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Introduction 

Sophisticated numerical models that solve the coupled mass and energy 

transport equations for nonisothermal fluid flow in a porous medium have been 

successfully used to match analytical results (Tsang et al., 1977) as well as 

field data (Tsang, Buscheck and Doughty, 1981; Papadopulos and Larson, 1978) 

for aquifer thermal energy storage (ATES) systems. Generally these models 

are expensive and time-consuming to use. Typically an ATES study is concerned 

primarily with energy balances and heat flows. Often the fluid flow field is 

simple and reaches steady-state rapidly. As an alternative for this sort 

of ATES problem the Steady Flow Model (SFM), a simplified but fast numerical 

model, has been developed (Hellstrom and Claesson, 1978; Doughty et al., 1982). -

Rather than solving the mass transport equation to obtain a fluid flow field 

that varies with time, a steady purely radial flow field is prescribed in the 

aquifer, and incorporated into the heat transport equation which is then 

solved numerically. Gravity is not considered, thus buoyancy flow (natural 

convection) is neglected. This is a reasonable assumption for ATES systems 

with low-permeability or vertically stratified aquifers, small temperature 

difference between injected and native waters, or short cycle duration. 

While the radial flow assumption limits the range of ATES systems that 

can be studied using the SFM, it greatly simplifies use of this code. The 

preparation of input is quite simple compared to that for a sophisticated 

coupled mass and energy model, and the cost of running the SFM is far cheaper 

as well. Furthermore, the simple flow field allows use of a special calcula

tional mesh that eliminates the numerical dispersion usually associated with 

the numerical solution of convection problems. 

An application of the SFM is described in Doughty et ale (1982). The 

present report defines the problem considered, briefly outlines the algorithm 

used to solve it, then describes the input and output for the SFM. 
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Problem Description 

The ATES system considered (Figure 1) consists of a single vertical 

injection/production well that fully penetrates a laterally infinite, horizontal 

aqui fer of uni form thickness, H. Results are also applicable for a mult iple-

well system where well spacing is large enough so that the thermal behavior 

of individual wells is not significantly affected by neighboring wells. The 

requirement for non-interference is discussed in Tsang et a1. (1978). Under 

the single-well idealization, there is radial symmetry with respect to the 

well. Furthermore, the aquifer is assumed to be homogeneous with bulk 

thermal conductivity Aa , and bulk heat capacity per unit volume (solid plus 

fluid) Ca. It is bounded above and below by impermeable confining layers 

which may be of arbitrary thickness. The caprock and bedrock may be hetero-

geneous with spat ially variable bulk thermal conduct ivit y A and heat . c 

capacit y per unit volume C. The heat capacity per unit volume of water c 

is C. All material properties are assumed to ·be independent of time and 
w 

temperature. Initially the entire system may be at uniform temperature, have 

a linear vertical temperature gradient, or have an arbitrary temperature 

distribution. Above the caprock the boundary t~mperature Tz1 may be 

constant or vary sinusoidally. Below the bedrock the temperature Tz2 is 

constant. Either cap or bedrock or both may be very thick so that the 

boundary temperature is never felt. Either or both may also be absent 

entirely, leaving boundary temperature directly adjacent to the aquifer. 

The SFM considers an ATES cycle composed of injection, storage, production, 

and rest periods of duration ti' t s ' t p ' and t r , respectively. The injection 

and production periods must be of equal duration (t. = t ), but the storage 
1 p 

and rest periods may be of different duration, or absent. The temperature of 
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Aquifer 

------H-

1----- R ----I 

TZ2 XBL8110-12100A 

Figure 1. Schematic drawing of the AlES System modeled by the Steady Flow 
Model. For a symmetric problem only the top half of the system 
need be modeled, with the dashed line representing an insulated 
boundary. 
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the injected water is constant, T .• The same constant flow rate, Q, is used 
1 

during. injection and production periods, so the injected and produced 

volumes are equal. In the aquifer fluid flow is purely radial. 

At the end of the injection period, the volume of injected water is V = Qt .• w 1 

I~ is convenient to define another volume~ the thermal volume V ~ (C Ic )V • w a w 

Tri~ thermal volume is the cylindrical volume in the aquifer (solid plus 

fluid) which would have, at constant temperature Ti' a thermal energy 

equal to the total heat energy of the injected fluid. The thermal volume may 

2 be written as V = ~R H, thus defining R, the thermal radius: 

(1) 

An essential result of the SFM calculation is the temperature, Tp' of the 

water extracted from the aquifer during the production period. The time-average 

of T is proportional to the energy recovery factor, I:: ,which is defined as the 
p 

ratio of the produced to injected energy when eq~al volumes of water have been 

injected into and produced from the aquifer. The energy content of the water 

is defined relative to a reference temperature, TO. The recovery factor 

is given by: 

I:: = 

This expression can 

j
t.+ t + 

1 S 

t. + t 
1 S 

jti (C T. w 1 

0 

be written 

t 
P (C T - C TO)Q dt w P w 

- CwTO)Q dt 

more simply as: 

where Tp denotes the average temperature of the water extracted during 

the production period. 

(2) 

(3) 

.. 

; 
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Numerical Formulation 

In general, when numerically solving problems involving convection, a 

mesh-dependent numerical dispersion is introduced, which causes thermal 

front smearing. In many cases the numerical dIspersion completely over-

shawdows the physical dispersion caused by conduction. The SFM avoids this 

effect by solving the energy equation explicitly, using a calculational mesh 

specifically designed for the problem being solved. 

The mesh is constructed so that all the cells of a horizontal row have 

equal volume. Due to cylindrical symmetry, the radial dimension of the cells 

decreases as their radial distance to the axis of the system increases, as 

shown in Figure 2. There are Mr cells between r = 0 and r = R, the thermal radius 

defined in (1). The radial dimension of an arbitrary cell, say the mth cell 

is Rm+1-Rm' where Rm = V (m-l)/Mr R. The volume of the mth cell, which is 

proportional to Rm+12 Rm2 , is independent of m, thus all cells in a given 

row have equal volume. During the injection period, whenever time t is equal 

to ti/Mr' 2t i /Mr , 3t i /Mr , ••• , ti' the temperature distribution in 

the aquifer is translated horizontally one cell away from the well 

(r = 0) and the injection temperature, Ti' is assigned to the first cell in 

each row. This translation every timestep, t./M , simulates a constant 
1 r 

volumetric fluid flow rate at the well: 

Q (4) 

and a horizontal Darcy velocity: 

v(r) = (5) 

in the aquifer at radius r. When t = ti' the temperature field has been 

translated M times and the thermal front coincides with the thermal r 

radius, R, if the vertical heat losses are not too large. 
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Figure 2. Scale drawing of a typical SFM mesh. The cell numbering scheme 
is illustrated by labeling· selected (column, row) pairs. 
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Heat t~ansfer by convection is accounted for by translation of the 

aquifer temperature field every time step ti/Mr. Heat conduction is 

described by the ordinary heat equation: 

c ~ - 'V (A'Vl) = ot - (6 ) 

where S is heat flow per unit area. The integral form of equation 6 is 

solved numerically for each mesh cell during every timestep bt. For cell 

(m,n), i.e., the cell in the mth column, and nth row: 

f oT 
C 6t dV = 

V m,n 

f 'V • 9 dV = 
V m,n 

f g" n dA 
A m,n 

(7) 

where the right-hand side describes the heat transfer to all neighboring cells. 

Using the explicit-Finite-difference approximation equation 7 becomes: 

(T (t + bt) - T (t) c V m,n m,n 
m,n m,n ~t = 

+ 

where: 

and 

m,n 21rR ( _ z ) m+1,n 
qr m zn+1 n - qr 

= 

= 

T m-1,n 
Rm - Rm_1 

21. 
m-1,n 

+ 

T -m,n-1 

+ 

- T m,n 

T m,n 

(8) 

(9) 
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In the above equations, Cm n' Tm n' Am nand qm,n represent the average value , , , 
of C, T, A, and q, respectively, over the (m,n)th cell which has volume Vm n. , 
The time. step 6t is chosen so as to ensure numerical stability of the solution. 

During the storage and rest periods no translation of the temperature 

field occurs and heat transfer is purely by conduction. During the production 

period, convection is treated as during the injection period. The length of 

the production period, t p ' is given as input (tp = til. Every time interval 

tp/Mr the temperature distribution is. shifted one cell toward the well, and the 

temperatures from the first cell in each row are averaged volumetrically to give 

th~ production temperature. Note that during each period the flow field is 

steady, either radially inward or outward, or zero; all transients are ignored. 

Figure 3 shows the temperature distributions ~ various times during the 

first cycle as generated by the SFM' with and without conduction to illustrate 

the superposition of .conduttion and c6nvection. The SFM may be used for two 

types of problems: those with a horizontal plane of symmetry through the 

middle of the aquifer and those without. For "symmetric" problems, only 

the top half of the aquifer and upper confining layer need be modeled. The 

plane of symmetry is treated as an insulated boundary, so vertical heat flow 

at the lower edge of the bottom row of elements is zero. For asymmetric 

problems, for example those with a temperature gradient with depth, a 

seasonally variable surface boundary temperature, or cap and bed rocks with 

different properties, the vertical heat flow at the lower edge of the bottom 

row of elements is calculated using a constant boundary temperature, Tz2. 

A typical mesh consists of about 1000 cells, with values of Mr ranging 

from 10 to 40. The computer time required ~r a typical annual cycle is 

about 15 seconds on a CDC 7600 computer. A listing of the code is given in 

Appendix 3. 
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TEMPERATURE FIELDS 
SIMULATED BY STEADY FLOW MODEL 

With no conduction 
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Figure 3. Dimensionless temperature distributions at various times during 
an injection-storage-production cycle, with and without conduction. 
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INPUT 

All input is read in LIST DIRECTED READ statements (free format). 

Multiple variables read in a single READ statement may be on the same line 

separated by commas, or on successive lines. Each READ statement is numbered 

below. A sample input deck is shown in Appendix 1. 

1. NRUN Number of runs 

NUT - flag = 0 do not print initial T, A, C distributions 
= 1 do print init ial T, A, C distributions 

NPR - flag = 0 printout is 132 columns wide 
= 1 printout is 80 columns wide 

Mesh definition - items 2-6 -- see Figure 2 

2. M . First dimension of mesh (number of columns) 

N Second dimension of mesh (number of rows) 

3. NNl1 First aquifer row 

NN2 Last aqui f~F row 

Note: for "symmetric" problems NN2=N 

4. RLIM (m) 

MRLIM 

Thermal radius (R, defined in equation 1) 

Number of mesh columns between r=O and RLIM 
(in text called Mr) 

Vertical mesh spacing - items 5-6 -- see Figure 4 

5. ZTOP Z-coordinate of top of mesh (m) 

NANT Total number of groups of equal-thickness rows 

6. (NA(I),A(I),I = 1,NANT) 

NA(I) = Number of rows in Ith group 

A(I) = Thickness of each row in Ith group of rows (m) 

NANT 

Note: L NA(I) = N 

1=1 

[..c. 
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Input 

I NA(I) A(I) 

1 1 100.0 

2 1 50.0 

3 1 20.0 

4 1 10.0 

5 1 5.0 

6 2 2.0 

7 4 1.0 

8 4 2.0 

-------Bottom of mesh, insulated boundary because NN2=N 

figure 4. Sample vertical mesh spacing for a "symmetric" problem with NANT = 8. 
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Initial Conditions and Material Properties - items 7-9 

7. VALUE 

8. ITYP - flag 

= 1 

= 11 

= 13 

Default initial temperature T (OC), assigned to 
all cells except those described in item 9. 

for additional assignment of T values 

all cells have T equal to VALUE, no additional assignments 

all cells have T equal to VALUE, except for certain cells, 
described in item 9. 

all cells have T equal to VALUE, except for certain blocks 
of cells, described in item 9. 

If ITYP = 1 skip item 9 

If ITYP = 11 

9.1. NUMEX Number of cells with different value of T 

9.2 •. (I(K),J(K),VALUE(K),K=1,NUMEX) 

I(K) - column of Kth cell 

J(K) - row of Kth cell 

VALUE(K) - value of T for Kth cell 

If ITYP = 13 

9.1 IBLOCK Number of blocks of cells with different value of T 

9.2 (IMIN(K),IMAX(K),JMIN(K),JMAX(K),VALUE(K),K=1,IBLOCK) 

IMIN(K), IMAX(K), JMIN(K), JMAX(K)- definition of Kth block, 
I identifies columns, J identifies rows. 

VALUE(K) - value of T for Kth block 

Repeat items 7 through 9, substituting thermal conductivity RLAM (W/mK) (in 
text called A) for initial temperature T. 

Repeat items 7 through 9, substituting volumetric heat capacity C (J/m3K) 
for initial temperature T. Note that all aquifer cells must have C equal to 
CO value read in item 12. 
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Linear initial temperature variation - items 10-11 

10. ILIN - flag = 0 No linear initial temperature variation 

= 1 Linear initial temperature variation defined in 11 
(overrides T values read in INDATA; used as radial 
outer boundary condition) 

11. Read if ILIN=1 only 

TSURF (OC) 

TDEPTH (OC) 

DEPTH (m) 

12. CO (J/m3 K) 

RAACAW(J/m3 

TBOUND(OC) 

TREF (OC) 

K) 

Temperature at top of linear variation 

Temperature at bottom of linear variation 

Depth over which variation occurs 

Aquifer volumetric heat capacity (in text called Ca ) 

Water volumetric heat capacity (in text called Cw) 

Temperature of water at lower boundary of mesh (In 
text called Tz2). - If ILIN = 0, TBOUND is radial 
outer boundary condition also. 

Reference temperature used in energy calculations 
(called TO in text) 

13. Upper boundary temperature 

T1 (OC) 

T2 (OC) 

TIME1 (s) 

TAU (s) 

Average value 

Amplitude of sinusoidal variation 

Phase 

Period of variation (default 31536000 s = 365 days) 

Note: Tz1 = T1 + T2 sin (2n (t - TIME1)/TAU) 
For constant upper boundary temperature, set T2 = 0 

14. NQM Number of periods to simulate 

IPER Number of periods per cycle 
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Length of period (ti = tp = PERIOD, ts = L • PERIOD, 
tr = K • PERIOD, where Land K are integers or zero) 

16. (VT(I),I=1,IPER) flag VT(I) describes Ith period as: 

= 1 • injection 
= o. rest or storage 
= -1 • production 

17. (TIN(I) ,1=1, IPER) Injection t emperat ure (OC) , used for VT(I)=1., 

18. TA 

TB 

(s) 

(s) 

TIMEM (s) 

19. TIME (s) 

otherwise ignored (in text called T i) 

Time interval between small printouts 

Time interval between big printouts 

Maximum simulation time, overrides NQM if NQM·PERIOD > TIMEM 

St art ing time 

Items 2 through 1~ are repeated NRUN times. 

OUTPUT 

Two output files are written by the SFM, STEADY.OUT and STEADY.BIN. 

An example of STEADY.OUT is shown in Appendix 2. It contains the following 

items: 

1. Input data 

1.1 NCHECK = 1 indicates that the mesh has been generated. 

2 indicates that mass flow rates have been calculated. 

