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USER'S MANUAL FOR BEMOD-I 

by 

C. C. Ford and J . F . Koenig 

ABSTRACT 

Since the inception by V. Z. Jankus of BEMOD, the 

code for modeling the behavior of sodium-bonded fuel elements 

during irradiation, experimental results describing the swel

ling of cladding and depleted-uranium metallic fuel and the 

behavior of partially enriched uranium-5% fissium metallic 

fuel have been published. As appropriate irradiation tech

nology for metallic and depleted-uranium fuels has developed, 

the BEMOD code has been modified; thus BEMOD-I has developed. 

I. INTRODUCTION 

The BEMOD code was developed by V. Z. Jankus to model the behavior, 

and to estimate the lifetime, of sodium-bonded fuel elements during irradia

tion. Since its inception, experimental results have been collected and 

analyzed for the behavior of partially enriched uranium-5% fissium metallic 

fuel as well as depleted-uranium metallic fuel that has been used as a 

radial blanket around the EBR-II core. Some of these results have been 
2 3 4 

published by the experimenter. ' ' New fuel-swelling models have been 

incorporated into the BEMOD code and new subroutines have been added to 

BEMOD as technology has developed; thus BEMOD-I has been developed. 

This report discusses modifications and additions to BEMOD.and is 

intended to be used as a guide along with ANL-7586 for using BEMOD-I. 

The equations used in the original program can be obtained from Ref. 1. 

II. GENERAL DESCRIPTION OF CODE 

Most of the modifications and new options in BÊ K)D-I are specific to 

the computations discussed in this report. Two, however, are more general. 
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One is the increase in the number of axial nodes in the model of the fuel 

elements from 9 to 59. This increase gives the user a better total picture 

of activities taking place in the fuel or blanket element. Several of the 

new options are exercised by choosing appropriate values for input parameters. 

A parameter of general application is lOPT. If it equals 1, another complete 

set of input can be read in. If it is not equal to 1, the program execution 

terminates after all computations of the present problem have been done. 

BEMOD-I is coded-in Fortran-IV language. It is designed to run on 

the IBM-360/75 computer, or a comparable unit, and it has a 450-K require

ment on compilation and 160-K requirement on execution. For full use of 

BEMOD-I, a Calcomp plotter. Model 564 or 565, and a standard set of Calcomp 

plotting subroutines are needed. The plotted information can be accumulated 

and plotted by hand from the printed output; consequently the plotting 

routine can be bypassed. 

III. COMPUTATIONS WITH THE CODE 

A. Swelling of Blanket Fuel 

A modification to BEMOD has been the incorporation of a model for 

temperature- and pressure-dependent fuel swelling that has been used for 

depleted-uranium blanket material. This model uses the larger of the plenum-

gas pressure or the fuel-cladding contact pressure of the node for the pres

sure dependence of fuel compressibility, provided neither exceeds the upper 

pressure limit, PMAX, an input parameter. This model has been used.to 

describe the swelling of the depleted uranium used in the blanket. Data on 

restrained fuel swelling for depleted uranium indicated that a pressure of 

1000 psi exerted on the fuel would compress the swelling below its.un

restrained value by a factor of 5 at the maximum-swelling temperature, of 895'*F 

At lOO'F above or below this temperature, the swelling compresses to one-

half of the unrestrained value for 1000 psi. This information is based on 

swelling studies by PNL on fuel of similar composition. The model is: 

1 o „ n -1.21 X 10"'̂  X At^ AV ̂  1.2 X Bu X Q X e 

^ 1 + (PRS/250) X (1 - 0.75 X lO"'̂  x At^) 
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where: AV/V is the fuel swelling, temperature- and pressure-dependent; 

Bu is the average burnup; 

Q is the local-to-average power or flux profile value; 

At is the difference between the maximum fuel-swelling temperature 

and the calculated average fuel temperature; and 

PRS is the larger of either the gas-plenum pressure or fuel-

cladding contact pressure, but it is not greater than PMAX. 

The model is illustrated in Fig. 1. The maximum pressure, PMAX, 

prevents unreasonable values for compression due to the mathematical be

havior of the model for high pressures (see Fig. 1). The pressure term in 

the equation is used only between 780*F and 1010"F. 

Data for the Q value, which is contained in an array, are taken from 
238 the U axial flux profile (Fig. 2)-because most of the heating in the 

238 blanket is due to U fissioning. The flux profile was obtained from 

actuation of a fission wire that had been placed in grid position 7A4 

with EBR-II operating at 50 MWt. 

B. Swelling of Cladding 

1. Harkness Model 

The improved Harkness model for cladding swelling has replaced 

the former one in BEMOD-I. The model is dependent on temperature, flux, and 

time. Curves from the model (an iterative routine) are shown in Figs. 3 and 

4. To use it in BEMOD-I, the user must code a value other than.zero for 

the IHKNS option. (See III.C.2. Change-case Capability.) The model 

indicates that the maximum cladding swelling will occur at about 450°C 
23 2 

(840''F) for fluence levels near and below 1 x 10 n/cm , with a 4.5% 

AV/V at 1 x 10̂ "̂  n/cm^ for 450'C. 

2. PNL Model 

Pacific Northwest Laboratory has also developed a model for 

elling from measurements taken from in 

treated Types 304 and 316 stainless steel cladding: 

cladding swelling from measurements taken from irradiated solution-



AV/V _ 1.2 X e -1-21 X IO"'̂  X A t2 

ôBu I - (P/250) X (I - .75 X 10"'̂  X A t2 ) 

PRESSURE, psi 

Fig. 1. Model for Swelling of EBR-II Blanket Fuel (based on PNL swelling data) 
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Fig. 3. Model by Harkness for Change in Cladding Swelling with Fluence 
15 2 (flux, 2 X 10 n/cm -sec) 
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Fig . 4. Model by Harkness of Change i n Cladding Swell ing with 

I r r a d i a t i o n Temperature 
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fl.55 X 10^ 5.99 X 10^ 
^V , o ,^-49 ,.,.1.71 T„l T ^2 / ' 
-rr = 4.9 X 10 X ((j)t) X 10 * T ' 

where: AV/V is the % cladding swelling; 
2 

(j) is the flux.in n/cm -sec; 

t is time in sec; and 

T is temperature in "K. 

Figures 5 and 6 show graphs of this model. 

3, Damage Function (QFFLX Array) 

The relative axial profile, QFFLX, is used to calculate the clad

ding swelling and flux-enhanced creep; it may differ from the relative pro

file for heat generation, Q. The QFFLX array is used to obtain a better 

comparison between measured and calculated values for cladding AD/D re

sulting from swelling and creep. Damage-function curves being used for the 

Mark-IA and Mark-II driver-fuel elements, shown in Figs. 7 and 8, are based 

on previously measured damage data. 

The number of values in this array is one more than the number of 

nodes (NT + 1), with the last (NT + 1st) value for the plenum region. 

The damage-function array is used when the cladding swelling due 

to neutron fluence is calculated with either of the two models; therefore 

the fluence values, calculated with the Q array, that are printed out (see 

^° Code Output) are not necessarily the values used to calculate cladding 

AD/D. 

Co Program Computation Options wi th Change-case Capab i l i ty 

1. BEMOD-I Options 

Several new options are used in BEMOD-I» These are exercised by 

choosing appropriate values for the following input parameters. 

Symbol Description 

lOPT* If =1, another complete set of input can be read in; if not =1, 

program execution terminates after all computations of present 

problem have been done. 

Options when doing both initial and change-case calculations. 
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Fig . 6. PNL Model for Change in Cladding Swell ing with I r r a d i a t i o n 

Temperature 
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Fig. 7. Damage Function (QFFLX) for Mark-IA Driver-fuel Element 
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Fig. 8. Damage Function (QFFLX) for Mark-II, Driver-fuel Element 
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Symbol Description 

ICALC* If =1, change-case data may be read in after terminal conditions 

have been reached, if the problem is not previously terminated by 

the total AD/D limit; 

if not =1 or 2, no change-case data will be read in. 

IPLTl* If =1, all plots will be made after processing an entire input 

data set; 

if =2, plots will be made at the maximum burnup value (BUMX) of 

an input parameter (PLTBU) if PLTBU is less than the terminal BU 

(burnup) as well as after the entire problem data set has been 

processed; 

if =3, plots will be made for specific parameters as a function 

of burnup (maximum). (See III..E.1. Plotting Subroutine.) 

IRSWL* If =0, the fuel swelling will be compressible; 

if not =0, the fuel swelling will be incompressible; 

Comment: this option eliminates fuel shrinkage caused by an 

increase in plenum pressure or fuel-cladding contact pressure. 

IHKNS If =0, PNL's model for swelling of Type 304 annealed stainless 

steel will be used for calculating cladding swelling; 

if not =0, Harkness' swelling routine will be used (see III.B. 

Swelling of Cladding). 

IFUEL If =0, original fuel-swelling model (see Ref. 1) for driver fuel 

13.5-in. long is used; 

i f =1, a temperature-dependent fuel-swelling model i s used.for 

calculations (see I I I .A . Swelling of Blanket Fuel) ; 

values of 2 or 3 are not now used; i f used, the model for blanket-

fuel swelling would be used rather than the model for core swel

l ing; 

if =4, the original fuel^swelling model is used for calculations 

for fuel 14.2 in. long. 

IPRNT* If =1, all calculations are printed every fifth burnup step 

(usually for 35 nodes) ; 

if =2, all calculations are printed every burnup step (usually 

for 6 nodes) ; 

_ 

Options when doing both initial and change-case calculations. 
No * indicates options only for initial calculations. 
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Symbol Description 

if =3, all calculations are printed every other burnup step 

(usually for 35 nodes); 

if =4, all calculations are printed every burnup step (usually 

for 35 nodes); 

Comment: The IPRNT value i s used for page spacing of the output 

and does not hamper program ope ra t i on . 

IQF* If no t =0, Q and QFFLX a r rays are not input da ta when reading in 

change-case da t a , 

IT* I f no t =0, used to p r o h i b i t p o s s i b l e erroneous va lues for c l ad 

ding swel l ing and shr inkage dur ing change-case c a l c u l a t i o n s ; 

i f =0, IT not =0 cond i t ion ignored . 

Comment: during change-case c a l c u l a t i o n s when the i r r a d i a t i o n 

environment might change, the value for c ladding swel l ing (or 

shr inkage) c a l c u l a t e d with the PNL model may be g r e a t e r than i t 

a c t u a l l y should b e . There fore , t h i s opt ion has been added to the 

code t o take the incrementa l change i n swe l l ing (or shr inkage) 

between the p r e sen t and prev ious burnup s t ep and add i t to the 

previous value of s w e l l i n g , so t h a t a new swe l l ing value i s 

a r r ived a t . I f IRSWL and IT are not coded as z e r o , the "wors t - case" 

plenum pressu res and fue l - c l add ing contac t p r e s su re s w i l l be 

c a l c u l a t e d dur ing the change-case computat ions. 

IT2* I f = 1 , ten complete bumup- s t ep computations are done when p r o c e s 

s ing change-case d a t a , provided BUINC (see I I I . C . 2 . Change-case 

Capabi l i ty ) i s l a r g e enough; 

i f not =1 , change-case da t a are processed u n t i l a p r e s e t te rmina

t ion l i m i t i s reached. 

Options only when doing change-case c a l c u l a t i o n s . 

2 . Change-case Capab i l i t y 

BEMOD-I can cont inue burnup c a l c u l a t i o n s under a new environment 

a f t e r a des i red s t e a d y - s t a t e l i m i t , i . e . , burnup, has been reached. This 

c a l c u l a t i o n i s done by ass ign ing 1 to the opt ion parameter ICALC. With 

ICALC = 1, the following s e c t i o n i s executed to read in change-case 
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parameters after terminal conditions for the previous environment have been 

printed: 

READ 3001, TITLEl 

READ 1100, ICALC, IRSWL, IPLTl, IQF, IT2, IT, IPRNT, PLTBU 

READ 1001, DELTCN, HC, BUINC, FFLX, QPB, A26 

IF (IQF.NE.O) GO TO 650 

READ 2000, [Q(I), 1=1, NT] 

READ 2000, [QFFLX(I), 1=1, NTl] 

Where 650 is the label number for the next statement after the two READ 

statements for the two arrays, Q and QFFLX, the necessary formats are: 

3001 FORMAT (10A8) 

1100 FORMAT [715, 25X (2E10.4)] 

1001 FORMAT (6E10.4) 

2000 FORMAT (8E10.4) 

Q u a n t i t i e s read in a t t h i s time t h a t have no t been descr ibed 

before or in Ref. 1 a r e : 

Symbol Desc r ip t ion 

PLTBU Maximum burnup value a t which p l o t s can be made i f IPLTl = 2 . 

(See I I I . E . l . P l o t t i n g Subrou t ines . ) 

DELTCN Value for coolant AT. 

BUINC Burnup increment to be added to the t e rmina l maximum burnup from 

previous c a l c u l a t i o n to ob ta in new burnup l i m i t . (See I I I . D . l . 

Bumup- l imi t Terminat ion . ) 

QFFLX(I) See I I I . B . 3 . Dariiage Function (QFFLX Ar ray ) . 

With t h i s change-case c a p a b i l i t y , the user can change some or a l l 

of the above input q u a n t i t i e s to s imula te abnormal condi t ions such as over 

power or flow-coastdown c o n d i t i o n s , or a change i n i r r a d i a t i o n environment, 

and ob ta in r e s u l t i n g t empera tu res , p r e s s u r e s , e t c . 

Because the model for b l a n k e t - f u e l swe l l ing i s temperature-depen

den t , a change-case opt ion in which the value for coolant At i s changed may 

change the fuel expansion. There fore , the f i r s t b u m u p - s t e p c a l c u l a t i o n s 

are done with the new fuel temperature a t the t e rmina l - cond i t i ons burnup to 

get a base for c a l c u l a t i n g s w e l l i n g . The d i f f e rence between the fue l swe l l ing 
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at an increased burnup increment and the base is added to the swelling at 

the terminal burnup to obtain the total fuel swelling. 

D. Other Modifications to BEMOD 

1. Bumup- l imi t Termination 

In addition to problem termination by a calculated total AD/D for 

cladding, ET(I) , exceeding a preset input limit, EMAXl, a problem can also 

be terminated in BEMOD-I when burnup has reached a preset maximum-bumup 

criterion, BUMAX, which is a new input parameter. When a change-case problem 

is run the calculated maximum burnup, BUMX, is increased by BUINC, an input 

parameter, to arrive at a new BUMAX, and computations are continued. 

2 . Power-change Value, QPBD 

The QPBD input value has a s l i g h t l y d i f f e r e n t meaning in BEMOD-I 

than in BEMOD. QPBD has been changed to a f r a c t i o n a l change in o r i g i n a l 

power (QPB), coolant At (DELTC), and average f a s t f lux (FFLX). As in BEMOD, 

the program s e t s BU to zero and r e c a l c u l a t e s burnup condi t ions with the d i f 

fe ren t power condi t ions d i c t a t e d by QPBD i f the new QPB i s l e s s than or equal 

to the maximum power v a l u e , QPBM. 

3 . I r r a d i a t i o n - t i m e Correc t ion (Blanket) 

Because apprec iab le hea t i ng in the b lanke t ('v20%) i s due. to gamma 

h e a t i n g , an adjustment has been made in c a l c u l a t i n g i r r a d i a t i o n t ime. In 

BEMOD-I, time i s c a l c u l a t e d by 

AA9 = k/(QPB X (1 - GAMFR)) ; 

TM = AA9 X BU, 

where: k i s a c o n s t a n t ; 

QPB i s the average l inea r .power ( B t u / h r - f t ) ; 

GAMFR i s the f r a c t i o n of power due to gamma hea t ing ; 

TM i s t ime; and 

BU i s burnup. 

GAMFR i s a new input parameter . 
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4. Calculation of Gas-plenum Length (XLP) 

BEMOD-I has been modified to recalculate the gas-plenum length 

(labeled XLP on the printout) after the plenum pressure (PP) has been cal

culated. Before this modification, in some cases the XLP value oscillated 

unnecessarily. This oscillation was attributed to how the plenum pressure 

was calculated, in which the final plenum-pressure value might differ signi

ficantly from the pressure value used to calculate XLP; consequently XLP 

is now calculated after the PP value for the burnup step has been set. 

E. Subroutine Additions 

1. Plotting Subroutines 

A plotting subroutine that can use either the Calcomp Digital 

Plotter Model 564 or Model 565 has been included in BEMOD-I. The set of 

plots include: 

fuel-cladding contact pressure vs fuel-pin length (FPL); 

cladding creep AD/D, %, vs FPL; 

total cladding AD/D, %, vs FPL; 

cladding swelling AD/D, %, vs FPL; 

total cladding stress vs FPL; 

average hoop stress vsFPL; 

thermal stress vs FPL; 

% fuel swelling vs FPL ; 

volume of fission gas released-to the plenum, liters, vs FPL; 

plenum pressure vs % maximum burnup (MBP) ; 

maximum fuel-cladding contact pressure vs MBP*; 

maximum total cladding AD/D, %, vs MBP; and 

gas-plenum length vs MBP.* 

All of these plots can be obtained if IPLTl = 1 or 2 and the user has 35 nodes 

(NT = 35) with fuel length = 13.5, 14.2, or 55 in. When IPLTl = 3, only the 

plots indicated by an asterisk can be output; these plots have no restriction 

on fuel-pin length or number of nodes. Plots are drawn after all data have 

been processed for the problem. Plots without the asterisk can be made at 
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a desired maximum burnup value, PLTBU, a new input parameter, if NT = 35 

and IPLTl = 2. The IFUEL value indicates the fuel-pin length; i.e., IFUEL = 0 

for a 13.5-in.-long fuel pin, IFUEL = 1 for one 55 in. long, and IFUEL = 4 

for one 14.2 in. long 

The graphs are titled with the information contained on the third 

general-information input card,-TITLE3 (see IV. Code Input). 

The plotting can be bypassed during execution of coding a value 

of zero for IPLTl. 

In addition to the plotting subroutine, DPLOT, a subroutine, PLINE, 

has been added to aid in drawing the axes and to check the domain and range 

of the AD/D and maximum burnup plots. 

2. 10 Subroutine (Input/Output) 

All of BEMOD-I's input and output control has been incorporated 

into a single subroutine, 10. 

3. BLOCK DATA Subprogram 

Most of the important non-local variables, including all of the 

input, have been put into three labeled COMMON blocks, with the advantage 

that the quantities do not have to be in the argument list of either the 

SUBROUTINE or corresponding CALL statements. Consequently, a BLOCK DATA 

subprogram has been added to BEMOD to initialize all of the common data for 

which initialization is necessary. This is done only before execution of 

the first problem data set. 

IV. CODE INPUT 

Following is a l i s t i n g of only the statements needed for input of a 

complete problem data set, excluding change-case information. 

(1) READ 3001, TITLEl 

(2) READ 3001, TITLE2 

(3) READ 3001, TITLE3 

(4) READ 1100, lOPT, ICALC, IPLTl, IRSWL, IHKNS, IFUEL, IPRNT, GAMFR, 

PLTBU 
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(5 

(6 

(7 

(8 

(9 

(10 

(11 

(12 

(13 

(14 

(15 

(16 

(17 

(18 

(19 

(20 

(21 

(22 

(23 

(24 

(25 

READ 2000, TFBL, TFBH, TFBl, TFB2, TFB3, TFB4, TFB5, PMAX 

READ 1000, NT, TCIN, DELTC, DOPP, HC, XLFPP, DPPP 

READ 2000, AF, FCB, XLPPP, Al, A2, A3, A4, A5 

READ 2000, A6, A9,.A12, A13, A14, A15, A16, A26 

READ 2000, A27, A28, A29, A30, A31, A32, A33, A34 

READ 2000, A35,.A36, A37, A38, A39, A40, A41, A42 

READ 2000, A43, A44, A45, A46, A47, A48, A49, A50 

READ 2000, A51, A53,-A54, A55, A56, A57, A58, A300 

READ 2000, AA20,.AA21,.AB20,.AB21,.TFMAX, FFLX, BUMAX, DOF 

READ 2000, [Q(I), 1=1, NT] 

READ 2000, [QFFLX(I), 1=1,.NTl] 

READ 2000, [P0(I),.I=1, NT] 

READ 2000, QPB, QPBD, QPBM, X, XLCL, XMNA, XMF, RHTHF 

READ 3000, NO, Ml, NDL, NOl, N02, DFDI, XNU, PPO, XLNAO, ALPNA, 

A401, A402 

READ 2000, TB, GT, C0RR,.G1, BUST, GB, G2, PG 

READ 2000, GMO GMl, VI, V2, FGR2, EMAXl, EPSl, EPS2 

READ 2000, [TDL(I), DL(I), 1̂ =1, NDL] 

3001 FORMAT (10A8) 

1100 FORMAT [715, 25X2.(E10.4)] 

2000 FORMAT (2E10.4) 

3000 FORMAT (512,.7E10.4)-

These changes from the original BEMOD input, in order, are: 

Card 

(l)-(3) 

(4) 

(5) 

(6) 

(13) 

Description 

The first three input.cards contain general information.of.use 

to the user (see III.E.l., Plotting Subroutines, for additional 

information on TITLE3). 

Input options and data previously explained. 

Input values for the model.for blanket-fuel swelling (see 

Appendix A, Sample Input). 

The input value DODI, now.computed in the code, which.was between 

DELTC and DOPP in BEMOD, has been removed. 

The parameters BUMAX and DOFF, the fuel-pin diameter, have been 

added to the input card. 
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Card Description 

(15) Used to read in the NT + 1 values for eladdlng-damage functions 

(17) See III.D.2. Power-change Value; the following values — X, 

not used; XLCL, length of cladding ID, (in.); XMNA, mass (g) of 

the sodium within the cladding; XMF, fuel mass (g); and RHTHF, 
3 

fuel density (g/in. ) at room temperature — replace BEMOD input 

values VO, VOD, and VOM on this card. If XMF and RHTHF are not 

zero, the diameter of the fuel is computed and the initial gas-

plenum length, XLPPP, and initial height of sodium above the 

fuel, XLNAO, are computed and printed. 

V. CODE OUTPUT 

Output Values 

All of the input is printed at the beginning of each problem. 

At each burnup step the following computed values are printed: 

BU burnup, at. %; 

A20 and A21 indicating simulation of normal and abnormal reactor conditions, 

PP plenum pressure; 

QLSUM volume, in liters, of fission gas released from the fuel element 

to the plenum; 

TM irradiation time, hr; 

XLP length of gas plenum, in. ; and 

MAX BURNUP calculated maximum burnup, at. %. The element's maximum burnup 

is now being calculated and printed at each time of burnup step, 

along with the burnup, A20, A21, etc. This value is calculated 

by using the maximum value from the Q(N) array and the calcula

ted average burnup, BU, which is also printed at each burnup 

step. 

At the user's indication through the IPRNT option value, the-following 

quantities for each axial node are printed at designated bumups in addition 

to the above: 
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Description 

Node number. 

Coolant temperature, °F. 

Cladding outside temperature, **F. 

Cladding in.=!ide temperature, "F. 

Fuel surface temperature, "*F. 

Fuel average temperature, °F. 

Fuel centerline temperature, °F. 

Volume of fission gas retained in fuel pin, liters. 

Volume of fission gas released from fuel pin to the plenum, liters. 

Fuel-cladding contact pressure-

Pressure stress on cladding* 

Thermal stress on cladding. 

Total stress on cladding. 

Cladding creep AD/D. 

Cladding swelling AD/D. 

Total cladding AD/D. 

Fuel swelling, %. 
-22 

Neutron fluence (x 10 ). The neutron fluence for each axial 

fuel section is computed by using the average fast flux and flux 

profile when the other calculated values, e.g., total AD/D, are 

printed. This fluence is calculated with the Q array and if the 

QFFLX array is different the printed fluence may not be the 

fluence used to compute.cladding swelling (see III.B.3. Damage 

Function (QFFLX Array)). 

All of the above quantities are printed at terminal conditions. 

After terminal conditions have been printed for a complete set of 

input data (including any change-case data), if the termination was not 

caused by the limit on total cladding AD/D, conditions of the element 

brought to room temperature, 70°F, are calculated and printed. For.room-

condition calculations the swelling of cladding and fuel are assumed to be the 

same as at the terminal conditions. 

S3nDnbol 

N 

XTC 

XTCLO 

TCLI 

TFO 

TFB 

TF 

QR 

QL 

PR 

SP 

SH 

ST 

E 

ESW 

ET 

DVV 

FLU 

CONCLUSIONS 

Addition of fueled experimental subassemblies to the blanket produces 
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new irradiation conditions. With the model for blanket-fuel swelling, the 

effects on the cladding of a blanket element of greater fuel swelling and 

stress and strain that result from the new conditions can be studied. 

The change-case capability, along with the bumup-limit termination 

feature, allows the user to study the effect of transient reactor conditions 

on blanket and driver-fuel elements during the lifetime of the element. 

As new models for cladding and fuel swelling are developed, appropriate 

changes in BEMOD-I will be made. 
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APPENDIX A 

Input Value for Heat-transfer Coefficient, HC 

Heat-transfer coefficients from two equations for both the standard 

Mark-IA element and standard inner or outer blanket elements are shown in 

Figs. 9 through 12. 
Q 

The Monson equation, which was used for the design of.EBR-II and 

gives the more conservative value for the heat-transfer coefficient, is as 

follows: 

Nu = 2.3 + 0.23 • Pe°'^ or 

^ - D 

D • V • p • c 0.5 
2.3 + 0.23 • ( , 2.) 

where: Nu is the Nusselt number (H —r) ; 

Pe i s the Peclet number (= Re x Pr; Re is Reynold's number and Pr is 

the Prandtl number); 
2 

h i s the heat- t ransfer coeff ic ient , Btu/hr-f t -°F; 

k i s the thermal conductivity of the f lu id , Btu/hr-f t-**F; 

D is the diameter of the fluid surface, ft; 

V is the fluid velocity, ft/hr; 
3 

p is the fluid density, lb/ft ; 

c is the fluid specific heat, Btu/lb-*F. 

The equivalent diameter, De, is used in place of D when there is no 

cylindrical-flow pipe. D is equal to 4 x (the cross-sectional area of flow) 

(wetted perimeter of duct). The correlation is shown in Fig. 9 for a driver-

fuel element (for a cladding OD of 0.174 in., D = 0.00828 ft) and in Fig. 11 

for the blanket element (for a cladding OD of 0.493 in., D = 0.00422 ft). 
9 . . ^ 

The Subbotin equation i s : 

Nu = 5.0 + 0.025 • Pe° ' ^ , 

which was taken from an average curve drawn through data from experimental studies of conditions of uniform wall heat flux and fully developed flow 
9 

and heat t ransfer . This equation gi 

coefficient than the Monson equation. 

9 
and heat t ransfer . This equation gives a more r e a l i s t i c heat - t ransfer 
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Gas-plenum Length, XLPPP, and Sodium Length, XLNAO 

Through use of acceptable tolerances, a range of plenum-gas lengths 

and sodium levels above the fuel pin may be calculated. Some extreme values 

are shown in Table I. 

TABLE I. Calculated Values for XLPPP and XLNAO 

Element 

Mark-IA driver fuel, 

standard 

Mark-II 

Inner/outer blanket 

subassembly, standard 

Sodium-level 
Condition 

Low 

Average 

High 

Low 

Average 

High 

Low 

Average 

High 

XLPPP 

2.2442 

2.1353 

2.0231 

9.704 

9.454 

9,204 

3.900 

3.538 

3.161 

XLNAO 

0.4324 

0.5413 

0.6535 

1.25 

1.50 

1.75 

0.517 

0.879 

1.256 

The code calculations of volume are based on tube diameters without taking 

into consideration any restrainer in the plenum region. Consequently, when 

XLPPP and XLNAO are hand calculated, the volume of any restrainer should be 

subtracted from the volume without the restrainer. 

