A R R ' 0 N : 

.WR I'TT EN 3Y PtTE 'H KROLL 

ADDITIONAL. PROGHAMMING: BY SUSAN MITCHELL 

CENTER FOR METROPOLITAN PLANNING 4 RESEARCH 
THE J-DHNS .HOPKINS UNIVERSITY 

BALt.I ' iORE', MARYLAND 21 :213 

APRIL 19.30 ' 
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-GRITS; GEOTHEHMAL RESOURCE INTERACTIVE TEMPORAL SIMULATION 
.CENTER FOB METROPOL-ITAN PLANNING 4 RESEARCH, THE JOHNS IHOPSCINS UNIVERSITY 

•GRITS SAMPLE OUTPUT—INDUSTRIAL APPLICATION 

(BASE PER foi) FOH COSTS IS' SPRING, 1930 ) 

IMpUSTRIAL SCENARib' PARAMETERS 

PROGRAM OPERATING CONDITIONS 

ff 2 OUTPUT FILE NAME: INDUST.GHT 
•ff 4, TITLE OF -SCENAHIO: CDISPLAYED ABOVE, IF ANT) 
ff 5. t.MOUSTRIAL SERVICE CHOSES, 
.ff 3 DA"TA F I L E S WILL NOT BE GENERATED. 

37-May-30 PAGE 
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30 
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ff 1 3 
ff 12-
ff 11 

ff 31 
ff 3 3 
ff '13 
ff 3 5 

RESOURCE CONDITION PARAJIETERS 

NUMBER OF PRODUCTION WELLS: 
DEPTH OF UPWELL (FEET): 
WELLHEAD 'WATEH TEMP. [ DEG. FAHH.) 

LINEAR FUNCTION U3ED WITH; 
1-IHITtAL' WATER TEMP.^ 153.;3 
2-ANSUAL DROP IN TEMP.: 0.3 

REJECT TEMPtRATUBE CDiG.FAHR.): 
DEPTH OF REINJECTION WELL CFEET): 
NUMBER OF REINJECTION WELLS: 
bH.AWDOWN 0F UPWELL (PERCEN'T), 

LINEAR FUNCTION -JSED WITH; 
INITIAL DRAWDOWN: 15.03 
•ANNUAL CHANG-= 0.00 

FLOW FROM WELL [GPM) 
LINEAR FUNCTION USED WITH; 
INITIAL FLOW: 200.03 
.ANNUAL CHANGE: 0". 00 

TRA'NSPORT DISTANCE (MILES) : 

1̂  33 

J 33 

INDUSTRIAL DEMAND CONDITION PARAMETER 

ff 31 INDUSTRIAL UTILIZATION FACTOH. Cl): 

FINANCIAL CONDITION PAHAMETEHS 

1 
5000. 

85.0 
5000. 

1 

0 ,25 

:25.03 

Ito 
36 

ff 33 
_!) 11 

»• TS 

•ff: IT 

ECOMOMIC ACCOUNTING .METHOD; 3-NPV 4 DISC AVG COST 
SYSTEM SELLING PRICE (t/MIL. BtUT: 

GEOTHERM.AL SELLING-PRICE IS A MULTIPLE OF: 
ELECTRICITY PRICEj FACTOR: ' 

STUDY PERIOD: -30 YE.ARS; INTERVALS Oi 
RESOUR'CE ASSESSMENT FEHIOD [YEARS)': 
•ANNUAL RESOURCE ASSESSMENT COST: $ 
WELL COST ADJ'UST.MENT FACIOR: 
ADJ. TOT. COST (OF WELLSC JTHOUS.) : 
HEAT EXCH. COST ADJ'JSTMENT FACTOR;: 
ADJ TOT COST OF HEAT •£XOHS(.|THbu): 
STOHAGE TANK CAPACITY; . 2.0 .HOURS OF FLOW 
CAPITAL EQUIPMENT LIFETIME' IN YEARS: 
WELLS 30. (OH PR0'JEGT"'LIFE) 
PIPING SYSTEM SO.iOH PROJECT LIFE)-
HEAT EXCHANGER, '10. COR PROJECt LIFE) 

0.70 
iF 5 YRS 

0 

1. 
329. 

