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ABSTRACT 

Three computer programs are presented to illustrate the use of computer 

calculations for solving geothermal energy utilization problems. The 

programs are written for the following topics: a) Deep well pump selec

tion, b) Heat and pressure losses in geothermal water transmission pipe

lines, c) Evaluation of district heating system design' temperatures. 

For each of these programs both the fundamental basis and computational 

methods are described . The use of the programs is illustrated by calcu

lations for a district heating scheme that has been proposed for a 

part of the city of Beijing. 
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INTRODUCTION 

1. 1 Scope of work 

The author of this report was awarded an UNU fellowship to attend 

the 1981 UNU Geothermal Training Programme held at the National 

Energy Authority in Iceland. After about four weeks of introductory 

lecture course on all scientific and engineering aspects of geo

thermal energy, the author received specialized training in 

low-temperature geothermal utilization for about five weeks . 

During this time there were lectures dealing with various topics 

of low- temperature geothermal utilization given by geothermal 

specialists of the National Energy Authority, University of 

Iceland, ReykjavLk Municipal Heating Service, Fjarhitun Engineering 

Consultants and various other institutions in Iceland associated 

with geothermal utilization. Some of the special lectures were 

given by experts from Japan , New Zealand , Scotland and France. 

The latter three were specially invited by the UNU Geothermal 

Training Programme. 

The main parts in the specialized training were the exploitation 

of low- temperature geothermal energy , pipeline and pumping station 

design , district heating system design, geothermal water chemistry 

and computer applications. 

The author visited various geothermal areas in Iceland during 

the two-weeks field excursions which made a good combination of 

the theory wi th the practice. 

This paper was written in the final stage of the Training Prograrnne 

as a final report and compl eted at the end of the six month training 

period. 
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1. 2 Use of computer in geothermal utilization 

There are extensive low-temperature geothermal energy resources 

in the world. In recent years low- temperature geothermal water 

has been widely used for various purposes to replace high -quality 

energy (Ref . 1). The IOOst common uses of low-temperature geo

thermal energy are for district heating , greenhouse heating , 

fish cultivation and industry. Its application to district heating 

is considered to be one of the most important uses. 

In the different stages of exploiting low - temperature geother-

mal energy a large number of complicated repetious calculations 

are necessary . In recent years computer programs have been 

used for both design and operation analysis in low-temperature 

utilization . Scientists at the National Energy Authority of 

Iceland have been using computer progr ams to interpret chemcial 

data of water samples , to obtain information about the chemical 

characteristics of the deep geothermal waters (Ref. 2) . They also 

use t he computer for geothermal water pipeline design (Ref. 3). 

It is known that engineers in France have developed a mathematical 

model wi th a computer program for optimisation of the distance 

between a reinjection well and the production well (Ref. 4). A 

mathematical model , which has been computerised for the determination 

of the optimum insulation thickness for prefabricated district 

heating pipes , is used for design purposes in Denmark (Ref. 5) . It 

is also well known that a computer program for calculating heat and 

pressure losses in district heating networks has also been developed 

by engineers in England (Ref. 6) . Another complete mathematical 

lOCldel with a large computer program called GEOCITY is used success

fully in practice for studying the economics of district heating 

using geothermal energy (Ref. 7). 

The author has deve l oped three computer programs (all in FORTRAN 4) 

for calculation topics in low-temperature geothermal exploitation . 

The main purpose of writing these programs was to learn about the 

use of computer in solvi ng geothermal engineering problems. The 



topics selected are the following: 

1. Deep well pump selection. 

2. Heat and pressure losses in geothermal water trans~ssion 

pipelines . 

3 . Evaluation of district heating system design temperatures. 
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The topics are simple and there are available calculation formulae 

which have been established and used for a long time. In other 

words, there are mathematical descriptions for these problems and 

the main task left for the author is to create an algorithm for the 

computation and to express it in a computer program using a Fortran 

computer language . 

The three programs are written separately . The author was interested 

in creating a complete computer program for geothermal water 

distribution system calculations . However , this was not realized 

because of the limited time available. The programs developed and 

their use for nominated tasks are described briefly in the following 

chapters. 

2 SELECTING A DEEP WELL PUMP : PROGRAM DWPS 

2.1 Principles and Criteria for Deep Well PUmp Selection 

2.1.1 Introduction 

In a low-temperature geothermal field, the correct selection and 

use of deep well pumps is important because it affects the operation, 

economy and safety of the utilization system. The main task for 

the deep well pump calculation is to decide upon the pump size , number 

of stages and column length to obtain the required water flowrate 

and well head pressure and to ensure a safe level of production . 

In addition a deep well pump calculation can be used to check the out

put of the pumps and any inefficiencies in their operation . Diffe 

rent types of pumps require different calculation procedures and data 

although the goal and nature of the tasks are the same . 
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2. 1 . 2 Pump size 

The pump size is first chosen according to the flowrate ordered or 

required . The reasonable flowrates for PLWl\Y Vertical Pumps are 

given in Tab . 2 . 1. 

Table 2 . 1 

Recommended flow ranges of FLOWAY vertical pumps 

Pump size 

6 inch 

and 

8 inch 

10 inch 

12 inch 

Column sizes 

6 inch column pipe 

2 inch enclosure tube 

3/16 inch shaft 

8 inch col. pipe 

2 1/2 inch encl. tube 

1 11 /16 inch shaft 

10 inch col. pipe 

2 1/2 inch encl. tube 

1 11 / 16 inch shaft 

2 . 1.3 Number of stages 

Flow range recorrunended 

14-40 lis 

50-75 lis 

85 -11 0 lis 

When the pump size has been selected it is necessary to calculate 

the number of stages required. The pressure head which is 

needed for raising the hot water in the well to the surface and 

keeping the pressure at the well head high enough for the transmission 

system can be expressed as : 

P = Ph + Kv + Kn + Pd + Pf (2 - 1) 

where P . total pressure head needed (m) 

Ph = discharge head at the well head (m) 

Kv static water level (m) 

Kn = draw- down (m) 

Pd velocity head (m) 

Fig. 2 .1 shows t h e main definitions used in the calculation . 
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Draw - down is the difference be t ween the static water level and the 

pumping water level. Customarily it is measured after several hours 

of continuing operation . Draw-down can usually be calculated with 

the formula : 

Kn = a . Q + b . Q2 

where a and b are the flow coefficients of the well determined by a 

pumping test. 

Column friction loss P f is a funtion of flowrate Q and column length 

Le and is found in the pump specifications (Ref. 8). 

It is well known that the pre ssure head of deep well pumps is a 

funtion of flow rate . Two strai ght lines can be used to approach the 

pump characteristic curve by regression analysis. The pressure head 

of the pump can t hen be presented as 

where Z is the number of stages of t he pump as illustrated on Fig. 

2 . 2 . When the flowrate Q is less than Qm ( the flowrate corresponds 

to the c ross point of the two lines) the constants cl and c2 will 

have the values cll and c2l respecti'llely and when Q is larger than 

Qm ' Cl = cl2 and c2 = c 22 " 

The following equation must now be satisfied : 

There are three unknown variables in this equation : Number of stages 

Z, flow rate Q and column length Lc. 

2.1.4 Column length 

The column length Lc required is expressed by : 

Lc = Kv + Kn + h min + hsaf 

In this expression, hsaf is the water level fluctuation and the lowe-

ring of the water level during the years of operation. It must be 

based upon the water level data of the fie l d in the past. h min is 

the minimum water column above the suction of the pump and is 
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expressed as : 

hmin = (Po - Pal / d . 9 + NPSHR (2 - 5 ) 

Here, Po is the saturation pressure corresponding to the temperature 

of the water in the we ll, Pais the atmosphere pressure and NPSHR 

is the "net positive suction need" required. It is one of the char

acteristic parameters of t he pump and can be found from the perfor

mance sheet of the p ump as a f untion of flow rate. When a linear 

funtien is used to approximate the NPSHR curve it can be calculated 

as : 
NPSHR = c + d . Q (2-6) 

From expressions (2-4) , (2 - 5) and (2 - 6) i t is c l ear that the column 

length Le is a f untion of flowrate Q. Thus, both the column length 

Le and f l owrate Q can be calculated from the equation system (2 - 3) 

and (2 - 4) combined, provi ded that the number of stages Z has been 

decided fi rst. 

2 . 1.5 Shaft thrust 

The total shaft thrust TT is calculated and the elongation of the 

s h aft Ea needs to be checked . The formula for calculating TT and 

Ea can be found from the specification sheet of the pump (Re£. 8) . 

The elongation of the shaft calculated must not be larger than the 

clearance of the pump assembly . 

2 . 1.6 Motor power capacity 

In the calculation the power capaci ty of the pump must be estimated 

to check if the shaft horsepower is within the a llowed range for the 

shaft and to select the correct rootor capacity. In these calculations 

the values of efficiency fo r both pump and motor are taken from the 

specification sheets. 

2 . 2 Computation me thod 

2.2. 1 The use of the l oop techn i que 

The flowchart of the comput ation is shown in Fig. (2 - 3). To solve 

the above mentioned equation system (2 - 3) and (2-4), a loop technique 
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has been used. After the nurrt>er of stages Z has been decided the 

calculation goes into an iteration loop in which the Newton-Raphson 

~thod (Ref. 9) is used to calculate a sat isfactory flowrate Q. An 

outer iteration loop is used to decide the correct column length 

based on the flowrate calculated. 

2.2.2 Use of subroutine 

The above said iterati on loop would be used many times in each run 

of the program. Obviously to arrange this loop as a subroutine is 

convenient. Th!s subroutine is called "SUBFLO " (Appendix A) . 

2.2 . 3 Creating an input data file 

It has been arranged that all the given values are put into two 

separate input data files. One is a pump data file and the other 

is a well data file . As an example , there are t":"'o pump data files 

and two well data files in Appendix E. In the input files , after 

each figure there is an explanation on the sarre line , whi ch will 

enable the user to change the files correctly . 

2 . 2 . 4 Pump characteristics 

usually pump manufacturers present p ump chara c te ristics with g r oups 

of curves , while sorre are given in tables . A regressio n analysis 

should be made to obtain the formulae presenting the pump charac

teristics and the corresponding c onstants . The available regression 

programs can be found in IMSL (International f1athematics Software 

Library) . In addi Hon, it is inportant to point out that care is 

needed in trans l ation of the units when editing, since the units 

used by different manufactures are not always the sama. 

2.2 . 5 Arrangement of the checking procedure 

In this program all the formulae and constants are chosen automati 

cally by the computer, several checking procedures are e xecu.ted 

automatically and if soma criteria are not satisfied the relevant 

staterrents will interrupt the calculation p r ocess and instruct 



~JHD- HS~-9000-SXW 
L.:.LJ 81.09.1154- GSJ 

No. 

Start 

Q>QM 

Yes 

X=X2 
Y=Y2 

Calculate 
PPHO, WKN 

No. 