3 indicates that midpoint coordinates of each mesh cell have 
been calculated. 

1.2 Input parameters are listed. If NUT=1, initial temperature, thermal 
conductivity, and heat capacity distributions are printed. 
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2. Output data 

2.1. Timestep information -- identifies the mesh cell which controls the con

duction timestep. 

2.2. At the start of each period the number of the period, NQ, the conduction 

timestep, DT, the number of conduction timesteps per convection 

timestep, ISTAB, and the fluid flow rate, FLOW, are given. For storage 

and rest periods, with no convection, ISTAB is not used. 

2.3. At each sm~ll-printout interval the inlet or outlet temperature, 

and energy input and output so far are given. 

2.4. At each big-printout interval the temperature field is printed as well. 

2.5. At the end of each cycle an energy balance is printed, including the 

energy stored (energy in + energy out), and the recovery ratio (£) 

for that cycle. 

STEADY.BIN is a binary file containing temperature fields suitable for input 

to a plotting program. The following information is included, written in free format: 

1. M, N, (RM(I), I = 1, M), (ZM(I), I = 1, N) 

The number of columns and rows in the mesh, and the radial and depth 

coordinates at which temperature is calculated. 

At each big-printout interval: 

2 • T I ME , « T ( I I , JJ ), I I = 1, M), JJ = 1, N ) 

The current time and temperature field. 
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Nomenclature 

A 

c 

c = a 

H 

q 

Q 

.r 

R 

surface area of the (m,n)th mesh cell (m2) 

volumetric heat capacity ( __ J_) 
m3K 

cp C + 
w 

aquifer volumetric heat capacity(-j-) 
m K 

aquifer thickness (m) 

number of mesh cells in each row between r = a and R 

heat flow rate per unit ar'ea (~) 
2 m 

3 
volumetric fluid flow rate (~) 

s 
radial coordinate (m) 

thermal radius (m) 

R f¥-1 = -R m M distance to the inner edge of the mth column of mesh cells (m) 

t 

t c 

T 

= 

time (s) 

t10 + t + t + t length of one cycle, where to,t ,t , and tare s p r 1 s p r 
length of injection, storage, production, and rest periods, 
respectively (s) 

t imestep for conduction (s) 

temperature (K) 

reference temperature (K) 

injection temperature (K) 

production temperature (K) 

Tp production temperature averaged over ptoduction period (K) 

Tz1 upper boundary temperature (K) 

Tz2 lower boundary temperature (K) 

v = 2n~r steady radial darcy velocity ( :) 
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Nomenclature 

v = = 
Vm n volume of the (m,n)th mesh cell (m3) , 
Vw = Q ti = Q tp volume of water injected and produced (m3) 

z 

Subscripts 

vertical coordinate (m) 

vertical distance from the top of the caprock to the top of the 
nth row of mesh cells (m) 

recovery factor, ratio of produced to injected energy, with 
energies measured relative to TOo 

W thermal conductivity (em K 

porosity 

w water 

r rock 

a aquifer 

c confining layer . 

m,n refers to the cell in the mth column and nth row of the mesh 
(also used as a superscript) 



-18-

'Acknowledgement 

This work was supported by the Assistant Secretary of Conservation and 

Solar Energy, Office of Advanced Conservation Technology, Division of Thermal 

and Mechanical Storage Systems of the U.S. Department of Energy under contract 

DE-AC03-76SF00098. This work represents work performed within the Seasonal 

Thermal Energy Storage Program managed by Pacific Northwest Laboratory. On 

the Swedish side, the work has been supported by the National Swedish Board 

for Energy Source Development (NE) 

References 

Doughty, C., G. Hellstrom, C. F. Tsang, and J. Claesson, A dimensionless 
parameter approach to the thermal behavior of an aquifer thermal energy 
storage system, Water Resources Research, Vol. 18, No.3, pp. 571-587, 
1982. 

Hellst rom, G., and J. Claesson, Heal losses and temperature fields for heat 
storage aquifers: A computational model with a simplified linear water 
flow, in Theoretical Analysis and Computer Simulation .of Solid-Fluid Heat 
StorageSystems in the Ground: Ext raction of Earth Heat, int erim 
report part II, Dept. of Math. Phys. and Bldg. Sci., Lund Inst. of 
Technol., Lund, Sweden, 1978. 

Papadopulos, S. S., and S. P. Larson, Aquifer storage of heated water, II, 
Numerical simulation of field results, Ground Water, Vol. 16, No.4, 
pp. 242-248, 1978. 

Tsang, C. F., M. J. Lippmann, C. B. Goranson, and P. A. Witherspoon, Numerical 
modeling of cyclic storage of hot water in aquifers, Rep. LBL-5929, 
Lawrence Berkeley Lab., Berkeley, Calif., 1977. 

Tsang, C. F., T. Buscheck, D. Mangold, and M. Lippmann, Mathematical modeling 
of thermal energy storage in aquifers, in Proceedings of Thermal Energy 
Storage in Aqui fers Workshop, Rep. LBL-8431, pp. 37-45, Lawrence 
Berkeley Lab., Berkeley, Calif., 1978. 

Tsang, C. F., T. Buscheck, and C. Doughty, ATES -- A numerical simulation of 
Auburn University field experiments, Water Resources Research, Vol. 17, 
No.3, pp. 647-658, 1981. 



.. 

-19-

Appendix 1 
Sample Problem Input 

READ 
Statement Data Entry 

1. 1 ,1 ,0 

2. 34,15 

3. 10,15 

4. 10., 12 

5. o. ,8 

6. 1, 100., 1,50., 1,20. 

6. 1,10.,1,5.,2,2.,4,1.,4,2. 

7. 20. 

8. 1 

7. 2. 

8. 13 

9.1 1 

9.2 1, 34, 10, 15, 2.5 

7. 2.6E+06 

8. 13 

9.1 1 

9.1 1, 34, 10, 15, 2.4E+06 

10. ° 
12. 2.4E+06,4.1E+06,20., 20. 

13. 20.,0.,0.,31536000. 

14. 12, 4 

Comments 

NRUN, NUT, NPR 

M,N 

NN11,NN2 (N=NN2 for a "symmetric" 
problem) 

RUM, t-flUM 

ZTOP, NANT 

(N(I), A(I), 1=1, NANT) 

} 

T initial conditions: 
all 20°C 

RLAM initial conditions: 
all 2. W/mK except one block 
(the aquifer) with 2.5 W/mK 

C initial conditions: 
all 2.6 x 106 J/m3 K except one 
block (the aquifer) with 2.4 x 106 
J/m3K (aquifer C equals CO read 
in 12 below) 

ILIN (Since ILIN = 0, there is no 
item 11) 

co, RAACAW, TBOUND, TREF 

T1, T2, TIME1, TAU 

NQM, IPER 



READ 
Statement Data Entry 

15. 7884000. 

16. 1.,0.,-1.,0. 

17. 1 00 • , 0 • , 0 • ,0 • 
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Appendix 1 
Sample Problem Input 

Comments 

PERIOD (1/4 year) 

(VT(1), I=1,IPER) (Injection, 
storage, production, and rest 
periods are of equal length.) 

(TIN( 1) ,1=1, IPER) 

18. 1596000.,7884000.,63080000. TA, T8, TIMEM 

19. O. 

(TIMEM slightly greater than desired 
to allow for round-off errors) 

START TIME 



STEADY FLOW MeDEL 
==================== 

NCHECK= 1 
NCHECK= 2 
UCHECK= J 

INPUT PARAMETERS 

IIESH DEI'INIIION 
M= ••• Jij N= ••• 15 
NN11= ••• 10 NN2= ••• 15 

;0 

RLln= 10.0 IlfiLI/!= 12 AQUIFER THICKNESS= 10.0 

ILIN= ••• 0 
lieAT CAPACITY 01' AQUIHR=0.2ijOE.07 
~EAT CAPACITY 01' WATER=0.ij10E.07 
TEIIPERATURE AT 80UNDAFY=. 20.000 
ENERGY BALANCE WITH T-REF= 20.0 
ATIIOSPilERE TEIIPEfiATURE FUNCTION 

AVERAGE= 20.0 AIIPLltUDE= 0.0 
PHASe-TIME= 0.0 SEC. PERIOD= 315J6000.0 SEC. 

NUMBER OF PERIODS= 12 PERIODS PER CYCLE= ij 
TIllE FOR ONE PERIOD 788ijOOO.0 SEC. 

PERIOD 
TEIIP. 
FLOW 

12] 4 
100.0 0.0 0.0 0.0 

0.233E-03 O.OOOE.OO -.233E-03 O.OOOE.OO 

?RINTOUT INTERVALS TA= 1296000.0 T8= 788ijOOO.0 
START TIIIE= 0.0 END TIIIE=.. 6]080000.0 

INITIAL CONDITIO~S AND MATERIAL PROPERTIES 

TEIIP 

DEPTH 1.4 
RADIUS 

3.5 ij.5 5.4 6. 1 6.8 7.4 7.9 

,'J 

8.ij 8.9 9.ij 9.8 10.2 10.6 11.0 11.4 11.7 

50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
175.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
182.50 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
186.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
lBB.OO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
189.50 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
1~0.50 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
191.50 20.00 20.00 20.00 20.00 20.00 20~00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
192.50 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
19ij.OO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
196.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
198.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
200.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

CJl 
III 
3 

"'t:l 

~i! "'iJ 
I-j C1l 
o ::J 
CTCL 
I-' ..... 
C1l x 
3 
ON 
C 
rT 

"'t:l 
C· 
rT 

I 
f',) 
....... 
I 



BADIUS 
DEPTH 12. 1 12. Il 12.7 1 J. 1 13. II lJ.7 11l.0 1 Il. J 1 Il. 6 1ij.9 1S. 1 15.11 lS.7 lS.9 16.2 '16. S 16.7 

---------------------------------------------------------------------------------------------------------------
SO.OO 20.00 20.00 20.00 20 •. 00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20~00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
lbO.OO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
175.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 2D.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
182.S0 20.00 io.oo 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.0020.00 20.00 20.00 20.00 20.00 
lfl6.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
18B.00 20~00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
189.50 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.0020.00 
1'10.50 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.0020.00 20.00 20.~0 20.00 20.00 20.00 20.00 20.00 20.00 
191. SO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
192.S0 20~00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
l'H.OO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.GO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
196.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
198.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
200.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

RLAI! 

BADIUS 
DJ::Pl'H 1. ij J. S 4. !) 5.1l 6.1 6.8 7.4 7.9 8.1l 8.9 9. Il 9.8 10.2 10.6 11.0 11.4 11.7 

--------------------------------------------------------------------------------------------------------------- I 
50.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 N 

12S.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 N 
I 

160.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
175.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
la2.50 2.00 2.00 2.UO 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2~00 2.00 
186.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
IBB.OO 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
189.50 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
190.50 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
191.50 2.50 2.50 2.50 2.50 2.50 2.S0 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
192.S0 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
1911.00 2.50 2.50 2.50 2.50 2 •. 50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50. 2. SO 
1'l6.00 2.S0 2.S0 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2 •. 50 2.S0 
19B.00 2.S0 2.50 2.50 2.50 2.50 2.50 2. SO 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
200.00 2.50 2.50 2.S0 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

RADIUS 
DEPTII 12.1 12.ij 12.7 13.1 1 J. 4 13.7 11l.0 11l.J 14.6 14.9 15. 1 15.4, 15.7 15.9 16.2 16.5 16.7 

-----------------------------------------------------------------------------------------------------_._--------
50.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

125. DO 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
160.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
175.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
182.50 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
186.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
188.00 2.00 2.00 2.00 2.00 2.00 2.00 i.oo 2.00 2.00 2.00 2 .. 00 2.00 2.00 2.00 2.00 2.00 2.00 
189.50 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
190.50 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
191.50 2.50 2.~0 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
192.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
1911.00 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
l'1b.OO 2.50 2.50 2.S0 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
1'.18.00 2.50 2.50 2.50 2.50 2.50 2.50. 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 
200.00 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

J 



eO 

CAP 
-----
r.ULTIPLY OY 1.E6 

RADI US 
DEP rH 1.11 3.5 11.5 5.11 6.1 6.8 7.4 7.9 8.11 8.9 9.11 9.8 10.2 10.6 11.0 11.4 11.7 

---------------------------------------------------------------------------------------------------------------
50.00 2.60 2.60 2.60 2.60 :l.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 

125.00 ' 2.60 2.bO 2.bO :l.60 2.60 2.60 2.60 2.bO 2.60 2.60 2.60 2.60 2.60 2.60 2.bO 2.60 2.60 
160.00 2.60 2.60 2.60 2.60 2.60 2.60 2.60 :l.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
175.00 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
182.50 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
186.00 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
168.00 2.60 2.60 2.60 2.bO 2.60 2.60 2.60 2.bO 2.60' 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
189.50 2.60 2.60 2.60 2.60 2.60 2.60 2~60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
190.50 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.bO 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
191.50 2.110 2.110 2.110 2.110 2.40 2.40 2.40 2.40 2.110 2.40 2.40 2.110 2.110 2.40 2.40 2.40 2.40 
192.50 2.110 2.40 2.40 2.11 0 2.40 2.40 2.40 2.40 2.110 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 
1911.00 2.110 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.110 
196.00 2.110 2.110 2.40 2.110 2.40 2.40 2.40 2.110 2.40 2.40 2.110 2.40 2.110 2.40 2.40 2.40 2.40 
l'B.OO 2.110 2.40 2.110 2.40 2.40 2.40 2.40 2.40 2.110 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 
200.00 2.110 2.40 2.110 2.40 2.110 2.40 2.40 2.110 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 

RADIUS 
DEPTH 12. 1 12.4 12.7 13.1 13.4 13.7 111.0 14.3 14.6 14.9 15. 1 15.4 15.7 15.9 16.2 16.5 16.7 

---------------------------------------------------------------------------------------------------------------
50.00 2.bO 2.60 2.60 :l.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 I' 

125.00 2.60 2.bO 2.bO 2.bO :l.bO 2.bO 2. b 0 2.60 2.60 2.bO 2.60 2.60 2.bO 2.60 2.60 2.60 2.bO N 
lbO.OO 2.60 2.60 2.60 ~.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 i.J,) 

175.00 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.bO 2.60 2.60 2.60 2.60 I 

182.50 2.bO 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
186.00 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
1811.00 2.60 2.60 2.bO 2.60 2.60 2.60 2.bO 2.60 2.60 2.60 2.60 2.60 2.60 2.bO 2.60 2.60 2.60 
189.50 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
190.50 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 2.60 
191.50 2.40 2.40 2.40 2.40 2.40 2.40 2.110 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 
192.50 2. '.0 2.40 2.40 2.110 2.110 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 
1911.00 2.110 2.110 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 
196.00 2.40 2.110 2.40 2.110 2.40 2.40 2.40 2.40 2.110 2.40 2.110 2.40 2.40 2.40 2.40 2.40 2.40 
19B.OO 2.110 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.4a 2.40 2.40 2.40 2.40 2.40 
200.00 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.40 2.110 2.40 2.40 2.40 2.40 



i}UTPUT 

TIMESTEP-INFOBMATION 

ICELL= ••• 34 JCt:LL= ••• 10 OTSTA8= ••• 
CIN (I, J) = ••• O.159E-07 
GFZ (I,J) GFZ (I,J+l) GFR (I,J) GFB (I+l,J) 
u.582E+02 0.654E+02 0.104E+04 0.212E+04 
!I (I) R(I+l) 
0.166E+02 0.168E+02 
Z(J) Z(J+l) 
0.191E+03 0.1~2E+03 