1. 
34, 

3 . 
.'000 
.159 
,0bb 
,511 

THOUSAND 



IN-WELL PUMPS 
STOHAGE TANK 

10. (OH PHOJECT. LIFE) 
30.(OH PROJECT LIFE),, 

ff 37 DISCOUNT RATE C^PERCENT): 
ff 27 INTEREST 'RA'TE CPER'CENT): 
ff 35 COST CALGULAtiONS ARE IS REAL DbLLAHS 

INFLA'TI .ON ,H'ATe' [PERCENT): 
1 39 TAXES: 
ff: 20 COST bF ELEC-'TRICITY (CTS/KWH) 

COMPOUNDING FUNCTION USED WITH: 
' i - I N l f l A L , : ELEC: PRICE: 5.53 
3-PEHCENT ' ANNUAL -CHANGE:, 1 ..5D 

ff 14 OPER. 4 MAINT. COST CS 0? .GAPtTAL) : 

3J0'0 
13,03 

3,00 

1.031 

COST OF INITIAL CAPITAL EQUIPMENT 

-•W,ELL3: $ 
HEAT EXCHANGERS: $ 
PUMPS: • $ 

"TRANSPORT SYSTEM; J 
STO'HAGE TANK:, J 

339.159 THOUSAND 
31.511 THOUSAND 
23.750 THOUSAND 

1,01..420 THOUSAND 
52.239 THOUSAND 

TOTAL 559.07,9 THOUSAND 
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G R I T S ; GEOTHEHMAL RESOURCE INTERACTIVE TEMPORAL SIMULATION 
CENTER, FOH METROPOLITAN PLANNING 1 RESEARCH, THE JOHNS HOPKINS UNIVERSITY 

27-May-30 

?'GRIT5 SAMPLE OUTPUT—INDUSTRIAL APPLICATION 

INDUSTRIAL SCENAHIO IH YEAR 0 RESULTS OF INDUSTHIAL MODEL FOR YEAR 0 

OPTION VALUE 

13 AREA UNDE 
1r WELLHEAD 
13 'DEPTH O'F-

15' 

16, 
17' 

23 
21 
33 
31 
-35 
•2S 
•37 
3'i1 
33 
33 
'36 
37 
33 
39 
10 
11 
13, 
13 
44 

R CONSIOiRHTIO.N: 
WATER' TEMP.CDEG. 
UPWELL ( F E E T ) : 

•SALISBURY,MD 
FAHH.) , : 1 5 0 , 0 

' ' 5 0 3 0 . 

EQUIPMENT CAFIT.AL 
"WELLS 
. P I P I N G .'SYSTEM-
HEAT EXCHANGER 
IN-WELL PUMPS' 

:STORAGE TAHK 
.WELL COST ADJUSTMENT FACTOH 

L I F E T I M E I H YEARS: 
3 D . COR PHOJECT L I F E ) 
•30,-C'OH PROJECT L I F E ) 
1 0 . [OH PROJECT L I F E ) , 
13 .COB PROJECT L I F E ) 
3 0 . (OH PROJECT L I F E ) , 

I.-POO 
HiA'T EXCH. COST ADJUSTMENT FACTOH: 1 . 0 0 0 

COST OF ELEGTRICITY CCTS/K, JH) : 
REJECT TEMPERATURE ( D E G . F A H B . ) : 
DEPTH OF RE.INJECTION WELL ( F E E T ) : -
STORAGE TANK CAPACITY CGALLONS): 
HEAL/NOM'lNAL;tH; INFLATION H A T E [ 1 ) 
.DRAWDOWN .OF UPWELL t P E s t E N T ) ; 
I ' N T E R E S T - R A T E • ' C P : E H C E N T , ) : 

INDUSTRIAL UTILIZATION FACTOR ( - 1 ) : 
MAXIMUM FLOW RATE: ( G A L . / M I N U T E ) : 
STUDY P E R I O D ; 3D. YRS; INrEHV, iL3 OF 
SYSTEH S E L L I N G . P R I C E ( $ / M I L . B T U ) : 
DISCbUN'T RATE ( I i j P E R C E N T ) : 
THANSPOHT DISTANCE ( M I L E S ' ) : 
T A X E S ; 
SC^ONOMIC ACCOUNTING METHOD 
RESOURCE ASSESSMENT; 0 YRS 
NUMBER OF PRODUCTION WELLS: 
NU^13EH• OF HE IN J ECTION WELLS: 
OPER'. 4 MAINT. COST [ I OF C A P I T A L ) ; 

t t : t 

5 . 5 0 0 
35,, a 
5000. 