Set up a new 
function Z= f (Q) 

and 
calculate ZD, 

ZD=.9L=f'(Q) 
dQ 

Q NEW = Q- ZlZD 

Q NEW- Q 1<1.0 

Write Q, 
QNEW on 

the terminal 

Return 

X= X I 
Y=YI 

- 19 -

Fig. 2-4 FLOWCHART FOR SUBROUTINE PROGRAM SUBFLO 



- 20 -

the computer to give the information on the terminal. This information 

advices the operator to change some of the initial values, then the 

calculation procedure will be repeated (see statements 32 , 202 and 

312 in the main program) . 

2 . 2.6 Output file 

The calculation results together wi t h some of the given values have 

been written in an output file named " DwPS.OUT " when the computation 

process is finished. As an example a printout of an output file is 

shown in Appendix E . 

3. HEAT AND PRESSURE LOSSES IN GEOTHERMAL WATER TRANSMISSION 

PI PELI NES : PROGRAM PI PES 

3.1 Calculation principle and formulae used 

Geothermal water transmission systems (transmission pipeline, distrib

ution network and user connecting pipelines) have a wide range of 

design features . There are many different construction configurations , 

different dirrensions and materials , whilst the rredium (hot water) 

properti es are also variable. 

The calculation formulae for heat and pressure losses can be f OW1d in 

engineering h andbooks and various other publications. The following 

is a brief description of the formulae used in this program. 

3 . 1.1 Thermal resistance 

The resistance to heat flow from hot water flowing inside a pipe to 

the ambient air can be Eiivided into four parts : 

1. Thermal resistance of the boundary layer of the water flowing in 

the pipe (Rin ) . 

2 . Thermal resistance of t he pipe \ ... a11 (~ipe) ' 

3. Thermal reisstance of the insulation layers and the protecting 

layer (Rin ' Rp). 
4 . Thermal r esistance of the air boundary layer at t he oute r surfac e 

of the pipeline if the pipe rW1S in the open , or thermal resistance 
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of the soil layer if buried (Rout or Rs1 ) . 

That is , the total thermal resistance can be e xpressed as : 

In practice there are always SOTIri;! items that can be neglected because 

they are relatively small. For open run insulated steel pipes, the 

thermal resistance of the pipe wa l l is much smaller than that of the 

insulation l ayer and therefore i t can usually be neglected . The same 

could be true for the thermal resistance of the internal and e x ternal 

sur faces of the pipelines . Therefore in this case we only need to 

calculate th.e thermal resistan ce of the insulations , which is given 

by' 

Here , D2 and D3 are the inner and outer diarreters of the insula tion 

layer respectively and Kins is the thermal coductivity of the 

insulation mate ri al . 

For asbestos-cement pipes which are usually not insulated the thermal 

resis tance of the pipe wall is: 

Here , D1 and D2 are the inner and outer diameters of the pipe and 

Kabs is the thermal conductivity of asbestos-cement. 

For buried pipes, i t is necessary to calculate the thermal resistance 

of the cove ri ng layers. The lTK:lst common way is to bury t he pipes 

in soil. In some cases the pipes are covered with sand before the 

pipe ditch is filled with soil and in s ome other cases the covering 

l a yers have different thermal conductivities due to their differing 

components and/or dampness (see Fig. 3- 1). The thermal resistance of 

the covering layers can be calculated from the formula (Ref . 10) : 

( 3-1 1 

whe re , Rsl is the therma l resistance of the covering layers 
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(m "C/W) hI' h2 and h3 are the thickness' of each layer (cm), 

KI' K2 and K3 are the corresponding thermal conductivities 

(W/m "C) and 

rp is the outer radius of the pipe (cm) . 

When (hl+h2+h3) is less than 2rp ' the following formula must used 

instead of formula (3- 1); 

Rsl = 1n((8(H/D)2 -1) + 4 (HID) (4(H/D)2 _1)°·5)/4 Ksl~ 

where H is the depth of the buried pipe center and Ksl is its thermal 

conductivity, while D is the outer diamete r of the pipe . 

3.1.2 TeIlFerature drop and heat loss of the water in the pipes 

The heat loss from one meter of pipe is given by: 

where Rtot is the total thermal resistance of the pipeline and D'I'm 

is t he logarithmic mean temperature di fference; 

Here , Tl and T2 are the temperatures of the water at the inlet and 

the outlet respectively , while Ta is the ambien t air temperature . 

From another viewpoint , the total heat loss of the water is : 

Thus , 

where c is the mean specific heat capacity of the water, m is the 

mass flowrate and (TI - T2 l = OT is t he temperature drop of the water. 

Since, T2 = Tl - DT, we have; 

DT = Rtot . C . m . DT/Lp 

and that is ; 
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13- 2} 

The temperature drop can be found from the equation (3-2) . The 

heat loss on the pipe is; 

Hls = Q • Lp IW} 

3.1.3 Pressure loss of the water in the pipes 

To calculate pressur e loss for water flowing in a pipe an esti mation 

of friction coefficient is necessary . 

For both mild steel and asbestos-cement pipes, the Colebrooks 

formula is used to calculate the friction coefficients for both 

types (Ref. 3) : 

f - 1/2 = -210g (2.S . R- 1 . f1/2 +k/ 3. 71 D,) 
e 

13-3} 

In this formula , Re is the Reynolds numbe r and k is the absolute 

roughness of the pipes and for steel pipes k = O.025mm but k = O. OSmm 

for asbestos-cement pipes (Ref. 3) . 

For either copper or plastic pipes the Von Karman equation for smooth 

pipes can be applied (Rei. 6) : 

f - 1/2 = 4 . 0 log IRe· f 1/2} - 0 .4 (3-4) 

The pressure loss in the pipe will be 

13-S} 

Here, P is the density of the water and Ladj is the adjusted length of 

the pipe , which is used to accoun t for such items as bends , expansion 

joint s , valves etc . For example, the bend coefficient is ~ , the 

pressure loss on the bend is ; 

Pb '" ~ Cb . p . V2 , 

the equivalent pipe length Le is given by: 

~ c" . p . v 2 • ~ f . p. v2 . Le/D l 
that i s ; 

Le = Cb . D1/£, the adjusted pipe length Ladj then is given by; 
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In this program, the density and viscosity of the water at a certain 

temperature are calculated from the followi ng formulae (Ref . 3) : 

vis = 1.951 . 10- 5 /TO. 909 (m2/s) 

dens = 12 37.16/TO . 05537 (kg/m3). 

3.2. Computation me thod 

The flowcharts for the programs are shown in Fig. 3- 2 , Fig . 3- 3 and 

Fig . 3- 4 . 

3.2 . 1 I terati on method 

An iteration loop using t he Secant ITEthod (Ref. 11) is adopted in this 

program to solve equation (3-2) for finding the temperature drop DT . 

It has been proved that the iteration process converges rapidly . 

Another iteration loop using the Newton-Raphson method .is provided 

to solve the friction equations, (3 - 3, 3- 4 and 3- 5) which give the 

friction coefficient values for different pipes. 

Each o f these two loops has been arranged into a subroutine . These 

two subroutines are called "HLOSS " and "PLOSS ", (Appendix B) . 

3 .2.2 Index P 

The choice of the correct formulae for thermal r e s i stance and 

frictio n coefficient for different pipes are selected according to 

the material of the pipe, the con struction of the pipe line and its 

insulation type . The input Index P instruc ts the computer to select 

the correct formulae . 

3 . 2.3 Output file 

All the calculation results and SOIre of the gi ven values are stored 

in the outpu t file called "PIPES . OUT" and p rintout from the file 

can be obtaine d (Appendi x DJ . 
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3 . 2 . 4 Limitation 

The pressure losses calculated in this program are those due to 

friction only and the pressure losses due to the differences in 

altitudes are not taken into account. In cases when the latter must 

be considered it should be calculated outside the subroutine, but in 

the main program. 

When the network to be co~uted is a closed loop, or in other words , 

the return water goes back to the same place as the water comes from 

(e.g. coupled wells at the same altitude) I the elevation will then be 

cancelled . 
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4 DISTRICT HEATING SYSTEM DESIG'I TEMPERTURE : PROGRAM SDT 

4.1 Theoretical basis 

The concept of system design temperature is of major importance in 

the design of a new district heating system (Rei. 12). The basic 

theory of system design temperature is discussed here briefly. 

It is well known that the energy consumption for heating is 

approximately proportional to the annual degree days for a given 

reference temperature. However, the important factor which affects 

the maximum thermal energy requirements a district heating system 

has to rreet is a consideration of the "cold wave ". The cold wave is 

the time period when the out- door temperature goes down considerably 

below the system design temperature and it would bring the room 

temperature down below the design value . 

Heating systems are usually not designed to maintain the design room 

temperature during the worst possible "cold wave" because it rreans 

that the capacity of the system will be excessive. Instead the 

COllU'OCm practice is to use a system design temperature rather than 

a minimum outside temperature. The system's capacity is designed 

for the system design temperature being somewhat higher than the 

lowest terrperature expected for the area where the system is to be 

located . Thus , when the outside temperature falls below the system 

design temperature, the room temperature may fall below the design 

room temperature for a short time. The system design temperature must 

be low enough in order to keep t h e room temperature above a predeter

mined value , during the I'OClst severe "cold wave ". 

For the determination of the system design temperature it is necessary 

to study the available climatic data of the area and estimate the 

effects of the worst "cold wave" on the room temperature . In order 

to evaluate the extent of cooling of buildings much research work has 

been done (Ref. 12) and here the author uses some of these results to 

develop a computer program. 
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4 . 2 Calculation formula used 

For rec tang ular "cold wave" of the form shown in Fig . 4-1, the 

minimum inside temperature is reached at the end of the "cold wave "; 

(4-1 ) 

In this expression Tmin is the minimum room remperature during the 

"cold wave"( "C) and Td is the depth of the "cold wave " as assumed 

f rom t he system design temperatur e ( · Cl , to i s the length of the 

"cold wave ", that is t he time , for whi ch the "cold wave" lastS , (day) , 

while a and b are constants, the meaning of them will be discussed 

late r. 

In fact , there is unlikely to be any natural "cold wave" t hat appears 

exactly like a rectangle. However , if there is a "cold wave" tempera

ture record available based on observations made at intervals through

o u t the day , t he solution for a rectangular "cold wa'Ve " can be used. 

Ass uming that t he outdoor terrperatures betHeen each two observa tions 

are constant we get series of short-period rectangular "cold waves " 

Fig. 4-2. Fo r each period the following formula can be used: 

T = Tlexp( - at) + bT2(1-exp(-at». 

This formula gives t he room temperature at any time in the period 

where T1 is the room temperature ( · C) at the beginning o f the period 

T2 is the outside temperature ( · Cl at t he begi nning o f the period 

and t is the length of the period , its unit is (day) and for data 

taken at M- times per-day, t = l/M . 