IlAIN LOOP 

9576.009 

NQ= DT= 9521.74 ISTA B= 69 FLOW=0.233E-03 1115 

TI~E= 1304479.4 SEC. ~~~ 15 DAYS 2.4 HOURS 
ENERGY IN= ••• 0.5027E+ll iNERGY OUT= ••• O.OOOOE+OO 
IEIIP. IN= ••• 100.0 TEIIP. OUT= ••• 0.0 

TIIIE= 2599437.3 SEC. ~~l 30 DAYS 2.1 HOURS 
ENERGY IN= ••• 0.150BE+12 ENERGY OUT= ••• O.OOOOE+OO 
TEMP. IN= ••• 100.0 TSIIP. QUT=... 0.0 

TIIIE= 3B94J~5.3 S~C. ~~~ 45 DAYS 1.B HOURS 
LNER~Y IN= ••• 0.2513E+12 ENERGY OUT= ••• O.OOOOE+OO 
TEIIP. IN= ••• 100.0 TEIIP. OUT= ••• 0.0 

TIIIE= 518~327.0 S~C. ~l~ 60 DAYS 1.5 HOUBS 
ENERGY IN= ••• 0.]519E+12 ENERGY OUT= ••• O.OOOOE+OO 
TEIIP~ IN= ••• 100.0 TEMP. OUT= ••• 0.0 

TII1E= 6484251.0 SEC. m~~ 75 DAYS 1.2 HOURS 
ENERGY IN= ••• 0.4524E+12 ENERGY OUT= ••• O.OOOOE+OO 
TEMP. IN= ••• 100.0 TEMP. OUT= ••• 0.0 

TII1E= 7779175.0 SEC. WWW 90 DAYS .0.9 HOURS 
ENERGY IN= ••• 0.5529E+12 ENERGY OUT= ••• O.OOOOE+OO 
TEMP. IN= ••• 100.0 TEMP.OUT= ••• 0.0 

HI.! = 2 DT= 9567.96 ISTAI3= FLOW=O.OOOE+OO M/S 

.. ... 

I 
N 
+:
I 



,. 

IEIIPEIiATURE dljdl TIll E= ••• 7893479.5 SEC. 

TEIIP 

RADIUS 
DEPrH 1.4 3.5 4.5 ).4 6. 1 6.8 7.4 7.9 8.4 8.9 9.4 9.8 10.2 10.6 11.0 11.4 11.7 

---------------------------------------------------------------------------------------------------------------
50.00 20 •. 00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
175.00 20.01 20.01 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
182.50 20.44 20.32 20.25 20.20 20.16 20.12 20.10 20.08 20.06 20.05 20.04 20.03 20.02 20.02 20.0120.0120.01 
186. 00 25.25 23.96 23.21 2l.60 22.11 21.71 21.38 21.11 20.89 20.72 20.57 20.46 20.36 20.29 20.23 20.18 20.14 
1138.00 36.02 32.60 30.50 28.75 27.27 26.03 24.~8 24.09 23.36 22.75 22.24 21.82 21.47 21.19 20.96 20.77 20.62 
li19.50 55.59 49.33 45.22 41.65 38.52 35.76 33.36 31.26 29.45 27.90 26.57 25.45 24.50 23.71 23.04 22.49 22.03 
1'10.50 72.9l 64.87 59.31 54.39 49.95 45.94 42.35 39.14 36.30 33.82 31.65 29.78 28.18 26.81 25.65 24.68 23.85 
191.50 99.72 88.48 80.13 73.83 68.01 62.5857.52 52.84 48.55 44.66 41.18 38.09 35.37 33.00 30.94 29.18 27.67 
192.50 99.99 95.85 89.43 83.67 77.87 72.13 66.55 61.20 56.18 51.54 47.30 43.48 40.0A 37.09 34.47 32.19 30.24 
194.00 100.00 9~.23 96.30 92.32 87.45 82.02 76.31 70.54 64.91 59.54 54.53 49.93 45.77 42.06 38.713 35.91 33.42 
196.00 100.00 99.77 98.31 95.58 91.67 86.85 81.45 75.75 70.00 64.38 59.0) 54.05 49.49 45.37 41.69 38.45 35.62 
1'18.00 100.00 99.84 98.73 96.40 92.86 88.34 8J.l] 77.53 71.80 6b.15 60.72 55.62 50.93 46.67 42.86 39.48 36.52 
200.00 100.00 99.86 98.81 96.59 93.15 88.72 83.58 78.03 72.32 66.66 61.22 56.10 51.37 47.07 43.22 39.80 36.80 

RADIUS 
DEPTH 12.1 12.4 12.7 13. 1 13.4 13.7 14.0 14.3 14.6 14.9 15. 1 15.4 15.7 15.9 16.2 16.5 16.7 

---------------------------------------------------------------------------------------------------------------
50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00.20.00 20.00 20.00 20.00 20.00 I 
I·) 

160.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 lJ1 

175.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20."00 I 

182.50 20.01 20.01 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
186.00 20.11 20.09 20.07 20.06 20.04 20.03 20.03 20.02 20.02 20.01 20.01 20.01 20.01 20.00 20.00 20.00 20.00 
188.00 20.50 20.40 20.32 20.25 20.20 20.16 20.13 20.10 20.08 20.06 20.05 20.04 20.03 20.02 20.01 20.01 20.00 
189.50 21.65 21.34 21.09 20.88 20.71 20.57 20.46 20.37 20.29 20.23 20.18 20.14 20.11 20.08 20.05 20.03 20.01 
190.50 2J.17 22.60 22.12 21.73 21.41 21.14 20.92 20.75 20.60 20.48 20.38 20.]0 20.2] 20.17 20.1120.07 20.02 
191.50 26.38 25.30 24.3U 23.61 22.97 22.44 22.00 21.63 21.32 21.07 20.86 20.69 20.54 20.41 20.30 20.21 20.09 
192.50 28.56 27.13 25.92 24.91 24.05 23.33 22.74 22.24 21.83 21.48 21.19 20.95 20.75 20.58 20.42 20.29 20.13 
194.00 31.27 29.43 27.U6 26.53 25.41 24.46 23.67 23.01 22.46 22.00 21.62 21.29 21.02 20.78 20.58 20.40 20.18 
196.00 33.16 31.04 29.23 27.69 26.38 25.28 24.36 23.58 22.93 22.39 21.93 21.55 21.22 20.94 20.69 20.47 20.22 
198.00 33.94 Jl.72 29.81 2u.18 26.80 25.63 24.65 21.d3 23.13 22.55 22.07 21.66 21.31 21.01 20.74 20.51 20.23 
200.00 34.19 ]1.93 29.99 28.34 26.93 25.75 24.75 23.91 23.20 22.61 22.11 21.69 21.34 21.03 20.76 20.52 20.24 

TIIIE= 7893479.5 SEC. ~J~ 91 DAIS 8.6 HOUBS 
ENERGY IN= ••• 0.6032E.12 ENERGY OUT= ••• O.OOOOEtOO 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 0.0 

TII!E= 9079911.0 SEC. ~~j 105 DAYS 2.2 HOURS 
ENERGY IN= ••• 0.6032E+12 ENERGY OUT= ••• O.OOOOEtOO 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 0.0 

TIIIE= 10371591.0 SEC. jJj 120 DAIS 1.0 HOURS 
ENERGY IN= ••• 0.6032EtI2 ENERGY OUT= ••• O.OOOOEtOO 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 0.0 

TIIIE= 11672839.0 SEC. ~~w lJ5 DAIS 2.5 HOURS 
ENERGY IN= ••• 0.6032E.12 ENERGY OUT= ••• O.OOOOE+OO 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 0.0 

rIIIE= 12964519.0 SEC. ~j~ 150 DAIS 1.3 HOUBS 
ENERGY IN= ••• 0.6032E.12 ENERGY OUT= ••• O.OOOOEtOO 
TEIIP. IN= ••• 0.0 TEll!'. OUT= ••• 0.0 

TIIIE= 14256199.0 SEC. ~wJ lb5 DAIS 0.1 HOURS 
ENERGY IN= ••• 0.6032E+12 ENERGY OUT= ••• O.OOOOEtOO 
TEMP. IN= ••• 0.0 TElIl'. OIlT= ••• 0.0 



fIlIE= IS5S74117.0 SEC. ,Hal 180 OArS 1.5 HOURS 
ENERGY IN= ••• 0.b032EtI2 ENERGY OOT= ••• O.OOOOE+OO 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 0.0 . .. _, .... 

. $~~;·2).~~ . 
.... .l'. 

--------------------------------------------------------------
H'..!= 3 DT= 9S21.74 ISTAD= 69 FLOW=-.233E-03 MIS 

--------------------------------------------------------------
TEI'IPERATURE iUib TII'IE= ••• IS771465.0 SEC. 

TEIIP 

RADIUS 
DEPTH 1.4 3.5 4. S 5.4 b.l b.S 7.4 7.9 8.4 8.9 9.4 9.8 10.2 10.6 11.0 11.4 11.7 

---------------------------------------------------------------------------------------------------------------
SO.OO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
17S.00 20.10 20.08 20.07 20.06 20.06 20.05 20.04 20.04 20.03 20.0320.03 20.02 20.02 20.02 20.02 20.0120.01 
182. SO 22.47 22.11 21.88 21.68 21.50 21.34 21.20 21.07 20.96 20.85 20.76 20.68 20.61 20.54 20.48 20~43 20.]8 
186.00 32.28 30.68 29.64 28.72 27.89 27.13 26.~4 25.82 25.25 24.73 24.26 23.83 23.45 23.10 22.78 22.49 22.23 
lU8.00 42.31 39.65 37.89 36.]0 34.8S 3].S2 32.30 ]1.18 ]0.15 29.20 28.34 27.54 26.82 26.16 25.55 25.00 24.49 
189.50 S2.46 48.93 46.S4 44.36 42.]S 40.48 ]8.7S 37.14 35.65 ]4.27 3].00 31.83 30.7~ 29.76 28.84 28.00 27.22 
190.50 S~.J9 55.33 52.56 SO.OI 47.64 45.42 4J.35 41.43 39.b3 37.97 36.42 ]4.99 33.66 32.43 ]1.30 ]0.25 29.28 
1 <J 1.50 6S.29 60.8S 57.60 54.97 52.32 49.83 47.49 45.]1 43.26 41.36 39.58 37.92 ]6.38 34.95 33.63 ]2.40 31.26 
192.50 70.]0 65.58 62.31 S9.2S 56.38 53.66 51.10 48.69 46.44 44.32 42.]4 40.50 38.77 37.17 3S.67 34.28 32.99 

I 194.00 77.14 72.09 68.54 65.20 62.03 59.01 56.15 53.45 50.90 48.50 46.2S 44.1] 42.15 40.30 38.57 36.96 35.45 !"h) 

196.00 83.47 18.25 74.52 70.96 67.55 64.28 61.16 58.19 55.]7 52.7150.19 47.82 45.59 43.50 41 •. 54 39.70 37.98 Cl' 

198.00 87.05 81.82 78.02 74.37 70.85 67.46 64.20 61.09 58.12 55.30 52.64 50.12 47.74 45.51 43.40 41.43 39.58 I 

200.00 88.58 83.36 79.56 75.88 72.]2 68.88 65.57 62~40 59.37 56.49 53.76 51.17 48.73 46.4] 44.27 42.23 40.]2 
RADIUS 

DEPTH 12. 1 12. Lj 12.7 13.1 13.4 13.7 14.0 14.3 14.6 14.9 15.1 15.4 15.7 15.9 16.2 16.5 16.7 
---------------------------------------------------------------------------------------------------------------

50.00 20.00 ZO.OO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
175.00 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.00 20.00 20.00 20.00 20.00 20~00 20.00 20.00 20.00 20.00 
182.50 20.34 20.30 20.2b 20.2) 20.20 20.18 20.16 20.14 20.12 20.10 20.08 20.07 20.05 20.04 20.0) 20.02 20.01 
186.00 21.99 21.77 21.58 21.40 21.24 21.09 20.95 20.83 20.72 20.61.20.51 20.42 20.34 20.26 20.18 20.1020.03 
laa.OO 24.03 23.61 2).23 22.87 22.55 22.25 21.98 21.73 21.49 21.28 21.07 20.88 20.71 20.54 20.38 20.22 20.01 
lil9.50 26.51 25.86 25.25 24.69 24.16 2].71 2).27 22.86 22.48 22.12 21.79 21.48 21.18 20.90.20.63 20.37 20.12 
190.50 28.)9 27.56 26.80 26.09 25.44 24.83 24.'26 23.74 23.24 22.78 22.35 21.94 21.~5 21.18 20.83 20.49 20.16 
191.50 30.20 29.22 28.30 27.46 26.67 25.9] 25.25 24.61 24.01 2].44 22.91 22.40 21~92 21.47 21.03 20.61 20.20 
H2.50 31.79 30.67 29.63 28.66 21.75 26.91 26~12 25.31 24.68 24.02 2].40 22.8i 22.25 21.71 21.20 20.71 20.23 
194.00 )4.05 32.73 ]1.51 30.36 29.29 28.29 27.35 26.46 25.63 24.84 24.10 23.39 22.72 22.07 21.45 20.~6 20.28 
196.00 36.37 34.86 ]3.45 32.1] 30.89 29.72 28.63 27.59 26.62 25.70 24.82 23.99 23.20 22.44 21.71 21.01 20.33 
198.00 37.84 36.21 ]4.68 ]3.25 ]1.90 30.64 29.44 28.]2 27.25 26.25 25.29 24.38 23.51 22.68 21.88 21.11 20.36 
200.00 ]8.5] 36.84 35.26 )3.77 32.]8 31.06 29.83 28.66 27.55 26.51 25.51 24.56 23.66,22.19 21.96 21.16 20.38 

TII1E= 15777465.0 SEC. ~w~ 182 DAYS 14.0 HOURS 
ENER~Y IN= ••• 0.60]2E+12 ENERGY OUT= ••• O.OOOOE.OO 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 0.0 

TIIIE= 16853450.0 SEC. ~~j 195 DAYS 1.5 HOURS 
ENERGY IN= ••• 0.6032E+12 ENERGY OUT= ••• -.3727E+l1 
TEI1P. Ill= ••• 0.0 TEI'IP. OUT= ••• 79.3 

TII1E= 18148442.0 SEC. wwal 210 DAYS 1.2 HOURS 
ENERGY IN= ••• 0.6032E+12 ENERGY OUT= ••• -.1013E+12 
TEI'IP. IN= ••• 0.0 TEMP. OUT= ••• 68.6 

~. 