Q Array 

Tables I I and I I I give ra t ios for the axial d i s t r ibu t ion of the loca l -

to-average power (fission) ra t ing for the en t i re fuel rod (input values for 

the Q array) for 6 and 35 nodes respect ively. Values for the standard 

Mark-IA element are based on a standard Mark-IA core (fuel 13.5 in . long) 

with a depleted-uranium blanket. Values for the Mark-II element (fuel 14.2 in. 

long) was based on a Mark-II element in the standard Mark-IA core with the 

depleted-uranium blanket (with the bottom of both the Mark-II and Mark-IA 

elements coinciding). Consequently, for substant ia l ly different core and 
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TABLE II. Q-array Values for Six Nodes 

Node Mark-IA Element Mark-II Element' Blanket-Element 

_ _ 0.945 0.957 0.09 

2 1.064 1.081 0 .31 

3 1.120 1.131 3.46 

4 1.093 1.090 3.02 

5 0.997 0.978 0.31 

6 0.879 0.859 0.09 
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TABLE I I I . Q-array Values for 35 Nodes 

Q 
Node Mark-IA Element Mark-II Element Blanket Element 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

0.888 

0.911 

0.935 

0.958 

0.981 

1.003 

1.023 

1„042 

1,060 

1.075 

lo089 

1.100 

1.109 

1.115 

1.119 

1.120 

1.120 

1,116 

1.111 

1.102 

1.092 

1.079 

1.065 

1.049 

1.031 

1.012 

0.992 

0.971 

0.950 

0.930 

0.909 

0.890 

0,871 

0.855 

0.841 

0.897 

0.922 

0.947 

0.971 

0.995 

1.018 

1.039 

1.059 

1.077 

1.092 

1.105 

1.116 

1.124 

1.129 

1.131 

1.131 

1.127 

1.121 

1.113 

1.102 

1.088 

1.073 

1.055 

1.036 

1.016 

0.994 

0.972 

0.950 

0.928 

0.907 

0.887 

0.869 

0,853 

0.840 

0.831 

0.05 

0.06 

0.08 

0.10 

0.12 

0.14 

0.16 

0.20 

0.26 

0.36 

0.50 

0 .71 

1.14 

2.20 

2.93 

3.24 

3.40 

3.46 

3.40 

3.24 

2 .93 

2.20 

1,14 

0 .71 

0.50 

0.36 

0.26 

0.20 

0.16 

0.14 

0.12 

0.10 

0.08 

0.06 

0.05 
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blanket arrangements, these values will differ. Q-array values for the 

blanket are taken from data used for Fig. 2. The value for node 3 in 

Table II is the ratio of maximum-to-average values for the whole element. 

This value is used rather than the actual node value to determine the 

maximum fluence on the element as well as to calculate the maximum burnup. 
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APPENDIX B 

Input /Output Samples for BEMOD-I 

The sample i npu t s are for two problems. The f i r s t i s for a d r i v e r -

fuel element in a Mark-IA subassembly in row 1 dur ing a 62.5-MWt i r r a d i a t i o n . 

The second i s for a b l anke t element in g r id p o s i t i o n 7N4 in a normal 50-MWt 

environment. 

The maximum burnup l i m i t , BUMAX, for the Mark-IA element i s s e t high 

so t h a t t he problem w i l l be terminated by the t o t a l AD/D l i m i t , EMAXl, which 

was reached a f t e r approximately 60 burnup s t e p s . 

The b lanke t element was taken to 0.5 a t . % maximum burnup, a t which 

time the burnup s t e p was decreased with change-case inpu t to s t a b i l i z e any ' 

unexpected o s c i l l a t i o n s before the element was exposed to 10%-overpower con

d i t i o n s v i a another s e t of change-case i n p u t s . Both s e t s of change-case com

p u t a t i o n s were allowed to run for only 10 burnup s t e p s . 

The complete output l i s t i n g i s not p resen ted for e i t h e r . p r o b l e m . For 

both problems the output c o n s i s t of the i n p u t , c a l c u l a t i o n s for a-few burnup 

s t eps before te rmina l c o n d i t i o n s , and t e rmina l - cond i t i on computat ions. For 

the second problem two s e t s of change-case input and te rmina l cond i t ions 

are a l so g iven , as w e l l as room-temperature c o n d i t i o n s . 



PROGRAM BEMOD-I 

COMPUTER I N P U T D A T A FORM 

COST CODE. 

PROBLEM Sample Input ORIGINAXOR DATE PAGE 1 OF 3 

1 2 3 4 5 6 7 89 

1 

0 1 2 3 4 5 6 7 8 9 

2 1 

0 1 2 3 4 5 6 7 8 91C 

3 

) 1 2 3 4 5 6 7 8 9 

4 

0 1 2 3 4 5 6 7 8 ? 

Burnup Maximum S e t a t 1 0 a t . %; T o t a l AD/D L i m i t S e t a t 2 . 0 % 

R e a c t o r a t 6 2 . 5 MWt w i t h a AT o f 2 2 2 ° F 

t BTTMnn-T TTir.1.1- f n - r a M a r - t - T A F u e l P^Tl i-n B n u 1 

1 1 1 i l l 

I 1 1 1 1 

J 1 1 1 1 

1.12171 1 

,2i.1.31211 

1 Q-1 1 1 

i . i 7 i 2 i 1 

,1,4,6,0,0 

n i . 1 1 1 

l , . i 2 , , 

i . , 9 i 2 i 9 i 

1 . ,7 ,4 ,5 , 

, i l i . i 5 i , 

i 3 i 3 i 2 ( Q 0 

i2i ,3 , i8 

,Q i1 ,0 i . l 

i . | 0 | 4 | 1 

• " • r — 

0|.| 

|0| 

1 r 

1 1 
| l 2 3 4 5 6 7 89 

Ol 1 

1 1 

6i i7 

1 1^ 

i 1 id 

1 1^ 

1 lO 

1 i ~ 

1 1?. 

1 1 | 1 

1 | 1 

1 1 

1 l1 

1 |2 

i l l |1 

1 0 

1 1 l A 

1 lO, 1 1 

, 1 1 , 1 

OiOi .1 1 1 

. | 3 |6 | 1 |E 

. , 0 i l i 5 i E i -

. i6 i6 i8 i 1 

. 1 , 1 1 1 

4, .,4,4, |E 

rtOiOiOi 1 

. i2i 1 1 1 

. .0 i4 ,7 i 1 

9,7,5, , 1 

L i 5 i 1 1 1 

0100,01,1 

.,9i2,3,0i8 

.1 1 1 1 1 

bi2i t i_L 

2 

1 

_ 

0 1 2 3 4 5 6 7 8 9 

1 

m i l l 

1 1 1 1 

, ,2,2,2 

0, i 2 , . , : ^ 

2, i 7 i 5 i . 

1 i . iOlO 

, lOi J 

4, ,9,.,3 

, i.i4i7 

1 i 2 i . i 

, , l i . i l 

1 i l i . i l 

1 111 .15 

1 i3 i3 i2 

1 i . i 3 i 

1 i m . i 

1 i . i 2 i 5 

Ol 1 , 1 If 

, 1 1 , 1 

. , 1 1 , 1 

3,5,3, , . 

18,3, , , 

1 , 1 1 1 

2,9,E,-,3,-

1 1 lE ior 

1 1 1 1 1 

2 

2, , , 1 , 

, 1 1 1 1 

OiOi.i 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9| 

2 1 

1 1 1 1 l2l 

1 1 1 1 1 

i . i l i 7 i4 i 

i 9 , . , l 4 8 , 

i - i 8 , . i 3 i 8 

i 8 i . i 7 i 7 i 8 

i^uf i ,7 i . . 

4 i 2 , . , 9 , 5 , 

, - , 2 i . , 3 i 7 

i . i 0 i 5 i 1 

1 i l . ,0,7,6 

i l j . | 0 | 7 , 2 

i l i . l 5 , 1 

i Q . i 1 1 

i l |4 i .|7i 

i . in i7 i f t i7 

1 i.i4i 1 1 

1 1 

1 1 

1 1 

1 1 

?i2i 

, 

, 

1 i3 

1 |4 

1E1-161 i l 

1 , 1 1 1 -

, ^ Q 7 i , -

iE i - i 4 i 1. 

71 1 

3 1 2 3 4 5 6 7 8 9 

J 

1 |1 

1 11 

1 |0 

1 1 1 1 1 1 

1 
1 1 1 1 1 1 

1 1 1 1 , 1 

1 1 1 1 1 1 

2 ,5 i0 i0 i 1 

.i5i9, , IEI-

1 ̂  
| 0 1 2 3 4 5 6 7 8 9| 

1 1 l l l 3 l . 

- ,4 | i l i O , 

9i5i 1 1 IEI0I5, 1-1. lO 

.16,7i , i d -

2,.,6,7, i J 

2,., 3, 7, ,E 

Oi l , 1,8, , 

8)3,6,., , 

9,8,5, , , 

8,7,5, , , 

.i5i 1 1 1 1 

.1 1 1 1 1 1 

5i4il,3, , 

^1 1 1 1 1 1 

61 1 1 t 1 1 

0 1 2 3 4 5 6 7 8 

4 

-i4i i 4 i . i 4 

H 4 , i - i 2 i 2 

-,4, ,0, . , 

1 1 i 7 , . , 7 

, 1 , 2 , . , 3 

8,5 

6|1 

1 1 i L .i5 

1 1 lOi . i 

, 1 i 6 i 4 , . 

1 1 , 7l .1 

1 1 i . , 0 i 2 

1 1 1 1 1 

t 1 1 1 1 

1 1 1 1 1 

1 1 , 1 1 

1 1 1 1 1 

5i 1 1 1 1 

8i2, , , , 

liQ,8i5, , 

4i6i l E i - i 

. i6 i2 i 1 1 

1 1 1 1 1 

1 | 1 | E , - | ' 

7, 1 i E , l , 

8, , , , , 

5, 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

2, , ,E,-,( 

1 1 , 1 1 

1 1 , 1 1 

>|0 1 2 3 4 5 6 7 8 9 | 

{5 1 

6 

3 1 2 3 4 5 6 7 8 9 

1 1 1 1 1 1 

1 1 , 1 1 1 

1 1 1 1 1 1 

1 lOi . i 1 1 

1 1 , 1 J 1 

1 i.ili56i 
|0 

, . , 0 , 4 i l i 6 

6̂  i l , . ,6 ,9 i 

1 i 7 , . i 1 1 

, - . i 5 , 4 , l 

. . i l i7 i3a 

1 I .O , . , , 

1 1 1 1 1 1 

1. (4 ,4 ,7 , 

1 1 , 1 1 1 

iO | . , , , 

1 ,6|8,0,0,0 

1 i.i7, , , 

1 ,.,0,0,1, 

l E , -

E,-|l 

Pl-I 

3 1 2 3 4 5 6 7 8 9 

i 

7 

0 1 2 3 4 5 6 7 8 9 

1 1 

1 1 

1 1 

1 |0 

1 1 

1 .4 

1 1 . 

4| i l 

1 t -

0, ,. 

1 \2 

1 1 1 1 1 1 

, , 1 1 1 1 

1 1 1 1 1 1 

. 1 1 , 1 1 1 

, 

1 1 1 , 1 1 

.,7,9, ,E,-,2 

0,5, , 1 1 , 

.1 1 , , , 1 

81610,59 1.1 

9i2 ,2 , , , , 

0,3| 1 1 1 1 

1|4,4, , , , 

1 1 , 1 1 , 

i 1 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

12,4,010|.|, 

1 i i k i O i . i 1 1 1 

1 1 0,0,0,5, , , 
0 1 2 3 4 5 6 7 8 9 

7 

"s] 
0 

2 

0 

i j 

AMO-9 ( 6 - 6 5 ) 



PROGRAM BEMOD-I 

C O M P U T E R I N P U T D A T A F O R M 

COST CODE. 

PROBLEM Sample Input ORIGINATOR DATE PAGE 2 OF 

1 2 3 4 5 6 7 89 

| 2 , 0 | 0 | . , 

, 1 ,0 ,0 ,0 , . 

1 

0 1 2 3 4 5 6 7 8 9 

1 1 1 1 iL 

1 1 1 1 ? 

. i l i 2 i 1 lE 

. , 7 , 5 , , E 

2 

0 1 2 3 4 5 6 7 8 9 

- i3 i i4i0i0 

- . 3 , ,1,1,1 

3 

0 1 2 3 4 5 6 7 8 9 

. 1 1 1 1 1 

2 i . , 1 1 1 

l 2 i . l 7 6 l 

, l . , 0 i 9 , 2 

4 

0 1 2 3 4 5 6 7 8 9 

iEi-,3i 16 

,E , - .2 , ,1 

Burnup Maximum S e t a t 0 . 5 a t . %; T o t a l AD/D L i m i t S e t a t . 0 

Normal R e a c t o r O p e r a t i o n a t 50 MWt 

B l a n k e t Suhas.<3emblv I n Po.<?ltlon 7N^: AT = IQl"!? 

1 1 1 , 0 , 

, 7 ,8 ,01 . , 

1 , 1 1 1 

, . , 2 ,7 i , 

, 2 , . i 3 i 2 i l 

1 , 1 1 , 

1 , , 1 1 

, 1 , . . 4 , 5 , 

| 3 | . , 1 1 

i l 1 . 1 1 1 

i . i0i5i 1 

| . | 2 | 6 i 1 

| 3 | . i 4 | 1 

i . i5i 1 1 

1.1O181 1 

1 1 

1 1 

1 |3 

1 1 

1 1 

1 1 

1 1 

E|0|5 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 2 3 4 5 6 7 89 

1 | 1 

1 11 

5 | |7 

1 |4 

1 16 

1 |1 

1 1 

1 I -

1 1 

1 11 

1 1 . 

1 1. 

1 i3 

1 1 . 

1 1. 

1 lOi 1 1 

nnmi. , , 

0,0,., , , 

. i8i3, 1 lE 

. i0 , l i5 iEi -

3i . ,5 i6 i 1 

1 1 1 1 1 

. i0 ,0 i0 ,4 i4 

1 1 , 1 1 

. 1 1 1 1 1 

O161 1 1 1 

3i6i 1 1 1 

.i4i6i 1 1 

361 1 1 1 

O161 1 1 1 

.0, , , , 

1 , 1 1 1 . 1 9 

, , . 1 , 9 1 

2,0, , 3 , . , 5 

1,2, , 7 ,5 . . 

1 i i . iOO 

4, 1 i 9 , . i 3 

1 1 i4 i . i 5 

1 1 111 .1 

1 1 1.1018 

1 1 1.15l 

1 1 I.3I.I4 

1 1 1.12i6 

0 1 2 3 4 5 6 7 8 9 

1 

1 1 .10l5 

0, , , , ,1 

, 1 1 1 1 

. 1 , 1 1 1 

3i8, , , , 

1 , , , , 

0i5,4,8i , 

1 1 1 1 1 

2,9 iEi- ,3 ,4 

3i8, 1EO16 

1 1 1 1 1 

1 1 1 1 1 

1 1 , 1 1 

1 1 , 1 1 

1 1 1 1 i 

0 1 2 3 4 5 6 7 8 9 

2 

1 1 1 | 1 | 

i - n 1.19 11 

i . i 4 i9a . 

i 9 i . i l i 8 i 

1-181. i318 

i 8 i . i 7 i 7 i 8 

i4i6i7i .1 

,2, . , 9 , 5 , 

i - , 2 , . , 3 , 7 

i l i . i 1 1 

i . i l i 1 1 

I . l 7 l 1 i 1 

I.3l.l2l4l 

l . l2l 1 1 

J J 1 1 1 

1 1 

2% 

1 1 

IF.I-141 IR 

, 1 1 1 i5 

1 1 1 1 i4 

2i2i 1 1 i9 

iE,-i6i il 

1 1 1 1 1-

iEi0i7i r 

iE,-i4i 1 

1 1 1 1 1I 

1 1 1 1 1. 

1 1 1 1 1I 

1 1 1 1 i2 

1 1 1 1 1. 

1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

3 

OiOi. i 1 1 

l i 9 , 5 , . , , 

1 1 , , 1 

1 , 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

4i SI , 1 1 1 

4 , 5 0 i 0 i . i 

.i5i9i , lE 

. i 5 i 1 1 lE 

. i 6 i 7 i 1 lE 

2i . i6 i7 i lE 

2i . i3i7i lE 

1 1 1 1 1 

4i0i0i . 1 1 

l i l i 1 1 1 

.i1i4i 1 1 

.i9i3i 1 1 

I161 1 1 1 

1 1 1 1 1 

5 6 

0 1 2 3 4 5 6 7 8 9 0 

1 , 1 ^ 1 . i 4 

, , I I H . , 4 

1 , 1 1 1 

1 1 , 1 1 

, 1 , 1 1 

, 1 1 1 , 

1 1 i? i s io 

, 1 i 5 i 5 i . 

-i4i i l iOj. 

Q4, , - i . iO 

- , 4 , 1 1 , 

-i4i i - i2 i2 

- | 4 i 1 1 1 

1 1 1 1 1 

1 1 14i . lA 

1 1 1 .1 l i 4 

1 1 , 2 l . l ? 

1 1 i2i . i2 

1 1 , . 1114 

1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

4 

Il 1 iEi-i3 

5j8, |E,-,2 

1 1 , 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

, 1 1 1 1 1 

1 1 1 1 , 

8i2, , , , 

l i 0 , 8 , 5 , 1 

1 1 f 1 1 

. i6i2i 1 1 

1 1 1 1 1 

1 1 1 1 1 

61 1 lEll l4 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 0 

5 6 

1 2 3 4 5 6 7 8 9 

| 8 | 0 i0 i . i 

, 1 ,2 ,5 ,0 . . 

1 1 1 1 1 

1 , 1 1 1 

1 1 1 1 1 

, . , 2 i 0 , , 

, l i , i ? i 1 

, . , 4 , 5 , 7 , 

1 1 1 1 1 

i . , 0 i 4 i l i 6 

1 , 1 1 1 

i7 i . i 1 1 

i - i . i 5 , 4 i l 

1 , 1 1 1 

i . i5i 1 1 

1 .1I161 1 

I 2 i . i 9 l 3 l 

i l l . i l l 4 l 

1.1I , 1 i 1 

1 1 1 1 1 

I F . l -

1 2 3 4 5 6 7 8 9 

7 

0 1 2 3 4 5 6 7 8 9 

I 16 

1 |1 

Si 11 

1 i4 

1 n 

8 

° 
. , 2 , 5 , 1 iEi-i3 

. , 6 , 0 , 8 , ,E,-,2 

1 I 1 1 1 1 1 

1 , 1 1 1 1 1 

I I 

1 1 1 1 , 1 1 

ommi , 1 1 1 1 

1 1 , 1 1 1 1 

. i 7 ,9 , ,E,- ,2,2 

O1O6, , , 1 1 

8 , . ,6 i0i5i9 ,E,4 

9,2,2 

1 , 1 1 1 1 1 

4,.3i3i 1 1 1 1 

2i 1 1 , 1 1 1 

. i2iAi 1 1 1 1 

7i l 

I j 1 1 1 1 1 1 

1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

7 

0 

8 

AMO-9 ( 6 - 6 5 ) 



C O M P U T E R I N P U T D A T A F O R M 

COST CODE 

PROGRAM BEMOD-I PROBLEM Sample Input ORIGINATOR DATE PAGE 3 OF 3 

1 2 3 4 5 6 7 89 

1. l0l5l 1 

>. I 2 , 6 , , 

3 1. ,4 , 1 

,. ,5, 1 1 

,. ,0i8i 1 

, l , . i 5 , , 

1 , . , 5 , , 

i l i . i 5 i 1 

i l l . , 5 , 1 

, 1 , . , 5 , • 

i 5 i7 .2 .0 , . 

i2, ,3 , i8 

1 , 1 1 1 

| . , 0 I 4 , , 

i2,9iOi.i 

I 1 , 1 I 6 I 5 I . 

1 1 

, 1 

|0 | 

C h a n g e - c a s e 

1 1 1 i l l 

I 1 , 9 , 1 , . , 

1 1 

1 1 

1 

0 1 2 3 4 5 6 7 8 9 

1 1. 

1 1. 

1 |3 

1 1. 

1 1. 

1 ll 

1 l l 

1 l l 

1 ll 

1 ll 

1 1? 

l l 1. 

1 1 

1 l . 

1 1. 

1 1. 

0 I 6 I I 1 1 

3 I 6 I 1 1 1 

.i4i6i 1 1 

3I6I , 1 1 

0,6, , , 1 

. , 5 , 1 , 1 

. ,5i , 1 1 

. ,5 , , , 1 

.i5i 1 1 1 

J 5, 1 1 1 

OiOiOi.i , 

9l4i8i 1 1 

1 1 1 1 1 

0i4, , , , 

0,0,2, , 1 

on i i i 1 1 

Data ; Burnup I 

1 1 

1 i5 

1 1 1 1 1 

4i5i OIOI.I 

uc 

2 

0 1 2 3 4 5 6 7 8 9 C 

1 l . lOifl 

1 i . i 5 i 

1 i3 i . i 4 

1 I . i2i6 

1 i . i O . S 

1 i l l . , 5 

1 i l i . i 5 

1 i l j . i5 

1 i l i . i 5 

1 i L . i 5 

1 i5i7i2 

1 1 .131 

1 1 1 1 

, , . i 9 . 

I I5i4i0 

1 ni9iA 

O l . , 1 1 1 

Ol . 1 1 1 1 

rement (A26) I s 

111 1 1 1 

1 1 i l i . i 

C h a n g e - c a s e D a t a ; 10% Overpower , 

1 2 3 4 5 6 7 89 0 1 2 3 4 5 6 7 8 9 

1 

l l 1 , 1 i: 

1 1 1 1 1 

1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 ( 

2 

3 

1 2 3 4 5 6 7 8 9 

l . l l 1 1 1 

i . i 7 , l , 1 

i3 i . i2 i4 i 

, . i 2 i 1 1 

i . i O i S i 1 

i l i . i 5 i 1 

ill . i5i 1 

i l l . , 5 , 1 

i l l .i5i 1 

1 1 1 1 1 

1 1 1 1 1 

i l i 2 i . i 1 

ilifliOiOi. 

| 1 | .1 1 1 

I.I Q0i4i 

1. LQiJ.l2_i 
D e c r e a s e d 

L 1 1 1 1̂ 1 

i4i . i4 i6 i 

1 i 1 1 1 

4 

0 1 2 3 4 5 6 7 8 ! 

1 1 1 1 1. 

, , , . ,1 

1 1 1 1 i2 

1 1 1 1 1. 

, , 1 1 1 

1 1 1 , l l 

1 1 1 1 l l 

1 1 1 1 l l 

1 1 1 1 l l 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1. 

1 1 1 1 1 

1 1 1 1 1. 

1 1 1 1 l7 

1 1 1 1 n 

1 1 1 1 1 

1 1 1 1 1 

iE31,4i iS 

1 1 1 1 1 

3 1 2 3 4 5 6 7 8 9 

3 

l l l l 1 1 1 

. i l i 4 i 1 1 

. i 9 l 3 l 1 1 

1ifii 1 1 1 

1 1 1 1 1 

. i 5 i 1 1 1 

. i 5 i 1 1 1 

. i 5 i 1 1 1 

. i5i 1 1 1 

1 1 1 1 1 

1 1 1 I 1 

8 i 7 i 9 i 1 1 

1 1 1 1 1 

l l 1 1 1 1 

9lOl. 1 1 1 

^IfilSI .1 1 

1 1 1 1 1 

1 1 1 1 1 

7i2iO,.i 1 

1 1 1 1 1 

0 1 2 3 4 5 6 7 8 

4 

5 

> 0 1 2 3 4 5 6 7 8 9 

1 1 I . i l i 4 

, , i 2 i . i 2 

1 , i 2 i . i 2 

1 1 i . i l i A 

, 1 1 , 1 

1 1 i l l . ,5 

, 1 i l i . i 5 

, , i l j . i S 

1 1 i l j . i 5 

1 , 1 1 1 

1 , 1 1 , 

1 1 i f i i . i - l 

1 1 n 1 .1 

1 , 1 1 1 

1 , 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 , 2 i . i 

1 1 1 1 1 

6 

3 1 2 3 4 5 6 7 8 9 

l . l l l f i l 1 

i2 , . iq i3 i 

i l i . i l l 4 l 

i . i l i l i 1 

1 1 1 1 1 

i L . i 5 i 1 

, l i . t 5 i 1 

l l , . i 5 i 1 

n i . i 5 i 1 

1 , 1 1 1 

1 1 1 1 J 

2l 1 lEl- ls l ifil.lfti 1 

1 1 I F I - K 

JO 1 2 3 4 5 6 7 8 9 

5 

1 1 1 1 1 

i.iOiOil, 

iliOi^iOi. 

i l i4<l i5 i . 

1 1 1 1 1 

1 1 1 1 1 

't 1 1 , , , 

, , 1 1 1 

1 1 

1 1 

iF.m 

3 1 2 3 4 5 6 7 8 9 

6 

7 

0 1 2 3 4 5 6 7 8 9 

1 1, 

51 1? 

9l 1 , , , 1 

. i 9 , i i 1 1 1 

7l1 

1l 1 , 1 1 1 

, 1 , 1 1 1 

. i 5 i 1 , 11 

. ,5i 1 1 1 1 

. , 5 i l l l l 

. iS i l l l l 

1 1 1 1 1 1 

1 1 1 1 1 1 

. i2i4i 1 lEiO 

i i m . i 1 1 1 

OiO,0,5, , 1 

0Oi9i6i 1 1 

Oili7i4i 1 1 

1 1 1 1 i 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

0 1 2 3 4 5 6 7 8 9 

7 

8 

0 

4 

0 

8 

AMD 9 (6 6 5 ) 



BURNUP MAXIMUM SET AT 10 ATOM PERCENT - TOTAL DELTA D/0 LIMIT SET AT .02 
REACTOR AT 62.5 MM - S/A DELTA T OF 222 DEGREES 
BEMOO-l INPUT FOR A NARK I -A FUEL PIN IN ROW 1 - 222 DELTA T - 42 .S NW 

NT TCIN DELTC DOPP HC XLFPP DPPP AF FCB PLTBU 
- 4 7 .00000 02 2 .^2000 02 1 . 7 4 0 0 0 - a i 3.35000 04 1.3^5000 01 1.^54000-01 2 .70000-01 ^ . 3 6 0 0 0 20—0*0^ 

XLPPP Al A2 A3 A4 
^2.^3530^ 00 9.1^0OC^«0 4o59000-04 1.08200 01 O.X> 

A5 A6 A9 A12 A13 
4 . 7 9 0 0 0 - 2 2 2.3^2100 00 6 .01500-12 7.J0O0O 01 - 0 . 3 0 3 3 0 00 

A14 A15 A25 A26 A27 
•00000-02 - 0 , 0 

A28 A29 A30 A31 A32 
5.66800 0 0 - ~UO300O-03 8.77«00M>4 - 1 . 67000-04—4.44601^06 

A33 A34 A35 A36 
1.69000-04 1.00000^ Oa 7V2O00O-01 0 . 0 0.0 

A37 A38 A39 A40 A41 
4.67000 02 -2.67000-04 •2.2420fr 01 7.( 

A42 

A43 A44 
1.46000 05 - 4 . 4 4 0 0 0 - 0 4 

A45 A46 A47 A48 A49 A50 A51 AS3 
9.23000-01—3.00O0O 00—3«00000 04 

A54 ASS A56 A57 A58 AA20 AA21 AB20 
4 ,70000 06 - 2 . 3 7 0 0 0 - 0 4 1.18000-02^ 7 .71000-04 1 . 7 U 0 0 - 1 1 U20O0O 00 1.20000 00 2 .00000 00 

AB21 ASOO 

A401 A402 XLCL 
6c 80000 05 2 .24000 04—0,0^^ 

XMNA 
-0»0 

XNF 
-0 . f l 

RHTHF lOPT ICALC IPLTl IRSML IHKNS IFUEL IPRNT 
-Or4t 1 0 0 0 0 0^ 2 

QPB QPBO QPBM FFLX BUMAX EMAXl T F N A X ALPNA PPO XLNAO 
3u32000 04—3tr«00e&04 3 ,32000 04- 3 . 3 7 0 0 0 ^ 5 ^ - 1 . 0 0 0 0 0 «1^ ^ . ^ 0 0 0 0 - 0 3 1.83600 03 6 ,43000-Of—1,47000 01—«»4130O-01 

NO Ml hOL NOl N02 GAMMA FRAC DFDI 
—2 3 8 0 1 0 .0 - 9.23 

Gl G2 GB PG 
7 , 87700-02—TtrOOOeO-Ol 2 ,00000 00 1,40000^^3 

DOF 

BUST 

TB 

XNU 

GMO GMl V I V2 FGR2 TFBl 
^3 .^0000-Olr - 4 . 0 0 0 0 0 - 0 1 — 6 . 0 0 0 0 0 - 0 1 — 0 , 0 

GT 

PNAX 

TFB2 
- 0 . 0 

CORR EPSl EPS2 
1.00000-02—5.00000-04 

TFBL TFBH 
« , 0 

TFB3 
- 0 , 0 

TFB4 
- 0 , 0 

TFB5 
-0^4i~ 

^TOUA ^^3 4 ,00000 03 4.00000^^3 8^00000^03 1.00000 a3^ ^ 1 1 3 0 0 ^ 3 ^ 1.19500 03—1.35000 03 

- O t U 4 « — l . W O O O - 0 3 3 . 7 5 0 0 0 - 0 3 — 4 , 4 1 0 0 0 - 0 3 4 . 3 5 0 0 0 - 0 3 — 8 . 7 5 0 0 0 - 0 3 — 1 . 09300-03—1,45800-03—1.60800-03 

lir«4400 « 0 1 ,12000 « 0 - l , » 9 3 0 0 ftO 9 ,47000 - f t l 4 . 7 4 0 0 0 - « l 

QFFUX(N> 7 ,45000 -01 9 .75000 -01 1.12000 00 1.07200 00 8 .75000-01 6 .15000 -01 4 .47000-01 

-PO«»+̂  1.50000 00 W5000O 00 UJOQOO 00 1.50000 OO 1.50000 00 1.50000 OO 



BU- 2.85000000 00 A20-1.000 A21-1 .000 PP- 1.93330 03 QLSUM- 1 ,95050-03 TM- 3 .66640 03 XLP- 2 .23740-01 NAX BURNUP- 3.19200000 00 

N XTC XTCLO 
I 717, 739, 
3—755.^ 7 7 9 , 
3 795o 820, 
4 836. 8 6 1 . 
5^-e75» » » 7 , 
6 909, 929, 
7 926, 926. 