21000. 
3: 03 
'15.-do 
13.'bo. 
3 5 . DO 

2 3 0 . 0 0 
5 YHS 

11 .23-
3.0D 

b.sso 
NPV 4 DISC 

1 JTHOU 
COST 

TOTAL GEOTHi-R'I.AL.BTU'S (MILLIONS): 
PCJ.̂ PING ENEHGY; b.221 
COEFFICIENT OF PERFORMANCE: 
ANNUALIIED COSTS 'CTHOUSANDS 
WELL' COSTS: • . , -
H-AT EXCHANGER, COSTS: 
ORIGINAL PUMP COSTS: 
P.UMP bVSBHAUL ;c"OStS: 
ANNUAL PUMPING COSTS: 
TRAHSPORT COSTS: 
STOHAGE .TANK COSTS; 
OPERATION. AND MAINTENANCE COSTS: 
RESOURCE ASSESSMENT COSTS: 

11335.00 
MILLION ''KWH 

18,-&0,3 
OF DOLLAR'S): 

14.067 
6.103 
5.;. 033 
4.005 
12:331 
13.930 
3.333 
5,59.1 
0,000 

TOTAL AH:i!JAL WELLHEAD'.COSTS: 74.095 
TOTAL ANNUAL SYSTEM COSTS: 99.502 

WELLHEAD COST PER GEO MIL, BTUCt): 5.21 
"SYS'TEM COST PER-MIL, BTUX^): 6,99 

'REVENUE Ct THOUSANDS): 15-3.621 
NET REVENUi (J THOUSANDS): 61.131 

AVG, 
b,/Yft 

1 
1 

1 . 0 0 1 
B H E A ' K ' - E V E N POINT A'CHtEVED IN" T H I S -YEAB 

" ( B A S E PERIOD FOR COSTS I S SPRING, , 1 9 3 0 
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GRITS: GEOTHERMAL RESOURCE INTERACTIVE TEMPORAL SIMULATION 
CENTER FOR METROPOLITAN PLANNING 4 RESEAHCH, THE J0HN3 HOPKINS UNIVERSITY 

• 3 7 - M a y - 3 0 PAGE 

-~1 
K) 

I N D U S T R I A L - S C E N A R I O IN YEAH 5 

G R I T S SAMPLE 0 ' J T P U T - - I N D U 3 T H T A L APPLICATION" 

HESULTS. OF INDUSTBIAL MODEL FOR YEAR 5 

OPTION VALUE 

10 AREA UNDER C O N S l b E R A T I O N ; 
11 WELLHEAD WATER TEMP.:[DE-G. 
13 DEPTH OF UPWELL ( F E E T ) , : 

15 

1,5 
17 

-3D 
;3,V 
'33 
2 1 
2 5 
3 5 
•37. 
3:1 
32' 
33 
35' 
37 
33 

"39 
10 
41 

'42 
43: 
,44 

SALISBURY,MD 
FAHH.,); 150 .0 

'5000 . 

CAPITAL EQUIPMENT 
WELLS 
PIPING SYSTEM, 
,-H EAT EXCHANGER, 
IN'-WEHL PUMPS, 
STORAGE TANS 

,'WELL COST ADJUSTMENT FACTOR; 

HE'A"T EXCH. C()Sr .AD'J'JSTMENT FACTOH 

LIFETIME IN YEARS": 
-•30.COH PROJECT LIFE) 
,30,. [OH PROJECT LIFE): 
10. (OH 'PROJECT LIFE)' 
10,: ("OR PROJECT LIFE".')' 
30. COH PHOJECT LIF.E)' 