'J 

TIIIE= 19443434.0 SEC. ~Jj 225 DAYS 1.0 HOURS 
ENERuY IN= ••• 0.6032£.'2 ENERGY OUT= ••• -.1546E.'2 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 60.5 

TII1E= 20738426.0 SEC. ~J~ 240 DAYS 0.7 HOURS 
ENEauY 18= ••• 0.6032E.'2 ENERGY OUT= ••• -.199'E.'2 
TEIIP. IN= ••• 0.0 TEMP. OUT= ••• 53.8 

TIIIE= 22031418.0 SEC. ~a~ 255 OAfS 0.4 HOURS 
ENERGY IN= ••• 0.6032E.'2 ENERGY OUT= ••• -.2]6]E.'2 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 48.3 

TIIIE= 23328410.0 SEC. ~~j 270 DAYS 0.1 HOURS 
ENERGY IN= ••• 0.6032E.'2 ENERGY OOT= ••• -.2675E.'2 
TEMP. IN= ••• 0.0 TEIIP. OUT= ••• 43.7 

TEII£'ERAIURE ij,)~ TIIIE= ••• 23052158.0 SEC. 

TEMP 

RADIUS 
DEP'rll 1.4 3.5 4.5 5.4 6. 1 6.8 7.4 7.9 8.4 8.9 9.4 9.8 10.2 10.6 11.0 11.4 11.1 

---------------------------------------------------------------------------------------------------------------
50.00 20.00 20.00 20.00 20.00 20.0~ 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
1&0.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
175.00 20.30 20.27 20.25 20.23 20.21 20.19 20.18 20.16 20.15 20.14 20.13 20.12 20.11 20.10 20.09 20.08 20.07 
1d2.50 24.36 21.90 21.60 21.]2 2].07 22.84 22.62 22.42 22.24 22.06 21.90 21.75 21.61 21.48 21.36 21.25 21.14 
18&.00 32.80 31.56 ]0.72 29.95 29.24 28.58 21.96 27.38 2&.84 26.3] 25.8& 25.41 25.00 24.&1 24.24 23.89 23.51 
H18.00 ]7.99 ]6.32 35.18 34.12 33.14 32.22 31.35 30.54 29.17 29.0& 28.38 27.15 21.16 26.60 26.01 25.58 25.12 I 

\<> 
189.50 40.27 38.50 37.24 36.06 34.96 33.91 32.93 ]2.00 31.1] 30.31 29.54 28.81 28.11 21.49 26.88 26.31 25.17 ~ 

190.50 40.59 38.89 37.63 36.43 35.30 34.23 33.22 32.26 31.36 30.52 29.12 28.97 28.26 27.59 26.96 26.17 25.81 I 

191.50 38.37 37.16 35.99 34.88 33.83 ]2.84 31.90 31.0130.17 29.39 28.64 27.94 21.28 26.66 26.08 25.53 25.01 
192.50 38.20 37.01 35.85 34.74 33.69 32.10 31.76 30.87 30.03 29.24 28.49 21.79 21.13 26.50 25.92 25.37 24.86 
194.00 ]8.62 ]7.40 36.21 35.07 33.99 32.96 31.99 ]1.07 30.20 29.]8 28.61 27.88 27.20 26.56 25.95 25.39 24.86 
196.00 40.04 18.73 37.45 36.2] 35.06 31.95 12.90 31.91 ]0.97 ]0.09 29.25 28.46 27.72 27.03 26.38 25.76 25.19 
198.00 41.37 39.98 38.62 37.]2 36.08 34.90 33.78 ]2.72 ]1.72 30.77 29.88 29.04 28.25 27.50 26.80 26.15 25.54 
200.00 42.11 40.69 ]9.29 37.94 ]6.65 ]5.43 34.27 33.18 32.14 31.16 30.24 29.37 28.55 27.78 27.05 26.38 25.74 

RADIUS 
DEPTH 12. 1 12.4 12.7 13.1 1].4 13.7 14.0 14.3 111.6 14.9 15. 1 15.4 15.7 15.9 16.2 16.5 16.7 

-----------------------------------------------------------------------.----------------------------------------
50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 ~o.oo 20.00 20.00 20.00 20.00 20.00 20.00 
175.00 20.07 20.06 20.06 20.05 20.05 20.04 20.04 20.0] 20.0] 20.02 20.02 20.02 20.01 20.01 20.01 20.00 20.00 
182.50 21.04 20.95 20.86 20.78 20.70 20.63 20.56 20.49 20.43 20.37 20.32 20.26 20.21 20.16 20.1120.07 20.02 
186.00 23.26 22.98 22.71 22.45 22.21 21.98 21.77 21.56 21.36 21.18 21.00 20.83 20.67 20.51 20.36 20.21 20.07 
188.00 24.68 24.26 23.88 23.512].16 22.83 22.52 22.23 21.94 21.68 21.42 21.18 20.95 20.72 20.51 20.]0 20.10 
189.50 25.27 24.79 24.]4 23.92 2].52 2].15 22.79 22.46 22.14 21.84 21.56 21.29 21.03 20.79 20.55 20.]2 20.11 
190.50 25.29 24.80 24.34 23.90 2].49 23.11 22.75 22.41 22.09 21.79 21.50 21.24 20.99 20.75 20.52 20.31 20.10 
191.50 24.53 24.07 23.65 23.25 22.88 22.53 22.20 21.90 21.61 21.35 21.10 20.87 20.66 20.46 20.27 20.09 20.0~ 
192.50 24.]7 23.92 23.50 23.10 22.74 22.39 22.08 21.78 21.51 21.25 21.02 20.Bl 20.61 20.42 20.25 20.08 20.0~ 
194.00 24.]b 23.90 2j.~7 2].07 22.69 22.35 22.03 21.73 21.46 21.21 20.98 20.71 20.58 20.40 20.24 20.08 20.04 
196.00 24.66 24.16 23.70 2].26 22.86 22.49 22.15 21.84 21.55 21.28 21.04 20.82 20.61 20.42 20.25 20.08 20.04 
198.00 24.97 2~.44 23.94 23.48 2J.05 22.66 22.29 21.96 21.65 21.37 21.11 20.87 20.65 20.45 20.26 20.09 20.04 
200.00 25.15 24.60 24.08 2].61 21.16 22.75 22.38 22.03 21.11 21.42 21.15 20.90 20.6B 20.47 20.27 20.09 20.04 

TIIIE= 23652158.0 SEC. ~w~ 273 DAYS 18.0 HOUBS 
ENE8~r IN= ••• 0.6032E.'2 ENERGY QUT= ••• -.2811e.'2 
TEIIP. IN= ••• 0.0 TEMP. OUT= ••• 41.7 



NQ= 4 DT= 9567.96 ISTA8= FLOW=O.OOOEtOO MIS 

TIME: 2462d094.0 SEC. ~~~ 285 DAYS 1.1 HOURS 
lNERGY IN= ••• 0.60]2EtI2 ENERGY OUT= ••• -.2811Et12 
TE~P. IN: ••• 0.0 TE~P. OUT= ••• 0.0 

TI~E= 25929]42.0 SEC. ~w~ ]00 DAYS 2.6 HOURS 
ENERGY IN= ••• 0.60]2EtI2 ENERGY OUT= ••• -.2811E+12 
TEMP. IN=... 0.0 TEMP. OUT=... 0.0 

TIME= 27221022.0 SEC. w~~ ]15 DAYS 1.4 HOURS 
ENERGY IN= ••• 0.6032E+12 ENERGY OUT= ••• -.2811E+12 
TEMr. IN=... 0.0 TEMP. OUT=... 0.0 

TI~E= 2d512702.0SEC. ~~~ ]]0 DAYS 0.2 HOURS 
EN~R~Y IN= ••• 0.60]2E+12 ENERGY OUT= ••• -.2811E+12 
TE~P. IN=... 0.0 ~EMP. OUT=... 0.0 

TI"E= 29d13950.0 SEC. ~ww ]45 DAYS 1.7 HOURS 
ENERGY IN= ••• 0.LO]2E+12 ENERGY OUT= ••• -.2811E+12 
TEMP. IN=... 0.0 TEMP. OUT=... 0.0 

TI~E= ]11056JO.0 SEC. wjw ]60 DAYS 0.5 HOURS 
ENERGY IN= ••• 0.60]2E+i2 ENERGY OUT= •• ~-.2811EtI2 
TE~P. IN=... 0.0 TEMP. OUT=... 0.0 

++ttt+++t++++++t+t+t+ttt++++t+tt++t+tt+t++++t+ttt++t+t 
ENEaGY BALANCE CYCLE=... 1 
ENERGY (IN) = ••• 0.60]E+12 ENERGY (OUT) = ••• -0. 281E+12 
ENERGY STORED= ••• 0.]22E+12 HECOVERY RATIO= ••• 0.466 
REFERENCE TE"PEIlA'IURE.=... 20.0 

++tttt+t+t+t++tttt+tttttt+ttttt+tttt++tt++t+t+t++tttt+ 

TEMPERATURE wl~ TIME= ••• 

l'E~P 

===== 

DEPTII 1.4 
RADIUS 

].5 4.:' 

]1536190.0 SEC. 

5.4 6.1 6.8 7.4 7.9 8.4 8.9 9.4 9.8 10.2 10.6 11.0 11.4 11.7 
---------------------------------------------------------------------------------------------------------------

50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
125. 00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20~00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.00 20.00 20.00 20.00 20.00 
175.00 20.55 20.50 20.47 20.44 20.41 20.38 20.36 20.34 20.31 20.29 20.27 20.25 20.24 20.22 20.20 2b.19 "20.17 
182.50 25.05 24.62 24.32 24.05 23.79 2].55 23.3] 2].11 22.91 22.72 22.54 22.]6 22.20 22.05 21.90 21.76 21.62 
166.00 ]0.25 29.39 28.RO 28.26 27.75 27.27 26.81 26.]8 25.97 25.58 25.21 2~.86 24.52 24.21 2].90 23.61 23.34 
lt18.00 ]2.d4 ]1.77 31.04 30.36 29.7] 29.12 28.55 28.01 27.49 27.01 26.54 26.10 25.68 25.28 24.90 24.53 24.19 
189.50 ]4.10 ]2.93 ]2.14 ]1.40 30.70 ]O.OJ 29.41 28.81 28~24 27.70 27.19 26.70 26.24 25.80 25.]8 24.98 24.60 
190.50 34.69 ]3.49 ]2.66 31.89 31.16 30.47 29.82 29.io 28.60 28.04 27.51 27.00 26.51 26.05 25.61 25.20 24.80 
191.50 ]5.0] 33.80 32.96 J2.17 ]1.43 30.7] JO.06 29.42 28.82 28.24 27.70 27.17 26.66 26.21 25.76 25.33 24.92 
192.50 ]5.28 34.04 ]3.18 32.38 ]1.63 30.91 30.23 29.59 28.97 28.39 27.8] 27.]0 26.80 26.32 25.86 25.42 25.01 
194.00 . 35.63 34.]6 ]3.48 32.67 31.90 31.16 30.47 29.80 29.17 28.57 28.00 27.46 26~94 26.45 25.98 25.54 25.11 
196.00 36.09 34.79 33.88 J3.04 32.24 31.49 30.77 30.08 29.43 28.81 20.22 27.66 27.13 26.62 26.14 25.68 25.24 
198.00 36.53 35.16 34.26 ]].]9 32.57 31.79 31.05 ]0.35 29.68 29.04 20.4] 27.86 27.31 26.79 26.29 25.82 25.]7 
200.00 ]6.80 ]5.43 ]4.49 ]].61 32.77 ]1.98 31.2] ]0.51 29.83 29.18 28.56 27.98 27.42 26.89 26.38 25.90 25.45 

~ 

I 
N 
00 
I 



J 

• 

RADIUS 
DEPTit 12. 1 12.4 12.7 13.1 13.4 13.7 H.O 14.3 14. Ii 14.9 15.1 15.4 15.7 15.9 16.2 16.5 16.7 

---------------------------------------------------------------------------------------------------------------
50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
175.00 20.16 20.15 20.13 20.12 20.11 20.10 20.09 20.08 20.07 20.06 20.05 20.04 20.0J 20.03 20.02 20.01 20.00 
11l2.S0 21.49 21.37 21.20 21.14 21.04 20.94 20.84 20.74 20.65 20.51 20.48 20.40 20.32 20.25 20.17 20.10 20.03 
186.00 23.08 22.d3 22.59 22.36 22.14 21.93 21.72 21.53 21.34 21.16 20.99 20.82 20.66 20.51 20.36 20.2120.07 
ldB.OO 2J.8b 23.54 23.24 22.95 22.68 22.41 22.16 21.92 21.68 21.46 21.24 21.03 20.83 20.b3 20.45 20.26 20.09 
ld9.50 24.23 23.89 23.56 23.24 22.94 22.65 22.37 22.10 21.84 21.60 21.36 21.13 20.91 20.70 20.49 20.29 20.09 
190.50 24.42 24.06 23.71 23.38 23.06 22.76 22.47 22.19 21.92 21.07 21.42 21.18 20.95 20.73 20.51 20.30 20.10 
Hl.50 24.5] 24.16 23.8123.47 23.14 22.83 22.5] 22.25 21.97 21.71 21.45 21.2120.97 20.74 20.52 20.3120.10 
192.50 24.61 24.23 23.87 23.53 23.20 22.88 22.58 22.29 22.01 21.74 21.48 21.23 20.99 20.76 20.53 20.31 20.10 
194.00 24.11 24.32 2].95 23.60 23.26 22.94 22.63 22.3] 22.05 21.77 21.51 21.25 21.0120.77 20.54 20.32 20.11 
196.00 24.82 24.4] 24.05 23.68 2].]4 23.01 22.69 22.38 22.09 21.BI 21.54 21.28 21.03 20.79 20.55 20.33 20.11 
198.00 24.94 24.53 24.14 23.71 23.41 23.07 22.75 22.44 22.14 21.85 21.58 21.]1 21.05 20.81 20.57 20.]3 20.11 
20J.00 25.01 24.60 24.20 2].82 23.46 23.12 22.79 22.47 22.17 21.88 21.60 21.33 21.07 20.82 20.57 20.34 20.11 

TIIIE= 3153b190.0 SEC. ~~~ o DAYS 0.1 HOUBS 
~NEauY IN= ••• O.OOOOE.OO ENERGY OUT= ••• O.OOOO!+OO 
TEIIP. 111= ••• 0.0 TEIIP. OUT= ••• 0.0 

NQ= 5 DT= 9521.74 ISTAB= 69 FLOW=0.233E-03 II/S 

TIIIE= 32402692.0 SEC. ~~~ 10 DAYS 0.7 HOURS 
EIIERGY III= ••• 0.5927E+l1 EIIEBGY OUT= ••• O.OOOOE.OO 
TEIIP. 111= ••• 100.0 TEIIP. OUT= ••• 0.0 

TIIIE= 33697652.0 SEC. ~w~ 25 DAYS 0.5 HOUBS 
ENER~Y 111= ••• 0.1508E.12 ENEBGY OUT= ••• O.OOOOE+OO 
TEIIP. 111= ••• 100.0 TEIIP. OUT= ••• 0.0 

TIIIE= 34992372.0 SEC. ~~~ 40 DAYS 0.1 HOUBS 
ENERGY 111= ••• 0.2513E+12 EIIERGY OUT= ••• O.OOOOE+OO 
TEIIP. 111= ••• 100.0 TEIIP. OUT= ••• 0.0 

TIIIE= 36296612.0 SEC. w~~ 55 DAYS 2.4 HOURS 
ENERGY 111= ••• 0.3519E.12 ENERGY OUT= ••• O.OOOOE.OO 
TEIIP. 111= ••• 100.0 TEIIP. OUT= ••• 0.0 

TIIIE= 37591332.0 SEC. ~~~ 70 DAYS 2.0 HOURS 
ENERGY 111= ••• 0.4524E.12 EIIEhGY OUT= ••• O.OOOOE+OO 
TEIIP. 111= ••• 100.0 TEIIP. OUT=... 0.0 

TIIIE= 38886052.0 SEC. ~~~ 85 DAYS 1.7 HOURS 
ENERGY 111= ••• 0.5529E.12 ENERGY OUT= ••• O.OOOOE+OO 
TEIIP. IN= ••• 100.0 TEMP. OUT=... 0.0 

NQ= 6 DT= 9567.96 ISTAB= FLOW=O.OOOE+OO H/S 

I 
N 
\0 
I 



TE.1PEBAfURE iJlriliil TIll i::= ••• 39428740.0 SEC. 