TFO TFB TF 
798o 9 3 1 . 1056. 

« 2 7 , 845 . 994. 1134. 
871. 889. 1045, 1190. 

927, 1075, 1215. 
957. 1088. 1212, 
982o 1093, 1198. 
926, 0. 926, 

TCLI 
783 , 

909 , 
9 4 1 . 
968, 
926 , 

QR QL 
0 .006851 0.000235 
4>,4}0743& 0.^)00348^ 
0 .007981 0.000417 
0.007792 0.000403 
0.007155^ 0.OOO320 
0.006364 0.000227 
0 .002571 0 . 0 

PR 
9 .7840 02 
4.^0430 03 
1,0450 03 
1:0390 03 
9 .8900 02^ 
9.414D 02 
1.9330 03 

SP 
15828. 
15^2^,^-
15828. 
15828. 
15828. -
15828. 
15828. 

SH ST E ESM ET OVV FLUENCE 
7896. 23724. 6.8530-03 1.9460-03 8.7990-03 15.32 2.956 
8640, 34460.^-8.9490-0^-3.8310-03 1.2790-02 16.59—3.-3M-
8837. 24665. 1.0300-02 5.5770-03 1,5880-02 17,1:8 3»9W 
8398. 24225. 9,8650-03 5.5730-03 1.5440-02 16.88 3.419 
7485. 33313.^ 8,0440-03^ 4.0460-03 1.3110-03 15,85 a. 819 
6470. 22298. 5.7210-03 2.2120-03 7.9340-03 14,57 2.750 

0. 15828. 4.1360-03 1.2850-03 5.4210-03 0.0 0.0 

BU- 2.90000000 00 A20-1.000 A21-1.000 PP- 1.94840 03 QLSUM- 2.0273D-03 TM- 3.73080 03 XLP- 2,27110-01 NAX BURNUP- 3.24800000 00 

N XTC -XTCLO- TCLI 
1 717. 739, 783 , 
2 755. 779. 827, 
3- 795, e 2 0 , _ a 7 U 
4 836. 861 , 909, 
5 875, 897, 9 4 1 , 
4^ 9 0 9 , - 9 2 9 . 948. 
7 926. <»26, 926c 

TFO TFB TF 
7989 9 3 1 . 1056. 
845 . 994 , 1135. 
8 8 9 . - - 1 0 4 5 . - 1 1 9 2 , 
927. 1076, 1214, 
9 5 7 . 10S8. 1212. 
982^ 1093. 1199. 
926. 0 . 926. 

QR 
0.006965 
0.007756 
0,00814.2 
0.007920 
0 .007274 
0 .004470 
0.002648 

QL 
0.000245 
0.000362 
-0,000433 
0.000419 
0.000333 
4). 0002 34 
0.0 

PR 
9.8420 02 
1,0470 03 
4,0500 03 
1.0340 03 
9.9660 02 
9.5080 02 
1.948D 03 

SP 
15951. 
15951. 
05951,^-
19951. 
15951. 
15951, 
15951. 

SH 
7896. 
8640. 
8837, 
8398. 
7485. 
4470, 

0, 

ST 
23847, 
24591. 
.24788,-

-KH-
7 ,2830 -03 
9 .5320-03 
1 ,0950-02 

2 .0050-03 
3 .9370-03 
5 .7460-03 

OVV RWPiCt 
9 .2880-03 15.47 3.008 
1.3470-02 16,76 3,387 
1.6700-03 17,36—3»548-

24349. 
23436. 
^242 U 
15951. 

1,0480-03 
8 .5730-03 
4 , 0 8 3 0 - 0 3 

5,7410-03 
4 ,1680-03 
2 .2790-03 

1.6230-02 17,09 3»4T« 
1.274D-02 16*00 -3*t74 
8 .3420-03 14,71—3,^(98-

4 ,3970-03 1,3240-03 5 .7210-03 0 . 0 0 . 0 

95000000 00 A20-l»000 A 2 l * U 0 0 0 PP--U9474&-03^QCSUH--2, 11480-03 -

N XTC XTCLO TCLI TFO TFB TF QR 
1 717, 739, 783,^ 798e 9 3 1 . 1057. 0 . 0 0 7 0 7 8 
2 755, 779, 827. 845, 995, 1136. 0.007880 
3 795o 820. 8 7 1 . 889. 1046. 1193. 0 .008241 

-4- 834,— 841 . ,—909 . - 9 2 7 . 1077. 1217. 0 ,008047 
5 875, 897, 9 4 1 , 957. 1089. 1213. 0 .007391 
6 909, 929, 968, 982. 1093, 1200. 0 .006576 
7 926. 924. 926. 926. 0. 926. 0.OO3734 

QL 
X>,000354-
0.000378 
0.000451 
0.000436 
0.000347 
0.000246 

PR 
9,9180^02 
1.052D 03 
1.0530 03 

-4.0360 J 
1.0020 03 
9.5800 02 
1,9680 03 

SP 
14109, 
16109, 
16109. 
44109,-
16109. 
16109. 
14409, 

SH ST E 
7896. 34004. 7.7340^3 
8640, 24749. 
8837, 24946. 

-34504,^ 

1,0110-03 
1.1620-02 
U1130-02 

ESM ET O W FLSEKCE 
2 .0640-03 9 .7900-03 1 5 , 4 1 — » , M O -
4 . 0 5 3 0 - 0 3 1.4160-02 16.92 3.445 
5 .9160-03 1.7530-02 17.52 3,627 
5 .9110-03 1.7030-02 17 .22—3.^39-

7485 . 23594. 9,at960-03 4 .2930 -03 1.3390-02 14.15 3 .228 
6 4 7 0 , 33578. 4 , 4 5 7 0 - 0 3 3 .3470-03 8 .8030-03 14.83 3,044 

^>, 14109, 4 . 4 6 5 0 - 0 3 l , 343O '0» 4 , 0 3 9 0 - 0 3 0 , 0 0 . 0 — 

BU> 3c00000000 00 A20-lo000 A 2 1 - l , 0 0 0 99^ 1 .98710 03 QLSUM- 2 .2010D-03 TM- 3.85940 03 XLP- 2 .34350-01 MAX BURNUP- 3.34000000 00 

N 
1 
3 
3 
4 
5 
6 
7 

XTC 
717, 
755, 
795, 
836, 
875, 
909. 
926, 

XTCLO TCLI 
739, 783 , 
779 . 
820, 
8 6 1 . 

^ 9 7 . 
929, 
926 . 

8 2 7 , 
8 7 1 . 
909o 
941» 
968. 
926 . 

TFO 
798, 
845. 
889e 
927. 
957» 
98 2o 
926 . 

TFB 
932, 
995. 

1046. 
1077. 
1089. 
1094, 

0 , 

TF 
1058. 
1137. 
1194. 
1218. 
1214. 
1200. 

926, 

QR QL 
0 .007191 0.000268 
0.008004 -0.^)00393. 
0 .008370 0.000469 
0 .008173 0,000453 
0 ,007504 O.000361 
0 .006681 0.000257 
0.002822 0 . 0 

PR SP 
9 .9970 02 16269. 
1 .0580 03 16349. 
1.0620 03 16269. 
1,0380 03 16269. 
1 .0030-03 14249,-
9 ,6510 02 16269 , 
1,9870 03 16269. 

SH ST E ESH ET OVV FLVCNCE 
7896. 24165. 8 ,1820-03 2 .1240-03 1.0310-02 15.74 3 . t l 2 
8 4 4 0 , -24909, U 0 7 1 0 - 0 3 ^ ^ , 1 7 3 0 - 0 3 ^ , 4 8 8 0 - 0 2 17 .08—3,404-
8837. 25106. 1 .2300-02 6 .0890-03 1,8390-02 17.69 3.688 
8398. 24666, 1 ,1780-32 6 ,0840-03 1.7860-02 17.38 3.599 
7485. 23754. -9 .6340-03 4 , 4 1 7 0 - 0 3 1.4050-02 16.30 3,283 
6 4 7 0 , 22738. 4 . 8 4 1 0 - 0 3 2 ,4t9rHO» •4W'29«0-03 14.96 2»894 

0 , 16269. 4 , 9 4 2 0 - 0 3 1 .4030-03 4.345tM>3 0 ; 0 O.0 

4^ 

BU- 3,05000000 00 A20-1,000 A21«lo000 PP- 1.99990 03 QLSUM- 2c2890D-0J TM- 3 .92370 03 XLP- 2 .38770-01 MAX BURNUP- 3.41600000 00 

M^ XK- XTCLO TCLI 
1 717. 739, 783= 
2 755. 779. 827= 
3 795, 8 2 0 . 871c 
4 836. 861 , 909, 
5 875. 897, 941« 

TFO TFB 
798. 932, 
845c 996. 
889- 1047. 
927, 1078, 
957 , 1090, 

4 
7 

909. 
926 . 

929 . - - -568 . 9 8 2 , 1094. 
926. 926 . 926, 0. 

TF QR. - -QL - PR -
1059. 0.007303 0.000279 1,0070 03 
1138. 0 .008128 0.000409 1.064D 03 
1195. 0 .008499 0 .000488 1.0550 03 
1220. 0 .008299 0.000471 1,0390 03 
1215. 0 .007625 0.000375 1,0100 03 
1 2 0 1 , - 0 . 0 0 4 7 8 4 0,000267 9 .7320 OT 

924. 0 .002910 0 , 0 2 ,0000 03 

SP^ - -SH -ST- B- eSM - E T — 
16373. 7896. 24249. 8 ,6470-03 2 .1850-03 1.0830-03 19.90 3 .164 
16373. 8 6 4 0 , 25013. 1 ,1320-82 4 . 2 9 1 0 - 0 3 1.9610-02 17,39 3*942 
16373. 8837 . .35210, 1 .3000-03 4 , 2 4 3 0 - 0 3 1 .9360 -02 -17 ,87—9^9* * -
16373. 8 3 9 8 . 2 4 7 7 1 . 1 .2450-02 4 .2580-03 1.8710-02 17.54 3 .459 
16373, 7485. 23858. 1 .0180-02 4 .5430-03 1 .4730-02 16.46 3.338 
16373, 6470,-22843,—7»234a-!03-2» 4840-03 9.7180-03 15.10 2 .943-
16373. 0 , 14373. 9 , 2 3 9 0 - 0 3 1,4430-03 4 .6680 -03 0 . 0 0 . 0 



EXCESSIVE STRAIN AT N' 

BU 

N 
1 
2 
3 
4 
5 
4--
7 

- 3 lOOOOOOD 

xrx 
717, 
755, 
795. 
836, 
875. 

-909, -
926. 

XTCLO 
739, 
779. 
820 , 
861 . 
897. 

- 9 2 9 , -
926. 

00 A2O-lcOO0 A21 

TOLI 
783 , 
827c 
8 7 1 , 
909 . 
9 4 1 . 

- 9 4 8 . 
926 . 

TFO 
798 , 
845, 
889 . 
927. 
957o 
982 . 
926 , 

TFB 
933, 
997, 

1048. 
1078, 
1090, 

-1094, 
0 , 

' 1 , 0 0 0 

TF 
1060. 
1139. 
1197 . 
1 2 2 1 . 
1216. 
1202. 

926 . 

?P* 2.0219D 03 QLSUM- 2 .38370-03 TM-

QR QL 
0,007415 0.000292 
0 .008251 Or 000426 
0 .008627 0.000507 
0.008424 0.000490 
0 .007741 0.000390 
0.O0689O-0. 0002 74 
0.003005 0 . 0 

PR 
1.0150 03 
1,0670 03 
1,0550 03 
1,042D 03 
1.0150 03 
9 ,8410 02 
2.0220 03 

S? 
16553. 
16553. 
16553. 
16553, 
16553, 
14553 . -
16553. 

3.98810 03 X 

SH 
7896. 
8640. 
8837, 
8398. 
7485. 
4470 , 

0 , 

ST 
24449. 
25194. 
25391. 
24951 . 
24038. 
33033. 
16553. 

.P« 2 .42570-01 MAX BURNUP- 3.47200000 00 

£ ESM C7 OW FLUENCE 
9.1280-03 2.3470-03 1,1370-02 16.03 3 .215 
1,1950-02 4 .4120-03 1,4360-02 17.40 3 .620 
1.3720-02 4 ,4400-03 -2 ,0140-03 18,04 3 . 8 H 
1.3140-02 6 .4350-03 1.9570-02 17.71 3 .719 
1.0750-02 4 .6710-03 1.5430-02 16.60 3.393 

5,5160-03 1.4840-03 7 ,0000-03 0 . 0 0»« 

BU 

- 3 -

• 3,10000000 

XTC 
717: 
755,^ 
795, 
836, 

- 8 7 5 . . 
909, 
926 , 

XTCLO 
739 . 
7 7 9 . 
820. 
8 6 1 . 
897, 
929, 
926 . 

BEMOO-I INPUT 

00 A20- lo000 A21» 

TCLI TFO TFB 
7830 
8 2 7 , 
8 7 1 , 
909e 
9 4 1 , 
968 . 
926 . 

798c 
845-
889, 
927 , 
9 5 7 , 
982 , 
926o 

933, 
997 , 

1048, 
1078, 
1090 . 
1094. 

0 . 

FOft A 
Al 

«1.000 

TF 
1060. 1 
1139. ( 
1197. ( 
1 2 2 1 . ( 
1 2 1 4 , ( 
1202. ( 

926 . ( 

TERMINAL CONDITIONS FOR 
INPUT FOft A HARK I-A FUEL PIN IN ROM 1 - 222 DELTA T - 4 2 . 5 NH 

ARE AS FOLLOMS (LAST ROM MEANS PLENUMI 

PP- 2.0219D 03 QLSUM- 2,38370-03 TM- 3.98810 03 XLP- 2.42570-01 MAX BURNUP- 3.47200000 00 
4> 

QR QL 
0.007415 0,000292 1, 
0.O083»l ^>. 000434^- 1 , 
0 .008427 0.000507 1, 
0 .008424 0.000490 1, 
0 ,007741 0.000390 1, 

PR SP 
0150 03 16553. 
047D 03 14553. 
0550 03 16553. 
0420 03 16553. 
0150 03 16553, 

0.006690 0.000278 
0.003005 0 . 0 

9 , 
2. 

8110 02 16553. 
0230 03 16553. 

SH ST E ESH ET OVV FfcWHiee 
7894. 34449. 9 .1380-03 2 .2470-03 Uf3TD-02 14 .03 - ^ t t 9 
8 4 4 0 . - 2 5 1 9 V 1.1950-02 4 .4130-03 -1 .4340-02 1? .40^9»820 
8837. 35391. 1.3720-02 6 .4400-03 2 .0160-02 18.04 3.811 
8398, 24951. 1.3140-02 6.43SD-03 1,9570-02 17,71 3 .719 
7485. 24038, 1 .0750-03 4 .4710-03 1.5420-03 16.40 3 ,392 
6470. 23023. 7 .6400-03 2.5540-03 U0X90-02 19.22 2.991 

0 . 16553. 5 .5160-03 1.4840-03 7.000O-03 0 . 0 0 , 0 
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?5 

•<i) «AX <;E"' *••" 
MHCXAL R F A C T O 
Bl&MKFT « / A I N 

T C I V 
7 . D D 0 0 0 0 2 

5 D E r r f N ' - Tn-AL OEf^A 0 / 0 SE'̂  A"' 
OPE'A'I ' '^' A'' 50 MW - BLANKET c /A 
pn<T"inN 7N4 - 50 KW - 191 OELTA ^ 

.02 

XI POP Al 
3.5''POP 00 9.1R00D no 

A14 Al 5 
9.5OOP0 04 - l . D f i 5 0 D - P 2 

A'^ 4->4 
O.O 

A4^ A44 
1 . 4 5 0 0 0 05 - 4 . 4 4 0 0 0 - 0 4 

A54 A55 
4.53S00 06 - 2 . 3 7 0 0 0 - 0 4 

A401 A40-> 
5.B0O0P pi; 2 . 2 4 3 0 0 04 

00p OP 30 
5 .T2O00 03 2 . 3 0 o p n ^3 

tr Ml -IDL M T l v ? 

2 3 R r 1 

Gl G2 
l . o p p o n 0 3 r . o 

G"0 G«l 
4.?0OOO-02 4.DP00D-O2 

O E L T . 
1 . 9 1 0 0 0 0 2 

A2 
4 . 5 9 0 0 0 - 0 4 

A ' 5 
4 . 1 6 0 0 0 - 0 2 

A ' 5 
0 . 0 

A t " 
9 . 3 2 9 0 0 - 3 < , 

A56 
0 . - ) 

XI r I 
0 . 0 

ppa.M 

5 . 7 2 0 O O 0? 

r,A«"A F^AC 
2 . 0 P 0 O 0 - 0 1 

GR 
l . O P P P O r o 

• ' I 
9 . 0 0 0 0 0 - 0 1 

OOPP 
4 . 9 3 0 0 0 - 0 1 

A3 
1 . O B 7 0 0 0 1 

A? 6 
5 . 0 0 0 0 0 - 0 3 

A->6 
0 . 0 

A46 
2 . 9 5 0 0 0 0 7 

A5T 
0 . 0 

XW'A 

•^FLX 
4 . 4 6 0 P O 14 

OFOI 
9 . 4 S C 0 P - 0 1 

PG 
1 . 4 C P 0 O 0 2 

" 2 
l . p o o p p 0 0 

Hr 
5 . 4 5 0 0 0 

A4 
0 . 0 

0 . 0 

A37 
0 . 0 

A47 
- 2 . 3 7 3 0 0 -

A5a 
• 0 . 0 

XMF 
P.O 

BIIMAX 
= . 0 0 0 0 0 -

0 4 

04 

0 1 

0"F 
4 . 3 3 0 0 0 - 0 1 

0 . 0 

F G f ? 

l .OOPOO 0 0 

XLFPP 
5 . 5 0 0 0 0 0 1 

A5 
4 . 7 9 0 0 0 - 2 2 

A28 
1 . 3 5 6 0 5 0 1 

A38 
4 . 6 7 0 0 0 0 2 

A48 
O.P 

AA20 
l .POOOO 0 0 

c u - H F 

0 . 0 

F^AXl 
K . O P 0 0 O - P 2 

TR 
0 . 0 

XVII 
3 . P 0 0 O 0 - 0 1 

• F B I 
1 . 2 0 0 0 0 0 0 

DPPP 
4 . 5 7 0 0 0 - 0 1 

A6 
2 . 3 2 X 0 0 

A20 
5 . 4 8 0 0 0 -

A39 
- 2 . 6 7 0 0 0 -

A49 

- 5 . 4 X 0 0 0 -

AA2X 
I .OOOOD 

0 0 

0 4 

•04 

0 1 

0 0 

lOPT ICALC I 
0 1 

TFMAX 
1 . 4 0 0 0 0 

GT 
0 . 0 

PMAX 
X.oooon 

TFB2 
- 1 . 2 1 0 0 0 -

0 3 

0 3 

- 0 4 

AF 
2 . 7 0 0 0 0 - o i 

A9 
6 . 0 1 5 0 0 - 1 2 

A 3 0 
8 . 7 7 8 0 0 - 0 6 

A40 
- 2 . 2 6 2 0 0 0 1 

A50 
9 . 2 2 0 0 0 - 0 1 

AB20 
1 . 0 0 0 0 0 0 0 

FCB 
4 . 8 3 0 0 0 20 

A I 2 
7 . 5 0 0 0 0 OX 

A3X 
I - 6 7 O O D - 0 4 

A4X 
7 . 0 0 0 0 0 0 0 

A5X 
3 . 0 0 0 0 0 0 0 

AB21 
I . 3 0 0 0 0 0 0 

OLTRU 
0 . 0 

AX3 
- 8 . 3 8 2 2 0 

A32 
0 . 0 

A 4 2 
- 8 . 6 0 5 9 0 

A 53 
0 . 0 

A 3 0 0 
0 . 0 

"LTX IO<:WL IHXW« JFUFL FPPNT 
0 0 0 1 X 

Al ' N A 
6 . 4 2 0 0 0 - 0 " ; 

m o p 

3 . 0 

TFBL 
7 . 8 O 0 0 0 0 2 

TFB3 
8 . 9 5 0 0 0 0 2 

PPP 

1 . 2 0 0 0 D 01 

EP«1 
X . 0 0 0 3 0 - 0 3 

TFBH 
X . 0 X 0 0 0 0 3 

T F e 4 
2 . 5 0 0 0 0 02 

XLNAO 
8 . 7 9 0 0 0 -

FPS2 
5 . 0 0 0 0 0 -

TFB5 

7 . 5 0 0 0 0 -

0 0 

04 

•01 

•04 

• 0 5 

00 

Tp' ( I ) = •>.90000 07 5.4030"! 02 7 . Q 0 0 0 0 07 X . P 4 0 0 0 P3 1 . 1 6 5 0 0 O'̂  X . 2 4 0 0 0 0 3 X . 7 6 5 0 0 0 3 1 .4X500 03 

r i ( I ) = 2 . 3 0 0 0 0 - 0 ' t . O r c O O - O ' 6 . 5 0 0 0 0 - 0 3 C . 6 0 0 P 0 - P 3 I . J P O O O - 0 7 1 . 7 0 0 0 0 - 0 2 X .600OD-02 X . 7 4 P 0 D - 0 2 

0 ( » ) •5.0POCD-P2 5 . 0 0 0 0 0 - 0 7 R . 0 0 0 0 0 - 0 2 X.OOOOO-OX X.20O30-OX X.40000-OX X.60OPD-0X 2 . 0 0 0 0 0 - 0 1 2 . 6 0 0 0 0 - 0 1 3 . 6 0 0 0 0 - 0 1 
0 ( M 5 . 3 ? P " D - 0 1 7 . 1 0 0 0 o - r i X.X4O0D 00 2 . 2 0 O 0 0 OQ 2 . 9 3 0 C 0 00 3 . 2 4 0 0 0 00 3 . 4 0 0 0 0 0 0 3 . 4 6 0 0 P 00 3 . 4 0 0 0 0 00 3 . 2 4 0 0 0 00 
QC) 2 . 9 3 0 0 0 00 7 . ^ 0 0 0 0 r o 1 . 1 4 0 0 0 00 7 . 1 0 0 0 0 - 0 1 5 . 0 0 0 3 0 - 0 1 ' . 6 0 0 0 0 - 0 1 7 . 6 0 0 0 D - 0 1 2 . 0 0 0 0 0 - 0 ! 1 . 6 0 0 0 0 - 0 1 1 . 4 0 0 0 0 - 0 1 
0(^1) X.2PO0O-OX I . 0 0 O 0 3 - 0 X 8 . 0 0 0 0 0 - 0 ^ 6 . 0 0 0 0 0 - 0 ? 5 . 0 O 0 P 0 - 0 ? 

OFFLXM') 5 . O P O 0 0 - 0 - 6 . 0 C 3 P O - 0 2 B.OOnoO-O? X.OOOPD-OX X.2000D-OX X . 4 0 P 0 O - 0 1 X.60000-OX 2.O0OO0-OX 2 . 6 0 0 0 0 - 0 1 3 . 6 0 0 0 0 - 0 1 
OFFLX('i) 5 . • ^ 3 0 3 0 - 0 1 7 . i c o o - i - " l 1 . 1 4 C 0 P 00 2 .700CO 00 2 . 9 3 C 0 3 00 3 . 2 4 0 0 O 00 3 . 4 0 0 0 0 00 3 . 4 6 0 0 0 00 3 . 4 0 3 0 0 00 3 . 2 4 0 0 0 00 
OFFLXIM) ?.o-)000 00 2 . 7 0 0 0 0 00 1 . 1 4 0 0 0 PO T.IOOOD-OI 5 . 0 P 0 3 D - 0 1 ' . 6 0 0 0 0 - 0 1 7 . 6 0 0 0 0 - 0 1 7 . 0 0 0 0 P - 0 1 1 . 6 0 0 0 0 - 0 1 1 . 4 0 0 0 0 - 0 1 
CFFLX(»1) X . 2 0 0 0 0 - 0 1 1 . P 0 0 0 3 - P 1 P.OOOOO-0? 6 . 0 0 0 0 0 - 0 2 5 . 0 0 0 0 0 - 0 2 5 . 0 0 0 0 0 - 0 2 

PO(K') 1.-50000 00 1 . 5 0 0 0 3 r o 1 . 5 0 0 0 P 00 1 . 5 0 0 0 0 0 0 1 . 5 0 0 0 0 0 0 1 . 5 0 0 0 0 30 1 . 5 3 0 0 0 00 1 . 5 0 0 0 0 00 1 . 5 0 0 0 0 00 1 . 5 0 0 0 0 00 
Pf'C ) 1 . 5 0 P 3 0 r": l . -^^opg po l . ' 5 3 0 0 r PO 1 . 5 0 0 0 P 0 0 1 . 5 0 0 0 0 00 1 . 5 0 0 0 0 00 1 . 5 0 0 0 0 00 l.'^PPOO 03 1.500OO OP l.-^OOOO 00 
P-i(") 1 . 5 0 r o o 00 1.5POOT f p 1 . 5 0 0 0 P 00 1 . 5 0 0 0 0 OO 1 . 5 0 0 r o 00 1 . 5 0 0 0 0 00 1 . 5 0 0 0 0 00 1 . 5 0 0 0 0 00 1 . 5 0 0 0 0 00 1."50000 oo 
p i ( » ) X.50POD op 1.5PO0D 0 0 X . 5 0 0 0 0 00 X . 5 0 0 0 0 0 0 X . 5 0 0 0 0 00 



811= 1 . 4 3 3 3 1 1 3 0 - 0 1 A 2 0 = 1 . 0 0 0 A 2 1 = 1 . 0 0 0 PP= X . 9 5 5 6 0 02 OL'^H'^^ 2 . 7 5 9 T 0 - 0 3 TM= 1 . 3 4 0 0 0 34 XI P= 5 . 9 9 4 9 0 - 0 1 «AX BJPNUP= 4 . 9 5 9 3 3 3 3 D - 0 X 

311= " . 4 4 1 6 6 6 7 0 - 0 1 A^P^- .OOO A ' ! = ' . 0 0 0 PP= 1 . 9 6 8 7 0 37 0| •: 1 j , 2 . ' 4 9 1 0 - 0 ' ""'= 1 . 3 4 7 8 0 04 v i P = T . O X « P D - 0 1 MAX Pl)PNUO= 4 . 9 8 8 X 6 5 7 D - 0 X 

Bl l - 1 . 4 5 P 0 P O O P - 0 1 A20 = 1 . 0 0 P A2X = X . 0 0 O P0« 1 . 9 7 4 4 0 07 qL^ir«= ? . ' 6 ' 7 D - P 3 ' M ^ 1 . ' 5 5 6 0 0 4 X L ' ' 7 . 0 X 0 9 0 - 0 1 MAX BUPMUo= 5 . 0 1 7 0 0 0 0 D - O X 

M" F A I L ' I ^ F l|o T - RO = 1 . ( , 5 3 0 3 0 1 0 - 0 1 " « » 1 . 3 5 5 6 0 0 4 

-FOMINAL f O M P I T I O M S pop 
Bl A v « E ' < /A I^ ' ? n S I T I O ^ ' 7>J4 _ so ^W - X9X P E I T A T 

AFC A« F"Llow<: f l A S ' '"'W " F A N ' P I F N U " ! 