The two cons t an t s a and b in both formulae (4 - 1) and (4-21, are 

characteri stic values for the ho uses and are defi ned as : 

(-) 

a - h c3 . k 1 

k1 = hcl+hc2/(Tin - Tg} 

Here , Tg is the design room temperatu,re, Tin' is the design room 

emperature and h c1 ' hc2 and hc3 are cons t ants for a given type of 

houses , its typical values can be found from available reference 
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books (Ref. 12) . 

DT = DT m me 

Here , Tgo is the radiator system design temperature, ( oC) , Tfois 

supply water temperature ( ' Cl, 1bo is return water temperature ( ' Cl, 

DTmo is the standard logar ithmic rrean temperature difference and 

DTm is the L. M.T.D. at the system design temperature Tg . 

From what is described above it is clear that the room temperature 

T is a function of system design temperature Tg , when the other values 

are given. 

After the minimum temperature for each period has been found, a 

comparison of all the minimum temperatures gives the minimum tempera

ture for whole of the cold wave Tmin' For different Tg the process 

of finding Tmin is executed repeatedly, as a result a numerical 

funtion relationship between Tg and Tmin is obtained and based on 

this result the optimum Tg can be decided. 

4.3 Computation method 

4.3 . 1 Arrangement of input data 

The cold wave data (the severe cold wave temperatures recorded) of 

the considered area is fed into a special data file, thus this program 

will be: able to deal with any existing recorded cold wave data for 

different towns , provided the data is edited according to the format 

specified in the program. The data f ile is called "CWAVE . DAT" 

(Appendix F) . 

The house characteristic values and the system parameters are fed 

directly into the terminal as the program is run. 

4 . 3.2 Calcula t ion procedures 

The flowchart for this program is shown in Fig . 4-3 . 
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In this program , all the main calculation procedures are arranged 

in an outer DO loop, in which the supposed system design temperatures 

{Tgl from 0 to - 20·C is taken into consideration in sequence . For 

each Tg , the room temperature at the end of each supposed short- period 

cold wave (1 . e . for each recorded cold wave temperature) is calculated 

and compared with the former one to find the minimum room tempera

ture for the whole cold wave. The calculation and comparison process 

are a rranged into an inne r 00 loop, which is included in the outer 

DO loop mentioned above. 

4.3.3 Determination of system design temperature 

All the given values and the calculation results are stored in the 

output file called "SOT . OUT ". In the printout of the output file , 

following each supposed Tg is the corresponding minimum room tempera

ture . The latter is gi ven with the cooled down temperature (the difference 

between the design room cooled temperature and the minimum room 

temperature , and is a negative value). 

As has been stated in 4.1, the system design temperature must be 

low enough so that the room temperature can be kept above a pre 

determined value and it is usually agreed that the predetermined 

temperature should not be IIX)re than 2 to 3 degrees lower than the 

design room temperature . Based on this criteria the optimum Tg 

can be decided by scanning results . 
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5 EXAMPLES OF USING THE PROGRAMS 

The computer programs have been described in the preceding chapter . 

In this chapter , two simplified design tasks have been chosen to 

demonstrate what kind of problems can be solved by using these 

programs and how to use them for actual tasks. 

5.1 Calculation for Unity Lake District heating system in Beijing 

5.1.1 Brief description of the task 

For further development o f geothermal energy utilization in Beijing 

it is planned to construct an experimental geothermal district heating 

system in the Unity Lake (Tangjiehu) area which is in an eastern 

suburb of the city . 

Two production wells are now being drilled and are planned to be 

finished at the end of this year (t981) . The water temperature in 

these wells is expected to be about 55 · C. In this area a well will 

be drilled for a reinjection test and an observation well is to be 

drilled for research purposes. The production wells are sited in 

the residential area while the reinjection well is 'about 1.2 kilorreters 

away from the production wells. In this area 100.000 m2 of buildings 

are to be heated using the hot water from the two production wells 

(Fig . 5-1). In the present task the purpose is to use two of the 

programs (DWPS and PIPES) for conditions similar to those expected 

in Beijing. However, only limited information is available such that 

several assumptions have to be made . These assumptions are selected 

so as to be typical for geothermal energy in Beijing. An important 

consideration is the flow diagram of the utlization system. For 

illustration purposes a suggested scheme is selected to show how the 

calculations can be done by using the programs . 

5.1.2 Suggested scheme and preliminary calculations 

The flow scherre of the supposed system is shown in Fig. 5-2. It is 

based on the available data on t h e output and chemistry of the geo-



rn JHD - HSp - 9 0 00 SXW 
81. 0 9 .1094 - 37 -

N '\ 

I j I + 
L 

I 
I 

I 
I I I --~ 

'-

r r 
Area No . I , Boil er 

6 I 60777 m 2 House 

I No.1 

.L Well No. I 
,---, 

I I 
I-Moin p ipeline 

, 
I '- I 

1-- --- To Rei nj. Well ---

I : I I I ' 
I I I L 

• 
Area No.2 

I 46823 m 2 I I I I 
• 

I I 

rrMoin pipeline 

~_ I 
I 

r- I I ~r 
r-

Boiler , 

n House 
No.2 

Well No . 2 

I ) 0- --- I I-
'- -

0 50 lOOm 
• • , , , • , • , • 

, 
i 

Fig, 5 - 1 Unity Lake ( Tongjie Loke) District. A pilot 

~eothermal district heating slstem in 8eijin2 



- 38 -

~ J HO - HSp-9000 SXW 
LJ::J 81.09.1098 IS 

O. W. Pump No . I 

1lI 150mm (i) 

Well No. I 

Heat 

u ~ 

° -----0000 
00-

Boost Boiler 
No. I 

42.8 60 (OC) Exch. No.1 
0,.---, 
o 

( 0C) 

N 

1SI ~ 
30 (0C) 

28 lis 

@Asbestos Pipe 0250 mm 

30 (OC) 

21.6 lis 

35 (OC) 

36 liS 

46.8 60 
r+---'--f-" 

Heat 

Exch.No.2 &' ~ - ---D.W,PumpNo.2 !l) 

on 00 

Well No. 2 0150mm ® 

(OC) (OC) 

Boost Boiler 

No. 2 

Fig. 5-2 Suggested schematic diagram of the 

Unity Lake District Heating System 

Area No.1 
60777 m2 

Reinj. Pump 

Reinj . WeU 

Area No. 2 

46823 m2 



thermal wells in Beijing (Ref . ll . The maximum discharge of the 

production wells are assumed to be about 18 lis . Heat exchangers 

can be used in the utilization system because of the chemistry of 
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the geothermal water. Because a high water temperature at the outlet 

of the heat exchangers can not be expected , boost boilers are needed 

in the secondary water system to raise the water temperature to at 

least 60 ' C before the water goes into the distribution system. The 

building area is divided into two sections with a production well 

in each one. The secondary water from the heat e xchanger are 

cross - connected so that in summer time when the heat load is relatively 

low, one of the geothermal water systems including well, pipeline , 

heat exchanger and boiler can be shut down to allow !l main t ainance . 

A preliminary calculation has been made for the secondary water 

systems. The main parameters assumed and calculated are listed in 

Table 5-1. 

Table 5 1 Main parameters of the secondary water system 

Item 

Heating Requirement 

Building Area 

Total Heat Demand 

Temp. of Supply Water 

Temp . of Return Water 

Water Flowrate in Secondary 
\-later System 

Temp. of Geoth . ~'later before 
Heat Exch. 

Temp. of Geoth . Water 
after Heat Exch. 

Temp. Diff. of Secondary 
Water in Heat Exchanger 

Temp. o f Secondary Water from 
Heat Exchanger 

Temp. Diff. of Secondary 
Water in Boiler 

The Load of Heat Exch . 

The Load of Boiler 

Unit 

(W/m2) 

(m2 ) 

(MW) 

( ' C) 

( ' C) 

( lis) 

( ' C) 

( 'C) 

( ' C) 

( 'C) 

( ' C) 

(11)11 

(MW) 

*Based on the design rule for the city 

District No . 1 District No.2 

58* 

60,777 

35.25 

60 

30 

28,0 

55 

35 

12 , 8 

42,8 

17 t 2 

15,05 

20 , 2 

5S* 

46 , 823 

27.15 

60 

30 

21 , 6 

55 

35 

16 , 8 

46 , 8 

13,2 

15,05 

12 , 1 
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The pipes for geothermal water from the wells to the heat exchangers 

are designed to be prefabricated polyurethane insulated steel pipes. 

The pipes for the reinjection water from the heat exchangers to the 

reinjection pump are asbestos-cement pipes. All the pipes are buried 

in the ground at 80 cm below surface and with 20 cm sand layer around 

the pipes . 

5 . 1. 3 Calcula tion for the geothe rrnal water pipe lines 

The main calculatico procedure using the program PIPES is to edit the 

input data file . The first line of the input data file includes the 

three values: 

1. The ambient air temperature , TAIR : - 12,0 ( "Cl 

2. The thickness of the sand layer , Ht: 20 , 0 (cm) 

3. The thickness of the soil layer , H2: 60 , 0 (cm) 

From the second line downwards are the parameters for the pipes . 

The table 5 - 2 is the data for the pipes a n d the corresponding number 

for each pipe should be referenced to Fig . 5-2. 

Table 5- 2 The Earame ters of the ~iEes 

I tem Symbol Unit PiEe No .1 No.2 No . 3 No .4 No.5 

Inner dia . of pipe 01 (cm) 15 . 0 20.0 15.0 20 . 0 25.0 

Outer dia. of pipe 02 (cm) 15 .9 24.0 15.9 24 . 0 29.0 

Outer dia . of the 
1st insulation 03 (cm) 15.9 24.0 15 . 9 24 . 0 29 . 0 

Outer dia . of the 
2nd insulation 04 (cm) 2 1. 9 24.0 21.9 24.0 29 .0 

Outer dia. of the 
protecting pipe 05 (cm) 22.9 24 . 0 22 . 9 24 . 0 29.0 

Length of the pipe PL (m) 50 . 0 110.0 85 . 0 150.0 1200.0 

Adjusted length 
of the pipe PLA (m) 65 . 0 130.0 100.0 170 . 0 1225 . 0 

Water temp. at the 
inlet of the pipe TST ( · C) 55 . 0 35.0 55 . 0 35 . 0 35.0 

Flowrate Q (l/s) 18.0 18 . 0 18 . 0 18 . 0 36 . 0 

Index P (-) 0 . 0 1.0 0 . 0 1.0 1.0 
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In editing this data table, some assumptions are made for simplifi 

cation , they are : 

1. There is only one elbow in each pipe , the equivalent pipe l ength 

length of which is about 10Dl. This value has been added to 

the pipe length to get the adjusted pipe length. 

2 . The temperature drop in the pipes is relatively small , so for 

the calculations of the three asbestos pipes, the inlet water 

temperature is 3S · C . 

The well head pressures (that is the inlet water pressures of p ipe s 

No . 1 and No . 2) are calculated as : 

PH 1 Pr +DPh + OP 1 + OP 2 + DPS 

PH2 = Pr + Ofb + OP 2 + DP 4 + DPs 

Here, PHI and PH 2 are the well head pressures of the two production 

wells respectively , Pr i s the water pressure at the inlet of the 

reinjection pump and is designed to be about 0.2 bar, OPh is the 

pressure drop of the geothermal water in the heat exchanger and is 

assumed to be about 1 bar and OP l to OPS is the pressure drop for 

each pipe respectively . 