TEIIP 

RADIUS 
DEPTH 1. ij 3.5 4.5 5.ij 6. I 6.11 '1.4 7.9 8.4 8.9 9.4 9.8 10.2 10.6 11.0 11. ij 11.7 

---------------------------------------------------------------------------------------------------------------
50.00' 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
125~00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 ~O.OO 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.02 20.02 20.02 20.02 20.0~ 20.02 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 
175.00 20.77 20.71 20.67 20.63 20.60 20.56 20.53 20.50 20.47 20.ij4 20.41 20.39 20.36 20.34 20.31 20.29 20.27 
1112.50 ~5.32 24.85 24.53 24.25 2].99 23.74 23.51 23.30 23.09 2~.90 22.72 22.54 22.311 22.22 22.06 21.92 21.78 
186.00 32.74 ]1.08 ]0.04 29.15 28.]6 27.67 27.05 26.50 26.00 25.55 25.1] 24.75 24.40 24.07 23.77 23.49 23.22 
1118.00 43.56 40.08 37.88 35.99 34.33 3~.88 31.60 30.48 29.48 211.60 27.u2 27.13 26.50 25.94 25.43 24.97 ~4.55 
H9.50 61.1255.3551.51118.1245.10 42.40 39.98 ]7.8] ]5.9234.2] 32.74 31.42 30.25 29.22 28.30 27.49,26.76 
190.50 76.38 69.20 64.20 59.72 55.65 51.93 ijll~54 45.47 42.71 40.24 38.03 ]6.07 34.34 32~1I1 31.45 ]0.26 29.20 
191.50 99.76 89.96 112.64 77.08 71.93 67.08 62.52 58.26 54.]2 50.70 47.41 44.4] 41.77 ]9.]8 37.27 35.]9 ]].72 
192.50 99.99 96.]9 90.80 115.77 80.69 75.64 70.70 65.9] 61.,,1 57.18 53.28 49.71 46.48 43.58 40.98 38.67 36.62 
194.00 100.00 99.33 96.81 93.38 89.17 84.46 79.48 74.42 69.43 64.64 60.12 55.93 52.011 48.58 45.44 42.62 ijO.12 
196.00 100.00 99.80 98.56 96.24 92.89 88.75 84.09 79.14 74.11 6~.15 64.j8 59.89 55.72 51.90 ij8.43 ij5.31 42.51 
198.00 100.00 99.117 98.93 96.96 93.95 90.09 85.62 80.78 75.79 70.82 66.01 61.44 57.17 53.24 49.66 46.43 43.53 
200.00 100.00 99.88 99.00 97.12 94.21 90.44 86.04 81.25 76.29 71.33 66.5161.92 57.64 53.68 50.01 46.81 ij3.87 

RADIUS 
DEPTH 12.1 12.4 12.7 13. 1 13.4 13.7 14.0 lij.3 14.6 14.9 15. I 15.4 15.1 15.9 16.2 16.5 16.7 

---------------------------------------------------------------------------------------------------------------
50.00 20.00 20.UO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00' 20.00 ~O.OO ~o.Oo ~O.OO 20.00 20.00 20.00 20.00 ~O.OO 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.01 20.01 20.01 20.01 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 I 
175.00 20.25 20.23 20.~1 20.19 20.18 20.16 20.14 20.13 20.11 20.10 20.08 20.07 20.06 20.04 20.03 20.02 20.01 w 
182.50 21.65 21.52 21.39 21.27 21.16 21~05 20.94 20.8ij 20.74 20.64 20.54 20.~5 20.37 20.28 20.20 20.12 20.04 

0 
I 

186.00 22.96 22.72 2~.50 22.28 22.07 21.87 21.67 21.49 21.3121.14 20.97 20.8120.65 20.50 20.35 20.21 20.07 
168.00 211.16 2].80 2J.4b 23.14 22.84 22.56 22.29 22.0] 21.79 21.55 21.32 21.10 20.89 20.68 20.ij8 20.28 20.09 
189.50 26.11 25.52 24.99 24.50 24.05 23.63 23.24 22.87 22.52 22.19 21.86 21.55 21.25 20.96 20.68 20.40 20.13 
190.50 28.25 27.41 26.66 25.911 25.36 24.79 24.2j 23.78 23.32 22.88 2~.46 22.06 21.66 21.28 20.90 20.54 20.18 
191.50 32.25 30.95 29.79 28.76 27.84 27.00 26.25 2~.56 24.92 24.32 23.75 23.21 22.68 22.17 21.67 21.18 20.55 
192.50 34.80 3].20 31.77 ]0.51 29.]8 28.37 ~7.45 26.62 25.85 25.13 24.46 23~81 2].19 22.58 21.99 21.41 20.66 
194.00 37.89 35.92 34.17 32.62 ]1.23 ]0.00 28.89 27.88 26.95 26.09 25.29 24.52 2].78 23.06 22.35 21.66 20.78 
196.00 ijO.02 37.81 35.84 3Q.l0 32.54 ]1.15 29.90 28.77 27.73 26.77 25.81 25.01 24.19 23.]9 22.6121.84 20.86 
198.00 40.94 38.63 ]6.59 34.75 33.12 31 •. 67 30.36 29.17 28.08 27.08 26.13 25.24 24.37 23.54 ~2.72 21~92 20.90 
200.00 41.25 38.91 36.83 34.98 )].33 31.86 30.53 29.32 28.22 27.19 26.23 25.32 24.45 2].60 22.71 21.96 20.91 

TIrlE= 39428740.0 SEC. jj~ 91 DAYS 8.4 HOURS 
ENERGY IN= ••• 0.6032E+12 ENE8GY QUT= ••• O.OOOOE+OO 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 0.0 

TIIIE= 40184612.0 SEC. jj~ 100 DAYS 2.4 HOURS ' . 
ENERGY IN= ••• 0.60]2E+12 ENERGY OUT= ••• O.OOOOE+OO 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 0.0 

TIll E= 41476292.0 SEC. j~w 115 DA YS 1.2 HOURS 
ENERGY IN= ••• 0.6032B+12 ENEfiGY OUT= ••• O.OOOOE+OO 
TEIIP. IN= ••• 0.0 T EIIP. OUT= ••• 0.0 

TIIIE= 42717540.0 SEC. w~~ 130 DAYS 2.6 HOURS 
ENE~GY IN= ••• 0.6032E+12 ENERGY QUT= ••• O.OOOOE+OO 
TEIIP. IN= ••• 0.0 TEII1'. OUT= ••• 0.0 

TI~E= 44069220.0 SEC. ww~ 145 DAYS 1.4 flOURS 
ENERGY IN= ••• 0.60J2E+12 ENERGY QUT= ••• O.OOOOE+OO 
TEIIP. I N= ••• 0.0 TEIIP; OUT= ••• 0.0 

TIIIE= (5)60900.0 SEC. w~w 160 DAYS 0.3 HOURS 
E~ERGY IN= ••• O.60]2E+12 ENERGY OUt= ••• O.OOOOE+OO 
TEIIP. IN= ••• 0.0 TEMP. (JlIT= ••• 0.0 

.. 



'rIIIE= 46662148.0 SEC. ~~~ 175 DAYS 1.7 HOUIIS 
ENERGr IN= ••• 0.6032EtI2 ENERGY OUT= ••• O.OOOOEtOO 
TEIIP. IN= ••• 0.0 TEll i>. OUT= ••• 0.0 

--------------------------------------------------------------
NQ= 7 DT= 9521.74 ISTAD= 69 PLOW=-.213E-0311/S 

--------------------------------------------------------------

Tl::IIPERATUIlE i<ilj '1'111 E= ••• 47312724.0 SEC. 

TEIIP 

RADIUS 
DEPTH 1.4 3.5 4.5 5.4 6.1 6.8 7.4 7.9 8.4 !l.9 9.4 9.8 10.2 10.6 11.0 11.4 11.7 

---------------------------------------------------------------------------------------------------------------
50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.03 20.03 20.03 20.03 20.01 20.03 20.02 20.02 20.02 20.02 20.02 20.02 20.02 20.02 20.01 20.01 20.01 
175.00 21.01 20.93 20.8S 20.83 20.78 20.74 20.69 20.65 20.62 20.58 20.54 20.51 20.48 20.45 20.42 20.39 20.36 
162.50 26.71 26.10 25.69 25.12 24.97 24.65 24.35 24.07 23.&0 23.55 21.11 21.09 22.88 22.67 22.48 22.30 22.11 
186.00 37.58 15.82 34.65 33.58 32.60 31.70 30.85 30.06 29.33 28.64 28.00 27.41 26.85 26.32 25.83 25.36 24.93 
16S.00 47.51 44.83 43.0J 41.38 39.85 38.42 37.09 35.85 34.68 33.60 32.58 31.63 30.74 29.90 29.12 28.38 27.69 
189.50 57.06 53.65 51.]2 49.17 47.16 45.27 43.50 41.&3 40.26 ]6.79 37.40 16.10 34.88 33.73 32.66 31.64 30.69 
190.50 63.48 59.65 57.00 54.55 52.24 50.05 47.99 46.04 44.21 42.48 40.65 39.31 37.86 36.50 35.22 34.01 32.87 
191.50 b8.69 64.76 61.89 59.20 56.66 54.25 51.96 49.79 47.74 45.79 41.96 42.22 40.59 39.04 37.58 36.20 34.89 
192.50 7].47 69.12 66.07 63.21 LO.48 57.88 55.40 5].04 50.81 48.68 46.67 44.77 42.96 41.26 39.64 38.11 16.66 I 

'0.> 
194.00 79.69 75.10 71.84 b8.74 65.77 62.93 60.20 57.60 55.11 52.74 50.49 48.35 46.32 44.39 42.56 40.82 39.17 I-' 

196.00 85.41 80.72 77.J3 74.07 70.92 67.87 64.94 62.11 59.40 56.81 54.33 51.96 49.71 47.57 45.52 43.58 41.73 I 

198.00 88.L5 8].98 80.55 77.21 74.00 70.85 67.81 64.87 62.03 59.31 5t.71 54.21 51.83 49.56 47.39 45.12 43.35 
200.00 90.0] 85.38 81.96 78.63 75.37 72.19 69.10 66.11 63.23 60.46 57.80 55.25 52.81 50.48 48.25 46.13 44.11 

II A 01 US 
DEPTH 12. 1 12.4 12.7 1 J. 1 13.4 13.7 14.0 14.3 14.6 14.9 15. 1 15.4 15.7 15.9 16.2 16.5 16.7 

---------------------------------------------------------------------------------------------------------------
50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
175.00 20.13 20.11 20.28 20.26 20.24 20.21 20.19 20.17 20.15 20.13 20.11 20.09 20.07 20.06 20.04 20.02 20.01 
182.50 21.96 21.80 21.65 21.51 21.17 21.21 21.1120.98 20.86 20.7520.64 20.51 20.43 20.3320.23 20.14 20.04 
186.00 24.52 24.13 23.76 23.42 23.09 22.77 22.48 22.19 21.92 21.66 21.41 21.17 20.94 20.72 20.51 20.30 20.10 
189.00 27.04 26.43 25.85 25.31 24.79 24.30 23.83 23.39 22.91 22.57 22.18 21.81 21.45 21.11 20.78 20.46 20.15 
189.50 29.79 28.94 26.14 27.38 26.66 25.98 25.33 24.72 24.13 23.57 23.03 22.52 22.02 21.54 21.08 20.64 20.21 
190.50 31.79 30.77 29.81 28.90 26.04 27.22 26.44 25.70 24.99 24.31 23.66 23.04 22.44 21.87 21.31 20.77 20.25 
191.50 33.66 32.49 31.38 30.33 29.34 28.39 27.49 26.63 25.80 25.02 24.26 23.54 22.85 22.17 21.53 20.90 20.30 
192.50 35.29 33.99 32.76 31.59 30.47 29.41 28.40 27.44 26.5225.64 24.79 23.98 23.20 22.45 21.72 21.01 20.33 
194.00 37.61 36.12 34.71 33.37 32.09 30.87 29.71 28.60 27.54 26.52 25.54 24.60 23.70 22.83 21.99 21.17 20.39 
196.00 39.98 38.3136.71 35.20 33.75 32.37 31.05 29.79 26.59 27.43 26.32 25.25 24.22 23.23 22.27 21.34 20.44 
198.00 41.48 39.b9 31.99 36.36 34.01 33.33 31.91 30.56 29.26 28.01 26.81 25.66 24.55 23.48 22.45 21.44 20.47 
200.00 42.18 40.34 38.58 36.91 35.31 33.78 32.32 30.92 29.57 28.29 27.05 25.86 24.71 23.60 22.53 21.49 20.49 

TIIIE= 47312724.0 SEC. ~~<il 182 DAYS 14.4 HOURS 
ENER~Y IN= ••• 0.6032E+12 ENERG~ OUT= ••• O.OOOOE+OO 
'IEIIP. IN= ••• 0.0 TEMP. QUT= ••• 0.0 

TIIIE= 47960084.0 SEC. ~w<il 190 DA YS 2.2 HOURS 
ENERGY IN= ••• 0.6032EtI2 ENEHGY OUT= ••• -.3073Etll 
'IEIIP. IN= ••• 0.0 TLMP. OUT= ••• 81.6 

nllE= 49254804.0 SEC. w~i 205 DAYS 1.9 HOURS 
ENERGY IN= ••• 0.6032EtI2 ENERGY OUT= ••• -.7403E.'1 
TEIIP. IN= ••• 0.0 TEIIP. OUT= ••• 76.2 

'j 



TIME= 505q952q.0 SEC. ~~~ 220 DAYS 1.5 HOURS 
ENERGY IN= ••• 0.60]2Et12 ENEEGY OUT= ••• -. 1366Etl~ 
TEMP. IN=... 0.0 TEMP. OUT= ••• 67.8 

TIIIE= 510ijQ2qq.0 SEC~ ~~~ 235 DAYS 1.2 HOURS 
ENERGY IN= ••• 0.6032Et12 ENERGY OUT= ••• -.1900Et12 
TEMP. IN=... 0.0 TEMP. QUT= ••• 60.8 

TIME= 5]13896q.0 SEC. ~~~ 250 DAYS 0.8 HOURS 
ENERGY IN= ••• 0.60]2E+12 ENERGY OUT= ••• -.2356E+12 
tEMP. IN= ••• 0.0 TEMP. OUT= ••• 54.8 

TIME= 5ijq]]68q.0 SEC. ~~~ 265 DAYS 0.5 HOURS 
ENERGY IN= ••• 0.6032Et12 ENERGY OUt= ••• -.27q3Et12 
TEMP. IN= ••• 0.0 TEMP. QUT= ••• 49.6 

--------------------------------------------------------------
NQ= d DT= 9567.96 ISlAS= FLOW=O.OOOEtOO MIS 

----------------------------------------------------------~---

'rEI1PEhATUIlE ~ijj TIll E= ••• 551953]2.0 SEC.' 