Pii= i . i ' ; r < o o o p o - o i A Z P r l . o n n A ? l = 1 . 0 0 0 PP= 1 . 9 7 4 4 0 0 2 0!.«|.i»= 2 . 3 6 2 7 0 - 0 3 "-' 1 . 3 5 5 6 0 3 4 XI P = 7 . 0 I 0 9 0 - 0 X «AX BIIPWI)P= 5 . 0 1 7 0 0 0 0 D - 0 X 

<•! 

I 

2 

3 

4 

5 

6 

7 

8 

9 

1 3 

I I 

X 2 

1 3 

X 4 

1 5 

1 6 

1 7 

1 8 

1 9 

2 0 

7 1 

2 2 

2 3 

7 4 

2 5 

2 6 

2 7 

2 8 

7 0 

3 0 

3 1 

3 2 
•^% 

3 4 

3 5 

3 6 

X-'C 
7 3 0 . 
7 r o . 
70 X. 
- ' P I . 
7 0 ? . 
7 3 3 . 
7 0 ' . 
7 0 4 , 
7 0 6 . 
7 0 7 . 
71 P. 
7 " . 

7 1 8 . 
72 7 . 
7 4 1 . 
' 5 8 . 
' 7 6 . 
7 9 5 . 
PI 4 . 
8 3 ' . 
S 4 0 . 
" S I . 
3 7 2 . 
8 7 7 . 
feo. 
8 8 2 . 
8 1 4 . 
8 8 5 . 
8 8 6 . 
<'P7. 
8 0 8 . 
•^88. 
o ro^ 
T i g . 
8 ^ 0 . 
QOp. 

X T F L " 
7 P 3 . 
7 0 0 . 
7 0 1 . 
7 0 1 . 
7 0 7 . 
7 0 3 . 
7 0 4 . 
7 3 5 . 
7 P 6 . 
7 ' ' 8 . 
7 1 P . 
7 ) 4 . 
7 1 7 . 
7 2 9 . 
7 4 4 . 
7 6 1 . 
7 7 9 . 
7 9 8 . 
8 1 5 . 
8 ' 4 . 
B"!! , 
8 6 4 . 
8 7 3 . 
8 7 7 . 
8 8 3 . 
8 8 3 . 
8< '4 . 
« P 5 . 
8 8 6 . 
8 P 7 . 
P O " . 
8 0 8 . 
B 8 0 , 
B P 9 . 
8 9 3 . 
P 9 0 . 

TCI 1 
7 0 0 . 
7 0 1 . 
7 ' ' 1 . 
7 0 2 . 
7 3 3 . 
7 3 4 . 
7 0 4 . 
7 0 6 . 
7 3 7 . 
7 1 0 . 
7 1 3 . 
7 1 8 . 
7 7 5 . 
7 4 1 . 
7 5 0 . 
7 7 9 . 
7 0 8 . 
8 1 7 . 
8 3 5 . 
8 5 7 . 
8 5 7 . 
8 7 6 . 
8 7 9 . 
8 8 1 . 
8 8 3 , 
B 9 5 , 
B 8 6 . 
8 « 7 , 
«8 7 , 
8 3 8 , 
8<>o, 
8 8 9 . 
a a q . 
8 9 0 . 
8 9 0 . 
' 9 0 , 

T F " 

7 0 1 . 
7 0 1 . 
7 0 1 . 
7 0 2 . 
7 0 3 . 
70<v. 
7 P 5 . 
7 0 5 . 
7 0 0 . 
7 1 0 . 
7 1 3 . 
7 1 8 . 
7 ? 7 . 
7 4 3 . 
7 6 ' . 
7 0 7 . 
8 3 1 . 
' ' 7 0 . 
8 1 8 . 
8"=5. 
8 7 0 . 
P 7 8 . 
8 8 0 . 
0 8 7 , 
8 I 4 . 
8 8 5 . 
8 8 6 . 
8 8 7 , 
8 0 7 . 
88 8 . 
8 0 9 . 
8 8 9 . 
8 8 9 , 
P 9 0 . 
8 9 0 . 
8 9 0 . 

T F B 

7 P X . 
7 0 2 . 
7 0 2 . 
7 " ' . 
7 0 4 . 
7 0 5 , 
7 ( 7 , 
' O O , 
7 ' 1 , 
' 1 4 , 
7 1 ° . 
7 ' ' 7 , 
7 4 0 . 
7 ' . 9 , 
7 P 7 , 
« 1 C . 
8 4 0 . 
rbr. 
P 7 7 , 
8 0 . - . 

°C. 
9 0 1 . 

P 0 3 . 
8 0 O . 
8 8 9 . 
8 8 9 , 
0 8 9 , 
8 8 9 , 
8 8 9 , 
8 9 P , 

e"o. 
P 9 0 . 
8 9 0 . 
p o o . 
8 5 P . 

P . 

T F 

7 0 2 . 
7 0 2 . 
7 0 3 . 
7 0 4 . 
7 0 6 . 
7 0 7 . 
7 0 9 . 
7 1 1 . 
7 1 4 . 
7 1 9 . 
7 2 5 . 
7 ' E . 
7 5 4 . 
7 9 5 . 
" ' 1 . 
P 5 7 . 
8 7 9 . 
8 9 9 . 
9 1 5 . 
9 ? 8 . 
9 ' 5 . 
9 2 8 . 
9 0 5 . 
8 9 8 . 
8 9 5 . 
8 9 3 . 

8 9 7 . 
8 9 1 . 
8 9 1 . 
8 9 1 . 
8 9 X -
8 9 X . 
0 9 X . 
0 9 1 . 
8 9 1 . 
8 9 0 , 

0 7 

o . p o o i ' i 
0 . P P P 1 6 0 
0 . 3 0 0 2 X 3 
0 . P r O 2 6 7 
0 . 0 0 0 3 2 0 
3 . P C 0 " * 
O . P 0 O 4 7 7 
0 . 0 0 0 5 3 4 
O.OOO604 
O .0PO96X 
0 . " 0 X 3 3 4 
0 . 0 0 1 8 9 5 
O . O P 3 0 4 2 
O . 0 0 5 8 7 X 
0 . 3 P 7 6 5 0 
0 . P 0 8 4 O 1 
0 . " 0 8 7 5 6 
0 . 0 P 8 8 6 1 
0 , 0 0 8 6 8 9 
0 . 0 0 8 7 9 6 
0 . P 0 7 5 ' 7 
O . 0 O 5 6 5 8 
0 . 0 P 3 O 1 3 
0 . 0 0 1 8 9 5 
0 . 0 0 1 3 3 4 
0 . 3 0 O 9 6 1 
0 . 0 0 0 6 9 4 
0 . 0 O 0 5 3 4 
0 . o r 0 4 7 7 
O . O P O ' 7 4 
O . 0 O O 3 2 0 
O . O 0 0 2 6 7 
0 . 0 0 P 2 1 3 
O . O P 0 1 6 0 
O . O O P I ' 3 
0 . 0 0 9 5 6 9 

OL 

C O 

P . O 

0 . 0 

0 . 0 

0 . 0 

O . P 
0 . 0 

0 . 0 

r.o 
O . P 
O . O 

0 , 0 

0 , 0 

0 , 0 

0 , 0 3 0 1 5 3 
0 , 0 0 0 2 4 6 
0 . 0 0 0 ' 1 7 
0 . 0 0 0 3 7 7 
0 . 0 0 0 1 8 4 
O . n 0 0 ' " : 3 
0 . 0 3 0 7 8 ' 
0 , 0 0 0 2 1 3 
0 , 0 0 0 0 2 9 
0 , 0 

0 , 0 

0 , 0 

0 , 0 

0 , 0 
0 , 0 
0 , 0 
0 . 0 
0 . 0 
0 . 0 
O . P 
0 . 0 
O.P 

oc 

- 1 , 0 X 2 P 
- X , 0 X 7 P 
- x , r i o D 
- 1 , 0 0 5 0 
- 1 , 0 0 7 P 
- 1 , 3 0 5 0 
- 1 . 0 P 4 0 
- 1 , 0 0 1 0 
- 9 , 9 5 8 0 
- 9 , 8 7 6 0 
- 9 , 7 4 8 n 
- 9 , ' ; 7 3 0 
- 8 , 8 5 ' o 
- 5 , 0 6 6 0 

2 , 7 S 4 0 
5 . 1 7 6 0 
6 , " 3 0 
7 , 1 ' 8 0 
7 , 3 4 8 1 
7 , ? 0 7 O 
6 , 6 0 1 0 
5 , 0 0 3 0 
1 . 7 3 4 0 
1 . 5 ' 5 2 0 

- 6 . 2 2 7 0 
- 1 . 1 5 1 0 
- 1 . 5 2 9 0 
- 1 . 7 ' ; 6 0 
- 1 . 9 0 7 0 
- 1 . 9 B ' 0 
- 2 . 0 6 0 0 
- 2 . X 3 9 0 
- 7 . 2 1 9 0 
- 2 . 3 0 7 P 
- 7 . ' 5 1 0 

X . 9 7 4 0 

0 5 

0 5 

0 5 

0 5 
0 5 

0 5 

P 5 

0 5 

0 4 

P 4 

0 4 
0 4 

0 4 

0 4 

-? 

0 ? 

0 7 

0 7 

0 2 
o*? 

P -

»2 

0 2 

0 1 

' • 1 

0 7 

r^? 
0 2 

P 7 

P ' 

0 7 

0 2 

" 7 

0 7 
0 7 

0 7 

SO 

7 3 0 2 . 
2 3 9 2 . 
2 3 9 2 . 
7 3 9 2 . 
2 3 9 2 . 
7 3 < " . 
2 3 9 2 . 
7 3 9 2 . 
7 1 0 7 . 
7 3 0 2 . 
2 3 9 2 . 
' 3 9 2 . 
2 3 9 7 . 
7 3 9 2 . 

3 3 ' 5 i . 
6 3 0 2 . 
7 8 ' 7 . 
0 6 9 0 . 
8 9 5 5 . 
0 7 8 2 . 
0 0 4 ' , 
6 0 9 0 , 
2 3 9 2 . 
7 3 9 2 . 
2 3 9 2 , 
7 ' 9 7 , 

7 3 9 7 , 
2 3 9 2 , 
2 3 9 7 , 
7 3 ° 2 , 
7 3 0 2 , 
7 - 9 2 , 
2 ' 9 ? , 
' 3 9 2 , 
" 9 7 , 
7 3 9 2 , 

S H 

5 3 . 

6 ' , 

8 4 . 

1 0 5 . 
1 2 6 . 
1 4 7 . 
X 6 8 . 
2 X 0 . 
7 7 1 , 
3 7 7 . 
5 2 3 , 
7 4 0 , 

X X 8 3 , 
2 2 6 3 , 
7 9 8 0 , 
3 2 5 6 , 
" 7 4 , 
3 3 9 0 , 
3 2 9 0 , 
' 0 9 8 . 
7 7 7 7 . 
2 0 6 5 . 
X 0 6 6 . 

5 6 3 . 
4 6 6 . 
3 1 5 . 
2 4 2 . 
1 8 6 . 
X 4 9 . 
1 3 0 . 
1 1 1 . 

9 3 . 

7 4 . 

5 6 . 

4 6 . 

0 . 

<;T 

7 4 4 4 . 
7 4 5 5 . 
7 4 7 6 . 
2 4 9 7 . 
2 5 1 8 . 
2 5 3 9 . 
2 5 5 0 . 
2 6 0 2 . 
7 6 6 i . 
2 7 6 9 . 
2 9 1 4 . 
1 1 ' 7 . 
3 5 7 4 . 
4 6 5 4 . 
6 3 3 6 . 
9 5 5 8 . 

X 1 7 1 1 . 
1 2 0 8 3 . 
1 2 2 4 5 . 
1 1 8 8 0 . 
1 0 8 1 4 . 

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

E 
1 . 1 0 6 0 - 3 6 
1 . 4 7 1 0 - 0 6 
1 . 8 9 8 0 - 0 6 
7 . 3 7 2 0 - 0 6 
2 . 8 4 7 0 - 0 6 
' . ' 7 1 0 - 0 6 
3 . 7 9 6 D - 3 6 
4 . 7 4 5 0 - 3 5 
6 . 1 6 8 0 - 3 6 
8 . 5 4 P 0 - O 6 
1 . 1 8 6 0 - 0 5 
1 . 6 8 4 0 - 0 5 
2 . T 0 4 D - 3 5 
5 . 2 1 9 0 - 0 " ; 
P . » 5 5 p - n 5 
8 , 3 0 8 0 - 3 4 
7 , 1 7 8 0 - 0 3 
3 , 4 7 5 0 - 0 3 
3 . 0 8 9 0 - 0 3 
3 . 4 1 9 0 - 0 3 
2 . 1 8 0 0 - 0 3 
• : . 7 0 8 P - 3 4 
7 . 7 0 4 0 - 0 5 
1 . 6 8 4 0 - 0 5 
1 . 1 8 5 0 - 0 5 
8 . 5 4 1 0 - 0 6 
6 . 1 6 8 0 - 3 6 
4 . 7 4 5 0 - 3 6 
3 . 7 9 6 0 - 0 6 
3 , 3 7 1 0 - 0 6 
2 , 8 4 7 0 - 3 6 
' , 1 7 7 0 - 0 6 
1 , 8 9 8 0 - 0 6 
1 , 4 7 3 0 - 0 6 
1 , 1 8 6 0 - 0 6 
1 . 1 8 6 0 - 0 6 

E « W 

5 . 5 0 8 0 - 0 6 
8 . 9 1 7 0 - 0 6 
1 . 4 5 5 0 - 0 5 
7 . 1 5 7 0 - 0 5 
2 . 9 5 4 0 - 0 5 
3 . 8 8 7 0 - 0 5 
4 . 9 2 4 0 - 0 5 
7 . 2 3 7 0 - 0 5 
1 . 1 5 7 0 - 0 4 
2 . 0 5 6 0 - 0 4 
3 . 6 9 8 0 - 0 4 
6 . 9 7 7 0 - 0 4 
1.6"; 7 0 - 0 3 
5 . 6 3 6 0 - 0 3 
1 . 0 3 2 0 - 0 2 
1 . 3 6 7 0 - 0 2 
1 . 6 1 4 0 - 0 2 
1 . 8 2 8 0 - 0 2 
1 . 8 9 5 0 - 0 2 
1 . 8 3 7 0 - 0 2 
1 . 5 0 4 0 - 0 7 
1 . 3 0 4 0 - 0 2 
3 . 7 9 0 0 - 0 ' 
1 . 4 7 2 0 - 0 3 
8 . 1 0 9 0 - 0 4 
4 . 6 " ; D - 0 4 

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

F T 

7 . 6 9 4 . 0 - 0 6 
1 . 0 ' 4 0 - 0 5 
1 . 6 5 4 0 - 0 5 
2 . 3 9 4 0 - 0 5 
3 . 2 4 9 0 - 0 5 
4 . 7 1 0 0 - 0 5 
5 . 3 0 4 P - 0 5 
7 . 7 6 2 0 - 0 5 
X. 7 1 9 0 - 0 4 
2 . 1 4 1 0 - 0 4 
1 . 8 1 7 0 - 0 4 
7 . 1 4 6 0 - 0 4 
1 . 6 8 4 0 - 0 3 
5 . 6 8 0 0 - 0 1 
1 . 0 4 1 0 - 0 2 
I . 4 5 0 0 - 0 2 
1 . 8 5 7 0 - 0 7 
2 . 1 7 6 0 - 0 2 
2 . 2 8 4 0 - 0 2 
7 . 1 8 0 0 - 0 2 
1 . 8 2 2 0 - 0 2 
1 . 0 6 1 0 - 0 2 
1 . 1 1 7 0 - 0 ' 
1 . 4 8 0 0 - 0 3 
8 . 2 2 0 0 - 0 4 
4 . 7 ? 1 0 - 0 ' 
2 . 7 2 3 0 - 0 4 
l , 7 4 9 D - 0 t 
1 . 2 0 1 0 - 0 4 
9 . 5 9 6 0 - 0 5 
7 . 4 0 8 0 - 0 5 
5 .45" ; 0 - 0 5 
3 . 7 5 4 p - 0 « ; 
2 . 3 2 3 0 - 0 5 
1 . 7 1 5 0 - 0 5 
1 . 7 1 5 0 - 0 5 

DVV FLUENCE 
0 , 0 4 
0 . 0 5 
0 . 0 5 
0 . 0 8 
0 . 1 0 
O . l l 
0 . 1 3 
0 . 1 7 
0 . 2 3 
0 . 3 3 
0 . 5 0 
0 . 8 1 
1 . 7 5 
5 . 9 7 

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

7 . 3 0 
5 . 1 4 
' . 7 0 
2 . 6 7 
2 . 0 5 
1 . 6 4 
1 . 4 4 
1 . 2 3 
1 . 0 1 
0 . 8 2 
0 . 5 2 
0 . 5 1 
0 . 0 

0 . 1 0 9 
0 . X 3 X 
0 . 1 7 4 
0 . 2 1 8 
0 . 2 6 1 
0 . 3 0 5 
0 . 3 4 8 
0 . 4 3 5 
0 . 5 5 5 
0 . 7 8 4 
1 . 0 8 8 
1 . 5 4 5 
2 . 4 8 1 
4 . 7 8 8 
6 . 3 7 7 
7 . 0 5 2 
7 . 4 0 0 
7 . 5 3 1 
7 . 4 0 0 
7 . 0 5 2 
6 . 3 7 7 
4 . 7 8 8 
2 . 4 8 1 
1 . 5 4 5 
1 . 0 8 8 
0 . 7 8 4 
0 . 5 6 5 
0 . 4 3 5 
0 . 3 4 8 
0 . 3 0 5 
0 . 2 5 X 
0 . 2 1 8 
0 . 1 7 4 
0 . 1 3 1 
0 . 1 0 9 
0 . 0 
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91'= 1 . 4 5 0 0 2 0 ) 0 - 0 ] A70 = ' . 0 0 0 A 7 1 = 1 . 0 0 0 Po= 1 . 9 6 9 2 0 0 7 01 SUM= 2 . 1 6 5 9 0 - 0 3 Tw= 1 . 3 5 5 6 0 04 XI o= 7 . 0 3 0 5 0 - 0 1 "AX BU»NI)P= 5 . 0 1 7 0 6 9 5 D - 0 X 

811= 1 . 4 5 0 0 4 0 X 0 - 3 1 A2r = 1 . 0 0 0 A21 = X . 3 0 0 PP= X . 9 7 2 2 0 0 2 3 L ' ' ) " = 2 . 3 8 5 9 0 - 0 3 T M = 1 . 3 5 5 5 0 04 XLP= 7 . 0 1 4 3 0 - O X MAX BUPNIIP= 5 . 0 1 7 1 3 8 7 0 - 0 1 

BU= 1 . 4 5 0 0 5 0 0 0 - 0 1 A2O = 1 . 0 0 3 A 2 1 = X .0OO PP= X . 9 7 3 4 0 0 2 3L «l)M= 2 . 3 8 6 1 3 - 0 3 -"= 1 . 3 5 5 7 0 04 XLO= 7 . 0 3 0 7 0 - 0 1 MAX 8UPNUP= 5 . 0 1 7 2 0 7 7 0 - O X 

811= 1 . 4 5 O 0 8 P 0 0 - P 1 A20 = 1 . 0 0 0 A21 = 1 . 0 0 0 ""= 1.97340 02 OL?'IM= 7.38620-03 TM= 1.35570 04 XI P= 7.03070-01 MAX BUPNI)P= 5.0172 7590-01 

Bll= 1.45010000-01 A70 = ! .000 A21 = X.000 PP= X.97340 07 0LSI|W= 2.38520-03 TM= 1.35570 04 XLP= 7.03070-01 MAX BI)PNMP= 5. OX73450D-0X 

M 

1 

2 

3 

4 

5 

5 

7 

3 

9 

1 0 

X I 

X 2 

1 3 

X 4 

X 5 

1 6 

1 7 

1 8 

1 9 

2 0 

2 X 

7 2 

7 3 
2 4 

7 5 

2 6 

2 7 

2 8 

2 9 

3 0 

3 1 

3 2 

3 3 

3 4 

3 5 

3 6 

X ' C 

7 P 0 . 
7 0 0 . 
7 P 1 . 
7 0 1 . 
' 0 7 . 
7 0 3 . 
7 0 1 . 
7 0 4 . 
7 0 6 . 
70 7 . 
7 1 P . 
7 1 3 . 
' 1 8 . 
7 2 7 . 
7 4 1 . 
7 5 8 . 
7 7 6 . 
7 9 5 . 
3 1 4 . 
8 3 2 . 
8 4 9 . 
P 6 3 . 
0 7 7 . 
0 7 7 . 
8 8 0 . 
9 0 7 . 
8 8 4 . 
88 5 . 
0 8 6 . 
8 8 7 . 
" 0 8 . 
P 8 8 . 
8 8 9 . 
0 8 9 . 

0 9 0 . 
P 9 0 . 

X ' C L O 
7 0 0 . 
7 0 0 . 
7 0 1 . 
7 0 1 . 
7 0 2 . 
7 0 3 . 
7 0 4 . 
7 0 5 . 
7 0 6 . 
7 0 8 . 
7 1 3 . 
7 1 4 . 
7 1 ? . 
7 7 9 . 
7 4 4 . 
7 6 1 . 
7 7 9 . 
7 9 8 . 
8 ' 5 . 
8 3 4 . 
8 5 1 . 
0 6 4 . 
0 7 1 . 
8 7 7 . 
8 8 0 . 
8 8 3 . 
0 8 4 . 
" 8 5 . 
88 5 . 
8 8 7 . 
8 0 3 . 
8 8 8 . 
8 0 9 . 
F 0 3 . 
BO- l , 
BOO, 

T C L I 
7 0 0 . 
7 3 1 . 
7 0 1 . 
7 0 2 . 
7 3 3 . 
7 3 4 . 
7 0 4 . 
7 0 6 . 
7 0 7 . 
7 1 0 . 
7 1 3 . 
7 X 8 . 
7 2 5 . 
7 4 X . 
7 5 0 . 
7 7 9 . 
7 9 8 . 
8 X 7 . 
8 3 5 . 
8 5 2 . 
8 5 7 . 
P 7 6 . 
8 7 0 , 
8 8 1 , 
8 8 1 , 
8 8 " ; , 
8 8 5 , 
8 8 7 , 
88 7 , 
8 8 0 , 
8 8 9 . 
8 8 9 . 
8 8 9 . 
8 9 0 . 
0 9 0 . 
8 9 0 . 

• 'cn 
7 0 1 . 
7 0 1 . 
7 0 1 . 
7 0 2 . 
7 0 3 . 
7 0 4 . 
7 0 5 . 
7 0 6 . 
7 0 8 . 
7 ) 0 . 
7 1 3 . 
7 1 8 . 
7 2 7 . 
7 4 3 . 
7 5 3 . 
7 8 7 . 
8 0 1 . 
8 7 0 . 
8 3 8 . 

a^s. 
8 7 0 . 
8 7 8 . 
8 8 0 . 
8 8 2 . 
8 8 4 . 
8 8 5 . 
8 8 5 . 
8 P 7 . 
P 8 7 . 
8 8 8 . 
8 8 9 . 
1 8 9 . 
1 8 9 . 
8 9 0 . 
p o o . 
POO. 

' F B 

7 0 1 . 
7 0 2 . 
7 0 2 . 
7 0 3 . 
7 0 4 . 
7 0 5 . 
7 0 7 . 
7 0 8 . 
7 1 1 . 
7 1 4 . 
7 1 9 . 
7 2 7 . 
7 4 0 . 
7 6 9 . 
7 0 7 . 
8 1 9 . 
8 4 0 . 
8 5 0 . 
8 7 7 . 
8 9 2 . 
9 P ' . 
9 0 1 . 
8 9 3 . 
POO. 
8 8 9 . 
8 6 9 . 
P 8 0 . 
PPO. 
8 8 ° . 
p o o . 
8 P 0 , 
a o p . 
8 9 0 , 
8 9 0 , 
8 9 0 . 

P . 

T F 

7 0 2 . 
7 0 2 . 
7 0 ' . 
7 0 4 . 
7 0 6 . 
7 0 7 . 
7 0 9 . 
7 1 1 . 
7 1 4 . 
7 1 0 . 
7 2 5 . 
7 1 5 . 
7 5 4 . 
7 9 5 . 
8 3 1 . 
8 5 7 . 
8 7 9 . 
8 9 9 . 
9 1 5 . 
9 2 8 . 
9 3 5 . 
9 2 8 . 
9 0 5 . 
8 9 8 . 
8 0 5 . 
8 9 3 . 
8 9 2 . 
8 9 1 . 
8 9 1 . 
8 9 1 . 
8 9 X . 
8 9 X . 
8 9 1 . 
8 9 X . 
8 9 1 . 
8 9 0 . 

0 0 

0 . 0 0 O 1 3 3 
0 . 0 0 0 X 6 0 
0 . 0 0 0 2 3 4 
0 . 0 0 0 2 6 7 
0 . 0 0 0 3 7 0 
0 . 0 0 0 3 7 4 
0 . 0 0 0 4 7 7 
0 . 0 0 0 5 3 4 
0 . 0 0 0 6 9 4 
0 . 0 0 0 9 6 1 
0 . 0 0 1 3 3 4 
0 . 3 0 ) 8 9 5 
0 . 0 0 3 0 4 2 
0 . 0 0 ' ; 8 7 1 
0 . 3 P 7 6 4 9 
0 . 0 0 8 3 9 9 
0 . 0 0 8 7 5 4 
0 . 0 0 8 8 5 8 
0 . 0 0 8 6 8 6 
0 . 0 0 8 2 9 0 
0 . 0 0 7 5 3 5 
0 . 0 0 ' ! 6 5 9 
0 . 0 P 3 0 1 3 
0 . O 0 1 8 9 5 
0 . 0 0 1 3 3 4 
0 . 0 0 0 9 6 1 
0 . 0 0 0 6 9 4 
O . 0 O P 5 3 4 
0 . P 0 O 4 2 7 
O . O C P 1 7 4 
0 . 0 0 O 3 7 0 
0 . 0 0 0 2 6 7 
0 . 3 0 0 2 1 4 
0 . 0 0 0 X 6 0 
0 . 0 0 0 1 3 3 
0 . 0 0 0 5 9 ' 

OL 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

C O 

0 . 0 

0 . 0 

C O 

0 . 0 

0 . 0 

0 . 0 0 0 1 7 X 
0 . 0 0 0 7 4 0 
0 . 0 0 0 3 2 0 
0 . 0 0 0 3 7 6 
0 . 0 0 0 3 8 8 
0 . 0 0 0 3 5 6 
0 . 0 0 0 2 8 5 
0 . 0 0 0 2 X 3 
0 . 0 O 0 0 7 9 
0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

P . O 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

PP 

- 1 . 0 1 2 0 
- X . O X 2 0 
- 1 . 3 X 3 0 
- 1 . 0 0 9 0 
- X . 0 0 7 D 
- 1 . 0 0 5 P 
- 1 . 0 P 4 0 
- 1 . 0 0 1 0 
- 9 . 9 5 8 0 
- 9 . 8 7 6 0 
- 9 . 7 4 8 0 
- O . 5 7 0 P 
- 8 . 8 6 3 0 
- 5 . 0 6 6 0 

2 . 7 5 4 0 
5 . ) 7 9 D 
5 . 4 3 3 0 
7 . 1 3 8 0 
7 . 3 4 8 0 
7 . 1 7 0 0 
6 . 5 0 1 0 
5 . 0 0 3 0 
1 . 7 3 5 0 
1 . 6 5 4 3 

- 6 . 2 2 1 0 
- 1 . 1 5 1 0 
- ) . 5 7 < i p 
- 1 . 7 5 6 0 
- 1 . 9 0 7 3 
- 1 . 9 P ' P 
- 7 . 0 6 O D 
- 2 . 1 3 9 0 
- 7 . 7 1 9 0 
- 2 . 3 0 7 0 
- 2 . 3 5 3 0 

1 . 9 7 1 0 

3 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 5 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 2 

0 2 

0 2 

0 7 

C 2 

0 2 
0 7 

C 2 

0 2 

0 1 

0 1 

0 2 

0 2 

0 2 

0 2 

0 7 

0 2 

0 2 

0 2 

0 2 

0 2 

0 2 

SO 

7 3 9 3 . 
2 3 9 0 . 
7 3 9 0 . 
7 3 9 0 . 
2 3 9 3 . 
2 3 9 0 . 
2 3 9 0 . 
2 3 9 0 . 
2 3 9 0 . 
2 3 9 0 . 
2 3 9 0 . 
7 3 9 0 . 
' 3 9 0 . 
2 1 9 0 . 
3 3 5 7 . 
6 3 0 5 . 
7 8 3 7 . 
8 6 9 8 . 
895*= . 
8 7 3 7 . 
8 0 4 3 . 
6 0 9 1 . 
2 3 9 0 . 
2 3 9 0 . 
2 3 9 0 . 
2 3 9 0 . 
7 3 9 0 . 
2 3 9 0 . 
2 3 9 0 . 
7 1 9 0 . 
7 3 9 0 . 
2 3 9 0 . 
7 1 9 0 . 
2 3 9 0 . 
2 3 9 0 . 
7 1 9 0 . 