The input data file for this task is shown in Appendix o . 

After having edited the input file , the program resultant PIPES with 

subroutines HLOSS and PLQSS is run and the resultant printout is 

shown in Appendix D. In the printout , besides the given values, 

there are the ca l culation results for heat loss (THL) , temperature 

drop (OT) and pressu re drop (OP) for each pipe. Furthermore, the 

well head pressures needed have also been given by the calculati on 

result . 

5 .1.4 Calculation for deep well pump selection 

The pump data files which are edited for FLOWAY 6 and B inches vertical 

pumps and are named OATAP6.0AT and OATAPB . DAT are shown in Appendix 

E . The data files edited for Well No. 1 and Well No. 2 are also 
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shown in Appendix E, which are cal l ed DATAW l and DATAW2 respectively . 

In the well data file s the values f or the flow coefficients of t he 

wells are assumed values. The well head pressure values are taken 

f rom the resul t of t he pipeline calculati on . 

After the input data files having b een edited the program DWPS is run 

and the resul t i s p r inted o u t as shown in Appendi x E . 

5 . 2 Sys t em design tempe r ature fo r a town 

5 . 2. 1 Brief description of the task 

The parameters o f t he district heating system of some town in north 

China are assumed as : 

Supply hot water temperat ure : , GO · C. 

Return water temperature , 30 · C. 

Des i gn room temperature : lS· C. 

Design outdoor temperature fo r r adia t o r s ys tem : - 12 "C . 

The house characteri sti c values are assumed as : 

HCl = 2.4 , Hc2 = 3. 0 , Hc3 = 0. 22 

The worst severe "cold wave " da ta recorded in the h istor y i s 

assumed to be : 

Number of observations per day , M = 8 

Numbe r of t e mperat u r e s recorded , N = 40 

The temperatures recorded in sequence are : 

- 1.1 - 2.9 - 3 .9 -4. 8 -4.6 - 6 . 5 - 7.3 - B. 7 

-12 . 5 -14 . 6 - 16 .0 -1 7. 0 - 18.3 - 19 . 2 -18 . 9 - 16 . 9 

- 18 . 3 - lB . 3 - l B. O - 19.4 -19 . 8 - 20 . 0 - 17. 4 - 14 .9 

-16 . 3 - 15 . 2 - 16 . 4 - 16 . 5 - 15 . 6 -14 . 0 -1 3 .9 - 10.3 

- 9 . 8 - 7. 9 -6 . 2 -5 . 3 - 4 . 6 - 3 . 4 - 2 . 1 -0 . 8 

The task is to evaluate the cooling down temperatures a nd decide the 

s y stem design temperatur e for the town. 
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5.2.2 Calculations 

The data listed in 5.2.1 have been edited into the input data file 

named CWAVE.DAT, which is shown in Appendix F. The program SOT is 

run, the result is given by the printout of the output file Appendix 

F . 

5.2.3 Interpretation of the calculation results 

The system design temperature must be selecte d low enough so that the 

maximum cooling of the building during the cold wave will not lower 

the inside temperature rrore than 2-3"C below the design value. From 

the tabulation of the calculation result it can be concluded that 

- 11 "C should be the reasonable value to be adopted as the system 

design temperature for the town if the cooling down of inside 

temperature selected is -3 "C and a lower temperature, -13 "C should be 

used as the system design temperature if - 2 "C is allowed. It is 

also obvious that -12 "C could also be used as the system design 

temperature for the town since the corresponding cooling calculated 

is -2.6 "C. 

6 DISCUSSION AND CONCLUSION 

The computer programs described in this paper can be used for solving 

some of the calculation topics in low- temperature geothermal exploit

ation. All the calculation formulae used in the programs are based 

upon theoretical or empirical studies. The precision of the calculation 

results are high enough for engineering purposes, though simplifacation 

has been made in creating these programs . The calculation examples 

demonstrate that they are effectual. 

Being a preliminary study of the use of computer program in geothermal 

engineering, there must be shortcomings in the programs which need 

to be improved. In addition, these programs should be considerd as a 

fran:!work which can be extended to roc>re complex problems . Further 

developments should include cost studies so that an overall 
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optimisation program could be available to aid the efficient 

economic design of a geothermal utilization system. 

In China the use of the computer as a design aid for the utilization 

of geo thermal energy should be developed. This report focusses on 

one aspect i.e. low- termperature utilization and demonstrates the 

good applicability of computer work in such development. To use 

these or other computer programs in actual tasks i n China , a collec

tion of up-ta-date data relating to pumps , pipes, fittings and other 

equipment throughout China needs to be done. It may be meaningful 

to use program SOT to estimate the system design temperatures for 

different towns in northern China and compare the results with the 

currently used values. 
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FORTRAN Iv-FLUS v3.0-3 16:17:54 24-Sep-Sl Pa,e 1 
n.PS.FTHj55 ITR:FL~S/WR 

0001 

0002 

0003 
000. 
0005 
0006 
0007 
OOOS 
0009 
0010 

0011 
0011 
0013 
0014 
0015 
0016 
0017 

00lS 

0019 

0020 
0021 

0022 

0023 
002. 

0025 

C PROGRAK OWlS.FTN 
C PROORAK FOR nEEP WEL!. PU~P S£LECTl~G CALCULAT:OH.IT CAN Br US£l) FOR 
C FLOWAY VERTICAL PU~P <SIZE3! '-12 INCHES ). T,E PARAKETERS OF THE 
C PUIIPS HA1JE BaN STORE]) IN INPUT !lATA FILE <DATAP.OAll .. 0 THE WElL 
C OATA NEEO TO BE EDITED INTO 'NOTHER l;PUT FILE ([>TA'.OAT) . 
C 

CGHHON I~LOCKI SIZE,G,GM,X,Y,Xl,Yl,X2,t2,FLC1,FlC2, 
1 PH,wKN,WKV,OENS,A,S,CL,CONST ,PnHO,HZ 
BYTE FILNA~ (32) 

C INPUT THE NAKE OF THE PU~P OATA FILE 
TYPE 10 

10 FORMAT {' PU~ DATA FILE:' ,SI 
ACCEPT 12,!Q,F!l~A~ 

12 FORHAT (Q,32Al) 
WRITE (5,2) FILN~ 

2 FORMAT I' ',32AD 
FILHAH(1QUI=O 
OPEN WHlT=l,~.I'!E=;-IUW~, nFE='OlD' ,READO~lyi 

C INPuT THE N41<£ OF THE WElL OAT! F lLE 
TYPE 20 

20 FOR~T (' WELl DATA FILE:'" 
ACCEPT 12,IQ,FILNAft 
WRITE ,5,4) FILhA" 

4 FORMAT (' ',12A1J 
FILNA"(lQ+1 )"0 
OPEN tUNIT=2,N~'E=FILHA~,tYPE~'OLD'IREADONLY) 

C Rr..D lATA fROM P""1 DATA fIlE 
READ (1,1000) SIZE,DCI,tEO,OSHA~,AC,Q",Xl,X2.11tY2, 
1 A.!l, C, D, XX, yy, IfSHAF ,WI"PIl~SIW ,l!L, RPM,Et,IiOT , fK ,HPR 

1000 FOR",T (FI0.5) 
C READ DATA FROh WELL DATA FILE 

READ (2,2000) WNAHE , PA,TEMf,PS,DENSlwrV,FLC1,FLC2,WKNH,HS~FE,PHIQO 

2000 fOR",T (FI0.5) 
C CREATE AN OUTPUT 'ILE 

CALL ASSIGN (3,'o.?S.OUT') 
C WRITE HEADING LINES 

WRITE IJIl OO) 
100 F~~T (' ',301,'THt ~ESUlTS OF CALCUlATION' I 

1 lOX,'FOR SELE~TING DEEP ~ELl PUKP'lj) 
C 'RITE GIVEN VALUES 

0026 102 
ijRITE (3,102) *H~~,PA,WkV,TEK?,DE~S,PS,GO 
FORMT (20X, 'GIV81 VAL£S:' I 
1 30X,'THE tiME OF T~E WELL:',F6.21 
2 30X,'ATHOCwPHRIC PRESSURE: .Fa.2,'BAR'1 
3 30X,'WATER LEVEL BELOW SURFACE:',F6.2 , '1'1'1 
4 30X, 'TEMP. OF WATER: I ,Fo.2, 'C'.' 
5 30X, 'DENSITY OF WATER:'.Fb.2. 'KG/CUF.h'l 
o 3OX,'SATURATED PRESSURE:',F6.2, 'BAR / 
7 3OX,'FlOWRATE ORDERED:',Fb.2,'L/S'/; 

0027 WRITE (3,104) FlCl,FLC2,PH 
0028 10. FORKAT (30X,'FLOV COEFF. OF THE WELl:',Fb.2, '"/ll/SI 

1 54X,F6,4,'M/SQ ,(l/S)'1 
2 3OX,'PRESSURE AT WELL H£An:',Fb.2,'BAR'lll 

C CHECk THE ~X. DROW DOWN 
0019 W.N"fLCl*QOlfLC21U0i*2 
0030 IF (W~ .ST. WKNM) eo TO 30 

- 49 -
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FORTRAN IV-PLUS v3.0-3 1.:17:54 24-Sep-Sl P.,. 2 
DWPS.FTN;55 fTR:BLOCKSfWR 

0031 
0032 
0033 

om 

0035 

0036 
0037 
0038 
0039 
00'0 
0041 
00.2 

00.3 
0044 
0045-
0046 
00,7 
004S 

00.9 
0050 
0051 
0052 
0053 

005. 
0055 
OOSh 
0057 
0058 
0059 

0060 

GO TO .0 
30 lYPE 32 
32 FORKAT f' '.'THE DROW DO'N IS TOO KUCH TO BE ALLOWEO.f 

I YOU SHOULD DECREASE THE ORDERED FlOWRATE" 1 
STOP 

C ITERATION CALCULATIGN FOR DESISN THE COlUHH LENGTH A>n Hu.BER OF 5T,",;. 
C GlUING THE IH:TIAL VALUES OF tolUKN LENGTH AhD ;l~R~TE 
.0 O~OO 

C CHOOSE THE CORRECT CONSTANTS FOR PUMP CHA~ACTERISTICS 
IF (Q-aM) 50,50'00 

so X~Xl 

Y~Y1 

GO TO 65 
60 X~X2 

Y=I2 
65 CL~W'NtWKVtHSAFEt20, 

C DECIDE HUKBER Of STAGES OF THE PUKP 
CONST=<DCU..Ol ',1l2-(DEOl.OIlU2 

70 PV=.OS26E-6'<DEHSlCCNST)lQn2 
Pr: \ AlGUB)JC .. l.Ol 
TDJi:: 1 0 .20'lPHH It.KHtil.KV) llIENSJl 000 • +PlJ+t'F 
PDHO~X'YIO 