TEMP 

RADIUS 
DEPTH 1.4 3.5 4.5 5.q 6. 1 6.8 7.4 7.9 8.q 8.9 9.4 9.8 10.2 10.6 11.0 11.4 11.7 I 

----------------------------------------------------------------_._-------------------------------------------- w 
50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

t..) 
I 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.05 20.05 20.0q 20.0q 20.0q 20.0q 20.04 20.0] 20.0] 20.0] 20.0] 20.03 20.03 20.02 20.02 20.02 20.02 
175.00 21.29 21.19 21.13 21.07 21.01 20.95 20.90 20.85 20.80 20.75 20.71 20~66 20.62 20.58 20.5Q 20.51 20.ij7 
182.50 27.97 27.32 26.88 26.48 26.09 25.73 25.39 25.06 24.75 2Q.45 2Q.17 23.90 23.6Q 23.39 23.16 22.9] 22.72 
186.00 37.12 35.72 34.76,3].87 33.03 32.24 31.49 30.77 30.09 29.Q5 28.83 28.24 27.69 27.15 26.6Q 26.16 25.69 
lU8.00 Q2.4Q ijO.64 39.39 ]8.23 37.13 36.08 35.08 3ij.1Q ]J.23 ]2.]8 31.56 30.78 30.04 29.33 28.65 28.0127.39 
189.50 Q4.58·Q2.69 41.]Q 40.05 38.8] ]7.66 36.55 35.49 3ij.48 ]3.51 32.59 31.72 30.89 30.09 29.34 28.62 27.93 
1 'J 0.50 44.71 42.90 41.53 40.22 38.97 37.77 36.63 35.54 34.50 33.50 32.56 31.66 ]0.80 29.99 29.21 28.48 27.78 
191.50 42.18 40.85 39.56 30.32 37.14 36.00 3ij.92 33.89 32.91 31.97 ]1.08 30.23 29.43 28.67 27.94 27.26 26.61 
192.50 41.82 40.51 39.22 37.98 36.79 35.65 34.57 33.53 32.55 31.61 30.72 29.88 29.07,28.31 27.59 26.92 26.27 
194.00 42.04 QO.69 39.37 ]8.09 36.87 ]5.70 ]4.58 33.52 32.51 31.55 30.6] 29.77 28.95 28.17 27.44 26.75 26.10 
196.00 Q3.33 Q1.09 QO.49 39.13 37.82 36.57 35_l8 lij.24 33.'6 32.14 31.17 lO.24 29.37 28.55 27.77 27.04 26.3b 
198.00 4Q.60 43.09 41.bO ijO.17 38.79 37.~7 3b.21 35.01 33.07 32.78 31.76 30.78 29.66 28.99 28.17 27.40 26.68 
200.00 45.3J 43.78 42.25 40.77 39.35 37.99 36.6935.46 34.28 33.17 32.11 31.10 lO.15 29.26 28.42 27.62 26.88 

RADIUS 
DEPTH 12.1 12.11 12.7 13.1 13.4 13.7 111.0 14.3 lQ.6 14.9 15.1 15.4 15.7 15.9 16.2 16.5 16.7 

---------------------------------------------------------------------------------------------------------------
50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.02 20.02 20.02 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20~01 20~00 20.00 20.00 20.00 20.00 
175.00 20.44 20.40 20.37 20.l4 20.31 20.28 20.25 20.22 20.20 20.17 20.15 20.12 20.10 20.07 20.05 20.03 20.01 
182.50 22.51 22.31 22.12 21.94 21.76 21.59 21.42 21.27 21.11 20.97 20.02 20.~9 20.55 20.42 20.30 20.18 20.06 
186.00 25.25 2Q.83 24.42 24.0l 2].66 23.30 22.95 22.62 22.l0 21.99 21.70 21~41 21.14 20~87 20.61 20.36 20.12 
lU8.00 26.81 26.25 25.7125.20 24.7124.24 23.79 23.36 22.95 22.55 22.17 21.80 21.45 21.1120.78 20.46 20.15 
189.50 27.28 26.66 26.07 25.51 24.97 24.46 23.97 23.51 23.07 22.65 22.24 21.86 21.49 21.14 20.80 20.Q7 20.15 
190.50 27.11 26.QU 25.88 25.32 24.78 24.27 23.78 23.J3 22.d9 22.48 2l.10 21.73 21.38 21.05 20.7] 20.43 20.14 
191.50 25.99 25.Ql 24.86 2ij.35 23.86 23.ijO 22.97 22.57 22.19 21.83 21.50 21.19 20.90 20.63 20.3120.15 20.05 
192.50 25.67 25.10 24.56 24.00 23.59 23.14 22.73 22.35 21.99 21.66 21.35 21.07 20.81 20.56 20.33 20.13 20.04 
19Q.00 25.49 2Q.Y2 24.39 23.89 23.42 22.99 22.58 22.21 21.87 21.55 21.2b 20.99 20.75 20.52 20.30 20.12 20.04 
196.00 25.7125.11 24.55 24.02 23.53 23.08 22.66 22.27 21.92 21.59 21.29 21.02 20.76 20.53 20.3120.12 20.04 
198.00 26.00 25.J7 24.77 24.22 23.71 23.23 22.79 22.38 22.61 21.67 21.35 21.06 20.80 20.55 20.32 20.13 20.04 
200.00 26.18 25.52 24.91 24.34 23.82 23.l2 22.87 22.45 22.07 21.72 21.39 21.09 20.82 20.57 20.3~ 20.13 20.05 

.. " " 



TI~E= 551953J2.0 SEC. jl~ 273 DAYS 20.0 HOURS 
iNERGT IN= ••• 0.6032E.12 ENERGY OUT= ••• -.3073E.12 
TEMP. IN=... 0.0 TEMP. OUT=... 0.0 

TIME= 55731140.0 SEC. ~»~ 280 DAYS 0.9 HOURS 
ENERGY IN= ••• 0.6032E.12 ENERGY OUT= ••• -.3073£.12 
TE~P. IN= ••• 0.0 TEMP. OUT= ••• 0.0 

TIKE= 57032360.0 SEC. i~j 295 DAYS 2.3 HOURS 
ENERJY IN= ••• 0.6032E.12 ENERGY OUT= ••• -.3073E.12 
T£MP. IN= ••• 0.0 TEMP. OUT= ••• 0.0 

TIME= 56324066.0 SEC. ~~a 310 DAYS 1.1 HOURS 
ENERGY IN= ••• 0.6032E.12 ENERGY OUT= ••• -.3073E.12 
TEMP. IN=... 0.0 TEMP. OUT=... 0.0 

TIKE= 59625316.0 SEC. ~jJ 325 DAY~ 2.6 HOUBS 
ENERGY IN= ••• 0.6032£.12 ENERGY OUT= ••• -.3073E.12 
TEMP. IN=... 0.0 TEKP. OUT=... 0.0 

TIKE= b0916996.0 SEC. ~~~ 340 DAYS 1.4 HOURS 
ENERGY IN= ••• 0.6032E.12 ENERGY OUT= ••• -.3073E.12 
TEMP. IN= ••• 0.0 TEMP. OUT= ••• 0.0 

TIME= b2206676.0 SEC. ~~~ 355 DAYS 0.2 HOORS 
ENEh~Y IN= ••• 0.60]2E.12 ENERGY GUT= ••• -.3073E.12 
TEMP. IN=... 0.0 TEMP. OUT=... 0.0 

+++ ••••••• ++ •••••• ++++ •••••••••• ++++ •••••••••••••• ++ •• 
ENERGY BALANCE CYCLE= ••• 
ENERGY,lN)= ••• 0.603E.12 
ENERGY STOREU= ••• 0.296E.12 
REfERENCE TEMPERATURE.= ••• 

2 
ENEHGY(OUT)= ••• -0.307E.12 

RECOVERY RAT10= ••• 0.510 
20.0 

• + ••••• ++.+ •• + •• + ••• + ••• + •• +.+++.++.+.++.+~++++++ •••• + 

NQ= 9 DT= 9521.74 ISTAB= 69 fLOW=0.233E-03 HIS 

I 
w 
W 
I 



Tt;M I'£RArUR E j<i)ij TIIII::= ••• 63079316.0 SEC. 

lEIIP 

RADIUS 
DEPTU 1. ~ 3.5 ~.5 5.~ 6.1 6.8 7.~ 7.9 8.11 8.9 9.11 9.8 10.2" 10.6 11.0 11.4 11.7 

---------------------------------------------------------------------------------------------------------------
50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
lbO.OO 20.07 20.06 20.06 20.06 20.06 20.05 20.05 20.05 20.04 20.04 20.04 20.04 20.04 20.03 20.03 20.03 20.03 
175.00 21.56 21.45 21.38 21.31 21.24 21.17 21.11 21.05 20.99 20.93 20.88 20.83 20.78 20.73 20.b8 20.63 20.59 
182.50 28.14 27.511 27.12 26.74 26.37 26.02 25.68 25.36 25.05 211.75 24.47 24.19 23.93 23.67 23.43 23.19 22.96 
lt16.00 33.B6 ]2.83 32.11 ]1.~~ 30.BO 30~20 29.61 29.06 28.52 28.01 27.52 27.05 26.59 26.16 25.74 25.34 24.95 
HlS.OO 36.55 3~.]0 3~.~ij J3.63 32.87 32.13 31.113 30.76 30.12 29.50 28.91 28.34 21.80 21.28 26.78 26.30 25.811 
189.50 37.72 ]6.]8 35.45 ]11.51 ]3.75 32.95 ]2.20 31.117 ]0.78 ]0.11 29.118 28.87 28.28 27.12 27.19 26.61 26.18 
190.50 ]8.22 36.8] ]5.87 34.91 ]11.11 ]3.29 32.51 ]1.16 31.0~ 30~36 29.70 29.07 28.41 21.90 27.311 26.82 26.31 
191.50 ]8.43 37.02 ]0.0~ ]5.1] ]11.26 33.113 32.63 ]1.87 ]1.15 ]0.115 29.79 29.15 28.54 27.96 27.40 26.86 26.35 
192.50 ]8.51 ]1.15 36.16 ]5.23 311.35 33.51 ]2.71 ]1.911 ]1.20 30.50 29.8] 29.19 28.51 27.98 27.42 26.88 26.37 
1911.00 38.70 ]7.31 ]0.30 ]5.]6 ]4.4b 33.61 ]2.79 32.01 31.26 ]0.55 29.87 29.22 28.60 28.00 27.43 26.89 26.]1 
196.00 ]9.06 ]7.58 36.511 35.57 34.66 ]3.18 32.94 32.111 ]1.38 30.65 29.96 29.29 28.66 28.05 21.118 26.9] 26.110 
198.00 ]9.39 ]7.87 ]6.81 35.82 34.88 ]].99 33.1] ]2.]1 31.53 30.79 30.08 2~.II0 28.16 28.14 27.56 27.00 26.46 
200.00 39.62 ]8.07 ]7.00 ]5.99 35.011 34.13 3].26 32.4] ]1.64 30.89 30.17 29.49 28.84 28.21 27.62 27.05 26.51 

RADIUS 
DJ:;PTU 12. 1 12.4 12.1 13.1 13.4 13.7 14.0 14.] 14.6 111.9 15.1 15. II 15.7 15.9 16.2 16.5 16.7 

------------------------------------------------------------------------------~--------------------------------
50.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20~00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

125.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
160.00 20.0] 20.02 20.02 20.02 20.02 20.02 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.00 20.00 20.00 20.00 I 

175.00 20.55 20.50 20.46 20.113 20.]9 20.35 20.]2 20.28 20.25 20.2120.18 20.15 20.12 20.09 20.07 20.011 20.01 v.> 
.p. 

182.50 22.711 22.5] 22.3J 22.13 21.94 21.75 21.57 21.110 21.23 21.07 20.91 20.76 20.61 20.111 20.33 20.20 20.06 I 

186.00 211.58 24.22 2].81 2].511 2].22 22.91 22.61 22.]2 22.011 21.77 21.51 21.26 21.01 20.18 20.55 20.32 20.11 
188.00 25.]9 24.97 211.56 2~.16 23.18 2].42 23.06 22.72 22.40 22.08 21.71 21.47 21.19 20.91 20.64 20.38 20.12 
18'J.50 25.11 25.25 24.81 24.40 2].99 23.60 23.23 22.87 22.52 22.19 21.86 21.55 21.25 20.96 20.61 20.40 20.13 
190.50 25.B2 25.36 24.91 24.118 2-11.01 2].67 2].29 22.92 22.51 22.23 21.90 21.58 21.21 20.97 20.68 20.110 20.1] 
191.50 25.86 25.]9 211.94 24.51 211.09 2].6923.31 22.94 22.58 22.24 21.91 21.59 21.28 20.98 20.69 20.41 20.1] 
192.50 25.87 25.40 24.95 24.51 24.10 23.69 23.3122.94 22.58 22.24 21.91 21.59 21.26 20.96 20.69 20.41 20.13 
19" ~ 00 25.67 25.40 24.94 24.51 24.09 23.69 23.30 22.93 22.57 22.2] 21.90 21.56 21.27 20.97 20.66 20.40 20.1] 
196.00 25.90 25.~2 24.96 24.52 24.10 23.69 2].]0 22.9] 22.57 22.23 21.90 21.58 21.27 20.97 20.66 20.40 20.13 
198.00 25.95 25.46 25.00 24.55 24.1) 23.12 23.33 22.95 22~59 22.24 21.91 21.59 21.28 20.96 20.69 20.41 20.13 
lOO.OO 26.00 25.51 25.0Q 24.59 24.16 2].75 23.35 22.97 22.61 22.2621.92 21.60 21.29 20.98 20.69 20~41 20.13 

TIIIE= 6]079116.0 SEC. Qltll~ o DAYS 2.0 UOURS 
ENERGY LN= ••• O.OOOOEtOO ENERGY OOT= ••• O.OOOOEtOO 
TEIIP. 1N= ••• 100.0 TEIIP. OUT= •• ': 0.0 

« ',I.~ ." 