<;H 
5 3 . 

6 3 . 

8 4 . 

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

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

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

9 3 . 

7 4 . 

5 6 . 

4 5 . 

0 . 

S 7 

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

XX2XX. 
X 7 0 8 8 . 
1 2 2 4 5 . 
1 1 8 3 5 . 
1 0 8 1 5 . 

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

E 

1 . 1 8 6 0 - 3 5 
1 . 4 2 4 D - 0 5 
1 . 8 9 8 0 - 0 6 
2 . 3 7 3 0 - 0 6 
2 . 8 4 7 0 - 0 6 
3 . 3 2 2 0 - 0 5 
3 . 7 9 7 D - 0 6 
4 . 7 4 6 0 - 0 5 
5 . 1 7 0 0 - 0 5 
8 . 5 4 2 0 - 0 5 
1 . 1 8 6 0 - 0 5 
1 . 6 8 5 0 - 0 5 
2 . 7 0 5 0 - 0 5 
5 . 2 2 0 0 - 3 5 
8 . 8 5 9 D - 0 5 
8 . 3 1 X 0 - 0 4 
2 . X 7 9 D - 0 3 
1 . 4 7 6 0 - 0 ? 
3 . 8 9 0 0 - 0 3 
3 . 4 3 9 0 - 3 3 
7 . x 8 0 0 - 0 3 
5 . 7 X 0 0 - 3 4 
7 . 7 0 5 0 - 3 5 
1 . 6 8 5 0 - 0 5 
1 . 1 8 6 0 - 0 5 
8 . 5 4 2 0 - 0 6 
6 - ' 7 0 0 - 0 5 
4 . 7 4 6 0 - 0 6 
3 . 7 9 7 0 - 0 5 
i . i ' 2 0 - 0 6 
2 . 8 4 7 0 - 3 5 
2 . 3 7 3 0 - 0 5 
1 . 8 9 8 0 - 0 5 
X . 4 2 4 0 - 0 6 
I . X 8 6 0 - O S 
1 . 1 8 6 0 - 0 6 

F S W 

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

E T 

7 . 6 9 5 0 - 0 5 
1 . 0 3 4 0 - 0 5 
1 . 5 5 5 D - 0 « ; 
2 . 3 9 4 0 - 0 5 
3 . 2 4 9 0 - 0 5 
4 . 2 1 9 0 - 0 5 
5 . 3 0 4 0 - 0 5 
7 . 7 5 3 0 - 0 5 
1 . 7 1 9 0 - 0 4 
2 . 1 4 2 0 - 0 4 
3 . 8 X 7 0 - 0 4 
7 . 1 4 6 0 - 0 4 
1 . 6 8 4 0 - 0 3 
5 . 6 8 9 0 - 0 3 
1 . 0 4 1 0 - 0 2 
1 . 4 5 0 0 - 0 2 
1 . 8 ' ; 3 0 - 0 ? 
2 . 1 7 6 0 - 0 2 
2 . 2 8 5 0 - 0 2 
2 . 1 8 1 D - 0 2 
1 . 8 2 2 D - 0 2 
1 . 0 5 X 0 - 0 2 
3 . 3 1 8 0 - 0 3 
X . 4 8 9 0 - 0 1 
8 . 2 2 9 0 - 0 4 
4 . 7 2 1 0 - 0 4 
2 . 7 2 4 0 - 0 4 
1 . 7 4 9 0 - 0 4 
1 . 2 0 1 0 - 0 4 
9 . 5 9 8 0 - 0 5 
7 . 4 0 8 0 - 0 5 
5 . 4 5 5 0 - 0 5 
1 . 7 5 5 0 - 0 5 
2 . 3 2 3 0 - 0 5 
X . 7 1 6 0 - 0 5 
1 . 7 1 6 0 - 0 5 

DVV FLUENCE 
0 . 0 4 
0 . 0 5 
0 . 0 5 
0 . 0 8 
O.XO 
0 . 1 1 
0 . 1 3 
0 . 1 7 
0 . 2 3 
0 . 3 3 
0 . 5 0 
0 , 8 2 
1 , 7 5 
5 , 9 7 

1 3 , 9 0 
1 4 . 8 2 
X 5 . 7 X 
X 5 . 4 3 
X 5 . 6 8 
X 5 . 4 4 
1 5 , 5 5 
1 3 . 9 7 
1 1 . 7 4 

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

0 . 1 0 9 
0 . 1 3 1 
0 , 1 7 4 
0 . 2 1 8 
0 . 2 5 1 
0 . 3 0 5 
0 . 3 4 8 
0 . 4 3 5 
0 . 5 6 6 
0 . 7 8 4 
1 . 0 8 8 
1 . 5 4 5 
2 . 4 8 1 
4 . 7 8 9 
5 . 3 7 8 
7 . 0 5 3 
7 . 4 0 1 
7 . 5 3 1 
7 . 4 0 1 
7 . 0 5 3 
5 . 3 7 8 
4 . 7 8 9 
2 . 4 8 1 
X . 5 4 5 
X . 0 8 8 
0 . 7 8 4 
0 . 5 6 6 
0 . 4 3 5 
0 . 3 4 8 
0 . 3 0 5 
0 . 2 6 X 
0 . 2 X 8 
0 . X 7 4 
0 . X 3 X 
0 . X 0 9 
0 . 0 



B''= 1.45017000-01 A 7 0 = i . 0 0 0 6 2 ) = ) . 0 0 0 P0= 1.97340 02 PL<:it"= 7 . 3 0 5 3 0 - 0 3 TM = 

811= 1.45014Oon-0I A20=1.000 A 'X = X.0O0 PP= X.97350 02 PL«i)M= 2 . 3 8 6 3 0 - 0 3 TM= 

31)= 1.45016OPD-01 A20 = 1.000 A? l = 1.00O PO= 1 .97350 02 OL<;i)M= 7 . 3 8 6 3 0 - 0 3 TM = 

1 .35570 04 XLP= 7 . 0 1 0 5 0 - 0 1 MAX BUPNUP= 5 .01741520-01 

1 .35570 04 XI 0= 7 . 0 3 0 6 0 - 0 1 "AX BUPWUP= 5.0174844D-01 

1.35570 04 XLP= 7 . 0 3 0 5 0 - 0 1 MAX BI1PMUP= 5 .01755350-01 

BU= 1,45018000-01 A20 = 1 .000 A ? l = 1 . 0 0 0 oP= 1.97150 07 3LSI1M= 2 .1O540-03 "M= 1 .35580 04 XLP= 7 . 0 3 0 6 0 - 0 1 MAX BU»MUP= 5.0176228D-01 

BU 

N 
1 

/ 
3 
4 
5 
6 
7 
8 
9 

13 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
21 
24 
25 
26 
27 
28 
29 
30 
31 
37 
33 
34 
15 
36 

= 1.45020000 

X'C 
700. 
7P0. 
7P1. 
701. 
702. 
703. 
7P1. 

704. 
7P6. 
707. 
710. 
71'. 
718. 
72 7. 

741. 
7 5 8 . 

775. 
795. 

8 1 4 . 
817. 
849. 

86 3. 

877. 
877, 

P80, 
887. 

8P4. 

885. 

886. 
087. 

88 8. 
888. 

889. 

OB 9. 

890. 
O90. 

XTCLO 
703. 
700. 
731. 
701. 
707. 
'03. 
7C4. 
705. 
706. 
7PB. 
7X0. 
714. 
7X9. 
729. 
744. 
75X. 
779. 
708. 
816. 
8'4. 
851. 
864. 
871. 
0 7 7 . 

803. 
883. 
884. 
885. 
086. 
807. 
888. 
888. 
889. 
089. 
893. 
P93. 

-01 A2 

'Cll 
700. 
701. 
731. 
707. 
703. 
704. 
7'>4. 
706. 
707. 
710. 
71'. 
718. 
725. 
741. 
760. 
7 7 0 . 

798. 
817. 
835. 
857. 
867. 
876. 
879. 
801. 
003. 
885. 
886. 
887. 
807. 
83P. 
089. 
889. 
8OO. 
890. 
890. 
890. 

0=1.000 A21= 

rpn 

701. 
701. 
701. 
702. 
703. 
704. 
705. 
706. 
708. 
710. 
713. 
718. 
727. 
743. 
761. 
782. 
801. 
820. 
839. 
855. 
870. 
F78. 
980. 
882. 
804. 
885. 
886. 
887. 
887. 
088. 
889. 
889. 
889. 
P93. 
890. 
090. 

'FB 
731. 
702. 
702. 
70". 
704. 
705. 
70'. 
708. 
711. 
7X4. 
7X9. 
777. 
740. 
759. 
797. 
8X9. 
840. 
P60. 
877. 
892. 
003. 
903. 
89'. 
80P. 
889. 
889. 
8Po. 
889. 
889. 
890. 
890. 
890. 
890. 
890. 
890. 

0. 

x.ooo 

TF 
702. 
702. 
703. 
704. 
706. 
707. 
709. 
7IX. 
7X4. 
7X9. 
725. 
735. 
754. 
795. 
8'1. 
857. 
879. 
399. 
9X5. 
928. 
935. 
928. 
905. 
898. 
895. 
893. 
892. 
89X. 
89X. 
89X. 
891. 
891. 
891. 
891. 
891. 
890. 

00= 1.9735D 02 0L« 

OF 
0.30O133 
0.000160 
O.0P0214 
0.000767 
0.000370 
O.OPO174 
0.000427 
0.300534 
0.000694 
0.000961 
0.001334 
0.001895 
0.P01043 
0.005877 
P.007649 
0.008400 
0.008754 
0.008859 
0.008686 
0.008291 
n.007535 
0.005659 
0.O0'0!4 
O.O01B95 
0.301334 
0.000961 
0.000594 
0.300534 
0.000477 
0,000374 
0.300370 
0.O00267 
0.00O214 
0.300160 
0.00011' 
0.009593 

01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
O.P 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.000171 
O.00O248 
0.000'70 
0.000175 
0.000308 
0.000156 
0.000785 
0.000213 
0.000029 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

U"' 7.10640 

PC 
-1.0120 
-1.0170 
-1.0100 
-1.0090 
-1.0070 
-1.3050 
-1.3340 
-1.0010 
-9.95flD 
-9.8760 
-9.7480 
-9.5700 
-8.8630 
-5.066P 
2.7550 
5.1790 
6.4'1D 
7.1380 
7.3490 
7.170D 
6.6020 
5.0030 
1.7150 
1.656P 

-6.2200 
-1.1510 
-l.":79D 
-1.7560 
-1.9070 
-1.9810 
-7.353D 
-2.X390 
-2.2X90 
-2.3070 
-2.'5'D 
X.9740 

05 
05 
05 
05 
05 
05 
0^ 

05 
04 
04 
04 
04 
04 
04 
02 
02 
07 
02 
02 
07 
02 
02 
02 
OX 
OX 
0? 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

-03 '•w = 

<0 

'393. 
2390. 
2390. 
7390. 
7390. 
" 9 0 . 

7393. 
2390. 
" 9 0 . 
2390. 
7390. 
2390. 
7390. 
7390. 
3357. 
6306. 
7818. 
8699. 
8955. 
8737. 
8043. 
509X. 
2393. 
2300. 
2390. 
7390. 
2390. 
2390. 
7390. 
2390. 
" 9 0 . 
7390. 
7390. 
2300. 
2390. 
2390. 

I.1558D 04 XLP= 7.0106D-0X MAX BUPNUP= 5.0175920D 

<:H 
51. 
63. 
84. 

X05. 
X25. 
147. 
168. 
210. 
273. 
377. 
523. 
740. 
XX83. 
2761. 
2980. 
3255. 
3374. 
3390. 
3290. 
3098. 
2772. 
2065. 
X066. 
553. 
466. 
335. 
242. 
X86. 
149. 
130. 
XIX. 
93. 
74. 
55. 
46. 
0. 

ST 
2443. 
2454. 
2475. 
2495. 
25X7. 
2518. 
2559. 
2600. 
2553. 
2757. 
2913. 
3X30. 
3573. 
4651. 
5337. 
9551. 
1171X. 
12099. 
12245. 
XX836. 
X09X5. 
8X56. 
3457. 
3053. 
2856. 
2725. 
2532. 
7575. 
2539. 
2520. 
'502. 
2483. 
2465. 
2445. 
2437. 
2370. 

F 
1.1870-05 
1.4240-05 
1.8990-05 
7.1730-06 
2.8480-35 
3.1730-05 
1.7970-06 
4.7470-06 
6.1710-06 
8.544D-06 
1.1870-05 
1.6850-05 
2. 706 0-05 
5.722D-05 
8.8630-35 
8.3140-04 
7.X79D-03 
1.4770-03 
3.89X0-33 
1.4400-03 
2.1810-33 
5.7120-04 
2.7060-05 
1.685D-05 
1.1870-05 
8.5440-06 
6.1710-05 
4.7470-05 
3.7970-06 
3.3230-06 
7.8480-06 
7.3730-05 
1.8990-35 
1.4240-05 
1.1870-05 
1.1870-05 

FSM 
6.509D-05 
8.9X90-06 
X.4550-05 
2.X570-05 
2.9550-05 
1.8870-05 
4.9250-05 
7.2890-05 
X.X57D-04 
2.0550-04 
1.6990-04 
5.979D-04 
1.5570-03 
5.6380-01 
1.0330-02 
1.3570-02 
1.6350-02 
1.8290-02 
1.8960-02 
1.8370-02 
1.6040-02 
1.0340-02 
1.2910-03 
1.4720-03 
8.1110-04 
4.5370-04 
2.652D-04 
X.7020-04 
X.X530-04 
9.2550-05 
7.12 50-05 
5.2X90-05 
3.5650-05 
2.1810-05 
1.5970-05 
1.5970-05 

FT 
7.6950-05 
1.0340-05 
X.5550-05 
2.3940-05 
3.2500-05 
4.2200-05 
5.3050-05 
7.7640-05 
X.2X90-04 
2.1420-04 
1.8180-04 
7.1470-04 
X.6840-03 
5.690D-01 
X.0420-02 
X.4500-02 
1.8530-07 
2.1750-02 
2.2850-02 
2.X8X0-02 
X.8220-02 
X. 0610-0 7 
3.3X80-03 
X.4890-03 
8.2300-04 
4.7220-04 
2.7240-04 
1.7500-04 
X.2010-04 
9.5990-05 
7.4090-05 
5.4570-05 
3.7550-05 
7.1710-05 
1.7160-05 
1.7150-05 

-OX 

OVV FLUENCE 
0.04 
0.05 
0.06 
0.08 
0.10 
O.IX 
0.13 
0.X7 
0.23 
0.33 
0.50 
0.82 
X.75 
5.97 
13.90 
14.82 
15.7X 
X6.43 
15.68 
16.45 
X5.55 
13.97 
XX.74 
7.30 
5.X4 
3.70 
2.57 
7.05 
X.64 
X.44 
1.23 
X.03 
0.82 
0.52 
0.5X 
0.0 

0.X09 
0. X3X 
0.X74 
0.2X8 
0.26X 
0.305 
0.348 
0.435 
0.566 
0.784 
X.088 
X.546 
2.482 
4.789 
6.378 
7.053 
7.40X 
7.532 
7.40X 
7.053 
6.378 
4.789 
2.482 
X.545 
X.088 
0.784 
0.566 
0.435 
0.348 
0.305 
0.261 
0.218 
0.174 
0.131 
0.109 
0.0 

N5 

N'O FA11I)PE UO •'•o 911 = 1 .45370000 -01 TM = 1.35580 04 



• 

-POMINAI COKIOITIOM"; pop 
B L A W E ' S/A I f o rS I - ' I - lM 7'J4 - 50 MW - 191 DELTA T 

A= F A« Fo i l "WS (LAST n g MfANS PLE 

P' l 

N 

1 

2 
5 

4 

5 

5 

7 

8 

9 
1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 3 

1° 
2 0 

2 1 

2 2 

2 3 

2 4 

2 " ; 

2 6 

2 7 

2 8 

7 9 

3 0 

n 
3 7 

3 3 

1 4 

3 5 

3 5 

= 1 . 4 5 P 2 O 0 m 

X T 
7 3 0 . 
7O0 , 
7 0 1 , 
7 0 1 , 
7v12, 
7 0 3 , 
7 0 3 , 
7 0 4 , 
7 0 6 , 
7 0 7 , 
7 1 0 . 
7 1 1 . 
7 1 8 . 
' 2 7 , 
' 4 1 , 
7 5 P , 
7 7 6 , 
7 3 5 , 
8 1 4 . 
• " - > , 
9 4 9 . 
3 5 1 , 
97 7 . 
8 7 7 , 
9 P 0 , 
8 0 7 , 
P P 4 , 
8 8 5 , 
8 P 6 . 
8 8 7 , 
89R, 
9 0 0 , 
8 8 9 , 
8 0 9 , 
0 9 0 , 
8 9 0 , 

X ' C L O 
7 3 3 . 
7 3 0 . 
7 0 1 . 
7 0 1 , 
7 0 2 . 
7 0 3 . 
7 0 4 . 
7 0 5 . 
7 3 6 . 
70 8 . 
7 1 3 . 
7 1 4 . 
7 1 9 . 
7 2 3 . 
7 4 4 . 
7 6 1 . 
7 7 3 , 
7 9 8 , 
8 1 6 , 
P 1 4 , 
8 5 1 . 
8 6 4 , 
8 7 3 , 
8 7 7 . 
P 0 3 , 
0 9 1 , 
P R 4 . 
R P 5 . 
P 9 5 . 
8 8 7 . 
p a p . 
POP, 
8 8 9 , 
8 8 9 , 
8 9 0 , 
8 9 0 , 

-OX A 2 r = X , 0 0 0 A2X= 

' C L l 
7 0 0 , 
7 0 1 , 
7 0 1 , 
' 3 2 , 
7 0 3 , 
7 3 4 . 
7 3 4 . 
70 5 . 
7 0 7 , 
7 1 0 . 
7 ! ' . 
7 1 8 . 
7 7 5 . 
7 4 1 . 
7 6 0 . 
7 7 9 . 
7 9 8 , 
8 1 7 , 
83 5 , 
8 5 7 , 
8 6 7 , 
9 7 6 . 
8 7 9 . 
8 8 1 , 
9 9 3 . 
98 5 . 
8 8 5 . 
8 8 7 . 
9 8 7 . 
8 8 8 . 
9 8 9 . 
8 8 9 . 
P 8 9 , 
9 9 0 , 
8 9 0 , 
0 9 0 , 

T F O 

7 0 1 , 
7 0 1 , 
7 3 1 , 
7 3 2 , 
7 0 3 , 
7 0 4 , 
7 0 5 , 
7 0 5 , 
7 0 8 , 
7 X 0 , 
7 1 3 , 
7 1 8 . 
7 2 7 . 
7 4 3 . 
7 5 1 . 
7 8 2 . 
8 0 1 . 
8 2 0 , 
8 ' 8 , 
9 5 5 , 
9 7 0 , 
8 7 8 . 
8 8 0 , 
8 8 7 , 
8 0 4 , 
8 0 5 , 
0 0 6 , 
8 9 7 , 
9 8 7 , 
R P 9 , 
9 8 9 , 
9 9 9 , 
9 9 9 , 
8 9 0 , 
8 9 0 , 
P 9 0 , 

' F B 

7 P 1 , 
7 0 7 . 
7 P 7 , 
7 0 3 , 
T^i,. 
7 0 5 , 
7 0 7 , 
7 0 8 , 
7 1 1 , 
7 1 4 , 
7 1 9 , 
7 - ' 7 , 
7 4 P , 
7 6 9 , 
7 0 7 . 
P 1 9 , 
8 4 0 , 
8 5 0 . 
3 7 7 , 
BO?, 
3 0 3 , 
9 " i , 
8 9 ' , 
P 9 P , 
9 8 9 , 
8 8 9 , 
9 F 9 , 
8 8 9 , 
8 P 9 , 
BOO, 
0 9 0 , 
BOO, 
s o p . 
8 9 P , 
8 9 0 , 

0 . 

1 . 0 0 0 

' F 

7 0 2 . 
7 0 2 . 
7 0 3 . 
7 0 4 . 
7 0 6 . 
7 0 7 . 
7 0 9 . 
7 1 1 . 
7 1 4 . 
7 1 9 . 
7 - 5 . 
7 1 5 . 
7 5 4 . 
7 9 5 . 
8 3 1 . 
8 5 7 . 
8 7 9 . 
9 9 9 . 
9 X 5 . 
32 8 . 
9 3 5 . 
9 2 8 . 
9 0 5 . 
8 9 8 . 
8 9 5 . 
8 0 - ( . 
8 9 2 . 
8 9 X . 
8 9 X . 
8 9 X . 
8 9 1 . 
8 9 X . 
8 9 1 . 
8 9 X . 
8 9 X . 
8 9 0 . 

op= X . 9 7 3 5 0 0 2 O L ' H M r 2 , 3 8 5 4 0 

QC 

0 . 0 0 0 X 3 3 
0 . 3 0 0 X 5 0 
O . O 0 P 2 X 4 
0 . 0 0 0 2 6 7 
0 . 0 0 0 3 7 0 
0 . 3 0 0 3 7 4 
0 . 0 0 0 4 7 7 
O .POO514 
P . 0 0 0 5 9 4 
0 . 3 0 0 9 6 1 
0 . 3 0 1 3 1 4 
0 . 0 0 1 8 0 5 
0 . 3 0 3 0 4 3 
0 . 0 0 5 8 7 ? 
0 . 0 0 7 6 4 9 
0 . 0 0 9 4 0 0 
0 . 0 0 0 7 5 4 
0 . 0 0 8 8 5 9 
0 . 0 0 8 6 8 6 
0 . 0 O 8 2 9 1 
0 . 0 0 7 5 1 5 
0 . 3 0 5 6 5 9 
P . 3 P ' 0 1 4 
0 . 0 0 1 8 9 5 
0 . 3 0 1 3 3 4 
0 . 0 0 0 9 6 1 
0 . 0 0 0 6 9 4 
0 . " 0 0 5 3 4 
0 . 0 0 0 4 7 7 
0 . 3 0 3 3 7 4 
P . O P O I ' O 
0 . 0 0 0 2 6 7 
0 . 0 0 0 2 X 4 
O.OOOI6O 
P . 0 0 0 1 3 3 
0 . 0 0 9 5 9 3 

tl 
0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

r.o 
0 . 0 

0 . 0 

0 . 0 
0 . 0 0 0 1 7 1 
0 . 0 P 0 2 4 O 
O . O O p l ' O 
0 . 0 0 0 1 7 6 
0 . 3 0 P 1 8 8 
P . 0 0 0 3 5 5 
0 . 0 0 0 2 0 5 
0 . O O 0 2 1 3 
0 . 0 0 0 0 7 9 
0 . 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 3 

P . O 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

p e 

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

2 . 7 5 5 0 
5 . 1 7 = 0 
6 . 4 " 0 
7 . 1 3 P O 
7 . 3 4 9 D 
7 . 1 7 0 0 
6 . 6 O 7 0 
5 . 0 0 3 0 
1 . 7 3 5 0 
1 . 6 5 6 0 

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

) . 9 7 4 0 

0 5 

0 5 

0 5 
0 5 

0 " ! 

0 5 

0 5 
0 5 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 2 

0 2 

0 7 

P 2 

0 2 

0 2 

0 7 

0 2 

0 ' 

0 1 

OX 

0 2 

0 2 
0 ? 

0 7 

02 

0 ' 

0 2 

0 2 

0 7 

0 ? 

0 7 

- 0 3 TM 

CO 

7 3 9 0 . 
7 3 9 0 . 
2 3 9 0 . 
2 1 9 0 . 
7 3 9 0 . 
7 3 0 3 . 
2 3 9 0 . 
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574 . 
813 . 

1299. 
2483 . 
3257. 
3565. 
3689 . 
3702. 
3588 . 
3375 . 
3017. 
2246 . 
1159. 

770 . 
505 . 
354 . 
753 . 
2 0 2 . 
1 5 1 . 
1 4 1 . 
1 2 1 . 
1 0 1 . 

8 1 . 
6 0 . 
5 0 . 

0 . 

ST 

7586 . 
2598. 
2 6 2 1 . 
2644. 
2567. 
2590. 
2713. 
2759. 
2828. 
2943. 
1103. 
3342 . 
3878. 
5012 . 
7852. 

10855. 
12460. 
13076. 
12819. 
11957. 
10577. 

7893. 
3588 . 
3248. 
3035. 
2892. 
2 7 9 1 . 
2730 . 
2590 . 
2570. 
2549. 
2529. 
2539. 
2589. 
2579. 
2528. 