1. obb 
1,000 

COST OF ELECTRICITY CCT3/'<WH),: 5.'935 
REJECT TEMPERATURE (•DEG.FAHR.); 3 5 . 0 
DE'PTH OF'-REINJECTION ,WELL (FEET): ,5000. 
StiOHAGE TANK CAPAC-IT-Y (GALLONS:): 21030 . 
HEAL/NdMINAL-JH; INFLATION SATECl): 3 .30 
DRAWDOWN.OF Uf^ELL (PERCEN'T): 15 .30 
'INTEREST HATE ,:('PERCEN,T-:)': '12..33 
INDUSTRIAL UTILIZATION FACTOR ;C U : 2 5 . 0 0 
MAIJIMUM FLOW RATE CGAL ./MINUTE): " 3 0 0 . 0 3 
STUDY PERIOD; 20 YHS; INTERVALS OF 5 YRS-
SYSIEM SELLING PRICE ( t / H I L . 3TU): 12 .15 
DISCOUNT HATE 'CIN PERCENT).: ' .3.03 
TRANSPORT DISTANCE CHILES); .3.,353"^ 
TAXES: 
ECONOMIC ACCOUNTING METHOD; NPV 4 DISC. AVG. 
.RESOURCE ASSESSMENT: 0 YHS, 3 tTHOU 0,/YR 
NU'̂ BEH OF'- PHODUCTION WELLS: 1 
NUMBER OF REINJECTION WELLS; 1 
OPEH. 4 MAINT: -COST ( 1 : 0 F CAPITAL); I.OO'i 

COST 

TOTAL GEOTHERMAL-BTU'S ( M I L L I O N S ) : 
PLUMPING .ENEHGY: 0 . 2 3 1 
C O E ' F F I C I E N T O F P E H F O R ' M A H ' C E ; 

ANN:JALIZEb COS.tS ("THOUSANDS 
'W.ELL 'COSTS: 
HEAT E KG HANGER COSTS; ' • 

lOHIGIMA'L'-PUMP C O S T S : 
P U M P ' OVERHAUL C O S T S : 
ANNUAL PUMPING C O S T S : 
THlNSPORT COSTS.: 

; 3 1 OH AGE '"TANK C O S T S : 
O P i H A T I b N AND MAINTENANCE C O S T S : 
RE SOURCE ASSESSMENT .C( )ST3: 

1 1 2 3 5 . 0 0 
MILLION" KWH 

, .1-3.,,603 
OF DOLLARS'); 

,29.993' 
1 . 13'7 
3,163 
4.,O05 

13,234 
'9.514 
5.671 
-5,591 

o.obo 
•TOTAL ANNUAL WELLHEAD C O S T S : 
T3TAL A N N ' O A L SYSTEM ' C O S T S : 

• ' 5 7 . 5 3 5 
7 5 . 5 7 5 

•/WELLHEAD COST PEH GEO MIL: BTU(J) : ,4.05 
3YSTEM '-.cost PER: MIL: 3T,U[ t ) : 5;33 

REVENUE ( J i THOUSANDS): 
NET REVENUE ( t T i iOUSANDS) ; 

173.037 
97.351 

'(BASE PERIOD FOR-COSTS 13 SPRIN̂ G,, 1933 ) 



GHIT3: GEOTHEBM.AL RESOURCE, INTERACTIVE TEMPORAL SIMULATION 
CENTER FOH METROPOLITAN PLANNUIG 4 RESEARCH, THE -JOHNS .HOPKINS UNIVERSTTY 

2T-May-.33 

OPTION 

GRITS SAMPLE -OUTPUT

IN DUSTHIAL SCENAHIO IN YEAR 13 

VALUE 

10 
11 
12 

15 

15 
17 

20 
31 
:33 
•34 
•35 
•35 
„37 
31 
32 
33 
'36: 
37 
33 
3.9 
40 
41 
',43-
1'3 
11 

AREA UNDER CONSIDERATION: 
WELLHEAD' WAXErf TEMP. (DEG. 
DEPTH -OF UPWELL (FEET)': 

SALISBURY,MD 
FAHH-.): 1 5 0 . 0 

5 0 0 0 . 

-CAPI-TAL 'EQUIPMENT 
WELLS' 
PIPING SYSTEM 
HEA'T ElCCHANGiH 
I'N-WELL PUMPS 

-STORAGE TA'N'K 
WELL c o s t ADJUSTMENT FACTOR 
HEAT EXCH. COST "ADJUSTME-NT FACTOR 

LIFETIME IN- YEARS': 
3 3 . (OH PHOJS'CT L I ' F E ) 
30.(OH PROJECT LIFE) 
IO-'. C-OH PR.bJECT LIFE) 
lb . (OH PHOJECT LIF.E) 
30.(QR PROJECT LIFE) 