NZ=TDH/PDHO+1. 
C USE SUBROUTINE TO CALCULATE FLDURATE 
SO CALL SUBfLO 

N!'SHR~CtDlO 

nHJN=10000.f(PS-?AJj~tN3+~SHRlNl 

WKN~FLC110tFLC2tQI12 

ClNEW=~~M+WKV+H~IN+~SAFE 

C CHECK FOR COHfLETrON 
IF fABSfCLHEW-CU ,LE, 1, 1 GO TO 150 
Cl=CLSEW 
GIl 10 SO 

150 PY=.0826E-~l(DENSJDONSTJlQ*t2 

PF=(AiGttBltctt .Ol 
TDH=10.2jPHtfWKH+WKV)zDEN5/1000.tPvtPF 

C WRITE RESULTS 
WRITE (3,160) SIZE,Nz,a,TDH,DCI,CL,DS~Af,DEO 

0061 160 FORKAT 120X.'PARA~E1ERS OF THE PUll' CAlCUl41ED', 

0062 
0063 
0064 

1 30X, 'TYPE OF THE PUKP:',Fb.2f 
2 lOX,'HUHBER OF ST~GES:'rI~/ 
3 30X,'FLOWRATE CAlCUlATEn:',F6 .2,'L/S'J 
4 30X,'TOTAL DYNAMIC HEAD: ,F6.2,'"'/ 
5 30X,'CDlUKN DIAHfTER:' ,F6.1,'~'/ 
o 3OX, 'L~GT" OF COllJH!rl!' ,Fo.2, 'll / 
7 3OX, 'DIAl1£TER Of SHAfT:' ,F6.2, "~' / 
8 3OX,'DIAttET£R OF ENClOSIIjG ruie:'Fo.2,'CI\'/n 

C CALCUlATION TOTAL THRUST 

C 

T IF TDHiTK/ .3048 
WSoIClf,304SlIWSHAFtNZIWIKP 
TT=(TAtWS)j4.44S 
CAlCUlATING ENLGHGATION 

0065 EA=(TAiCl)J(ASHAFj.27£7) 
C CliECK IF 11iE EHlOHOATlfll< IS AlLl1oEO 

0066 IF fEA ,OE, ACl G1l TO 200 
0067 GO TO 300 



FOffiRAN IV-PLUS V:3.0-3 10:17:5.01 2~-Sep-al rase :3 
DWPS.fTN155 ITR:PLOCKS/W~ 

006a 200 TYPE 202 
0069 202 FORMAT (' ','THE ENLOhBATION IS GREATER THAN AL~O.En VAlUE,CHAHG£ THE 

I SA;';T sm ') 
0070 STOP 

C ~_CUlATE MOTOR CAPACITY kEEOED 
C CNGOSE THE CORRECT CONSTANTS 

G071 300 EKP=XX+YY*D 
0072 PHY=0,TOHIOENS/(.75E5'E'P) 
0073 PlOSS=CllULI30.4S 
007~ aLOSS=TTlRPHll •• 9t:-a 
0075 PSHAfT={~"YtPtOSStBLOSS)l.7"5 

C CNECK THE SHAfT HORSEPOWER R,TINO 
0076 If (PIAAfT .OT. HPR) GO 10 310 
0077 00 TO 400 
0078 310 TYPE 312 
0079 312 FORHAT (' ','SHriFi HaRSEPO.ER IS GREATER rh~ AlLC.ED vAlU~,1 

I ChANOE THE SHAfT OIANETER!') 
ooao 400 PHOTOR=PSHAfT/EKHOT 

C STANDARDIZATION Of THE HOTOR CAPACITY 
0081 If (PHOTOR .LT. 4.8) po5='.8 
0082 If (PHOTOR .OT ••• a .AND. PhOTOR .LE. 10.) Ph5=10. 
0083 If (PHOTOR .OT. 10 •• AND. PHOTOR .LE. 20.) PH5=20. 
ooa. IF (PHOTOR .OT. 20 •• AND. PHOTOR .LE. 30.) '\S-30. 
0085 IF (P'OTOR .OT. 30 •• OHD. PHOTOR .LE. 40.) PHS-40. 
OOS6 If (PHOTOR .OT. 40 •• AND. PHOTOR .LE. 50.) P.,=5;,. 

C ~~ITE RESULTS INTO THE OuTPUT FILE 
00a7 WRITE (3,500) EH,AC,TT,PSHAFT,p~nTOf,r~ 
oosa 500 fORMAT (30X,'ENLONOATION Of THE SHAfT: .f6.2, 'INCH'I 

1 3OX, AXIAl ClEARtMCE;',F6.2, INcr I 
2 30x, 'TUrAl nU::UST: ',FS.], 'N'I 
3 30~,'SAAFT HORSE POWER: ,Fo.2, r.WI 
4 30X, 'CALCULATED- HOTUR CAPACITY;' ,Fb.2, 'KfI I 
5 3OX, 'STAADAIW ~TOR C;'f'AClTv: ,F6.2, Mt'Jl 

0089 STOP 
0090 END 

- 5 1 -
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FORTRAN IV-PLUS V3.0-3 16:19:11 24-Sep-Sl Pe3~ 1 
SUSFLO.FTNilO ITR:BLOCKS/WR 

0001 SUBROUTINE SUBfLO 
0002 COHMON/BLOCK/SIZE,Q,GH,X,Y.Xl.Yl,X2,Y2,FLCl,FLC2, 

1 PH,WKH,WKV,DENS,A,B,Cl,CONST,PDHOrNZ 
C CHOOSE CORAEeT CONSTANTS 

0003 10 IF (G-OH) 12,12,14 
0004 12 X~Xl 

0005 Y~Y1 

000, GO TO 30 
0007 14 
oooe 
6009 

X~X2 

Y~Y2 

SO TO 30 
C ITERATION fOR fLOWRATE 

0010 30 PDHO-X-YiO 
6011 ~N-fLCljQlfLC2iOii2 

0012 Z -PKil 0 ,21 I WKNIWKV) iOEtlS; ,0011 I AiOm) iCLll 00 ,I, 082.E -,il DENS; CONST) 

0013 

0014 
C 

0015 
C 

001, 
0017 
0018 40 
0019 50 
0020 
6021 
0022 

1 iOli2-PDHOiNZ 
lD=FLC2tDENSt.2iQ+.16S2E-4t(DENSJCONSTltQ,CliBiQit(B-l.) 
1 fFLCltDENSt.l 
ON<W-O-ZllD 

CHECK fOR COKPLET1GN 
IF (ABS(GNEW-Q) .LT. 1.) GO TO 40 

OTHERWISE CONTINUE THE ITERHTION 
O-ONEW 
GO TO 10 
WRITE (S,50)Q,(mEW 
FORMT (' ',2F15.6) 
O-ONEW 
RETURN 
END 



APPENDIX B: Program PIPES and Subroutine 
Programs HLOSS and PWSS 



FORTRAN lV~PLUS V3.0-3 lo:1S:n 24-S'<1p-81 ''is'' 1 
Pl?ES.FTNi4S /TR:8LOC~Si_~ 

0001 
0002 
0003 
000' 
0005 
0006 
0007 10 

008 
0009 12 
0010 
0011 
0012 
0013 
001' 20 
01)15 
0016 30 

PROGRAIi PIFES 
CO"MON/BiOCK1/02,D3,D4,DS,Hl,H2,TAIR,CP,UENS,FL,THL,Hl 
COKHOM/SLCCK2/Dl,TSTART,DT,P,G 
COHHON/BlOC~3!PLA,FlS 

BYTE fNAIIE(32) 
TYPE 10 
FORI'IAH' ','INPUT FIlEt"'J 

ACCEPT 12,IO,F~AH£ 

FORI'IAHQ,32All 
FNAI'IEWHll=O 
OPEN(UNIT=1,NAKE;FNAME,TYPE='OlD',READONLY) 
CALL ASSIGN(2,'PIPES,OUT') 
READ(1,20)TAIR,hl'M~ 

FGRKAT(12FS.3) 
WRITE(2,lOlTAIR,Hl,H2 
FO~HAT(' ',20X,'THE CALCUlATION RESULTS OF HEAT AND PRESSURE LOSS'/! 
1 ',20X,'AIR TEiiPERAM£: ,'S.ll 
2 ',20X,'THICKNESS OF THE SAND LA~ER:'IFS.3! 
3 ',20X, 'fHIC~ESS elF ThE SOIL LAY£iW,FS.!! 
4 o4X,'Dl',6X,'D2f,~x,'D3',6X,'D4',6XJ'DS'I/J);' PL'le~, fLo\ lOX, 
5'Q',6X,'P',4X,'TST',4X,'PT',6~,'DP' , 6X.'HLS'/) 

0017 PR=O.2 
0018 PDH~1 ,0 
0019 PH1~0.0 

01)20 PH2~O.O 

0021 DO 100 I~I,100 
0022 READ !1,20,EN~200)Dl,D2,D3,t1!D5,PL,PLA,G,P,TSTART 
0023 CAll HlOSS 
002~ .R!TE(S,S2lDT,THl,Hl 
002'.\ 52 
0026 
0027 
002a 5' 
0029 
0030 58 
0031 
0032 
0033 
003< 71 
om 
0036 72 
0037 
0039 SO 
0039 
01)'0 100 
00'1 200 
00.2 
00<3 
004" 110 
00'5 
00'6 220 

00'7 
OI)'S 

FORHAT(20X,'DT=' ,F15.o,'THL=',F15.6,'Hl=',F15.b) 
CAll PlOSS 
ItRITE(S,504)PLS 
FGRMAT(20X,'PLS=',f15.6) 
W~ITE(2,58)Dl,n2,n3,D4,D5 , ?L,PLA,Q,P,TSTARr.rT,PlS,THl 

fORKAT(5fS.3,3F8.2,3F8.3,2FI0.3/) 
If (J .EI. 1 .OR. I .EO. 2 ) GO TO 71 
IF (J .EQ. 3 .OR. I .EQ. 4 ) Btl TO 72 
IF (J .EO. 5) GO TO 80 
PH1~PH1!PlSll.E5 

GO TO 100 
PH2~PH2!PlS/l.E5 

GO TO 100 
PH1~PH1!PlS/l.E5 

PH2~PH2!TlS/l.E5 

CONTIMJE 
PHI ~PHl!PR!POH 
Pk2=F'H2i'PRtFDH 
WRITE(5,210)PH1,PH2 
FaRKAT(5X,'PH1=',F15.6,~X.·PH2= ,FIS.6) 
ItRITE(2,220 lPi'll, .·'H2 
FOR~AT(21X,'WELL ~EAD fRESS~E fOR WELL NO.l,PH1=',FS.o4,2X, 'EAR'/ 
1 21X,'~ELl HEAD PR£S;UiI[ Hif _ELL hC.2,f'tj2=',F8 .• ,2X, MR') 
STOP 
m 
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ORTRAH rV-PLus V3.0-3 Ib:16:30 21-Sep·Sl Pi~e ' 
HLOSS.FTN;30 ITR:rlOCKS/.R 