E 
1.1870-35 
1 .4250-05 
1 .9000-06 
2 .3750 -05 
2 . 8 5 0 0 - 0 5 
3 .1250 -06 
3 .7990 -35 
4 .7490 -35 
5 . 1 7 4 0 - 0 6 
9 , 5 4 9 0 - 3 6 
1 .1870-05 
1 .6360-05 
7 .7070 -05 
5 .2240 -05 
3 ,8850-05 
8 ,3240 -04 
2 , 1 8 1 0 - 3 3 
3 ,4790-0? 
3 ,8030-03 
3 ,4420-03 
2 .1320 -03 
5 .7150-04 
2 .7070-05 
1 .6860-05 
1 .1870-05 
8 .5490-06 
6 . 1 7 4 0 - 0 6 
4 , 7 4 9 0 - 0 6 
3 .8000-05 
3 .1750-06 
7 .8530-05 
2 .3750 -06 
1 .9000-05 
1 .4250-36 
1.187D-06 
X.X87D-06 

ESW 
6 . 5 1 1 0 - 0 5 
8 . 9 2 1 0 - 0 5 
1 .4550-05 
2 .1580 -05 
2 .965D-05 
1 .8880 -05 
4 . 9 2 7 0 - 0 5 
7 , 7 9 1 0 - 0 5 
1 ,1570-04 
2 , 3 5 7 0 - 0 4 
1 ,7000 -04 
6 ,9810 -04 
1 ,5570-03 
5 . 6 3 9 0 - 0 3 
1 .0330-02 
1 ,3570 -02 
1 ,6350 -02 
1 .8790-02 
1 .8970-02 
1 .8380 -02 
1 .5050-02 
1 .0040-02 
3 .2920 -03 
1 .4710-03 
8 . 1 1 3 0 - 0 4 
4 . 5 3 3 0 - 0 4 
7 .651D-04 
1 .7020 -04 
1.154D-34 
9 . 2590-05 
7 .1260 -35 
5 .221D-05 
3 .5550 -05 
2 .1810 -05 
1 .5980-05 
1 .5970-05 

ET 

7 .5980-06 
1 .0150-05 
1.655D-05 
2 .3950-05 
3.251D-05 
4 . 2 7 1 0 - 0 5 
5 .3070 -05 
7 .7660-05 
1 ,2130-04 
2 ,1470 -04 
1 ,3130-04 
7 . 1 4 9 D - 0 i 
1 ,5850 -01 
5 ,5910 -03 
1 ,0420-02 
1 .4510-02 
1 .8530-02 
2 ,1770 -02 
2 ,2860 -02 
2 ,1820 -02 
1 ,8230-02 
1 ,0610-02 
3 ,3190 -03 
1 ,4890-03 
8 ,2320-04 
4 , 7 2 3 0 - 0 4 
2.77 50-04 
1 .7500-04 
1 .2020-04 
3 ,5010 -05 
7 ,4110-05 
5,45 80-05 
3 ,7550-05 
2 ,3240-05 
1 ,7150-05 
1 ,7160-05 

OVV FLUENCE 
0 ,04 
0 ,05 
0 .05 
0 .08 
0 .10 
0 .11 
0 ,13 
0 ,17 
0 ,23 
0 .33 
0 .50 
0 . 8 2 
1.75 
6 . 9 7 

13 .90 
14.82 
15 ,71 
16.43 
16.68 
16.45 
15 ,55 
13 ,97 
11 ,75 
7 ,30 
5,14 
3 .70 
2 ,67 
2 ,05 
1.54 
1.44 
1.23 
1.03 
0 .32 
0 .52 
0 .51 
0 . 0 

0 .109 
O.XIX 
0 .174 
0 .213 
C 2 5 X 
0.305 
0 .348 
0 .435 
0 .566 
0 .784 
1.089 
X.546 
2.482 
4 .790 
6 .379 
7.054 
7 .402 
7 .533 
7 .402 
7 .054 
6 .379 
4 . 7 9 0 
2 .432 
1.546 
1.089 
0 .784 
0 .556 
0 .435 
0 .348 
0.305 
0 .251 
0 .218 
0.174 
0 .131 
0 .109 
0 . 0 



C O M D I ' i n n S PF FUEL ELEMENT B " " J G H ' T O onnw T E M P E R A T U O E AF E AS F 3 l i n n s 

BIJ= 1 . 4 5 P 4 O 0 0 D - 0 1 A20 = 0 , 0 A 2 1 = 3 , 3 op= 1 , 6 7 3 7 0 0 1 O L ' : M M = 2 , 3 3 6 1 3 - 0 3 

V) -IP PL op SP SH ST F 

•«'= 1 , 3 5 5 0 0 0 4 XLP= 1 , 7 9 9 8 0 0 0 MAX BURMUP= 5 . 0 1 8 3 8 4 0 0 - 0 1 

ESW ET OVV TF TFB FLUENCE 

1 
2 
3 
4 
5 
5 
7 

a 
9 

1 3 
1 1 
12 
1 ' 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
7 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 5 
2 7 
2 8 
2 9 
3 0 
3 1 
3 7 
3 ' 
3 4 
3 5 
3 6 

0 . 0 0 0 1 3 3 
0 , 0 0 0 1 6 0 
P . P 3 0 7 1 4 
O,P0P767 
P , 0 0 0 " o 
o , 0 3 0 3 7 4 
o , 0 C 0 4 2 7 
o , 0 " P 5 3 4 
0 , 0 0 0 5 9 4 
0 , 0 0 3 3 5 1 
0 , 0 3 1335 
0 , 0 0 X 8 9 5 
0 , 0 3 1 0 4 ' 
0 , 0 0 5 8 7 1 
0 , 0 3 7 5 5 0 
0 , 0 3 8 4 0 0 
P . 0 3 8 7 5 5 
P ,P0885P 
o , P 0 9 6 P 7 
o,oo«?pp 
P , p o 7 5 3 5 
O.00566O 
0 , 0 3 3 3 1 3 
0 , 0 0 1 8 9 5 
0 , 0 0 1 1 1 5 
P.OOOO61 
0 . PP0694 
0 , 0 0 0 5 ' 4 
0 , 0 0 0 4 7 7 
0 , 0 0 0 1 7 4 
P , P 0 0 1 2 0 
0 , 0 0 0 7 6 7 
P , o o o 2 1 4 
0 , 0 0 0 1 6 0 
0 , 0 0 0 1 " 
o , 3 3 9 6 P 1 

0 . 0 
0 . 0 
0 . 3 
P . 3 
P . 3 
P . 3 
0 . 0 
0 . 0 
0 . 3 
0 . 3 
0 . 0 
0 . 3 
0 . 0 
0 . 3 
0 . 3 3 3 1 7 1 
0 . 0 0 O 7 4 8 
0 . O 0 0 3 7 1 
0 . '"03375 
0 . 0 0 0 1 3 3 
0 . 3 3 3 3 6 1 
0 . 3 P 3 2 9 7 
0 . 3 0 3 7 1 3 
0 . 3 0 3 0 3 0 
0 . 0 
0 . 0 
0 . 0 

0 . 3 
0 . 0 
0 . 0 
0 . 0 
P . O 
0 . 0 
P . O 
P . O 
3 . 3 
" . 3 

- 1 . 1 6 4 9 0 
- 1 . 1 6 4 1 3 
- 1 . 1 6 2 6 0 
- 1 . 1 6 1 ) 0 
- 1 . 1 5 9 6 0 
- 1 . 1 5 P 1 P 
- 1 . 1 5 5 5 0 
- 1 . 1 5 3 4 P 
- 1 . 1 4 8 7 0 
- 1 . 1 4 0 5 0 
- 1 . 1 2 8 0 0 
- I . I O 6 O D 
- 1 . 0 4 5 7 0 
- 7 . 1 5 0 1 0 

1 . 0 5 2 2 3 
7 . 1 1 8 6 3 
7 . 1 1 2 1 0 
2 . 1 3 4 9 0 
' . 1 7 8 4 3 
2 . 2 3 3 5 P 
7 . 3 1 ' 4 r 
2 . 4 T 4 3 0 

- 3 . 9 1 7 4 0 
- 4 . 5 2 4 7 P 
- 6 . 5 3 ) 8 0 
- 7 . 3 5 0 7 0 
- P . 5 8 5 4 0 
- 3 . 1 7 1 0 3 
- 9 . 9 5 0 9 P 
- 1 . 0 0 7 7 0 
- 1 . 0 3 0 0 0 
- 1 . 0 5 3 7 0 
- 1 . 0 7 5 > i 3 
- L l O O i - O 
- 1 . 1 1 1 3 3 

1 . 6 7 3 2 0 

3 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
C 5 
0 9 
0 5 
3 5 
0 5 
0 5 
0 4 
0 1 
0 1 
0 3 
0 3 
0 ' 
3 3 
0 ' 
0 3 
0 1 
3 4 
3 4 
P 4 
3 4 
0 4 
0 4 
0 5 
0 5 
3": 
0 5 
0 5 
0 5 
3 1 

1 8 5 . 
1 8 5 . 
X85. 
1 8 5 . 
1 8 5 . 
1 8 5 . 
X85. 
X85. 
1 8 5 . 
1 8 5 . 
1 8 5 . 
1P5 . 
1 8 5 . 
1 8 5 . 

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

1 8 5 . 
1 8 5 . 
1 8 5 . 
1 8 5 . 
1 8 5 . 
1 0 5 . 
1 8 5 . 
! 8 5 . 
1 8 5 . 
1 8 5 . 
18 5 . 
1 8 5 . 
1 8 5 . 
1 8 5 . 

0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
p . 

0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 

1 0 5 . 
X 8 5 . 
X35 . 
1 8 5 . 
1 8 5 . 
1B5. 
1 8 5 . 
1 0 5 . 
1 P 5 . 
1 8 5 . 
1 8 5 . 
1 8 5 . 
1 0 5 . 
1 0 5 . 

2 1 8 2 4 . 
7 5 8 ' ; 5 . 
2 5 7 7 5 . 
7 6 0 5 5 . 
2 6 5 0 5 . 
2 7 7 5 0 . 
' 8 " 5 . 
2 9 7 1 9 . 

1 8 5 . 
1 8 5 . 
1 0 5 . 
1 8 5 . 
1 8 5 . 
1 9 5 . 
1 8 5 . 
1 0 5 . 
IS";. 
1 9 5 . 
1 8 5 . 
1 8 5 . 
1 8 5 . 
X 8 5 . 

1 . 1 8 7 1 3 - 0 6 
X . 4 2 4 8 0 - 0 6 
1 . 8 9 9 7 P - 0 6 
7 . 1 7 4 7 0 - 0 6 
' . 8 4 3 6 0 - 0 5 
3 . 3 2 4 5 0 - 0 6 
3 . 7 9 9 5 0 - 0 6 
4 . 7 4 3 4 O - O 6 
6 . 1 7 4 7 3 - 0 6 
8 . 5 4 8 8 0 - 0 6 
1 . 1 O 7 3 P - 0 5 
1 . 5 8 6 0 0 - 0 5 
2 . 7 0 7 1 0 - 0 5 
* ; . 7 2 4 3 0 - 0 5 
8 . 8 0 5 3 3 - 3 5 
P . 1 2 4 1 0 - 0 4 
2 . 1 8 1 0 3 - O 1 
3 . 4 7 8 S O - 0 3 
3 . 0 9 7 6 0 - 0 3 
3 . 4 4 1 9 0 - 0 3 
? . i q i 9 O - 0 1 
5 . 7 1 5 1 0 - 0 4 
2 . 7 3 7 1 0 - 0 5 
1 . 5 8 6 0 3 - 0 5 
1 . 1 8 7 1 0 - 0 5 
0 , 5 4 8 0 0 - 0 6 
6 . 1 7 4 2 0 - 0 5 
4 . 7 4 0 4 0 - 0 5 
3 . 7 9 9 5 3 - 3 6 
i . i ? 4 6 0 - P 5 
2 . 8 4 0 5 0 - 0 5 
7 . 1 7 4 7 0 - O 6 
1 . 8 9 0 8 0 - 0 6 
X . 4 7 4 8 0 - 0 6 
1 . 1 8 7 4 0 - 3 5 
1 . 1 8 7 4 3 - 0 6 

6 . 5 1 0 7 0 - 0 5 
8 . 9 2 1 1 0 - 0 5 
1 . 4 5 5 3 0 - 0 5 
2 . 1 5 7 5 0 - 0 5 
7 . 3 6 5 6 0 - 0 5 
1 . 8 3 8 4 0 - 0 5 
4 . 9 2 6 6 0 - 0 5 
7 . 2 9 1 0 0 - 0 5 
1 . 1 5 7 4 0 - 0 4 
7 . 0 5 6 9 0 - 0 4 
3 . 6 9 9 9 0 - 0 4 
6 . 9 8 0 6 0 - 0 4 
1 . 5 5 7 5 D - 0 3 
5 . 5 3 3 1 0 - 0 3 
1 . 0 3 2 9 0 - 0 2 
l . ? 6 7 3 0 - 0 2 
1 . 5 3 5 3 0 - 0 2 
1 . 8 2 9 1 0 - 0 2 
1 . 0 9 5 5 0 - 0 2 
1 . 8 3 7 5 0 - 0 2 
1 . 6 0 4 6 0 - 0 7 
1 . 3 0 4 3 0 - 0 2 
3 . 2 9 2 0 0 - 0 3 
1 . 4 7 2 6 0 - 0 3 
8 . 1 1 1 4 0 - 0 4 
4 . 5 3 7 7 0 - 0 4 
2 . 6 5 3 0 0 - 0 4 
1 . 7 0 2 5 0 - 0 4 
1 . 1 5 3 6 0 - 0 4 
9 . 7 6 8 9 0 - 0 5 
7 . 1 2 6 4 0 - 0 5 
5 . 2 2 0 7 0 - 0 5 
3 . 5 6 6 3 D - 0 5 
7 , 1 8 1 4 0 - 0 5 
1 . 5 9 7 5 0 - 0 5 
1 . 5 9 7 5 0 - 0 5 

7 . 6 9 8 1 0 - 0 6 
1 . 3 1 4 6 0 - 0 5 
1 . 6 5 5 1 D - 0 5 
2 . 3 3 5 0 0 - 0 5 
3 . 7 5 0 6 0 - 0 5 
4 . 2 2 0 9 0 - 0 5 
5 . 1 0 6 5 0 - 0 5 
7 . 7 5 5 9 0 - 0 5 
1 . 2 1 9 1 0 - 0 4 
7 . 1 4 7 4 0 - 0 4 
3 . B 1 8 7 D - 0 4 
7 . 1 4 9 2 0 - 0 4 
1 . 5 8 4 5 0 - 0 3 
5 . 5 9 1 3 0 - 0 3 
1 . 0 4 1 8 0 - 0 2 
1 . 4 5 0 5 0 - 0 2 
1 . 0 5 3 4 0 - 0 2 
2 . 1 7 7 0 0 - 0 ? 
2 . 7 8 5 8 0 - 0 2 
2 . 1 9 1 7 0 - 0 2 
X . P 7 7 8 0 - 0 2 
X . 0 6 1 5 0 - 0 ? 
3 . 1 1 9 1 0 - 0 3 
1 . 4 9 3 4 0 - 0 3 
3 . 7 3 2 2 0 - 0 4 
4 . 7 2 3 2 0 - 0 4 
7 . 7 7 4 7 0 - 0 4 
1 . 7 5 0 0 0 - 0 4 
1 . 2 0 1 6 0 - 0 4 
9 . 6 0 1 1 0 - 0 5 
7 . 4 1 1 3 0 - 0 5 
5 . 4 5 8 2 0 - 0 5 
3 . 7 5 6 3 0 - 0 5 
2 . 3 7 1 9 0 - 0 5 
1 . 7 1 6 3 0 - 0 5 
1 . 7 1 6 2 0 - 0 5 

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

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

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

7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
70^0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 

7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 
7 0 . 0 

0 . 0 

0 . 1 0 9 
0 . 1 3 1 
0 .X74 
0 . 2 X 8 
C 2 5 X 
0 . 3 0 5 
0 . 1 4 3 
0 . 4 3 5 
0 . 5 6 5 
0 . 7 8 4 
1 . 0 3 9 
1 . 5 4 6 
2 . 4 8 2 
4 . 7 9 0 
5 . 3 7 9 
7 . 0 5 4 
7 . 4 0 2 
7 . 5 3 3 
7 . 4 0 2 
7 . 0 5 4 
5 . 3 7 9 
4 . 7 9 0 
2 . 4 3 2 
1 . 5 4 5 
1 . 0 8 9 
0 . 7 8 4 
0 . 5 5 5 
0 . 4 3 5 
0 . 3 4 8 
0 . 3 0 5 
0 . 2 5 1 
0 . 2 1 8 
0 . 1 7 4 
0 .X31 
0 . 1 0 9 
0 . 0 

(-n 
00 

A l l opoBi FMC HAVE BEEN P ' O C F S ' F O . 
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APPENDIX C 

Program Flowchart and L i s t i n g for BEMOD-I 
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G> 

Q START 3 

CALL 10 - READ AND PRINT INPUT FOR A PROBLEM 

i 
SET UP GEOMETRY; CALCULATE EXTERNAL CLADDING 
PRESSURE; COMPUTE FISSIONS IN FUEL 
ASSIGN 15 TO IB, 50 TO I E , 71 TO I I 

IB IS 15 DURING NORMAL CONDITIONS A20 i 
A2I; 71 DURING ABNORMAL CONDITIONS AA20 i 

IB ) AA2I OR AB20 i AB2I 

©" -^ 

INITIALIZE VARIABLES AND FUEL-SWELLING OPTIONS 

IVJ2 = - I , IVJ = IVJI = IVJ3 = IVJit = 0 

NO <D 

CALL 10 - READ AND PRINT CHANGE-CASE INPUT 

NO 

YES 

RESET BU AND TM TO PREVIOUS VALUE 
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G> 

i 
INCREMENT BU 

i 
SET PROGRAM CONTROL VALUES; CALCULATE 
COOLANT AND OUTSIDE CUDDING TEMPERATURES 

I 
SET PROGRAM CONDITIONS FOR NORMAL OPERATION 

± 
SET QUANTITY OF FISSION GAS IN PLENUM TO ZERO 
ASSIGN 50 TO IE, 39 TO IP 

H IS 71 FOR BU • O; 3 FOR BU ^ 0 

G> 

& 

CALCULATE GUESS ON TOTAL CLADDING A O / D ; CALCULATE COOLANT 
AND OUTSIDE CLADDING TEMPERATURES AND FISSION GAS RELEASED 

I 
CALL XKLCA - COMPUTE CLADDING THERMAL CONDUCTIVITY 
COMPUTE CUDDING INSIDE TEMPERATURE 

COMPUTE AVERAGE CLADDING TEMPERATURE 
CALL HGA - COMPUTE CERAMIC FUEL-CLADDING INTERFACE 

CONDUCTANCE 

COMPUTE FUEL OUTSIDE TEMPERATURE 

I 
SET LENGTH OF SODIUM IN PLENUM TO ORIGINAL VALUE 

I 
CALL VNA - DETERMINE FUEL EXPANSION i, CALCULATE FREE 

VOLUME IN FUEL DUE TO FISSION GAS PRESENT 
CALL PFA - DETERMINE THERMAL EXPANSION FOR METALLIC 

FUEL WITH SODIUM BOND 

CALCULATE INCREASE IN INTERNAL CLADDING VOLUME 

COMPUTE INEXORABLE FUEL SWELLING 
CHECK FOR START OF BREAKAWAY SWELLING 

SET VALUE FOR FUEL-CLADDING CONTACT PRESSURE 

i 
SET PRESSURE VALUES FOR CALCULATING GAS-PLENUM LENGTH 

T 
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& 

0- IF IPP ^ 2 : ASSIGN >t08 TO IG, W ? TO I J ; Nl = 0 

CALCULATE FUEL SWELLING; I F INCOMPRESSIBLE FUEL 

INDICATOR IS ON (INCC = 1) MAKE APPROPRIATE CORRECTIONS 

CALCULATE SODIUM VOLUME IN FUEL ELEMENT 

CALCULATE NEW VOLUME OF SODIUM IN PLENUM DUE TO 

FUEL EXPANSION 

CALL XLPA - COMPUTE PLENUM VOLUME AND GAS-PLENUM 

LENGTH DUE TO CLADDING EXPANSION 

IPP = 2 AFTER FINAL 

VALUE FOR PLENUM 

PRESSURE HAS BEEN SET 

CALCULATE PLENUM PRESSURE AS A FUNCTION OF THE 

AMOUNT OF FISSION GAS RELEASED AND THE GAS-PLENUM 

LENGTH 

YES Nl IS THE NUMBER OF 

ITERATIONS FOR 

PRRSSURE CALCULATIONS 

SET FINAL VALUE FOR PLENUM PRESSURE; IPP = 2 

SET PRESSURE VALUE FOR CALCULATING GAS-PLENUM LENGTH 

TO THE PLENUM-PRESSURE VALUE 
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YES 

ASSIGN 5 1 1 TO IG, 5 0 5 TO IJ; IPP " I 

SET PRESSURE VALUES USING PLENUM PRESSURE 

CALCULATE FUEL SWELLING 
CALCULATE VOLUME OF FUEL AND CLADDING 

YES 

Nl . Nl *\ 
CALCULATE VALUES FOR BILINEAR EXPANSION FUNCTION 
TO CONVERGE ON PRESSURE CALCULATION 
CALCULATE NEXT PRESSURE GUESS 

RESET PRESSURES VALUES USING UST CALCUUTED PRESSURE GUESS 

J 
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IG IS i|08 FOR PLENUM-PRESSURE CALCULATIONS; 
511 FOR FUEL-CUDDING CONTACT PRESSURE CALCULATIONS 

CALCUUTE FUEL SWELLING 
SET VALUE FOR FUEL-CLADDING CONTACT PRESSURE 

I 
CALCULATE THE PRESSURE STRESS 
CALL BIA - COMPUTE THE COEFFICIENT OF SHEAR 

MODULUS 
CALCUUTE THERMAL STRESS 
SET TOTAL STRESS = THERMAL PLUS PRESSURE STRESS 

IE IS 50 WHEN DOING NORMAL POWER CALCUUTIONS; 

85 TO 00 CALCUUTIONS AT ABNORMAL CONDITIONS 

AA20 i AA2I or AB20 & AB2I 

CALCULATE TIME AS A FUNCTION OF BURNUP 

CALCULATE FINAL FUEL-SWELLING VALUE 

YES 

CHECK FUEL SWELLING AND MAKE APPROPRIATE, 
IF ANY, CORRECTION 
IF IRSWL »» 0 AND PRESENT VALUE FOR FUEL 
SWELLING IS LESS THAN THE PREVIOUS VALUE, 
SET APPROPRIATE INDICATOR- INCREMENT 
INC. 

i 
CALL BECK - COMPUTE FRACTION OF FISSION GAS RELEASED 
CALL SYA - COMPUTE CUDDING YIELD STRESS 
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YES <H) 

CALL TESK - COMPUTE CUDDING CREEP RATE 

CALL HKNS - COMPUTE CLADDING SWELLING 
IF DOING CHANGE-CASE CALCUUTIONS AND IT * 0, MAKE 
APPROPRIATE CORRECTION FOR CLADDING-SWELLING VALUE 

SET TOTAL CLADDING AD/D 

1 
CHECK CALCUUTIONS ON TOTAL CLADDING AD/D 
IF PRESENT TOTAL CLADDING AD/D VALUES < PREVIOUS ONES 
RESET CUD TOTAL AND CREEP VALUES TO PREVIOUS ONES 

YES 

-® 

NO 

•© 

INC « 0 
INCC = 0 
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RESET BU AND TM TO PREVIOUS VALUE; IF I V J 6 > 0 IVJI = 0 

RESET CUDDING CREEP, SWELLING, AND TOTAL A D / D TO PREVIOUS VALUE 

NO YES €) 

(9H0J-

1 
SET TOTAL CLADDING AD/D VALUE 

I 
CALL EMAXA - CALCULATE MAXIMUM TOTAL A D / D , EMAX; IF TOTAL CLADDING 

A D / D >EMAX OR L IMIT CRITERION, CALL 10 -PR I NT MESSAGE 

YES 

IBUR =. I POSSIBLE 
ONLY DURING FIRST TWO 
SETS OF CALCUUTIONS 
FOR CHANGE-CASE DATA 

DBU IS THE PRESENT 

BURNUP INCREMENT, A26 

IS THE INPUT ( I N I T I A L ) 

BURNUP INCREMENT 

N02 IS FOR OUTPUT CONTROL, 

I F = 0 OUTPUT IS SKIPPED 

UNTIL TERMINAL CONDITIONS 

CALL 10 - DO APPROPRIATE OUTPUT OPERATIONS 

T 
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& 

CALL TESK - CALCUUTE CREEP STRAIN RATE 
CALL HKHS - CALCULATE CUDDING SWELLING 

IF IHKNS = I AND IT * 0 (DOING CHANGE-CASE 
COMPUTIONS) MAKE CORRECTIONS IN CUDDING 
SWELLING 
CHECK STRESS CALCUUTIONS; IF NOT ACCEPTABLE 
SET IVJI = IV.)fi= I 

YES <7) 

CALL ELA - CALCUUTE MODULUS OF ELASTICITY 

1 
RECALCULATE TOTAL CLADDING AD/D 

CALL EPLA - CALCUUTE PLASTIC MODULUS 

IF PRESSURE STRESS IS GREATER THAN THE TOTAL 

STRESS, RECALCUUTE TOTAL CLADDING AD/D 
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CALL 10 - IF BURNUP V A L U E + 0 PRINT MILLER'S RATCHETTING 

MESSAGE 
CALL ELA - CALCULATE ELASTIC MODULUS 
CALL NFA - DETERMINE NUMBER OF THERMAL CYCLES TO 

FAILURE 
ADD FRACTION OF THERMAL CYCLES TO FAILURE FOR THIS TIME 
INCREMENT TO TOTAL FOR PREVIOUS TIME INCREMENTS 

NO 

•0 

SET INDICATORS FOR OVERPOWER CONDITIONS AA2 & AA2I 
ASSIGN 90 TO IH, 803 TO IP, 71 TO IB, 85 TO IE 

G> 
NO YES <£) 

IX > 0 ONLY IF BOTH THE 

CALCUUTED MAXIMUM AND 

MAXIMUM A D / D L IMIT HAVE 

BEEN EXCEEDED BY THE CAL
CULATED TOTAL A D / D 
(WHICH INCLUDES THE 
ELASTIC AND P U S T I C 
MODULUS TERMS) DURING 
OVERPOWER CONDITIONS 
AA20, AA2i 

CALL SYA - CALCULATE CLADDING YIELD STRESS 

T 
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YES 

r8ii2y 

CALL 10 - PRINT APPROPRIATE VALUES,PRES
SURE STRESS, & CUDDING CREEP (IF N02 > 0] 

IH IS 90 FOR OVERPOWER REACTOR 

CONDITIONS AA20 & AA2 I; IS 100 

FOR FLOW-COAST-DOWH REACTOR 

CONDITIONS AB20 i AB2I 

1 
CALL ELA - CALCULATE ELASTIC MODULUS 

RECALCULATE TOTAL CLADDING AD/D WITH ELASTIC MODULUS TERM 

CALL EPU - CALCUUTE MODULUS OF PLASTICITY 

ADD ON CLADDING AD/D DUE TO PLASTICITY TO PREVIOUS CUD TOTAL AD/D 

YES 

NO 
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i 
CALL 10 - PRINT APPROPRIATE MESSAGE 

YES -{wy 

NO 
- ^ 8 1 * 2 ^ 

CALL 10 - PRINT APPROPRIATE MESSAGE 

SET VALUES FOR FLOW-COAST-DOWN REACTOR CONDITIONS AB20 & AB2I 

ASSIGN 100 TO IH 

©• 

IX > 0 ONLY IF BOTH THE 

CALCULATED MAXIMUM AND 

MAXIMUM AD/D LIMIT HAVE 

BEEN EXCEEDED BY THE 

CALCULATED TOTAL AD/D 

(WHICH INCLUDES THE EUSTIC 

AND PLASTIC MODULUS TERMS) 

DURING FLOW-COAST-DOWH 

CONDITIONS AB20, AB2I 
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@-

>o 

<B 
IVJ2 IS < 0 WHEN NO 
TERMINAL CONDITIONS HAVE 
BEEN REACHED, = I WHEN 
DURING ROOM CONDITIONS-

CALL 10 - PRINT NO-FAILURE MESSAGE 

INCREMENT IVJ2 TO 0 

1 
INCREMENT IVJ2 TO I 
INCREMENT BURNUP TO NEXT BURNUP STEP 

€> 

CHECK IF MAXIMUM STRAIN CHANGE BETWEEN BURNUP STEPS IS 
WITHIN REASONABLE LIMIT; IF NOT, ADJUST THE BURNUP 
STEP INCREMENT APPROPRIATELY 
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NO 

INCREMENT BURNUP VALUE 
SET INDICATOR HOT FOR FIRST BURNUP STEP FOR CHANGE CASE 

(S> 
INCREMENT BURNUP 
IBUR =. 0 (FOR NORMAL & REMAINING 
CHANGE-CASE COMPUTATIONS) 

1 
ASSIGN 3 TO I I 

@-
YES 

NO 

<E) 

NO 

G 

IF LIMIT FOR MAXIMUM FUEL TEMPERATURE 
EXCEEDED CALL 10 AND PRINT MESSAGE 
CALL 10 - PRINT TERMINAL CONDITIONS 

IS 
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NO 

CALL 10 - PRINT MESSAGE, SKIP REMAINING 
CHANGE-CASE DATA 

IF USING NEW FUEL-SWELLING MODEL, 
VALUES FOR FIRST BURNUP STEP 
SAVE PRESENT BURNUP AND TIME VALUE 
ICALC = 2, IBUR = 1 

SET 
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JL 
SET VALUES FOR DOING ROOM-CONDITIONS 
COMPUTATIONS ASSIGN 3 TO I I , ( IVJ2 ~ 
INCREMENT BURNUP BY A SMALL VALUE 

CALL 10 - PRINT OUTPUT FOR ROOM CONDITIONS 

RESET INLET TEMPERATURE AND ABNORMAL-

REACTOR-CONDITION INDICATORS 

1804 

NO e 

YES -0 

(^ STOP ^ 
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BEheO-I 

Ih 
REA 
CdM 

1 

3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
E 
F 
G 
h 
I 

CAM 
IN/N 
22/1 
3DEL 
4bUM 
5A27 
6A43 
7AA2 
8XMF 
9GB/ 
ATM/ 

PLICIT REAi.»a (A-H/B-Z: 
L^S KNl 
neN /XMAIN/ 

XTCLe(6 
TCLB(6a 
UL(100) 
tT(100) 
bUT(60) 
DGDI?(6 
VCL(60) 
XINGI60 
(-FFLX(6 
UET3(60 
PRMX(10 
TRIG(60 
IRGie2( 
FLU(60) 
PGS(3)/ 
hXl(?) 
MflN /IB 
T/NTl/I 
r/IT2/N 
TCN/GAM 
X/DBPP/ 
/A28/A2 
/A44/A4 
0/AA21/ 
/RHThF/ 
02/PG/G 
TM2/TMB 