1 . 003 
1 .00-3 

•CO'ST QF ELECTRICITY .(CTS/K'ylH),; 
R£JEGT''tEMPERA'TURE CDEG.FAHH:.): 
DEPTH 0? R E I » J J . E C T I 6 N WELL (FEET,)': 
•3T0H:AGE' -TANK CA'PACITY CO ALLOCS')': 
REAL/NOHHiAL;JH; INFLATION RAXECi"') 
DH AWDOWN OF UPWELL'[PERCENT) ; 
INTEHEST RATE .(PERCENT);" 
INDUSTHIAL UTILIZATION FACTOH ,(-1); 
MAXI.MUM FLOW R.ATE (GAL./MINUTE): 
S-ruDY PERIOD; 20 YHS; INTERVALS OF 
SYSTEM SELLING PRICE ( t / M I L . BTU): 
DISCOUNT R'ATE i lN FEBCENT) : 
Tfi'AN SPORT"-DISTANCE (MILES): 
TAXE'S' ; 
ECONOMIC ACCOUNTING METHOD: NPV ' i D.ISC 
HESOUHCE. ASSESSMENT:'O YR'S'•? ' tTHOU 
NUMBER QF PRODUCTION WELLS: 
NUMBER OF HEINJECTION WELLS; 
OPEH. 4 MAINT: COST (1 OF CAPITAL): 

6.333 
35.0 
5330, 

•21300, 
3., 00 
15.00 
13,00 
35 ,'bb 

3bo.oo: 
5 YRS 

13.10 
2 . Ob 

0.^250 

AVG. 
b , /YR 

1 
1 

, 0 0 1 

.INDUSTRIAL APPLICATION 

HESULTS :0F l"NDU3.tRIAL "MOOEL F'QR, YEAH'' 10 

TOTAL GEOTHERMAL BTU'S .[MILLIONS): 1 1 3 3 5 , 0 0 
PUMPING ENERGY: 0 ,224 MILLION KWH 
COEFFICIENT .OF PERFORMANCE: " 1 3 . 6 3 3 
ANNUALIIED COSTS (TH^DUSANDS OF DOLLARS) ; 

WELL COSTS: 30.112 
•HEAT 'EXCHANGER COSTS: 6.103 
•ORIGI,NAL 'PUMP COSTS.; 5.:'033. 
PUMP-OVERHAUL COSTS; 1.035, 
ANNUAL PUMPING COS'TS: II.3II 
TBANSPOBT COSTS:' 6.475 
STORAGE- TANK COSTS: 3.360 
OPERATION AND^ MAINTENANCE COSTS; 5.'591 
RESOURCE ASSESSMENT COSTS: O.QOO 

TOTAL ANNUAL WELLHEAD COSTS: 52:320-
TOTAL ANNU.AL SYSTEM 'COSTS'; 55.-349. 

WELLHEAD COST PEH GEO:'HIL. BTUtJ): 3.:63 
SYSTEM COST PER MIL. BTUCt): 1.63, 

BEVENUE (-J THOUSANDS): 186.110 
NET RE-VENU,i (J THOUSANDS): 130,561 

COST 

»('BA3E PE 'RIOD FOR COSTS IS SPRING, 19,30' 
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GEOTHEHMAL 'HESOUHCE tNTERACTIVE 'TEMPORAL SI-MULATION 
'OR M E T H 6 P 0 L I T - A N PLANNING' 4 RESEARCH, THE- JOHNS;.HOPKINS UNIVERSITY' 

'37-May-33 

INDUSTRIAL SCENAHIO IN .YE'AB, n 

GRITS SA'-IPLE QUTPUT —INDUSTHIAL APPLICATION 

RESULTS, OF INbUSTHIAL MODEL FOH .-TfEAR 15 

OPTION VALU: 

10 AREA UI-fOER ,CO;tSID,EHATlON; 
-11 ' .VELLHEA'D I V A T E R T E M P . ( . ' } E G . 

13'- DEPTH-OF -UPWELL - (FEET:) : 

,15 

15 
17 

20 
21 
3.3; 
„31« 
35 
'23 
27 
31 
33 
33 
36 
3T' 
33 
39 
43 
i'l 
43 
43 
41 

3ALIS3UHY,MD 
FAH.l.'): 13"0'. 0 

530,0. 