0001 
0002 
0003 1 
0004 1 
0005 1 
0006 1 
0007 1 

'" 
0008 1 
0009 1 
0010 
0011 
0012 
0013 
001'+ 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
00 ]I~ 
0031) 
0036 
0037 
0038 
003'1 
0040 
0041 
0042 
0041 
0044 
OOij~ 

0046 
0047 
004b 
0049 
0050 
00S1 
0052 
OOS] 
0054 
005'1 
0056 
00S7 

Appendix 3 
SFM Source Code 

PrlOGRAM ClUe ! (INPUT,OUf?UT,TAPE5=INPUT,TAPE6=OUTPUT) 
INCLUDE 'STEADY1.INC/LIST' 
COM.'10N /Ci1Nl/ T(100.25) ,RI.AM(100,25) ,C(100,2S), 

1 fR(100,25) ,FZ(100,25).GFR(100.2S), 
2 GFZ (100,25),n (100},Z (lOO),A (100) ,CIN (100,25) 

COMMON /C~N2/ RM(10J),ZM(100) 
COMMON ICMN51/ M,N,~l,Nl 
COMMON /C~N41 TNEW(lOO,2S) 
COM !'ION IC M N S/ TIM B Q ( 1 00) , Q ( 1 0 0) , TIN (1 0 0 ) 
DIMENSION VT (65) ,THZ (25) 
PI=3.141S926535 

C*'.'.'.'. INPUT $'.'.'*'* 
READ(5,·)NRUN,NUT,N2R 
NRUNC=O 

2000 CONTINUE 
NRUNC=NRUNC+l 
RE:'D(5,*)M,N 
~l=M+l 

N 1= N+ 1 
READ{5,*)NN11,NN2 
READ(5,*)RLIM,MRLIM 
CALL INDIR (Z,L) 
IF(L.NE.Nl) STOP 1 
CALL IND~TA(M.N,T) 
CALL INDATA(M,N,RLAM) 
CALL INDATA(M,N,C) 
READe 5 ,·JILIN 
IP(ILIll.EQ.l)RBAD(5,*)fSURF,TDEPTH,DEPTH 
HEAD(5.*)CO,RAACAW.tSOUND,TREF 
READ(5,*)Tl,T2,TIME1,IAU 
READ (5, *) N'Jl1, IPER 
READ(5,.) PERIOD 
RE7lD(5,*) (VT(I) ,I=l,IPER) 
READ(S,*) (TIN(I) ,I=l,IPER) 
READ(S,*)TA,TE,TIMEM 
IiEAD(5,*) TIME 

c*,.,*t.,* PREPARATION OF INPUT •••••• *'* 
WRITE(6,2001) 

2001 PORMAT(lHl,20(lH=),/,' STEADY FLOW MODEL',/,lX,20(lH=» 
rW1=M-l 
FRLIM=PLOAT(MRLIM) 
Rl=RLIM/SQRT{PRLI~) 

R(l)=O .. 
DO 10 I=2,~1 

FI=FLOAT (1-1) 
R(I)=SQBT(FI)*Rl 

10 COUTINUE 
2002 FORMAT(~X,'NCHECK=',I3) 

NTA=O 
NTB=O 
THIEQ (1) =P ERrOD 
DC; 30 1=2, :1Q11 
TIMEQ(I)=TIMEQ(I-l)+PERIOD 

)0 CONTINUE 
NCHECK=1 
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CARQ 

0058 
0059 
0060 
0061 
00:6-'2 
0063 
00·"6"4 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
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WRITE{6,2002) NCHECK 
HE1GHT=Z (N 1) -Z (NN 11) 
DO 40 I=l,NQii 
IP=MOD «1-1) ,IPER) +1 
Q(I)=VT(IP)*Pl*RLIM*RLIM*HE1GHT*CO/(PER10D*RAACAW) 
TIN (1) =TIN (IP) 

40 CONTINUE 
NCHECK=2 
WR1TE(6,2002) NCHECK 
TIMEM=TIMEM+TIME 
1Tl111=0 
ENEXIN=O. 
ENEXUT=O. 
IF(TAD.EQ.0.)TAU=31536000. 

C.'*'.'.'* CALCULATION OF TE~P.COORDINATES .'.'.'.'. 
DO 80 1=1,M 
RM (1) = (R (1) +R (1+ 1) ) /2. 

80 c.:ONTINUE 
DO 90 I=l,N 
ZM (I) = (Z (I) +Z (1+ 1» /2. 

90 CONTINUE 
NCHECK=3 
WRITE(6,2002) NCHECK 

C.'.'.'.'. START-TE~P LINEAR WITH DEPTH.·.·.··'· 
DO 105 J=l,N 

105 TBZ(J)=TBOUND 
IF(ILIN.EQ.O) GO TO 120 
DO 110 J=l,N 
TPOINT=TSURF+(TDEPTH-TSURF).ZM(J)/DEPTH 
DO 100 1= 1, M 
T(I,J)=TPOINT 

100 CONTINUE 
TBZ(J)='IP01NT 

110 CONTINUE 
120 CONTINUE 

C*'$'.'.'*PEINT OF INPUT .' ••• ' •• * 
WRITE (6, 125) 

125 FORMAT(///,1X,20(lH-),/,' INPUT PARAMETERS',/,lX,20(lH-» 
WRITE (6, 130) 11, N 

130 FORMATV,4X,'MESH DEFIN1T10N·,/,4X,·M= ••• ',I3,· N= ••• ·,I3) 
WRITE(6,140)NN11,NN2 

140 FOR~AT(4X,·NN11= ••• ',I3,· NN2= ••• ·,13) 
WRITE(6,141)RLIM,MBLIM,HEIGHT 

1~1 FORI1AT(4X,'RL1M=',F6.1,· MRL1M=',I3,' AQUIFER TH1CKNESS=',F6.1) 
WRITE(6,150)ILIN 

150 FORMAT (/ /, 2X,' ILIN= ••• ' ,I2) 
-IF(ILIN.EQ.l)WRITE(6,160)TSURF,TDEPTH,DEPTH 

160 FORMdT(2X,'LINEAR STARTING TEMPERATURES',/, 
*2X,'TSURFACE=·,F6.1,· TDEPTH=·,16.1,' DEPTH=',E9.3) 
WRITE(6i170)CO,RAACAW~TBOUND,TREF 

17 a FORMAT ( 
*2X,'HEAT CAPACITY OF AQUIPER=',E9.3/, 
~2X,'HEAT CAPACITY OF WATER=',E9.3/, 
*2X,'TEMPERATUfiE AT 80UNDARY=.',FB.3/, 



.. 

CARQ 

0115 
0116 
0117 
0118 
0119 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134 
0135 
0136 
0137 
0138 
0139 
0140 
0141 
0142 
0143 
0144 
01145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 
0153 
0154 
0155 
0156 
0151 
0158 
0159 
0160 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
0168 
0169 
0110 
0111 
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*2X,'ENEHGY B.A.LANCE WITH T-REF:',F6.1) 
WR1TE(6,190)Tl,T2,TIME1,TAU 

190 FOB~AT(2X,'ATMOSPHERE TEMPERATURE FUNCTION',/, 
*4X,'AVERAGE=',F6.1,' AMPL1TUDE=',F6.1, 
*/,4X,'PHASE-TIME=',P12.1,· SEC. PERIOD=',P12.1,' SEC.') 

WR1TE(6,210)NQM,IPER 
210 FORMAT(2X,'NUMBER OF PERIODS=',I3, 

.' PERIODS PER CYCLE=' ,13) 
WRITE(6,220) PERIOD 

220 FORMAT(2X,'TIME FOR ONE PERIOD',F10.1,' SEC.') 
WRITE(6,230) (1,I=l,IPER) 

230 FORMAT (2X,/,2X,'PERIOD ',12110) 
WRITE{6,250) (TIN(I) ,I=l,IPER) 

250 FORMAT(2X,'TEMP. ',12Fl0.1) 
WRITE(6,255) (Q(I) ,I=l,IPER) 

255 FORMAT(2X,'FLOW ',12(lX,E9.3)} 
WRITE(6,260)TA,TB,T1ME,TIMEM 

260 PORMAT(2X,/,2X,'PRINTOUT INTERVALS TA=',F12.1,' TB=',F12.1,/, 
*' START TIME=',F12.1,2X,'END TI~E= •• ',F14.1) 

IP (NUT. EQ. 0) GO TO 145 
WRITE (6, 142) 

142 PORMAT(//,lX,44(lH-),/,' INITIAL CONDITIONS ANJ MATERI1L PROPERTI 
XES',/,lX,44(lH-» 

CALL UTDATA(O,l,M,N,T,NPR) 
CALL UTDATA(0,2,M,N,RLAM,NPR) 
CALL OTDATA(1,3,M,N,C,NPR) 

145 CONTINUE 
WRITE(6,265) 

265 FORMAT(lHl,18(lH-),/,' OUTPUT',/,1X,18(lH-» 

C*'*'*'$'.CALCULATION OF GF .' ••••• '. 
C.'.'.'.'. HEATCONOUCTANCES ••••••• '. 

DO 270 I=l,M 
GPZ (I, 1) =2./ ( (Z (2) -Z (1) ) /RLUI (I, 1) ) 
GFZ (I, N 1) = 2. / ( (Z (N 1) -Z (N) ) /RLAlf (I, N) ) 

210 CONTINUE 
DO 290 J=2,N 
DO 280 1=1,,. 
GPZ(I,J)=2./«Z(J)-Z(J-1»/RLAl!(I,J-1}+(Z(J+1)-Z(J»/RLAM(I,J}) 

280 CONTIlWE 
290 CONTINUE 

DO 300 J=1,N 
GFR (1 ,J) =2./ «.R (2) -R (1) ) /RLAM (1 ,J) ) 
GFR (M 1 ,J) =2./ «R (M1) -R (M» /RLAl! (~,J» 

300 CONTINUE 
DO 320 1=2, I! 
DO 310 J=1,N 
GFR (I,J)=2./ «R (I) -R (1-1» /RLAI! (1-1 ,J) + (R (1+1) -R (I) )/RLAl1 (I,J» 

310 CONTINUE 
320 CONTINUE 

C.·.'*·.'* GF=HEATCONOUCTANCE*AREA *'.'.'.'. 
DO 340 J=l,1I1 
DO 330 I=l,M 
GPZ (I,J) =GFZ (I,J) *PI* (R CI+ l).R (1+ 1) -R (I) *g (I» 

330 CONTINUE 
340 CONTINUE 



C!iRQ 

0172 
0173 
0174 
0175 
0176 
0177 
0178 
0179 
0180 
0181 
0182 
0183 
0184 
0185 
0186 
0187 
0188 
0189 
0190 
0191 
0192 
0193 
0191+ 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
0203 
0204 
0205 
0206 
0201 
0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0211 
0218 
0219 
0220 
0221 
0222 
0223 
0224 
0225 
0226 
0221 
0228 
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DO 360 1=1,1'11 
DO 350 J-=l, N 
GFR(I,J)=GFR(I,J)*2.*Pl*R(I)*(Z{J+1)-Z(J» 

350 CONTINUE 
360 CONTINUE 

C".'*·"'·.·*CALCULAT10N OF elN *'.'*'.'* 
DO 380 1=1 .. 1'1 
DO 370 J=l,N 
CIN (I,.J) =l./(C (I,J) *PI'" (R (1+1) **2-R (I) **2) .. (Z (J+l)

'-Z(J)) 
310 CONTINUE 
380 CONTINUE 

C.,.'.'.'. WEIGHTS FOR CALCULATION OF TEMP.OUT *'.'.'*'* 
DO 390 J=NN11,NH2 
A(J)={Z(J+l)-Z(J»/HEIGHT 

390 CONTINUE 

C*'.'.·*I* TIMESTEP ••• ' ••••• 
CALL DTIME(M,N,DTSTAB) 
ISTACO=O 
HQ-=O 
1YC=O 
1T=O 
1TMAX=O 

C*'.,.·.'. STABT OF MAIN LOOP *1.'.'*'* 
OPEN (UNIT=l,NAME=·STEADY.BIN',TYPE=INE~·, 

1 FORM='UNFORMATTED',ACCESS='SEQUENTIA1') 
WRITE (1') l'!, N, (RM (I) ,1=1, /!) , (ZM (I) ,T=l, N) 
WRITE(6,405) 

405 FORMAT(//,1X,13(lH-)./,lX,· MAIN LOOP',/,lX,13(lH-)) 
1 000 CONTINUE 

IF(IT.LT.ITMAX) GO ~O 420 
IT=O 
1YC=IYC+l 
NQ=NQ+1 

C •••• *' ••• CHECK OF WATEBFLOW *,*1* •• '* 
AQP=ABS (Q (NQ» 

C*,.,.,.i. CALCULATION OF TlMESTEP-.·*'.'*'* 
1F(AQP.GE.(1.E-l0»GO TO 410 
1TMAX=IF1X{PER10D/DTSTAB)+1 
DT=PEfiIOD/ITMAX 

'. ISTAB= 1 
GO TO 419 

410 CONTINUE 
ISTAB=1FIX(PERIOD/(MRLIM*DTSTAB»+1 
DT=PERIOD/(~RLIM*ISTAB) 

ITMAX="RLI"*ISTAB 
4.19 WRITE(6,415) N<t,DT,.ISTAB,Q(NQ) 

415 FORI1AT(J,1X,62(1H-),/,2X,'NQ='.I4.' DT=',F10.2,' ISTAB=',t4, 
X FlOW=',E9.3,' M/S',/,1X,62(lH-),/) 

420 CONTINUE 
ISTACO=ISTACO+1 
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CABQ 

0229 
0230 
0231 
0232 
0233 
0234 
0235 
0236 
0237 
0238 
0239 
0240 
0241 
0242 
0243 
0244 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 
0253 
0254 
0255 
0256 
0257 
0258 
0259 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0268 
0269 
0270 
0271 
0272 
0273 
0214 
0275 
0276 
0277 
0278 
0279 
0280 
0281 
0282 
0283 
0284 
0285 

-39-

IT=IT+1 

C.·.·.'.'. AIR TEMP •• '.'.'.'. 
TZ=Tl+T2·SIN(2.·PI·{TI~E-TIME1)/TAU) 

C.,.·.·.·. CALCULATION OF HEATFLOWS .'.' •• * •• 
DO 430 I=l,~ 
FZ(I,l}=GFZ(I,l)*(TZ-T(I,l}) 
FZ(I,Nl)=O. 
IF(N.NE.NN2)FZ(I,N1)=GFZ(I,Nl)·(T(I,N)-TBOUND) 

430 CONTINUE 
DO 450 1= 1, M 
DO 440 J=2,N 
FZ(I,J)=GFZ(I,J)·(T(I,J-l)-T(I,J» 

440 CONTINUE 
450 CONTINUE 

DO 460 J= 1, N 
FR (1, J) =0. 
FH(Ml,J)=GFR(~l,J'·{T(K,J)-TBZ(J» 

460 CONTINUE 
DO 480 J=l,H 
DO 470 1=2,11 
FH (I,J) =GFR (I,J,. (T (1-1 ,J) -T(I,J» 

470 CONTINUE 
480 CONTINUE 

C.'*·.·.·. CALCULATION OF NEW TEMPERATURES ••••••• '. 
DO 500 1=1,1'1 
DO 490 J= 1, N 
T(I,J)=T(I,J)+CIN(I,J)*(FZ(I,J)-PZ(I,J+l)+FR(I,J) 

.-FR {I+ 1 ,J} ) *DT 
490 CONTINUE 
500 CONTINUE 

C.·.·.·.,. CONVECTIVE TRANSPORT *'.'.'.'. 
C.·.·.·.·. CALC. OF TEMP.OUT •••••••• '. 