0 ) / 
)/ 
/ 
/ 
/ 
0 ) / 
/ 
)/ 
0 ) / 
)/ 
0 ) / 
)/ 
60)/ 
/ 

TOL 
TCL 
1CL 
SP( 
Tb( 
SUM 
DEL 
VFT 
tT2 
V(6 

swa 
tTM 
TRI 
TRG 
FLU 
w( 3 

( 60) / 
8(60)/ 
I(60)/ 
100)/ 
60)/ 
E(60)/ 
E(60)/ 
(60)/ 
(60)/ 
0 ) / 
(60)/ 
X(100)/ 
Q81(60)/ 
2(60)/ 
8(60)/ 
)/ 

bL(6J)/ 
PR(100)/ 
fF8(60)/ 
SH{ 100)/ 
EMAX(60)/ 
SUM(60)/ 
TC(60)/ 
rFB(60)/ 
A 2 ( 6 0 ) / 

ESW(100)/ 
bWN(60)/ 
XLPMX(100 
TRIGa2(60 
TRQ2ai(60 
I ITLEK 10 
tR(3)/ 

(3(60 
PR8( 
TF(6 
PS(6 
Pe(6 
P8D( 
E T K 
FR(6 
DET2 
D(60 
BMX( 

)/NNl( 
)/TRQl 
)/TRG2 
)/TITL 

OF (6 

60)/ 
0 ) / 
0 ) / 
0 ) / 
6n)/ 
60 )/ 
0 ) / 
(60)/ 
1 < 

nO)/ 
60 )/ 
( 60 )/ 
n?(60 
F?( 10 
0) / 

XTC 
DGD 
aR( 
E d 
ST( 
TQB 
TRI 
GM( 
W3( 
DVV 
PPM 
BTM 
TRG 

)/TRI 
)/TIT 
MAX 

(60)/ 
1(60)/ 
60)/ 
00)/ 
100)/ 
(60)/ 
Gl 160)/ 
60)/ 
60)/ 
(100)/ 
X(100)/ 
(60)/ 
181(60)/ 
G2(60)/ 
LE3(10)/ 
(2)/ 

CBM/ 
8PT/ 
Y/KN 
FR/P 
hC/X 
9/AJ 
5/A4 
AB20 
DFDI 
MO/G 
/ETA 

ICAL 
T/IP 
LTBU 
LFPP 
0/A3 
6/A4 
/AB2 
/XNU 
Ml/V 
/AF/ 

C/IPLT 
R/IDV/ 
/TFBL/ 
/XLPPP 
1/A32/ 
7/A48/ 
1/TFMA 
/PP8/X 
1/V2/F 
DPPP/P 

1/lKSW 
IBUM/I 
TFBH/T 
/A1/A2 
A33/A3 
A49/A5 
X/FFLX 
LNAB/A 
GR2/EM 
1/A26/ 

L/ IH 
BUT/ 
FBI/ 
/A3/ 
4/A3 
0/A5 
/BUM 
LPNA 
AXl/ 
A20/ 

KNS/ 
lERR 
TFB2 
A4/A 
5/A3 
1/A5 
AX/D 
/A40 
EPSl 
A21/ 

IFUEL, 
/IQF/I 
/TFB3. 
5/A6/A 
6/A37/ 
3/A54/ 
BF/QPB 
1/A402 
/EPS2. 
SY 

IPRNT 
FLG/X 
TFB4/ 
9/A12 
A38/A 
A55/A 
/QPBD 
/ T B J G 

T R A / F 

/N8/M 
IB/BU 
TFB5/ 
/A13/ 
39/A4 
56/A5 
/QPBM 
T/CBR 
CB/XL 

1/NDL 
/TCIN 
PMAX/ 
A14/A 
0/A41 
7/A58 
/XLCL 
R/Gl/ 
P/QLS 

/NB1/N8 
/DELTC/ 
BUINC/ 
15/A25/ 
/A42/ 
/A300/ 
/XMNA/ 
BUST/ 
UM/PP/ 

C 
C 
C 

8u4 CALL IB (1) 
DELTCS - DELTC 
FFLXS « FFLX 
SAVA26 • A26 
QPBSAV * QPB 

SET UP GE8METKY--CBMPUTE DIAMETERS 

417 IT • 0 
INC « 0 
INCC - C 
ITh » 0 
IBUK • 0 
IBUh - 0 
lERR - 0 
IBUH* = (NTl/b)*2 
C «= 16.387064 
PI4 • 12.5664 
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IB 
IB 
AR 
De 
AR 
XM 

Sfi3 AR 
08 
X-
IF 

5 DE 
D8 
08 

6 IF 
8 DF 
lO VO 

XN 
Q( 
Tl 
DD 
DD 
T2 
D8 
T3 
AF 
PP 
PR 
08 
VC 
VF 
VN 

ce 
NT 

D8 
2 PB 

pe 
X 
IF 

1J6 VT 
VF 
VN 
VP 
XL 
VN 
XL 
CA 

1.-7 IF 
9i 3 CA 

G8 
138 A 2 

AS 

Ufil 
un2 
Gi >= 
883 

Qe -
ULT 
Gl = 
DI «= 
XMF* 
(X) 

N »R 
Fa ' 
F • 

(D8 
DI -
« 1. 
T«=NT 
NTl ) 
-DEL 
«=D8D 
D=.7 
-DL0 
Oil-
• -T2 
LND-
A6 = A 
A6=. 
DI2« 
La ' 
B « 
Ad •= 

«! NTl/3 
= 2*IBUnl 
0( IPUMl-1 ) 
I-IBUhl/IBUM2 
CJ( I ) 

= DMAXl(ARG1/ARG2) 
XMULT 
DBPP/DPPP 

RHTHF 
6/6/5 

HTHF»XLFPP*0.7854 
XMF*C/DEN 

DeF2¥#(0.5) 
F) lO/lU/8 
DBF/DPPP 
- DFDI**2 

•= 0 
TC/( 
1**2 
854* 
G( D8 
DD-1 
/DSD 
Ab*A 
6/DP 
7S54 
DD+1 

DD 
VCL 
VCL 

2.*XNT) 
• 
(DBRP/DCDl)»*2. 
DI ) 
• 
I1 + .5 
F*FCB*(XLFPP/XNT,*(D8PP/D8DI)**2. 
PP**2. 
*A6 
t 

D * XLFPP / XNT 
B * DFDI**2 
8 - VFB 

MPUTE EXTERNAL CLAD PRESbuRE 
IS NUMBER HF AXIAL StCTIbNS 

IN EACH AXIAL SECTIBN 

^ I=1/NT 
D(I) « P8(I)*DBDI2 
D(NTl) = DBLI2*(3.*PB(NT,-PB(,>lT 
= XMNA*XLCL 
(X) 137/13//136 
" XLCL*DDU 
= VFe*XNT 

Aa = XMNA/0.9686/C 
L • VT - VF - VNAl 
PPP = VFL/PUD 
AP = VNAl - VNAe*XNT 
NAS « VNAP/uDD 
LL IB (2) 
I NO - 1) 90J/903/13& 
LL 18 (3) 
TB 1X04 

0 " 1. 
1 = 1. 

- 1) )/2. 
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C 
c 
c 
c 

13 
11.1 

11 

12 

C 
C 
C 

IVj - 0 
IVul • 0 
IPR - 0 
ASSIGN 50 TC IE 

CShPUTE FISSil3NS IN FUEL 
QPB IS LINEAR PawER(BTU/HR-FT) 

AA9 = A9*FCB*DDD*(l.-V0)/(^PB*(l.-QAMFR)) 
ASSIGN l5 T8 IB 
QPBb«:0PB/Pl4 
QPbl=4 8.*QPB5/HC/D8PP 
Q P B 2 - 2 . » Q P B 5 * T 2 
(:jPB:H-2.*QPB5*r3 
QPB4-QPBl*HC*DeDI 
QPB6-QPB5/(1-VO) 
QLIN • O.00081277*PP6*XLPPP*DPPP**2 
PP - PPd* (TCIN + A20*DELTC + 460.)/530. - l4.7 
XTC(l)-TCIN + AiiO*Tl*Q(l) 
DB ll I-2/NT1 
XTC(I)»XTC(I-1 )+A20*Tl*(Q(I-l)+Q(I) ) 
T F ( N T 1 ) - XTC(NT1> 
DB 12 I - l / N T l 
E T K I ) - E T ( I ) 
X T C L 0 ( I ) - X T C ( l ) + A 2 1 * Q t I ) * Q P B 1 
ASSIGN 7 1 TS I I 
GBTe IB / ( 1 5 / 7 1 ) 

I N I T I A L I Z E VARIABLES 

L5 BU -
BUL • 
TM = 
XK = 
Zl -
IVj? 
I V J S 

IVJ4 

0. 
0. 

0. 
1. 
10.D" 
- -1 
• 0 

- 0 

20 

6^9 

IBUM3 » 2 
IPP « 1 
MAX(1 ) • 0 
MAX(2) - 0 
MXKl ) - 0 
MX1(2) » 0 
IT2 - 0 
KNTl - 1 
DBU » A26 
08 659 I^l/lOO 
QL(I) = 0. 
SP(I) - 0. 
E(I) - 0. 
ESw(I) » C 
ET( I ) m. 0. 
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C XTC IS CSeLANF INLET TEMP 
DB 16 I-l/NTl 
BTM(I ) - 0. 
QR(1 ) • 0. 
PR6(I) • 100. 
DGDKI) - .5 
V( I ) = 0. 
FR(1 ) = 0. 
DET2( I ) = 0. 
W2(I) = 0. 
BUT(I) - C 
SUh(1) s 0. 
SUh£(I) = 0. 
ETKI) = lO.D-20 
TC(I ) = XTC( 1 ) 
TCLB( I ) « XTCL8( I) 

-.6 GM( I ) • GMO 
IFLG •> 1 
IFL » 2 
IF (( IFUEL.EU.O).BR.(IFUEL.tQ.4) ) IFL « 1 

8^1 IF (ICALCNE.cf) GB TB 17 
CALL 18 (4) 
BUt̂ AX « BU + BUINC 
DBU • A26 
GB TB (549/587)/IFL 

587 08 TB (b49/548/549)/IFLG 
C 
C THE FIRST PRL>.T8UT AFTER READING IN CHANGE CASE DATA SHOULD BE FBR 
C CALCULATIBNS DBNE AT THE BURNUP OF THE PREVTflUS TERMINAL 
C CeNL'ITIflN AND THE NEW CHANGE IN TEMPERATURE (PRBVIDED A NEW TEM-
C PERATUNE IS READ IN) - 6NLY FBR USING THE NFW FUEL SWELLING MBDEL-
C USED FBR evERPBWER AND FLBw C8AST DBWN CALCULATIONS 
C 

548 IF (DELTCN-DtLTC) 594/593/594 
594 BU » BUS 

TM - TM8 
GB TB 550 

593 IFLG « 1 
549 BU s BU+DBU 
550 KNT « 1 

IVj2 « -1 
IBUT - 0 
DELIC = DELTCN 
IF (IGF.E&.l) 68 TB 647 
ARGl - U( IBUMl-l) 
DB 884 I"=IBUM1/IBUh2 
ARG2 - (.( I ) 
XMULT «= OMAXl ( ARQ1/ARG2) 

8K4 ARbl * XMULT 
6*7 Tl « DtLTC/(2.*XNT) 

AA9 • A9*FCB»UDD*{l.-VO)/(JPB*( l.-GAMFRI ) 
QPBb = (JPB/PI4 
QPBl " 4 8 . * Q P B 5 / H C / D B P P 
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GPbr! - 2.*c;Pbb*T2 
SPBJ = 2.*QPBb*T3 
aPB4 » (iPBl*HL*ueDI 
GPbb • QPb5/(l.-V0) 
XTC( 1 ) = rCIN + A20*T1*Q(1) 
DB 111 I"2/NU 
XTC(I) ' XTC(I-l) + AcO»Tl*IG(I-l)+UtI)) 
TF(NT1 ) » XTCINTl ) 
DB 112 I=1/NT1 
TC(I) = XTC( I ) 
XTCL8(I) •= XTC(I) + A21*u( 1 )*QPB1 
TCLe( I ) = XTCLB(I) 

7 A20=l. 
A21=l. 

5 QLSUM = 0. 
Zl « lO.D-20 
XI = 0. 
IVJb - 0 
IVJ6 ' o 
IPR =. 0 
ASSIGN 39 TB IP 
ASSIGN 50 Te IE 
GBTd II /(3/71) 

3 DB 21 I=1/NT1 
ETK 1 ) = ET( I ) + £T1 ( I )/XK 
W2( I ) « l«2( I )*XK 
DET2( I ) - DtT2( I) /XK 
rt3(I) = w3iI)*XK 
DET3(I I = DETJ(I)/XK 
XTC( I ) » TC(I ) 

1 XTLL8{I) » TCLBd) 
XK - 1 . 

1 DB 902 I-l/NTl 
OGDI(I) = 0. 
OT = AFLND*( l.-VO)*BU*(i( I ) 
QL( I ) = GiT*FR( I ) 
QR(I) = QT - QL( I ) 

2 QLSUM - QLSUM + QL( I ) 
QR(NT1 ) • CLSUM + SLIN 
QL(NTl ) • 0. 

1 08 18 I-l/NTl 
IJ=1 
N - I 

9 CALL XKCLA (IJ/IK/XKCL) 
CeilPUTE INSIDE CLAD TEMP 
TCLI ( I )-XTCL8(I)+A2l*B(I)*UPB2/XKCL 
IF(IK-1)7/7/4 
IJ-2 
GBTO 9 
CBMPUTE AVG CLAD TEMP 

4 TCLB(I)-XTCL0(I)+A21*Q(I)*UPB3/XKCL 
CALL HGA (HG) 
CeMPUTE FUEL BUTSIDE TEMP 
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c 
c 
c 

18 TFed)=TCLI(I)+A21*G(I)*QPu^/HQ 
-i7 XLNA « XLNAB 

S = 0. 
08 bOl I-1/NT 
N - I 
CALL VNA (DDD/VN/VO/XNT ) 
PRl - PRA6 * QR(I) * (TGB(I) + 4bU.)/VN 
CALL PFA (D8DI/VN/PF/PRl/Pl^/VF8/iFL) 

C CALCULATE INCREASE SF CLADDING INSIDE V8LUMP 
VCL( I) = VCLe*(l.+3.*A30*d.-t-A31*(TCLB(I)+7,l.)/?. )*(TCLB( I )-70. ) 
i + £.*ET1( I ) ) 
S - S + ESW( I ) 
BUN - BU * Q( I ) 
GAM - GM(I ) 

TRie2 IS FBR INEXBRABLE FUEL SWELLING 

T R I G 2 ( I ) - GAM*BU*Qd ) * ( ( TFB( 1 ) + 4 6 0 . ) / ( T B + 4isO. ) )**GT + CeRR 
IF ( T R I G 2 d ) ) 5 0 1 / 5 0 2 / 5 0 2 

5( 1 TR IGK I ) - 0 . 
XING( I > - 0 . 
GB TB 503 

502 TRIGK I ) - TRIG2( I ) 
XING(I ) - TRIG2(I ) 

5i,3 IF (IFUEL.EQ.l) GB TB 544 

CHECK FBR START 8F BREAKAWAY SWELLING 

IF (BUN-bUST) 801/801/504 
5(4 TRIGK I )=TRIG1 ( I )+ Gl* ( BUN-BUST ) **GB 

GB TB 801 
544 TRIGKI) - lOu. 
801 PR(1 ) - PRl - PF 

TM2 = AA9*BU 
ETP - 2.*ET1(NT1) ••• E&W(NTl) +S* XLF PP/NT/( XLPPP + XLNAB ) 
NY- NTl 

418 PGS(2) - PP 
IF (PP)52l/521/522 

5^1 PGS( 1 ) - -l.-i- PP 
PGS(3) - 1. + PP 
GB IB 978 

b'-'2 PGS( 1 ) - 0.9»PP 
PGS(3) - 1.1*PP 

9/8 P2 = PP 
871 IF ( IPP.EQ.2) G8 18 421 

ASSIGN 408 TB IG 
ASSIGN 407 TB IJ 
Nl - 0 

4^1 J •= 1 
4.10 P - PGb(j) 
437 VNAPL - 0.0 

N = 1 



- 81 -

THIb IS THE Ntw FUEL SWELL!,.G MBDEL 
IF IFUEL - 0 OR 4/ USE 8LD FUEL SWELLING MP] lEL 

646 G8 16 (556/844)/IFL 
556 TRI(j(N) = XING(N )+G2/d .+P/PG) 

GB 16 641 
844 IF ( (TFb(N) .Lt.TFBL) .eR. (Ti-B{N I .Gt.TFBH) ) H'l T8 939 

IF (P-PMAX) 6x2/612/683 
612 PRS = P 

GB TB 6«s4 
683 PRS = Pr-AX 
684 TRIG(N) = X ING(N )+BU*0(N)* IFBl*DEXP(TFB2*(TFB3-TFB(N) )**2) 

l/(l.+(PRS/TFB4)*(l.-TFBb*(TF83-TFB(N))**2)) 
GB Te (641/557/641)/IFLG 

557 TRIGB2(N) = TRIQ(N) 
GB 18 641 

989 TRlb(N) - XINGIN)+bU*0(N)*IKBl*OtXP(TFB2*(TFB3-TFB(N))»*2) 
GB IB (641/558/641 )/IFLG 

558 TR1G82(N) = TRIG(N) 

641 IF (INC) 990/990/865 
865 TRIG(N) - X ING(N)+SW8(N) 

G8 T8 (990/580)/IFL 
580 Q8 TB (990/559/990)/IFLG 
559 TRI662(N) » TRIG(N) 
990 TRIG2(N) - TRIGl(N) 

QS TB (562/591)/IFL 
591 Q8 TB (562/561/560)/IFLG 
560 TRIG(N) - TRIG81(N) + (TRIG(N)-TRIG82(N) ) 

GB IB 562 
661 TRIG(N) = TRIGB2(N) 
562 IF (P+PG) 401/401/980 
580 IF (TRIG(N)-TRIG2(N)) 402/402/401 
401 TRI6(N) = TRIG2(N) 
402 X = VCL(N)-VFT(N )-vFe*TRIG(N) 

1 +2.*VCLe*(P*(2.-XNU)/2.-Pa(N)+XNU*P8(NT)/?.)/(D8DI-1.)/A46 
2 /d.+A47*TCLB(N) ) 
IF (X) 403/404/404 

403 X = 0.0 
404 T - TFB(N) 

CP - 1 .6*dO. )**(~6) 
F - 1.-3.*ALPNA*(T - 70.) + CP*P 
IF (T - 207.) 410/409/409 

4u9 F = F -0.G218 
410 VSU » VNA8 -X*F 
05 VNAPL - VNAPL + VSQ 

N = N+1 
IF (N.LE.NT) GB T8 646 
XLNA = XLNAB + VNAPL/(0•7854*DPPP**2) 
CALL XLPA (XLNA/ETP/P) 
IF (IPP.EQ.2) Q8 TB 420 
TPRAN -TCIN + A20*DELTC + 460. 
PP = PPA6*QLSUM*TPRAN/XLP +PP8* (XLPPP/XLP ) *TPRAN/530.-14.7 
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1 + A401»DEXP("A402/TPRAN) 
ERl « (PP - P) 

0.8 IF (Nl) 406/4U6/601 
4u6 ER(u) = ERl 
4i9 J - J+1 

IF (J.LE.3I 60 TB 400 
GB TB 1600 

408 PP » P2 
PGS(1 ) = PP 
IPP = 2 
68 TB 421 

4?0 IPP - 1 
412 ASSIGN 511 TB IG 

ASSIGN 50b TB IJ 

CBfPUTE PLENUM PRESSURE DUE TB FutL SWELLING 

600 N - 1 
845 IF (NI.EG.O) GB TO 507 

NY- N 
C » 1. 

982 PQS(1 ) = C.9*PF 
PGS(2) = PP 
PGS(3) « 1.1*PP 
IF (PP) 517/517/979 

5i7 PGSd) - PP - 1. 
PGSO) « PP + 1. 

979 P2 = PP 
Nl - 0 
Y - TRIGKN) - XING(N> 
J - 1 

840 P = PGS(J) 
5w5 GB 16 (592/630)/IFL 
532 TRGMN) - G?/( 1 •+P/P6 )-Y 

GB 18 642 
6J0 IF ( (TFB(N) .Lt.TFBL).8R.(ThB(N).GE.TFBH) ) fifl TB 984 

IF (P-PMAX) 614/614/685 
614 PRS = F 

GB 18 686 
6K5 PRS = PrAX 
686 T R G K N ) «= E u * l * ( N ) * 1 F B I *DEXp ( T F r i 2 * ( TF B 3 - T F B ( NJ ) ) * * 2 ) 

t / ( l . + ( P k S / T F b 4 ) * ( l . - T F B 5 * ( T F B 3 - T F B ( N ) ) * * 2 ) ) - Y 
60 T8 ( 6 4 2 / b 6 3 / 6 4 2 ) / I F L G 

5 6 3 T R G 1 8 2 ( N ) = T R G K N ) 
G8 TB 6 4 2 

9 8 4 T R G K N ) - RU*Q ( N ) * 1 FB 1 * D E X M T F b 2 * ( TF B 3 - T FB ( N! ) ) * * 2 ) - Y 
Ge TB ( 6 4 2 / 5 6 4 / 6 4 2 ) / I F L G 

5 6 4 T R G 1 8 2 ( N ) = T R G K N ) 
6 4 2 I F ( I N C ) 5 1 5 / 5 1 5 / 8 6 6 
8 6 6 T R G K N ) = S I N 6 ( N ) - Y 

GB TB ( 5 1 5 / 5 8 1 ) / I F L 
5 8 1 GB TB ( 5 1 5 / 5 6 6 / 5 6 5 ) / I F L G 
5 6 5 T R G K N ) = TRG 1 8 1 ( N ) + ( T R G K .N ) -TRG 182 ( N ) ) 
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GB IB 515 
5b6 TRGl(N) = TRG18H(N) 
5i5 VF - VFT ( N) + VFB*( TRIGKN )+C*TRGl (,N) ) 

VC -VtL(N)+2.*VCLe*(P-Pe(M) +XNU*(Pa(NT)' 
1 /(l.+A47*TCLB(N)) 
ERl » VC - VF 
IF (NI) 506/5U6/6C1 

•Pp)/2.)/(D8DI-l.)/A46 

506 ER(j) - ERl 
J - J + 1 
IF (J.LE.3) GO 18 840 

507 NI » M + 1 
PI =• P2 

WHEN ER IS A blLINEAR FUNCTION SF P /THE FBLI OWING INTERPOLATI8N 

CALCULATE CONSTANTS F6R BILINEAR EXPANSION FOR PRESSURE DUE TO 
FISSIBN GAS IN PLENUM. ITERATE OVER CALCULATED AND GUESSED PRES. 

0..5 

5?0 
5i:3 

65,7 
519 

508 
5o9 
600 
609 

608 

518 
514 

601 
6U2 

QWl « 
QW2 -
QW3 -
wDEM -
IF (WD 
P2 « ( 
IF(P2 
IF (NY 
IF ( (E 
P2 - C 
X » 0. 
G8 TB 
P2 - ( 
IF (P2 
X -(P2 
IF (X 

X - -X 
IF (X 

ER(3)*ER(2) 
ER(1)*ER(3) 
tR(2)*ER(1) 

(PQS(3) - PGS(2)) * 
(PGS(1) - P6S(3)) * 
(PGS(?) - PGS( 1 ) ) * 
OWl + QW2 + tJW3 

EM) 6005/523/6005 
PGSd)»QWl + PGS(2)i*U,W2 
+ 14.7) 520/519/519 
- NTl) 519/523/523 

R(3)-ER(2) ).NE.O. ) Qfl TB 657 

+ PQS(3)*QW3 )/WOEM 

IF 
NX 
68 
P . 

(NI 
- I 
TB 

•• P 2 
(P 

60 3 

IF 
P - »p 
J = 3 
GB TB 
IF (P 
PQS(3) 
PGS(2) 
PGS(1) 
ER(d) 
ER(2) 
E R d ) 
GB TB 
IF (P 

510 
PGS(2)*ER(3) - PGS(3,*£R(2) )/(ER(3) 
.EQ.O.) GB T8 509 
- Pl)/P2 
) 508/5u9/509 

- EPSl) 510/600/600 
- 15) 608/609/609 

VJ4 
510 

+ PG) 518/518/514 
- 2.*PG 

IJ/(407/505) 
- PGS(1)) 602/602/603 
- PGS(2) 
- PGS( 1 ) 
- P 

« ER(2) 
- ER( 1 ) 
- ERl 
507 
- PGS(2)) 604/604/605 

ER(2) ) 
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60 4 

605 
606 

6C7 

510 
511 

567 

631 

616 

687 
688 

568 

9S6 

569 
987 
636 

582 
570 

5/1 
635 
981 

415 

PGSO) 
PGS(2) 
ER(3) 
ER(^) 
Gfl TB 
IF (P 
PGS(1 ) 
PGS(2) 
ER( 1 ) 
ER(2) 
GB TB 
P6S( 1 ) 
PQS(2) 
PGS(3) 
ER( 1 ) 
ER(2) 
ER(3) 
GB TB 
G8 1 B 
P = P2 
68 TB 
T R G 2 ( N 

G8 TB 
IF ( (T 
IF (P-
PRS -
GB T8 
PRS -
TRG2(N 
L/(l.+( 
68 TB 
TRG2B2 
68 TB 
TRG2(N 
GB TB 
TRG^B2 
IF ( IN 
TRG2{N 
G8 18 
68 TB 
TRG?82 
68 18 
TRG2(N 
IF (TR 
C - 0. 
GB TB 
PR(N) 
N - N + 
IF (N 

« PGS(2) 
- P 

- ER(2) 
- ERl 
50 7 
- P G S O ) ) 606/606/607 
- PGS(2) 
- P 

- ER(2) 
- ERl 
507 
- PGS(2) 
- PGS(3) 
= P 

= ER(2 ) 
- ER(3) 
- ERl 
507 
IG/(408/511) 

(567/631)/IFL 
) « (G2/(l.+P/P6)-Y)*C 
987 
FP(N) .LE.TFBL) .OR. (TF B(N) .GE.TFBH) ) r,fl TB 986 
PMAX) 616/616/687 
P 
688 
PCAX 
) - ( B U * Q ( N ) * T F B 1 * D E A P ( T F B 2 * ( T F B 3 - T F R ( N ) )**2) 

P R S / T F B 4 ) * { 1 . - T F B 5 * ( T F B 3 - T F B ( N ) )**2) )-Y)»C 

(987/568/987)/IFLG 
(N) - TKQ2(N) 
987 
) - (BU*Ui(N)*TFBl*DEXP(TFB2*( T F B 3 - T F H ( N ) )**2)-Y)*C 

( 9 8 7 / 5 6 9 / 9 8 7 ) / I F L 6 
( N ) • TKG2(N) 
C) 635/635/636 
) - (SWe(N)-Y)*C 
( 6 3 5 / 5 8 2 ) / IFL 
( 6 3 5 / 5 7 0 / 5 7 1 ) / I F L G 
(N) = TR62(N) 
635 
) = TRG2eKN) + (TRG2(N) -TR62a2(N) ) 
G2(N)) 415/415/981 

982 

LE.NT) GB TO 845 

PR IS CONTACT PRESSURE DUE 
416 PR(NT1 ) - PP 

DB 38 I-l/NTl 

0 FUEL SWELLING BUT TB CLAD 
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IP/(39/803) 
-!9 

300 

301 
803 

42 

43 
C 
C 
44 

7C5 

C 
C 

50 

3 8 

1050 
1051 

846 

5/2 

634 

6'8 

689 
690 

573 

992 

574 
993 

583 
575 

576 
577 

542 

) 300/300/301 

42/'+2/43 

N - I 
GB TB 
IF (PH(1)-lPO 
P R B d ) » 100. 
GB TB 8u3 
PR8( I ) = PR(I ) 
IF (PR(I ) - PP) 
PS(I) = PP 
GBTB 44 
PS(1) = Ph( I ) 

CALLULATE CLADDING H O B P S T K E S S DUt TO PRESSURE 
SP(I) - (2.»RS( I )-P6Dd ) )/DODIl 
CALL BIA (Bl ) 
Shii) - Bl*( TCLBd )-XTCLOd ) ) 