CA'PITAL EQUIPMENT 
W'ELLS 
-PIPING 'SYSTEM 
HEAT EXCHANGER 
I N-W ELL ' : P U M P S 

•STOHAGE TAN;- ; 
•WELL COST'ADJUSTMENT FA'CIOR': 
-.HEAT EXGH". COST ADJ'JSTMENT F-A'G.TOH 

LIFETIM-E IN: YEARS: 
3 0 , ( Q H PHOJECT L I F E ) 
-33 .COH PHOJ-EET ' H ? E ) 
13 . ; -0H PHOJF-CT L I F E ) 
1 3 . COR PROJiCT L i f * E ) 
j b . C O R PHO'jiGT L I F E ) ' 

1 . OOb 
1 . 00'3 

COST OF E L E C T R I C I T Y . ( C T S / K W H ) : 
REJECT -TEMPEH^'TUHE [DEG.'FAHR''.') : 
DEPTH -3? BEIN JECTION WELL CF^EST)': 
STbHAGS TAN: '< CAPACITY ( G A L ' L O . N S ) : 
RE.AL /NOM INALJH ; " I:NFLA-TIO'N jH ATE'Ci ') : 
DH-'iWDbWN ,bF. UPWELL (PERCENT) : 
I N T ' E R E S ' T ' RATE (p ' tRC'ENT) : 
• INDUSTBIAL U T I L I Z A T I O N FACTOH CW ; 
M.VXIMU'M F L O W R A T E ( G A L . / M I N U I E ) ; 
STUDY PEHIQO: 33-"Y-R3; INTERVALS OF 
S'.YSIEM 'SELLING .PRICE- ( j ' / M I L . BTU) : 
DISCOUNT RATE ( I N PERCENT,): 
TRANSPORT DISTANCE [ ' M I L E S ) : 
T A X ^ S : 
•i'GbNOMIC ACCQU'NTING METHOO; NPV 4 ,S 
RESOUR'CE A33ESSMENT: ' '0 YRS •? J-THOU 
NUM,5"EH .'O'F P-RODilCTION WELLS; 
NUMBER '.OF HEIN-JECt lON WELLS; 
3'PEH. '4 MAINT,. COST ( 1 OF -CAPITAL) : 

5.-375 
85.. 0 

'5303. 
'3-13C3,, 
<3,00 
15,03 
12-. 00 
25.00 

'30-0'. 00 
5 YRS 

V4-. 11 
2,00 

•3.250 

SC. AVG. 
o./ya: 

1 

1. obi. 

COST 

TOTAL GEOTH i H M ' A L BTU 'S ' CMI', 'LION3 ) ; 
P'J'.^^PING E M E H O Y : - 0 ' ; 3 3 1 
COEFFIC IENT Qr REHrORMANCE: 
ANNUALIZED COSTS (.THOUSANDS 

WELL C'OSTS: 
HEAT EXCHANGSH COSTS: 
OBIGINAL PUM P-COST 3 : 
PUMP OV-iRHAUL 'COSTS: 
' A N N U A L rPUMPING CO'STS; 
THANSPOHT COSTS; 
SrfOHAGE IAN: ' : -COSTS: 
0 ' P E H , A T : I 0 N ' A N O M-AIN-TENANCE COSTS: 
BESO.UHCE ASSESSMENT COSTS; 

11335,.,03 
•̂  I L L ION 'KWH 

1 3 . 6 3 3 
OF DOLLARS) ; 

13.893,' : 
4;' '157 
3 . 4 5 3 
4.,00 5 

1 5 . 4 1 7 
4 , 4 0 7 
2 . 6 2 7 
5 . 5 9 1 
0 . 0 0 0 

TOTAL ANNUAL WELLHEAD COSTS:; 4 3 - 5 1 1 
TOTAL ANNUAL SYSTEM- COSTS; 5 3 . 5 5 3 

WELLHEAD COST PEH GEO M I L . BTUCJO: 3 -06 
,SYSTEM COST P E R ' M I L . B T U C J ) : 3. '76 

REVENUE Ct THOUSANDS): 2 0 3 . 8 1 7 
NET REVENUE ( J THOUSANDS): 1 4 7 . 2 5 9 

• ( B A S E PERIOD FOR COSTS I S SPRING, 1930 
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:GRIT3: GEOTH ERMAL HESOUHCE INTERACTIVE TEJIROHAL SIMULATION 

GEHTEH, FOR METROPOLITAN FLAHNiNG 4 RESEARCH, 'THE JOHNS HOPKINS UNIVERSITY-

GRITS SAMPLE OUTPUT —INDUSTHIAL APPLICATION 

37-May-33 

INDUSTHIAL SCENARIO IN YEAH 19 

OPTION VALUE 

10 AREA UNDER CONSIDERATION: 
11 'WELLHEAO WATER TEMP.CDEG'. 
12 DEPTH OF UPWELL CFEET):' 

15 

15 
17 

30 
31 
•23 
:24-
35 
25 
27 
31 
3'3 
33 
35 
37 
33 
39 
40 
11 
12 
43 
41 

SALISBURY,MD 
FAHH.); 153.0 

5033. 