0001 SU~ROUTINE HLOSS 
C SUBROIJTlNE TO CALCULATE HEAT LOSSES FROII SURFACE OF PIPES AND TEIIFEFAT,~E 
C DROP OF WATER IN HOT 'ATER PIPElINES 

0002 COKHGN /BlOCKI/D2ln3,n4,DSIHI I H2,TAIR,CFI0£~s,PLlrHLIHl 

OOOl COHKOH IBlOCK2/Dl,TSTART.DT,P,J 
C GIVfS THE V'LUES OF THERKAl CONDUCTIVITIES FCR DIFFERENT ~TERI.,S 

000.1 TCPc<.<65 
OOOS TCIHSl".040 
ODD, TCINS2".OlS 
000) TCPT".'O 
0008 TCSl1".ll 
0001 TCSL2"1.'S 
0010 cp"ma. 

C IF THE PIPE IS ASBESTCS-CEHEHT PIPE, THE THERiIII ... RlSiSTAACi: Of Tlif fIPE IlIl1i.l 
C NEEDS TO BE CALCUlAIED 

0011 IF IP .Ei. 1.0) GO TO 5 
0012 IF (P .hE. 1.0) RP=O • .:; 
0013 GO TO 10 

C CALCULATE THE THERKAL RISIST~CE OF .SI.iTOS-CEKENT PIPE WALL 
0014 S RP"ALODID2/Dl)/I'.28l2'TCPC) 
0015 RINS"O.O 
0016 GO TO 20 

C CALCUl.TE THE THERKAl RISJST~E Of INSUL'lI~ LAYERS 
0017 10 RUiS=AlOG([lYD2)/(b .2832J.TCIHSl J+AlOO( [WD3)/1: b .2S32JTCIlri:i.21 

C CAlCUL.TE ThE IHE ... L RISIST"CE OF PROTECTING COVER 
0018 RPT=AlOU(D5/D4)/(4.2832*TC?TJ 

C CHECK THE PIPE IS IN OPEN AIR 
0019 20 IF IHl .HE. 0.0) GO 102S 
0020 IF IHI .EO . 0.0) RSL"O.O 
0021 GO TO 100 

C CHECK IHE DEPTH OF BURYING TO CHOOSE THE CORRECT FORMUL. 
0022 2S IF WU+H2J .LE. D5) GO TO !O 

IF IIHl'H2) .Gl. OS) GO 10 40 
RATla.IHl.Hl'.S*,S)/D5 

0023 
0024 30 
0025 
002, 

RSl=AI..lJG( (S.'RATI0U2-1. H4 "~'ATIOlSQRT (4 .JRA TlOUZ- l.» 112 .Sb6U r~~l2 
GO 10 100 

0027 ~o 

0028 
U"'lOSII •• lHl'2.'OS)/OS)/('.2S12,TCSLl) 
V"Hl/112.S66"(Hlt.S'OS)'TCSl2) 

0019 
0030 

0031 

0032 
003l 
003-< 
00lS 
001\ 
DOl) 

0038 
0039 
0040 
0041 
0042 

RSl=U+V 
GO TO 100 

C CAlCUlATE THE TOTAl THER~L RISISTAiCE 
100 RTOT=~P+RINS+RPT+RSL 
C lTERAlIOI( CAlC~,AlI01( ISEOOT mHOO) 10 FIND OUT Tk£ TW£J<.TIJRE DROP, 
C TOTAL HEAT LOSSES ~D AVERAGE HE.T LOSS PER 0<£ ,ETER 0' PIPE 

OTO"10.0 
DT1=O.OS 
nEH~1.237/TSTART".OSSl'7 

200 YO=DTO'CP'JiDENS-DTO/AlOG\(TSTART-TAIR)/(TsrART-T41~-~TO»iPL/RTOT 

YI"OTl'C?,O'OENS-DTl/'LOGIITSlRRT-lAIR)/ITST'RT-T'IR-OT1)).PL/RI0l 
OT2"IYl.DTO-YO.DTl)/IYl -YO) 
Y2"DT2'CP'O'OENS-OT2/ALOGI(TSTRRT-TAIR)/ITSIARI-T'IR-OT2)).Pl/RTOT 
IF IA651011-012) .LT •• 01) GO TO 300 
OTO"OTl 
OTl"nT2 
GO TO 200 

00<l 300 DT"OT2 
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FORTR~~ IV-PLUS V3.0-3 16:16:30 24-Sip-81 Pase 2 
HlOSS.FTN;30 ITR:ilOCKS/WR 

0044 THl'DTlCP'O'DEHS 
0045 Hl'THl/Pl 
0046 RETURN 
0047 END 
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FORTRAN lV-PLUS VJ.O-3 U:17:14 Z'--SIlP-Sl PilS~ 1 
PlOSS.FTN)' ITR:BlOC,S/WR 

0001 SUBROUTINE PLOSS 
C SuFROUTI~E TO CAlCUlATE PRESSURE LOSSES Of _ATER IN PIPELIMES. 
C THE VISCOSITY AIIO omITY AAE CALCUlATED AS FU"CTlO~, OF AVERAGE 
C TEKPERATURE OF THE WATER. FRICTION COEFfICIENT If) fOR BOTH COFPER 
C AIIO PLASTIC PlfES IS CALCULATED fROH MODIFIED VGN "RHAII EOUATION 
C WHILE THAT fOR AOBESTOS-CEMENT PIPES '~D STEEL PIPES IS CAlCULATED 
C fRUJI COLEBROOIiS fORHUlA,S£TmG .O~ l'JI AS THE ROU"""ESS OF TH[ 
C ASBESTOs-mEN! PIPES AliD .O~ FO, STEEl PIPES. 
C 

0002 COKHOH IBlOCK2IDl, TSTAAT ,DT ,P,G 
0003 COIUW~ ISlGC);3!PUhPlS 

C CALCULATE RfY)lOLfS IriwtSER 
0004 VEl~12.71lO!DlI12 

0005 TAV~TSTART-.5Jj)T 

ODD. VI;'I.9518E-5/ITAV".909054) 
0007 RE;VEliDl!(V1St-lOO.) 

C CHOOSE THE CORRECT FORMUlA FOR PIPES HAUE OF DIFFERENT "TERIALS 
0008 IF (P .EO. 1.) GO TO 10 
0009 IF (P .EO. 2.) GO TO 20 
0010 IF (P .EO. 0.) GO TO 30 

C CALCULATE fRICTION COEffICIENT f a, USI'G NEWTOH-R"kSGH METHGD 
C fOR ASBESTos-eEHE,T PIPES 

0011 10 f~.OOl 

0012 11 Y-l./F".512 •• AlOG1012.51/(RE.f".;)1.00135/01) 
0013 YD=. 5/Ft-il.5l( 1. +2 .1802/ eREi', .00135/D1+2 .51f{REtfU .5))) \ 
0014 FNEW=FHIYD 
0015 IF (ABS(FNEH) .IT •• lE-5) GO TO 100 
001. f~fNEW 

0017 GO TO 11 
C fOR BOTH COPPER AliO PLASTIC PIPES 

0018 20 f- .OOl 
0019 21 Y~4,'ALODIO(REiF*'.5)-f**(-.S) - .4 

0020 YD~.8b8'/fl . ;/f**1.S 
0021 FNEW~HIYD 

0022 IF (ABS(fNEw-F) .LT. .1E-S) GO TO 100 
0023 F=fhEW 
0024 GO TO 21 

C FOR STEEL PIPES 
002; 30 f~.OOl 

0026 31 Y=1./Fii.St2.tAlOG10(2.S1/(REtFJ'.51t.000674/Dll 
0027 YD=.S'F'*1.Siil.+2.1802!(REi(.OOO674/Dl+2.S1J(REiFi'·S)))) 
0028 FNBW-fIY/YD 
0029 If (m(mW-F) .LT •• IH) GO TO 100 
0030 F-fHEW 
0031 GO TO 31 

C CAlCULATE PRES.SURE LOSSES 
0032 100 ADENS=1237.1bITAU".05S367 
0033 PlS~50.ifiADENS*VEll.2iPlA/DI 

0034 RETURN 
0035 END 



APPENDIX C: Program SOT 



FORTRAN IV-PLUS Vl.0-3 16:20:36 24-Sep-Sl Pa!! 1 
SDT,FTN'21 ITR:BLOCKS/WR 

0001 
0002 

ODD) 
0004 
0005 
0006 
0007 
0008 

0009 
DOlO 
0011 
0012 
0013 
DOH 

0015 
0016 
0017 
0018 

0019 
0020 
0021 
0022 

0023 

C PROGRAK SDT 
C P~\AK TO ESTINATE TH, E,FECT Of A COLD WAVE ON ThE INDOOR rr.PERATURE 
C Of BUILDINGS, FRON THE RESUlTS C~~PUTEO THE OPTINU~ SYSIEN O<SIGN TENPERATURE 
C CAM SE O<CIOED, THE FORNUlA USED FOR CALCUlATING THE COOLING 
C 0, HOUSES IS SUITASlE FOR A RECTANOULAR COlD ,AVE, aUT THIS PROGRA" CAM BE 
C USED FOR ANY TYPE OF COlD WAVES:RECTAM3UlAR,TRIANGULAR AND IRREO Ai TYPES, 
C TH< COlD WAVE TEI\IERATURE DATA ARE BASED GN N-TINES-PER-MYI24/ft-HOUi<L" 
C OBSfRWlTIOH. IT 15 ASUH£D THAT THE TEttPEj:!ATURES 8£TWtEN EVE!>'f TWD 
C OaSFiVATlONS ARE CONSTANTs.FOR EACH SISTE" DESIGN TE'if"AT"'E CH'_ RATES 
C CORRESPONDING MINI'UN INDOOR TENPERATUliE IN THE fERIOD Of ThE COLD ,M, 
C THE COlD WAVE TEKPERATURE DATA HAD BEEN EDITED IN TO THE INPUT IILE 
C BEFORE RUN THE PROORAN, 
C 

DINENSIGN T(56),-0(25) 
BYTE fILNAH 1)2) 

C INPUT COlD WAVE DATA fILE 
TYPE 10 

10 FORMAT (' ','COLD WAVE DATA FILE:',,) 
ACCEPT 11,IQ,FILNAn 

11 fORNAT IQ,)2Al' 
fllNAII<Im.,o 
OPEN (UNIT~2,kAME=FILNAM , TYPE:'0lD' ,READO~L1) 

C READ COlD .AVE TEMPERATUiE DATA FROK INPUT DATA FILE 
REAll f2,12) /i,K 

12 fORNAT 115' 
DO 14 I=l,N 
READ (2,11) Tfl) 

I) fORNAT 1fI0.2) 
14 CONTlNUl 
C INPUT HOUSE CHARACTERISTIC VAlUES ON TERMINAL 

TYPE 20 
20 FORMAT (' ','INPUT HCl,HC2,Ht3:',$) 