IF (ISTAB.NE.ISTACO) GO TO 670 
TOUT=O. 
IF (AQP.LT. (1.E-10» GO TO 670 
DO 520 I=l,M 
DO 510 J=1,!I 
THEW (1, J) =T (I, J) 

510 CONTINUE 
520 CONTINUE 

IF(Q(NQ).LT.O.) GO TO 570 
DO 550 J=N~11,NN2 
DO 540 1=2,1'1 
T(I,J)=TNEW(I-1,J) 

540 CONTINUE 
550 CONTINUE 

DO 560 J=NN11,NN2 
r (1 ,J) =TIN (NQ) 

560 CONTINUE 
GO TO 620 

570 CONTINUE 
DO 580 J=NN11,NN2 
TOUT=TOUT+A(J)*T(l,J) 



CARQ 

0286 
0287 
0288 
0289 
0290 
0291 
0292 
0293 
0294 
0295 
0296 
0297 
J298 
0299 
0300 
0301 
0302 
0303 
0304 
0305 
0306 
0307 
0308 
0309 
0310 
0311 
0312 
0313 
0314 
0315 
0316 
0317 
0318 
0319 
0320 
0321 
0]22 
0323 
0324 
0325 
0326 
0327 
0328 
0329 
0330 
0331 
0332 
0333 
0334 
0335 
0336 
0337 
0338 
0339 
0340 
0341 
0342 

580 CONTINUE 
DO 600 J=NN11,NNi 
DO 590 I=l,MNl 
T(I,J)~TNEV(I+1,J} 

590 CONTINUE 
600 CONTINUE 
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DO 610 J=NN11,NN2 
T{M,J)=(TNEW(M,J)+TBOUND)/2. 

6.10 CONTINUE 
620 CONTINUE 

C*'.'.·.'.' START OF ENERGY BALANCE PAnT * •• ' •• * ••• 
c*'.'.'.'.· CALCULATION OF ANNUAL BALANCE •••• *'.'. 

H'(Q(NQ).LT.O.) GO TO 630 
WEX=ABS(Q(NQ)*RAACAW*(TIN(NQ)-TREF) 
ENEXIN=ENEXIN+WEX*DT*ISTAB 
GO TO 640 

630 \II EX=ABS (Q (NQ) ) *RAACAW* (THEF-'IOUT) 
ENEXUT=ENEXTIT+WEX*DT*ISTAB 

640 CONTINUE 
670 CONTINUE 

C.'*'*'.'. END OF EXTRAPOLATION .' ••••• '. 
TII'IE=TIME+DT 

C.·.,.·.·. CHECK IF ANNUAL CYCLE COMPLETED 
IF (IT. NE. IT8AX) GO TO 690 
ITII12=IYC/IPER 
IF(ITIM1.EQ_ITIM2) GO TO 690 

C.'.'.'.'. PRINT OUT OF ANNUAL ENERGY BALANCE 
ESTORE=ENEXIN+ENEXUT 
ERATIO=-ENEXUT/ENEXIN 
WRITE(6,680)ITIM2,ENEXIN,ENEXUT,ESTORE,ERATIO, 

·TREF 
680 FORl'tAT(lH , 

•• +++++++++.+++++++++++++++++++++++++++++~++~+++++++++.+', 
*/,2X,' ENERGY BALANCE , 
*' CYCLE= ••• ·,I3,/,2X,· ENERGY(IN)= ••• ·,El0.3, 
•• ENERGY(OUT)~.~.·,El0.J,/,2X,' iNERGY STORED= ••• ', 
*El0.3,· RECOVERY RATIO= ••• ' ,F5.,3,j,2X, 
*' REFERENCE TE~PERATURE.=.~.',F6.1/,2X, 
*'++++++++++++++++++++++++++++++++++++++++++++++++++++++',/) 

ITIM1=ITIl't2 
ENEXIN=O. 

. EN EXUT=O. 
690 CONTI NUE 

C*'*'*'.'* CHECK OF PRINT .'.'.' ••• 
NTAN=IFIX(TI~E/TA) 

NTDN=IFIX(TIME/TB} 
IF(NTBN.NE.NTB) GO TO 740 
IF (NTAN.NE. NTA) GO TO 830 
IF(TIME.GE.TIMEM) GO TO 7~O 
GO TO 860 

C.'*·.'.'* PRINT OF TEMP. *'*'*'.'* 

.. ' 
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0343 
0344 
0345 
0346 
0347 
0348 
0349 
0350 
0351 
0352 
0353 
0354 
0355 
0356 
0357 
0358 
0359 
0360 
0361 
0362 
0363 

740 CONTINUE 
IBIG=l 

830 CONTINUE 
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CALL UTTEMP(IBIG,NPh,NQ,TIME,ENEXIN,ENEXUT,TGUT) 
IBIG=O 

C.·.·.·.·. CHECK FOR ~AXTIME 
C*,.·.t.,* SET TIME AND PRINT COUNTERS 

860 CONTINUE 
IF (~HIE.GE. TIM EM) GO TO 900 
NTA=NTAN 
NTB=NTB.N 
IF(ISTACO.EQ.ISTAB) GO TO 880 
GO TO 420 

880 CONTINUE 
ISTACO=O 
GO TO 1000 

900 CONT.INUE 
IF(NBUNC.NE.NRUN) GO TO 2000 
STOP 
END 



0001 
0002 
000 3 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
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SUBROUT~NE INDIR(B,L) 
DIMENSION NA(100),A(100),B(100) 
READ(S,*) ZTOP,NANT 
READ{5,") (NA(I) ,A(I) ,I=l,NANT) 
B(l)=ZTOP 
L= 1 
DO 10 J=1,NANT 
NE=NA (J) 
DO 5 I=l,NE 
L=L+l 
B{L)=B(L-l)+A(J) 

5 CONTINUE 
10 CONTINUE 

RETO.RN 
END 

SUBROUTINE INDATA(MM,NN,A) 
DI~ENSION A{100,25),B(Sl) 
REA 0 (5 , • ) V A.L U E 

C.,.'.'.'. ALL CELLS = VALUE .'.'.'*'* 
DO 10 1=1,"11 
DO 5 J=l,NN 
A (I,J) =VALUE 

5 CONTINUE 
10 CONTINUE 

READ(5,*)ITYP 

C*'.'*,.'. 11 IN ITYP,SPECIFIC-CELL - VALUE .'.'.'.'. 
IF(MOD(ITYP,11).NE.O) GO TO 80 
READ (5,.) NU~EX 
DO 70 NOM=l,NUMEX 
READ(S,.) !,J,VALUE 
A (I,J) =VALUE 

70 CONTINUE 
80 CONTINUE 

C*,.,.'.'* 13 IN ITYP,BLOCK-CELLS = VALUE .'.'.'.'. 
IP(~OD(ITYP,13).NE.O) GO TO 120 
B.EAD (5, *) IBLOCR 
DO 110 IBL=l,IBLOCK 
READ(5,*) IMIN,IMAX,JMIN,JMAX,VALUE 
DO 100 I=IMIN,IMAX 
DO 90 J=JMIN,J~AX 
A (I,J) =VALUE 

90 CONTINUE 
100 CONTINUE 
110 CONTINUE 
120 CONTINUE 

RETURN 
END 



0001 
0002 
0003 1 
0004 1 
0005 1 
0006 1 
0007 1 

~ 
OOOU 1 
0009 1 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
OOJO 
OOJ 1 
0032 
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SUBROUTINE DTIME(MM.jN,DT) 
INCLUDE 'STEADY1.INC/LIST· 
COMMON jCMN1/ T(100,2Sj ,RLA~{100,25),C(100,25), 

1 FR(HlO,25) ,FZ(100,25),GFR(100,25), 
2 G PZ ( 100 , 25) , R ( , 00) , Z (1 0 0) , A (1 00) , eI N ( 1 00,25) 
CU~i'10N /CMN2/ RM(100) ,ZM(100) 
COMMON /CMN51/ M,N,~l,Nl 
COMMON /CMN4/ TNEW(100,25) 
COMMON jCMN5/ THIEQ(100) ,Q(100) ,TIN(100) 
F=O. 
DO 20 I=l,Ml1 
DC 10 J=1,UN 
FTRY=CIN (I,J)'" (GPZ (I,J) +GFZ (I"J+l) +GPR (.I,J) +GFR(I+l ,J» 
IF(FTRY.LT.f) GO TO 10 
F=FTRY 
ICE.LL=l 
JCELL=J 

10 CONTINUE 
20 CONTINUE 

DT·=1./(2."F) 
C.'.'*·.,· TIMESTEP-INPORMATION .'.'.'.'. 

WiiITE (6, 100) ICEl.L,JCEL.L,DT 
laO FORI1AI(J/,lX,20(lH-),/,lX,'T.IMESTEP-INPORMATION ',/,lX.20(lH-),/, 

*' ICELL= ••• ·,.I3.' JCELL= ••• ·.IJ.· DTSTAB= ••• '.F14.3) 
W&ITE(6,101)CIN(ICELL,JCELL),GFZ(ICELL,JCELL),GFZ(ICELL,JCELL+l), 

*GFR(ICELL.JCELL)"GFR(ICELL+l,JCELL) ,R(ICELL), 
.R{ICELL+1),Z(JCELL),Z(JCELL.l) 

101 FORMAT(lX,'CIN(I,J)= ••• ',El0.3,/,t GPZ(I.J) GFZ(I,J+l)', 
*' GFR(I"J) GFR(I.l,J)',/,4(El0.J,lX),/,' R(I) R(I+1)' 
*./,2(E10.3,2X),/,· Z(J) Z{J+l)',/,2(E10.3,2X» 

RETURN 
END 



0001 
0002 
0003 
000.4 1 
000<5,' 1 
000'6 1 
0007 1 
OOOH 1 
0009 1 
0010 1 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 31 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 

-44-

S U l3 R 0 U T IN E U T D A T A (I FOR 11, IT E XT , 11 11 , N N , A B , N P R) 
Dll1ENSIGN AB(100,2S) ,TEXT(5) ,B(100) 
IUCLUD2 'STEADY1.INC/LIST' 
COMMON /CT1Nl/ T(101),25) ,Rl.AI1{100,25),C(100,25), 

1 fH(10u,25) ,FZ(100.25).GFR(100,25), 
2 GFZ{10J,25),R (100) ,Z(100) ,A(100) ,CIN (100,25) 
CU~MnN /CMN2/ RM(100) ,Z~(lOO) 
COMMON /CHN51/ M,N,Ml,N1 
COMMON /CMN4/ TNE~{'OO,25) 
COMMON /CMN5/ TIMEQ{lOO) ,Q(100) ,TIN (100) 
DATA T~XT/UHTEMP,4URLAM,3HCAP,4HISOR,4HISOZ/ 
WHITE (6,5) TEXT (ITEXT) 

5 FORMAT!1HO,2X,A4,/,' =====" 
IF(ITEXT.EQ.3) IiR:TE{6,6) 

6 FORMAT(2X,'~ULTI~LY BY 1.E6') 
IMIN=l 
IRUN= ['111 

ICOL=17 
rr' (N fR. EQ. 1) ICOL= 11 

B COl>TINUE 
IMAX=MINO(IRUN,ICOL)+IMIN-1 
IR U t!=M:':-l ["! AX 
WRI'l'E (6, 10) (Rl'l (I) ,l=IlUN,HIAX) 

10 FORMAT{20X,'RADIUS'/' DEPTH ',17P6.1) 
IP(NPR.·EQ.v) ~RITE(6.30) 

JO FGRMAT {lX, 111 (1 H-» 
IF (NPR. EQ. 1) WRITE (6,31) 
FCBMAT{lX,76(lH-» 
IF(IFORM.EQ.1)GO TO 35 
DO 20 J= 1, N N 
WRITE (6, 1S)ZM (J) , (B (I.J) , l=IMIN, IMAX) 

20 CONTINUE 
GO·'I040 

35 DO 60 J=1,NN 
DG 61 I=IMIN,I~AX 

61 B(I)=AB(I,J)/1.E6 
WF.ITE(6,1S)ZM(J., (8(1) ,I=IMIN.II1AX) 

60 CONTINUE 
15 FORMAT (2X,F6.2,2X,17F6.2) 
40 IF(IRUN.LE.O) GO TO 25 

IMIN=H'IAX+l 
GO TO 8 

25 CONTINUE 
RETURN 
END 



OUOl 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
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SUBROUTINE UTTEMP(IBIG,NPR,NQ,TIME,EXIN,EXUT,TOUT) 
INCLUDE 'STEADY1.INC/LIST· 

1 COMMON /CMN1j T(100,25) ,RLAl'J(100,25) ,C(100,2S), 
1 1 FR(100,25),FZ(100.25),GFR(100,25), 
1 2 GFZ(100,2S),R(100),Z(100),A(100),CIN(100,25) 
1 COMMON ICMN21 RM(100),ZM(100) 
1 COMMON ICMN51/ M,N,~l,Nl 
1 COMMON /CMN4/ TNEW(100,2S) 
1 COMMON ICMNSI TIMEQ(100) ,Q(100) ,TIN(100) 

IF(IBIG.EQ.O)GO TO 830 
WRITE(6,750)TI~E 

750 FORMAT(j,' TEMPERATURE Q)~il) THlE= ••• ·,F15.1,' SEC.') 
CALL UTDATA(O,l,M,N,T,NPR) 
1ii R IT E ( 1 ) TIM E, ( (T ( I I , J J) , I 1= 1 , £1) , J J= 1 , N) 
WRITE (6,760) 

760 FURMAT(lX) 
C.'.'·'.'. PRINT OF TEMP.OUT ••• '.' ••• 

830 CONTINUE . 
HOURS=AMOD(TIME,31536000.) 
IDAY=IFIX(HOURS/86400.) 
HOURS=HOURS/3600.-IDAY*24. 
WRITE(6,840)TIME,IDAY,HOURS,EXIN,EXUT,TIN(NQ).TOUT 

840 FORMAT(2X,'TI~E= ',F12.1,' SEC. dlil)<i ',14,' DAYS·,FS.l,· HOURS', 
.1,' ENERGY IN= ••• '.El0.4,' ENERGY OUT= ••• ·,El0.4, 
*1,' TE~P. IN=._.',P5.1,6X,· TEMP. OUT= ••• ',F5.1,/} 

RETURN 
END 
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