CAPITAL .EQUIPMENT. 
WELLS 
PIPING SYSTEH 
HEAT EXCHANGER 
IN-W.ELL PUMPS, 
STOHAGE TANK 

WELL COST ADJUSTMENT FACTOH 
HEAT EXCH. COST .ADJUSTMENT FACTOH 

LIFETIME IN YEARS: 
33. (OS PROJECT LIFE) 
33.,[OB PHOJECT LIFE) 
13-,(0H, PROJECT LIFE) 
10.(OH PROJECT LIFE) 
30.C-0H PROJiCT LIFE) 

1.030 
1 .:()00 

OPST OF ELECTRIciTY (CTS'/K'JH): 7.293 
REJECT TEMPERATURE (.DEG.FAHR,): 35.0 
DEPTH OF BE IN J',; CTI ON. WELL CFEET-): 5000. 
STOHAGE TANK CAPACITY (.GALLONS): 31-3pO. 
REAL/NOMINALJR; INFLATION HATE[t) : 8.03 
DRAWDOWN'OF UPWELL (PERCENT): 13.00 
INTEHEST -BATE (PERCENT): 13.:0*0 
INDUSTRIAL'UTILIJA-TION FACTOH C l ) : 35.00 
M.AXIMUM FLOW RATE CGAL./MINUTE): 300,00 
STUDY. PERIOD; 30 YR3; INTERVALS OF 5 YRS 
SYSTEM SELLING PRICE ( J / H I L , BTU):. 11.97 
DISCOUNT BATE CIS PERCENT): 2.'b0 
TRANSPORT DISIANCE (MILES): 0.253* 
TAXES; " 
iCOHOMIC ACCOUNTING METHOD; NPV 1 
RESOUBCE ASSESSMENI: 0 YRS ? JTHOU 
NUMBER 0!̂  PRODUCTION WELLS; 
NUMBER OF REINJECTION WELLS:, 

. b>£H. 4 MAIflT. COST' [ l - bF CAPITAL) 
tt 

COST 

HESULTS 0? INDUSTHIAL MODEL FOR, YEAR ig: 

TOTAL GEOTHEHMAL BTU'S (MILLIONS): 11235.00 
PUMPING ENERGY; 0.324 MILLION KWH 
COEFFICIENT OF PERFORMANCE; 13.,603 
ANNUAL t Z ED: COS'T-S- (THOUSANDS Ô F DOLL AH3) : 
WELL COSTS: 10.311 
HEAT EXCHANGER COSTS: 3:055 
•QHIGTNAL PUMP COSTS: 2.545 
PUMP OVERHAUL COSTS: 1.005 
.ANNUAL PUMPING COSTS": 15,353' 
TRANSPORT COSTS: " 3-239 
STORAGE TANK COSTS; 1,931 
OPERATION AND M.4INTE»1ANGE COSTS: 51591 
HESOUHCE ASSESSMENT COSTS; 0.000 

TOTAL ANNUAL WELL':1EAD:'G0ST3: 
TOTAL ANNUAL SYSTEM COSTS: 

WELLHEAD, COST, PER GEO MIL. BTU[ 
SYSTEM COST PER MIL. BTUCJ): 

REVENUE CJ THOUSANDS): 
NET. REVENUE [t TH0U3ANDS): 

'33.84'3 
15,940 

$)•- 2.73 
.3.30 

213.14C 
156.199 

DISC. AVG. 
O./YR 
'l 
1 

1.031 
INITIAL CAPITAL COST: 
NET PBESENT VALUE; " 
DISCOUNTED AVEBAGE COST:' 1' 
DISC, '.AVG WELL'diA'D COST: 3 
BREAK-EVEN PbiNT ACHIEVED IN 

"(BASE PERIOD" FOR COSTS IS SPRING, 1933 

559.079 THOUSAND D0LLAB3 »»• 
19-01.712 THbUSAND DOLLARS •»* 

9i'4 DbLLARS/MTLLION'BTU »"•» 
323 DOLLARS/MILLION BTU »>» 
YEAR 0 <»» 
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