ACCEPT 22,HC1,HC2,1iC3 
22 fORNAT IJfl0.6) 
C INPUT DESIGN CONDITlOUS Ill< TERKIHAl 

TYPE )0 
30 FORMAT (' ','INPUT TFO,TBO,tIJ~O,TGO: ,I) 

ACCEPT 32,TFO,TBO,TINO,TGO 
32 fORMAT l'f6.2) 
C SET UP AN OUTPliJ FILE 

CAll ASSIGN 11, SOT,OUI') 
C WRITE COlUhN HEADING 

0024 WRITE (1,500) 
0025 500 FORMAT (' ,35X, 'THE COOlDO",N TEKPERATURE HnN '/30l,'AS A FUNCTIn.N OF 

1 SYSTEh DESIGN TEMPERATU'E TO'/I 
C WRITE THE GIVEN VALUES 

0026 
0027 000 

0028 
0029 700 
0030 
0031 SOD 

WRI:t (1,000) ",N 
FORMAT C' ,18X, ThE COLD WA~E nATA!'/ 
1 30X,'NIJI1U.R OF 05SERIMTIOIIS PH DAY 1':= ,15/ 
2 30X,'NU/iB£R OF TE~ERATUPES N~',I5/ 
3 30X, 'THE TEKPERATURE I:AIA RE-CORDED AAE! /) 
WRITE (b700) (HIl,I=l,Nl 
FORHAT C24X,5FIO.2) 
WRITE (1,800) TFO,TBO,TINO,TGO,HC1,HC2'H~3 

FORMAT ('O',2SX,'tESIGN HOT WAT[~ TE~PE~AIUfE T_~=' ,Fo.l'ix, C'/ 
1 30X,'DESIGN RETURM TEMPERATURE TSt=' ,F6.2IU, 'C J 
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fGKTRAN IV-PLUS V3.0-3 16:20:36 2~-Sep-Sl fi~e i 

SOT .mm m:BlOCKS/WR 

2 3OXI'D£SIa~ ROOK TEMPERATURE TINO= ,F6.2,2X, C', 
l 30XIRADIAT~ IlESI6.14 OUTDOOR TE~P. TGC=',F6.2,2):,'C'/ 
~ lOX, 'HOUSE CHARACTERISTIC VALUES:'I 
5 llX,'HC1=',FS.4,2X,'Mt2= ,F8.4,2x,·HCZ='IFS.~/) 

0032 WRITE (1,1000) 
0033 1000 FORMAT (' ',2SX,'TG',10X,'A' ,10X,'B' ,12X, 'THIN''') 

C CAlCULATE THE STA~RO LOGARITHMIC KEAH TEMPERATURE DIFFERENt< 
0014 DTKOo:TFO-Tin)/ALOO::TFO-TINO)/:TBO-TIHO» 

C 
C 

om 
0036 
DOl) 
OOlS 
0019 
0040 

C 
0041 
0042 
OO~l 

00 .... 
C 

0045 
C 

SO IN TO THE DO LOOP,CALCULATE ~EAN TEK .DIFFERNCES, AI B,AND 
fIND OUT KIN.INDooR TEMPERATURE fOR EACH DESION OUTDOOR TEK.TO 

DO 300 Jo1>21 
TG:J)o-:J-ll 
DTHoDTHOi::TINO-TG:J»/:TINO-fGO»ii.75 
BoDTKI:DTK-TG:J)tTINO) 
HK'HCltHC2/:TINO-TG:J» 
AoHCl*HK/B 

SET THE INITIAl CONDITIONS 
floO, 
T20 0, 
TKINoO. 
DO 200 J=lJN 

EXCEPT TEMOINTS AllOV£ f6 FR~i CALClIlATlOH 
IF :T:I) .6T,TO'J» 00 TO 200 

CAlCULATE THE TEMPS. AT THE END OF EACH PERIOD 
0046 TO=Tl*EXP(-AJ~)tB'(T(Il-TG\J))l(l.-EXP(-AlK)J 

00~7 IF :TO .LT. T1) 00 TO 100 
0048 IF ,T1 .0T.T2) 00 TO 100 
0049 IF: :rGtf2-2.iTll.NE.O. O) TKofl-' TO-T2)U2I:a • .:rOtfl-2.lTll) 
0050 IF((TOtT2-2.'Tl).eQ,O.O) TK:Tl 
OOSl IF :TK.GE .TKIH )OO TO 100 
0052 TKINoTK 
005l 100 T20T1 
0054 fl·TO 
DOSS 200 CONTINUE 

C WRITE THE RESULTS INTO THE OUTPUT FILE 
0056 WRITE (1,250) TG(J),A,B,TMIN 
0057 2S0 
0058 300 
00S9 
0060 

FURMAf\27X,FS.l,sx,ra.6,SX,fB.6,SX,F10.6) 
CONTINUE 
STOP 
END 



APPENDIX D: Input Data File for Program PIPES and 

a Printout of the Calculation Results 



-12.,20,,60., 
15.,15.9,15.9,21.9,22.9,50.,65.,18.,0.0,55" 
20.,24,,24.,2~,,24.,110.,130.,lS.,1.0,35., 

15 . ,15.9,15.9,21.9,22.9,85.,100.,18.,0 .0,55., 
20. ,24. ,2~. ,24.,21" 150.,170., IS., 1.0,3", 
25.,29 .,29. ,29. ,29.11200.,1225 .,36.11.0,35., 

Input data file for program PIPES 

THE CALCULATION RESUlTS OF HEAT A'D '~ESSURE LOSS 

RIR TEKPERRT~E : 12.000 
THICl.HESS OF THE £.>,0 WER: 20.000 
THICKNESS er THE SDIL LAIE,: ,MOO 

Dl 02 Dl D. n~ PL PL, G P TSi 

15.000 15.900 15.900 21.900 22.900 SO.OO 65.00 IS.00 0.000 55.000 

20 .000 24.000 24.000 24.000 24.000 110.00 130.00 18.00 1.000 35.000 

15.000 15.900 15.900 21.900 22.900 85.00 100,00 IS.00 0.000 'SS.Qc 

20.000 24.000 24.000 14.000 14.000 lSO.00 110.00 18.00 1.000 ~.OOO 

25.000 29.000 29.000 29.000 29.000 1200.00 1225.00 34.00 1.000 3S.0CO 

WELL HEAD PRESSURE fOR WEll HO.l,PHI" 1.4791 BAR 
WELL HEAD PRESSURE fOR iEll NO.I,PH2" 1.S044 FAR 

A printout of the calculation result 
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OT GP IiLS 

O.OlS 3561.816 1365.767 

0.065 1963.72S 4955.153 

0.03. ~19.S22 2321.381 

0.088 2'5OS.1,1 f;'56.414 

0.380 223Bv,l46 5821~.C!~ 



APPENDIX E: Pump Data Files, Well Data Files and 

Printouts of the calculation Results 
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6.0 INCH SIZE SIZE Of THE PV'P 
15.0 CH nCI INSIDE DIAftETER OF C UKk 
5.08 Cl! DEn OUTSIDE DIAMETER Of EJiClDSING TUBE 
2.5-\ Cl! DSHilF DIAMETER OF SHAFT 
0.5 IN1'..H AC AXIAl ClEARAMCf Of THE PUMP 
10.09 LIS Ill\ TURNING ?OlIIT Of CUIM fOR THE PU1? 
18.288 H Xl CONST. Of PERfORHANC£ fOR THE PIN 
23.165 H X2 
0.2U6 HS/l Y1 
0.m8 HSll Y2 
0.01 A CONST . Of COlUNN fRICTION lOSS 
1.76 B 
0.4572 , C CONST. fOR HPSHR Of THE PUK? 
0.181 HS/l D 
0.77 XX CONST . fOR EffICIENCY OF THE PUHP 
0.0 yy 
2.67 WfEET WSHAF UNIT WEIGHT Of SHAfT Of THE PUNP 
2.2 lB WIH? I,PElER WEIGHT Of THE PUHP 
0.78 SO.INCH ASHAf AAJ:A Of SHAfT Of THE PUNP 
0.87 BliP/100fT Ul HECHEMlCAl fRICTION Of SHAfT 
2900. RPH RPH RPH Of HOTOR 
0.9 E~T EffICIENCY Of HOTOR 
3.6 lBlfT !]( THRUST CONSTAMT fOR THE PUNP 
52.0 KW HPR HORSE POWER RATING OF THE SHAfT 

Pump data file f o r 6 inch pump 

8.0 INCH SIZE SIZE Of THE PUNP 
20.0 CH QCI INSIDE DIAMETER OF CDlUHN 
6.35 CN DED OUTSIDE DIAHETER Of ENClOSING TUBE 
3.175 CH DSHAf DIAKETER Of SHAFT 
0.75 INCH AC AXIAl ClEARAMCE OF THE PUMP 
36.59 LIS iH TURNING POINT OF CURVE FOR THE ?UNP 
33.5211 H Xl CONST. Of P£RFORHA.CE FOR THE PUffi? 
~2.672 H X2 
.24993 HSIL Y1 
.mu HS/l Y2 
.O~)22 A com. FOR COlUHN FRICTION lOSS 
1.81 B 
-1.219 N C mm. FOR MPsnR OF THE PUNP 
0.181 NSll D 
0.75 XX CONST . FOR EffICIENCY Of THE PUMP 
0.0 yy 
4.17 LE/FEET WSHAf UNIT WEIGHT OF SHAFT Of THE PUNP 
5.9 lB WI'? IHPElER WEIGHT Of THE PVHP 
1.23 so • INCH ASHAf AREA Of SHAFT OF THE PUNP 
1.33 BliP/100fT Ul HECHENlCAl fRICT ION OF SHAFT 
2900. RPH RPH RPH Of 'OTOR 
Q.9 £KHOT EfFICIENCY OF ,OTOR 
4.7 lBlfT n THRUST CONSTANT fOR THE Pu,p 
98.0 KJj >i?R HORSE POWER PATlNG Of THE SHAfT 

Pump data file f or 8 inch pump 
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-
101.1 Wl<AI!l' ll!f WELL IIllItBER 
1.0 BAR PA ATI1llSl'lIRIC I'RESSUR! 
55.0 C 1£Hp WATER TEMPERATURE IH THE IiEll 
0.157 BAR PS SATURATED PRESSURE OF THE WATER 
985.0 KG/CB.M DE'S DENSITY OF THE WATER 
50.0 M WXV ilATER LEVEl BELOII GllOUND SURFACE 
1.0 KI(L/S) FlCl FLOW COEfFICIENT Of ll!f WEll 
.001 KlSO.(L/S) fLC2 
30.0 M WKNM AlLOWED MAK. DROW CONi 
10.0 M HSAFE ADDED WATER CDlUMN fOR fLUCTUATION 
1.~7 BAR PH DESIGN PRESSURE AT WELL HEAD 
18.0 LIS 00 flOWRATE ORDERED 

well data file for well No. 1 

J01.2 WNIil!E THE WELL NUMBER 
1.0 BAR PA ATHOSPHRIC PRESSURE 
\!i.0 C TE/!? WATER TEl<?ERATURE I' THE WElL 
0.15) SAR PS SATLRATED PRESSURE OF THE "TER 
985.0 KGltB.H DENS ,mlTY OF nu: ilATER 
SO.O M WI(1J ilATER LEVEL BELOW GROOND SURfACE 
1.0 Klll/S) fLCl ,LOll COCffICIEHT OF THE ,ELL 
.001 KlSG.IL/S) fLC2 
30.0 K WKNM ALiO*ED MAX. DRaW DQ.ij 
10.0 M HSAfE ADDED ilATER COLUffiI FOR fLUCTUATION 
1.SO BAR PH DESIGN PRESSURE AT WELL HEAD 
18.0 US go FLOWRATE ORDERED 

Well data file for Well No . 2 



THE RESUlTS OF CALCUlATION 
FOR SELECTING DEEP OELl PUHP 

GIVEN IlAll(S: 
THE HAKE OF THE WELL:IOI.IO 
AT_HRIC PRESSURE: I.OOBAR 
WATER LEVEL BELOW SURfACE: SO.OO~ 
TENP. OF WATER: SS.OOC 
DENSITY OF WATER:98S.00~G/CUB.H 
SATURATED PRESSURE: O.I'BAR 
FLOWRATE ORDERED: 18.00L/S 

FLOW COEFF. OF THE WELL: I.OO'I<L/S) 
O.OOIOH/SO.IL/S) 

PRESSURE AT WELL HEAD: 1.~7BAR 

PARAKETERS OF THE PUHP CALC!Jl.AT£D 
TYPE OF THE PUMP: 6.00 
HUllDER OF STAGES: 9 
FLOWRATE CALCULATED: 18.01LlS 
TOTAL DYNAMIC HEAD: 85.19' 
COLUKN DIAMETER: lS.ooc. 
LENGTH OF COW,,, 9'.77H 
DIAliETER Of SHAFT: 2.5401 
DIIlIETER OF ENCLOSIN, TUDE: S.OBCH 

ENLONSATIOH OF THE SH4FT: O.OSIHCH 
AXIAL CLEARE,CE: O.SOIHCH 
TOTAL THRUST: 8llA.20H 
SHAFT HORSE POWER: 21.SOKW 
CALCULATED HOTOR CAPACITY: 2,.1~~W 
STANDARD NOTO! CAPACITY: >o.OO!' 
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THE RESULTS Of CALCULATION 
fOR SELECTING il'EP WELL PUKP 

GIVEN VALUES: 
THE NA/[ Of THE WELL:IOI.IO 
ATKOSPHRIC PRESSURE: I .008AR 
WATER LEVEL BELOW SURfACE: 50.0on 
TEHP. Of WATER: 55.0oe 
DENSITY Of WATER:9S5.0C<GICUI.H 
SATURATED PRESSURE: O.I'SAR 
FLDWRATE ORDERED: IS.OOLIS 

flOW COEfF. Of THE WELL: 1.00I1/(US) 
O.OOlOK/Sa.fL/S) 

PRESSURE AT WELL HEAD: 1.~7BAR 

PARAMETERS Of THE PUM? CALCULATED 
TYPE OF THE 1'UI!i': S.OO 
HUKBER Of STAGES: 3 
FUIWRATE CALCULATED: IS.ODUS 
TOTAL DYNAMIC HEAD: B3 .3-Il! 
CIllUllH DIAMETER: 20.00Cl! 
LENSTH OF COLUhH: 75·77. 
DIAJ1ETER Of S:lAFlt 3.17C" 
DIAHETER Of EHClOSl'G TUSE: '.3sc. 

ENLONGATION DF THE SHAfT: O.03INCH 
AXIAL eLEARENCE: O.75INCH 
TOTAL THRUST:I"'5.7" 
SHAfT HORSE POlofR: n.mw 
CALCULATED HOTO. cmcm: ,'.91" 
STANDARD KOTOR CAPACITY: 30.0{IKW 



THE RESULTS OF CALCULATIO~ 
FOR SELECTING DEEP WELL PUKP 

DIVEN VALUES: 
THE NAME OF THE WELL:lOl.20 
ATNOSPHRIC PRESSURE: 1.00BAR 
WATER LEVEL &ELOW SURFACE: SO.OON 
TEMP. OF WATER: SS.OOC 
DENSITY OF WATER:9S5.00KD/CUS.M 
SATURATED PRESSURE: O.l'S,R 
FlOWRATE ORDERED: l8.00L/S 

FLOW CDEFF. Of THE WELL: 1.00N/ ll/S) 
O.001 0~/S~. ( L/S ) 

PRESSURE AT WELL HEAD: 1.SOBAR 

PARANETERS OF THE PUNP CALCULATED 
TYPE Of THE PUNP: 6.00 
HUMBER Of STAGES: 9 
FlOWRATE CALCULATED: 18.01l/S 
TOTAL DYNAMIC HEAD: 85.50M 
COLUMN DIAMETER: lS.0eCH 
LE'GTH Of COlUKN: 96.77M 
DIANETER OF SHAfT: 2.S4C_ 
DIAMETER OF ENCLOSIND TuBE: S.Oat, 

EHlONGAT ION Of THE SHAFT: 0.05IHO< 
AXIAL ClEARE.CE: 0.50INCH 
TOTAL THRUST: 8350.24' 
SHAFT HORSE POWER: 21.93KW 
CAlCULATED HOTOR CA?ACIT1! 24.36KW 
STANDARD KOTOR CAPACITY: 30.00KW 
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THE RESUlTS OF CAcCULATION 
FOR SELECTING nEIP V£ll ?OftF 

GIVEN ~LUES! 
TNE NAME OF THE WELL:IGl.20 
ATMOSPHRIC PRESSURE! 1.00BAR 
WATER LEVEL BELOW SURFACE: 50.00" 
TEMP. OF WATER: SS.OOC 
DENSITY OF WATER:9aS.00'G/CU8.N 
SATURATED PRESSURE: O.16PAR 
FlOWRATE ORDERED; 18.GOl/S 

FLOW COEFf. OF THE WELL: 1.00'/(L/S) 
O.OOlOM/SJ.(l/S} 

PRESSURE AT WELL hEAD: 1.50RAR 

FARAMETERS OF ThE PUMP C~_CUlArED 
TYPE Of THE PUMP: 8.00 
HUKBfR OF STAGES: l 
FlOWRATE CHLCULATED! la.OOL/S 
TOTAt DYNAMIC NEAD; 83.65' 
COL~ DIAMETER: 20.00CM 
LENGTH OF COl~H: 75 . 17~ 

DIAKETER OF SHAfT! 3.17CM 
DIAMETER OF ENCLOSING TUBE: •• 350\ 

ENLONGATION OF THE SNAFT; 0.03INCH 
AXIAt CLEARENCE: 0.7SINCH 
TOTAl THRUST:l042c ,71N 
SkAFT NORSE FOWER! 22.49'W 
CAtCUlATED MOTOR CAPACITY! 2~.99XW 
SlANDARD 'OTOP. CAPACITY: lO.OO'Y 



APPENDIX F: A Input Data File for Programs SOT and 

a Printout of the Calculation Results 



40. 

e. 
-1.1 
-2,9 

-3.9 
-4.8 
-<4 ,0 
-b.5 
-7.3 
-e.7 
-12.5 
-14.b 
-16.0 
-17.0 
-18.3 
-19.2 
-le.9 
-16.9 
-18,3 
-18.) 
-18.0 
-19.4 
-19.8 
-20.4 
-17.4 
-14.9 
-lb.) 
-15.2 
-lb.4 
-lb.5 
-15.b 
-14.0 
-13.9 
-10,3 
-9.8 
-7.9 
-6 .2 
-5.) 
-4 .6 
-3 •• 
-2.1 
-0.8 

NUMBER OF TEMPERATURE DATA 
NUMBER Of OiSERVATIONS PER DAY(PER 24 HOURS) 
COLD ,AVE TEMPERATURES IH SEOUENCY 
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ThE COOL""'N TEHfERATURE TKIN 
AS A f UNCTIOM SYSTEK DESIOM TEHfERATU?£ T6 

TtlE COLD ilAVE DATA: 
NOOER Df OBSfRIlATlOJIS PER DAY K~ 8 
:~BER OF lE~ERATURES k= ~O 

TkE :ErtPERATURE DATA RECORDED ARE: 

-1.10 -2.90 
-6.50 -7 .30 

-16.00 -17.0C 
-16.90 -18.30 
-19.80 -20"0 
-15.20 -16.,0 
-13.90 -10.30 
-5.30 -~.60 

-~.90 
-8 .70 

-18 .30 
-18.30 
-17 .40 
-16.50 
-9.80 
-3.40 

·~.so 

·l~.SO 

-19.20 
-18.00 
-1'" ,90 
-15.60 

-7.?O 
-2.}0 

-4.60 
-14.60 
-18.90 
-19 •• 0 
-16.30 
-1<.00 
-6.20 
-0.8<' 

DESIGII HOT WATER TEKPERAru![ TFIl< .0<' C 
DESIGII RETllRN TEIIPERATlJRf nIt): 30.00 C 
DESIGII ROOK TEJIPERATURE mll< 18.00 C 
RADIATOR DESIGII IJIJTDClil TEKP. TO{F-12.00 C 
HOUSE CHARACTERISTIC ~AlUES~ 
He1: 2.4000 HC2= 3.0000 hC3= 0.2200 

TO 

0.0 
-1.0 
-2.0 
-3.0 
--4.0 
-S.O 
-6 .0 
-7.0 
-a.o 
-9.0 

-10.0 
-11.0 
-12.0 
-13.0 
-14.0 
-15.0 
-16.0 
-17.0 
-18.0 
-19.0 
-20.0 

A 

1.187252 
1.191638 
l.mm 
1.200m 
1.204887 
1.209283 
1.213651 
1.217985 
1.22ml 
1.226535 
1.230744 
1.234906 
1.239020 
1.2m85 
1.247101 
1.251068 
1.254987 
1.258856 
1.262678 
1.266452 
1.270179 

0.<75608 
0.472238 
0.'69043 
0.'66007 
0.46311' 
0.460352 
o.mm 
0.<ll178 
0.4527'7 
0.'50411 
0.4481 61 
0.445992 
0 ... 3899 
0,"1877 
0.<39920 
0. '3S026 
0.436189 
0.m'08 
0.432678 
0. 430998 
0.429363 

THIN 

-S.OllSb2 
- 7.506316-
-7.011861 
-6.S25758 
-6.049791 
-5,585967 
-5.133885 
-•• 689890 
- •• 2577l1 
-3.842116 
-3.427667 
-3.0m29 
-2.610577 
-2.2llS" 
-1.819831 
-1.4)5090 
-1.059008 
-0.715810 
-0.1405'9 
0.000000 
0.000000 