CALCULATE THERMAL HOBP STRESS 
ST( I ) = SP( I )+SM( 1) 
GBlLi IE/ (50/85) 
TMl-TM 
IF(ITM .NE. 1) GB TO 1050 
TM - AA9*(BU - BU7) + TM8 
68 18 1C51 
TM - AA9*BU 
DELfM - Tf - TMl 
N = 1 
P = PS(N) 
GB rB (572/634)/IFL 
TR16(N) = XING(N)+Gc;/d.+P/PQ) 
GB re 993 
IF ( (TFB(N) .Lt.TFBL) .6R. (TFb(N) .Gt.TFBH) ) r,8 Ta 992 
IF (P-PMAX) 618/618/689 
PRS - P 
68 18 690 
PRS - PMAX 
TRIG(N) - XING(N)+(BU*Q(N)*TFB1*UEXP{TFB2*(TFB3-TFB(N))**2 
l/(l.+(PRS/TFB4)*(l.-TFB5*(TFB3-TFB(N))**2)) 
66 TB (993/573/993)/IFL6 
TRIQ82(IM) - TRI6(N) 

68 TB 993 
TRIG(N) = XING(N)+BU*Q(N)*1FB1*DEXP(TFB2*(TFB3-TFB{N))**2) 
GB 18 (993/574/993)/IFLG 
TRI682(N) « TRIG(N) 
TRIG2(N) = TRIGl(N) 
GB T8 (577/58j)/IFL 
GB T8 (577/576/575)/IFLG 
TRIG(N) = TRIQ81(N) + (TRIG(N)-TRIG02(N) ) 
GB TB 577 
TRIG(N) » TRIG82{N) 
IF (TRIG(N) -TRIG2(N))543/543/542 

TRIG IS THE FUEL SWELLING 
TR1G(NI = TRIG2(N) 
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543 X = -l.+VFT(N)/VF8+TRIG(N) 

IF STATEMENT CHECKS FBR INLjMPRtSSIBLE FUEl 8PTI8N 
IF (IRSWL.EQ.O) 68 TB 869 
IF (TRIG(N)-DVV{N)) 868/869/869 

868 SW6(N) = DVV(N )-XING(N) 
INC - INC+1 
TRIG(N ) - DVV(N) 
X = -l.+VFT(N)/VFO+TRIG(N) 

8fa9 V(N) - X 
DVV(N) - TRIG(N) 
CALL BECK (X) 
Y - ET(K) 
ET2(N) - ET(N) 
CALL SYA (SY) 
IF (ST(N)-SY) 52/52/847 

847 TRA - ST(N)-SY 
CALL IB (6) 
G8 TB 53 
SE-bT(N) 
MM = t5048 
CALL TESK (St/EDBT) 
FLX « FFLX*QFFLX(N) 
T - TCLB(N) 
ESwl - ESW(N) 
CALL HKNS (T/FLX/KNT1/TK) 
ESW(N) = NNl(N)/3. 
IF (IHKNS.EQ.i) GB 18 88b 

BNLY DURING LHAIMQE CASE CBMPUTATIONS WILL 'TT' BE OTHER THAN ZERO 
THIb PKBHIBlTb THE CLAD SWELLING/ ESW(N)/ FRBM DECREASING 
IF ( IT.EQ.O) GB TB 885 
ESwe " (4.9D-49*(FLX*(TM-DtLTM)*3600.)**1.71*10.**d.55D04/TK-
15.99DC6/TK**2))/l.DC2/3. 
ESWu = tSW(N)~ESwe 
ESw(N) = ESWl+ESwD 

8K5 D(N) = ESV̂  (N )-ESwl 
OELt(N)=EDeT*DELTH 
E(N)=E(N)+DELt(N) 
ET(N)=t(N)+ tbW(N) 
DET IS CHANGE IN INELASTIC OTRAIIM 
DET - tT(N) - Y 

5'. Z = ET(N) - tri(N) 
IF ( Z .EQ. 0.) GB TB 10b4 

Wl = l./Z 
60 TB 1055 

0h4 Wl = 0. 
ObS IF(DE7 .EU. 0) GB TO 1949 

X - Z/DET 
66 IB 1950 

949 X = 0. 
950 I F d V j 4 - 2 ) 9 5 2 / 9 b 2 / 9 4 9 
9 4 9 IF (XK - l . O U ^ l ) 9 5 3 / 9 b 3 / 9 5 2 
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953 
9h0 
9=;i 

963 

965 

952 
1952 
964 
943 
944 

C 
C 
c 

9-8 

958 
930 
945 
946 
947 
584 
578 
585 
948 
702 
703 
931 

51 

873 

872 

941 

707 
938 

IF (Wl*w2(N)) 963/963/950 
IF {Wl*w3(N) )95l/95l/965 
W?(r. ) - W3(NJ 
D E T ^ ( N ) = D E T J ( N ) 

I F ( Wl . E Q . 0 . ) GB TB 9 4 3 
IF ( W?(N) . E Q . 0 . ) Gfc To 9^43 

E T K N ) = (DET + D E T 2 ( N ) - l . / W l 
68 18 9 6 4 
E T K N ) - DET 
GB TB 9 6 4 

I F ( Wl - W 2 ( N ) ) 1 9 5 2 / 9 4 J / 1 9 5 2 
E T K N ) - ( W l * D E T - W2 ( N ) * D t T2 ( N ) ) / 
IF (ETKN) ) 943/944/944 
ETl (N) = 0. 
W3(N) - w2(N) 
DET3(N) = DETc:(N) 
W2(i\) = Wl 
DET2(N) - DET 
IF (DET) 918 /930/930 

1#/W2(N) )/2. 

( Wl W3{N) ) 

E IS C 
ET IS 
ET(N) 
E(N) -
IVjb = 
IF (DE 
Z - 0. 
IF (X) 
X - -X 
IF (X-
68 TB 
66 TB 
TRG2B2 
TR62(N 
IF (Z) 
Z - -Z 
IF (Z 
Zl « Z 
NVJ -
IF ( IN 
N - N + 
IF (N. 
IF ( IN 
IF ( IN 
INCC -
GB IB 
INC = 
INCC = 
IF (IV 
IVjb « 
IF ( IV 
IF (Zl 
IF (IB 

REEP S 
TSTAL 
= ET2( 
E(N) 
1 

T - Z) 

TRAIN 
INELASTIC STRAI,M 
N) 
- DELE(N) 

958/958/930 

945/946/946 

TRG2(N 
(585/5 
(948/5 
(N) -
) - X 
702/7 

- Zl ) 

) ) 948/948/947 
84)/IFL 
78/948)/IFL6 
X 

02/703 

51/ 51/931 

N 
C.GT.360) GB TB 1805 
1 
LE.NTl 
CCEQ. 
C) 872J 
1 

418 
0 
0 

J4 
1 

J4 

) GB TB 846 
1) 68 TB 872 
?/872/873 

) 70///07/941 

10) 707/707/960 
- EPS2) 940/938/938 

UR.EQ.l ) Gfl Te 843 
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BU - BU - DBU 
TM = TM - DELTM 
BUL - BU +DBU 
IVJ4 = IVJ4 + 1, 
DB 939 I-l/NTl 
E(I) - fc(1) -DELE( I ) 
ESW(I ) = ESW( I ) - C(I) 

939 ET( I ) - ET2(I ) 
IF (IVJ6) 959/959/962 

962 IVJI - C 
959 IF (DBU - A26/10.) 926/926/dll 
960 DB S61 I-l/NTl 

X - ETK I ) - DELE( I) 
E( I) - t(I) + X 
DET2( I ) = ETK I ) 
IF (X) 961/961/966 

966 OELE( I ) » ETK I ) 
961 ET( I ) - ET2( I ) + ETK I ) 
940 DB 932 I-l/NTl 

N - I 
CALL EMAXA (DELTM) 
IF(tT ( I )-EMAXd ) )912/ 912/ 200 

912 IF(tT (I)-EMAXl) 93£/932/200 
200 CALL IB (22) 

IVj - 1 
932 CBNTINUE 
843 IF (Ne2-1) 513/914/913 
913 CALL 18 (/) 
9 1 4 X - B U / A 2 6 

BUhiX - BU*XMULT 
CALL 18 ( 8 ) 

678 I F ( I P L T l . E Q . O ) 68 TB 6 l 0 
I B U t i 3 = I B U M 3 + 1 
I F ( ( ( I B U r 3 / 3 - l ) . E Q . O ) . B R . ( I V J . E w l ) ) GB TB 6 5 2 
GB TB 610 

652 IBUh3 - 0 
ARGl » PR(1 ) 
ARG3 - fcT( 1 ) 
IBUM- IBUM+1 
DB 619 I-2/NT1 
ARG? - PRd) 
ARG4 - ET(I) 
IF ( LEO.NTl ) GO TB 424 
PRMX(IBUM) - DMAXK ARGl/AR(J2) 
ARGl - PRMX(IBUM) 

424 ETrX(IBUM) » DMAXK ARG3/ARG4 ) 
619 ARbJ - ETMX(IBUM) 

PPMX(IBLM) - PP 
XLPhX(IBUh) = XLP 
BMX( IBUM) - BUMX 

610 CALL IB (9) 
870 IF(IBUR .E(». 1) 60 18 926 

IVj4 - 0 
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513 IF(NB2 .LE. 0) GB TB 972 
IF(IVJ)70/70/807 

53 S£=SY 
CALL TESK (SE/EDBT) 
FLX - FFLX*QFFLX(N) 
T = TCL8(N) 
ESwl - ESW(N) 
CALL HKNS (T/FLX/KNTl/TK) 
ESW(N) = NNl(N)/3. 
IF (IHKNS.EQ.l ) 68 TB 886 
IF (IT.EQ.O) GB TB 886 
ESWB - (4.9D-49*(FLX*(TM-0£LTM)*360U.)**1.71*10.**(1.55D04/TK-
i5.99D06/TK**2) )/l.D02/3. 
ESWD • ESw(N)-ESW8 
ESw(N) - ESWl+ESwD 

886 D(N) - £SW(N)-ESW1 
DELt(N)-EDeT*DELTM 
E{N)-E(N)+DELE(N) 
IF(faP(N)/SY-.5)56/57/57 

56 IF((SH(N)+8.*bP(N))/SY-6.)58/202/202 
2'2 IF (IVJI ) 904/904/58 
9U4 CALL IB (10) 

IVjl - 1 
IVJ6 - 1 

58 IF(bH(N)/SY-2. )204/204/205 
204 MM-5050 

GBTB 60 
205 MM-5051 

GBTo 61 
60 CALL ELA (EL) 

62 ET(N)-E(N)+(ST(N)-SY)/EL + tSW(N) 
CALL EPLA (EPL/SY) 

709 IF (SP(N) - SY) 710/710/63 
63 ET(N) - ET(N) + (SP(N) - SY)/EPL 
710 DET - ET(N) - Y 
711 IF (MM.GE.5052) 68 TB 860 

CALL IB (11) 
860 IF (MM-50b2) 54/842/842 

57 IF( (SM(N)+4.¥SP(N) )/SY-4. )2u3/201/20l 
203 MM-5049 

GBTB 60 
201 IF ( IVJI ) 916/916/203 
916 CALL IB (12) 
877 IVjl - 1 

IVJ6 - 1 
GB TB 203 

61 IF(BUT(N))64/64/65 
64 BUT(N)xBU 

CALL 18 (13) 
65 CALL ELA (EL) 

EP=(SH(N)-2.*SY)/EL 
CALL NFA (EP/EL/SY/NF) 
NC-A25*DELTM 
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SUM(N ) -SUM(N ) +NC/NF 
GBTB 62 

70 IF (NSl) lOO/iOO/933 
9-3 A20-AA20 

A21-AA21 
MM-5052 
ASSIGN 90 TB iH 
ASSIGN 803 TB IP 
ASSIGN 71 TB IB 
ASSIGN 85 TO IE 
IPR » 1 
IX - MAX(IPR)*MX1(IPR) 
IF (IX) 13/13/90 

H5 DB /3 I-l/NTl 
N - I 
CALL SYA (SY) 
DS - ST( I )-SY 
IF(0S)73//'3/84 

73 CBNIINUE 
842 IF (Ne2-1) 808/915/915 
915 CALL 16 (14) 
8C8 GBTB IH /(90/100) 
84 CALL ELA (EL) 

ETA -E(N)+DS/EL + ESW(N) 
DSl = SP(N) - SY 
IF (DSl) 906/906/905 

905 CALL EPLA (EPL/SY) 
ETA = ETA + DSl/EPL 

906 IF (MAXdPR)) 907/907/909 
907 IF (ETA - EMAX(N)) 909/909/5-08 
908 MAX(IPR) - 1 

CALL 18 (15) 
909 IF (MXKIPR)) 910/910/842 
910 IF (ETA-EMAXl) 842/842/911 
911 MXKIPR) » 1 

CALL IB (16) 
881 Q8 T8 842 

90 A20-AB20 
A21-AB21 
MM-5053 
ASSIGNIOO Tfl IH 
IPR » 2 
IX » MAX(IPRI*MX1(IPR) 
IF (IX) 13/13/100 

100 IF (BUMX-BUMAX)S11/810/810 
810 IF (IVJ2) 973/976/972 
973 CALL IB (17) 

IVJ2 - 1VJ2 + 1 
68 Tfl 807 

976 IVJ2 » 1VJ2 + 1 
BU - BU + DBU 
68 TO 975 

811 KBU - BU/A26 + L 

• 
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X = K B U * A 2 6 - 6U - 0 . 0 0 0 0 4 
i 9 ; ' 2 I F ( X ) 9 ? 2 / 9 ; i 2 / 9 2 3 

9r>2 XI = A2b + X + 0 . 0 0 0 0 4 

GB IB 919 
9^3 XI = X + C.00004 
9i9 Y = Z1/EPS2 

IF (Y - 0.5) 954/957/955 
9b4 Y = 0.5 
9b5 IF (Y - 2.) 957/957/956 
956 Y = 2. 
957 KX = Y * (Xl/DbU) + 1" 

KXl = X1/DBU + 0.99999 
IF (DBU - A?6/10.) 967/968/968 

9h7 IF dVj6) 97v/970/969 
970 IF (KXl- KX) 969/706/706 
969 KX - KXl 

GB re 706 
968 IF (IVJb) 706/706/935 
9J5 IF (KXl - KX) 706/706/936 
936 KX = KXl 
706 XK - KX*(DBU/X1) 

DBU - DBU/XK 
9?6 IF (IBUR-l) 554/553/553 
553 GB 18 (554/586)/IFL 
586 GB TB (554/5bD/b54)/IFLG 
555 BU - BU+DBU 

IFLG - 3 
68 TB 516 

554 BU = BU+DBU 
IBUR " 0 

516 ASSIGN 3 T8 II 
IF (IT2.EQ.0 ) GB T8 17 
IF (I6UT.LE.9) GO TB 17 
BU - BU-DBU 
leuT - G 
GB TB 9/3 

807 DB 81 I-l/NT 
N = I 
IF (TF( I )-TFMAX) 81/82/82 

82 CALL IB (23) 
81 CBNUNUt 

CALL IB (18) 
IF (( IVJ.EQ.l ) .AND. ( ICALCEQ.l ) ) GB TB 655 
IFdCALC .EQ. 1) GB TB 1971 
36 TB 1972 

6D5 CALL IB (19) 
lERR - 4 
CALL 18 (4) 
Q8 TB 1804 

1971 ICALC - 2 

BU7 - BU 
ADbU - DBU/lOoOOO. 
BU = BU + ADbU 

• 



GB TB (547/545)/IFL 
545 DB 546 I-l/NTl 

TRGIBI ( I ) - TRGK I ) 
TRGSBl(I ) - TRG2(I ) 

546 TRIQBK I ) - TRIG( I ) 
IFLG - ? 
GB TB 422 

547 IFLG - 3 
422 DB 423 I-l/NTl 
423 FLU8(I) - FLU( 1) 

ITM - 1 
BUB - BU7 
TMB - TM 
IBUR • 1 
68 TB 841 

972 IF ( IVJ2)1804/971/971 
971 TCINI - TCIN 

TCIN - 70. 
DB 977 I-l/NTl 
TCd ) - TCIN 

977 TCLO(I ) « TCIN 
TF(NTl) = TCIN 
A20 - 0. 
A21 - 0. 
NBXl- NBl 
NBX2- N82 
NBl - 0 
N82 = 0 
IRSWL - 1 
IBUR - 1 
IT - 1 
XK - lOOOoO. 
DBL - DBU/XK 
BU - BU + DBU 
ASSIGN 3 TB II 
IVJ2 » 1 
68 TS 975 

972 CALL 18 (20) 
IVj2 - -1 
ICALC = 0 
NBl - NBXl 
NB2 « NKXc 
TCIN - TCINI 
CALL IB (21) 
CALL IB (24) 

8.4 QPB - QPBSAV*( 1 .0 + (*PBD ) 
IF (QPB.Lt.QPbM) GB TB 999 
IF (IBPT-l) 1805/804/1805 

999 DELTC = DE LTCb* d . 0 + (yPBD ) 
FFLX - FFLXS*(1.0+QPBD) 
A26 - SAVA26 
CALL IB (25) 
68 TB 417 



1805 CALL 18(26) 
RETURN 
END 
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BLB 
IMP 
REA 
CBM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
E 
F 
6 
H 
I 

CBM 
IN/N 
22/1 
3DEL 
4BUM 
5A27 
6A43 
7AA2 
8XMF 
9QB/ 
ATM/ 

CK DATA 
LICIT REAL*8 (A-H/B-Z) 
L*8 NNl 
M8N /XMAIN/ 

XTCL 
TCLB 
QL( 1 
ET( 1 
bUT( 
DGD I 
VCL( 
XING 
(^FFL 

DET3 
PRMX 
TRIG 
TRGl 
FLU( 
PGS( 
MXl ( 
MBlM 
1/NT 
T/IT 
ICN/ 
X/D6 
/ A28 
/ A44 
0/ AA 
/RHT 
G2/P 
TM2/ 

6( 60) 
(60 )/ 
00)/ 
oO)/ 
60)/ 
2(60) 
60)/ 
(60 )/ 
X(60) 
(60)/ 
( 100) 
(60)/ 
82(60 
60)/ 
3 )/ 
2 ) 
/I8CB 
1/ IBP 
2/NY/ 
GAMFR 
PP/HC 
/A29/ 
/ A45/ 
21/AB 
HF/DF 
G/GMO 
TM6/E 

)/ 

TDL 
TCL 
TCL 
SP( 
TG( 
SUM 
DEL 
VFT 
ET2 
V(6 
SWB 
ETM 
TRI 
TRG 
FLU 
W ( 3 

(60)/ 
8(60 )/ 
I(60 )/ 
100)/ 
60)/ 
E(60 )/ 
E(60)/ 
(60)/ 
(60)/ 
0 ) / 
(60)/ 
X(100)/ 
681(60)/ 
2(60)/ 
6(60 )/ 
)/ 

:JL(6U)/ 

PRl100)/ 
rFe(60)/ 
SH(100)/ 
tMAX(60)/ 
SUM(60)/ 
TC(60)/ 
TFB(60)/ 
W2(60 )/ 
tSW(100)/ 
SWN(60)/ 
XLPMX(100 
TRI6e2(60 
TRG2B1(60 
riTLEldO 
ER(3)/ 

Q(6 
PRS 
TF( 
PS( 
PB( 
PBD 
ETl 
FR( 
DET 
D(6 
BMX 

)/NNl 
)/TRG 
)/TR6 
)/TIT 

DF{ 

0 ! . 
( 6 ri ) / 

60)/ 
60)/ 
60)/ 
(60)/ 
(60)/ 
60)/ 
2(60)/ 
0) . 
( loO)/ 
(60)/ 
K 6 0 ) / 
2R?(60 
LE?(10 
60)/ 

XTC 
DGD 
QR( 
E d 
ST( 
TGB 
TRI 
QM{ 
W3( 
DVV 
PPM 
BTM 
TRG 

)/TRI 
)/TIT 
MAX 

(60)/ 
1(60)/ 
60)/ 
00)/ 
100)/ 
(60)/ 
Ql(60)/ 
60)/ 
60)/ 
{100)/ 
X(100)/ 
(60)/ 
101(60)/ 
62(60)/ 
LE3{10)/ 
(2)/ 

DATA 
lET/T 
2VFT/ 
3MX1/ 
460*0 
5100* 
6/60* 
7/101. 
DATA 
DATA 

1 TRI 
2 /6u 

Q/X 
G/EM 
TFB 
60*0 
./60 
0./6 
0./6 
*0./ 
swe 
TRI 

G2/F 
*0./ 

TC/X 
AX/P 
FR/Q 
• /60 
*0 ./ 
0*0. 
0*0. 
6C*G 
/SWN 
0/TR 
LU / 
60*0 

M/ 
T/IC 
KNT/ 
/PLT 
/XLF 
A30/ 
A46/ 
20/A 
DI/X 
/GMl 
TA/A 

TCLe 
6/ST 
M/Xl 
*o./ 
100* 
/60* 
/60* 
./6C 
/ NNl 
IG81 
60* 
• // 

ALC/ 
IPR/ 
BU/T 
PP/X 
A31/ 
A47/ 
B21/ 
NU/P 
/Vl/ 
F/DP 

IPLTl/ 
IDV/IB 
FBL/TF 
LPPP/A 
A32/A3 
A48/A4 
TFMAX/ 
P6/XLN 
V2/FGR 
PP/Pl/ 

lr<SWL/l 
UM/I8UT 
BH/TFBl 
1/A2/A3 
3/A34/A 
9/A50/A 
FFLX/BU 
AO/ALPN 
2/EMAXl 
A26/A20 

HKNS 
/lER 
/TFB 
/A4/ 
35/A 
51/A 
MAX/ 
A/A4 
/EPS 
/A21 

/IFUE 
R/IQF 
2/TFB 
A5/A6 
36/A3 
53/A5 
DBF/Q 
01/A4 
1/EPS 
/SY 

I .IP 
/IFL 
3.TF 
/ A9/ 
7/A3 
4/ A5 
PB/Q 
02/T 

RNT/ 
Q/XI 
B4/T 
A12/ 
8/A3 
5/A5 
PBD/ 
B/GT 
A/FC 

NB/Ml/ 
B/BU/T 
FB5/PM 
A13/A1 
9/A40/ 
6/A57/ 
QPBM/X 
/CORR/ 
B/XLP/ 

NDL/NBl/NO 
CIN/DELTC/ 
AX/BUINC/ 
4 / A 1 5 / A 2 5 / 
A 4 1 / A 4 2 / 
A 5 8 / A 3 0 0 / 
L C L / X M N A / 
G l / B U S T / 
QLSUM/PP / 

/ T C L B / 
/ B U T / S 
N G / E T 2 
6 0 * 0 • / 
O . / l O O 
0 . / 6 0 * 
0 . / 6 0 * 
* 0 . / 1 0 
/ 6 T M / 6 
/ T R I G e 
0 . / 6 0 * 
F L U e / 6 

P R / P 
UME/ 
/ W 2 / 
6 0 * 0 
* 0 . / 
0 . / 6 
0 . / 6 
0 * 0 . 
0 * 0 . 
2 / T R 
0 . / 6 
0 * 0 . 

RB/D 
SUM/ 
DET2 
./ 10 
60*0 
0*0. 
0*0. 
/3*0 
/60* 
Gl/ T 
0*0. 
//DF 

GDI/ 
PBD/ 
/W3/ 
0*0. 
./ 10 
/60* 
/60* 
./3* 
0./6 
RG18 
/60* 
/60* 

TCLB 
TGB/ 
DET3 
/60* 
0*0. 
0./6 
0./6 
0./3 
0*0. 
1/TR 
0./6 
0./ 

/TCL 
DGDI 
/DVV 
0./6 
/lOO 
0*0. 
0*0. 
*0./ 
/60* 
G1B2 
0*0. 

I , T F 
2 . D E 
/ T D L 
0 * 0 . 
#0 • / 
/ 6 0 * 
J 6 0 * 

2 * 0 / 
0 . / / 
/TRG 
/ 6 0 * 

B / T F 
L E / T 
/ D L / 
/ 6 0 * 
6 0 * 0 
0 . / 6 
0 . / 6 
2 * 0 / 
BMX/ 
2 / T R 
0 . / 6 

/QR/SP/SH/ 
C/ETl/TRIG 
OL/PGS/ER/ 
0. /60*0./6 
./60*0./60 
0*0./60*0. 
0*0./60*0. 

100*0./ 
G2B1/TRG28 
0 * 0 . / 6 0 * 0 . 

P S / E / 
1/VCL* 
W/MAX/ 
0 * 0 . / 
* 0 . / 
/ 6 0 # 0 . 
/ 6 0 « D . 

2 / 
/ 6 0 * 0 . 
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END 

SUBROUTINE BIA (Bl) 
C CBEFFICIENT BF SHEAR MBDULUS COMPUTED 

IMPLICIT REAL*8(A-H/B-Z) 
CBMhBN /XMAIN/ SKPK580 ) /TCLB(60 ) /lOCOM/ N /XIB/ BU/SKP2(42)/A38/ 
1A39 
B1-A38*(1.+A39*(TCLB(N) ) ) 
RETURN 
END 

SUBRBUTINE BECK (X) 
IMPLICIT hEAL*8(A-H/B-Z) 

C CALCULATE FRACTI8N BF FISSION GAS RELEASED 
CBMM8N /XMAIN/ SKPK2500)/FR(60 ) /GM(60 ) /IflCOM/ N /XIO/ SKP2(94)/ 
IGMO/GMI/V1/V2/FGR2 
Yl - FR(N) 
IF (X - VI ) 544/544/545 

544 FR(N) - 0. 
68 TB 549 

545 IF (X - V2) 546/546/547 
546 FR(N) . FGR2 * (X - V1)/(V2 - VI) 
549 Y - -0.0855 + 0.675*X 

IF (Y - FR(N) ) 548/548/550 
550 FR(N) » Y 

GB IB 548 
547 FR(N) = 1. - (1. - F6R2) *V2/X 
548 IF (Yl - FR(N)) 552/552/551 
551 FR(N) - Yl 
552 6M(N) - GMO + (GMl - GMO) * FR(N) 

RETURN 
END 

SUBRBUTINE DPLBT (IPLT/YMIN/YMAX/YEXPl/YEXPP/YEXP3/YEXP4) 

THIS IS A PRBGRAM TB PLBT INFBRMATIBN FROM THE BEMOD PROGRAM 

IPLT DESCRIPTION 
1 - PLBT FUEL CLAD CONTACT PRESSURF VS FUEL PIN LENGTH 
2 • PLBT THERMAL STRESS VS FUEL PIN LENGTH 
3 - PLBT CREEP STRAIN VS FUEL PIN LENGTH 
4 - PLBT TOTAL INELASTIC STRAIN VS FUEL PIN LENGTH 
5 - PLBT CLAD SWELLING STRAIN VS FUFL PIN LENGTH 
6 - PLBT CLAD TSTAL STRESS VS FUEL PIN LENGTH 
7 - HL8T AVERAGE H88P STRESS VS FUEL PIN LENGTH 
8 - PLBT PERCENT FutL SWELLING VS FUEL PIN LENGTH 

C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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PLOT FISSIBN GAS RELEASE VS FUEl PIN LENGTH 
PLBT PLENUM PRESSURE VS MAXIMUM BURNUP PERCFNT 
PLBT FUEL CLAD CBNTACT PRESSURF VS MAXIMUM BURNUP PERCE 
PLBT MAXIMUM INELASTIC STRAIN V<5 MAXIMUM BURNUP PERCENT 
PLBT GAS- PLENUM LENGTH VS MAXIMUM BURNUP PERCENT 

C 
C PLOTS BF VARIABLES VS MAXIMUM faURNUP PERCENT HAVE AN UPPER LIMIT 
C BF 15% e-N THE MAXIMUM BURNuP - ALSB THERE IS AN 11% UPPER LIMIT 
C 8N THE DELTA D/D VS LENGTH PL8TS 
C 

IMPLICIT REAL*8 (A-h/B-Z) 
REAL*4 DELTA/DMX 
CBM̂ .8N /XMAIN/ 

ASKP(360)/PR(100)/SKPl(420)/GL(l00)/SP(100)>9H(100)/PS(60)/Ed00)/ 
1ET(i0O)/SKP?(180)/ST(100)/SKP3(1320)/ESW(10'M/0(60)/DVV(100)/SKP4 
?d8O)/bMX(lD0)/PPMX(lCO)/PRMX(100)/ETMX(10O)/XLPMX( 100 ) / SKP5 ( 860 ) / 
3TITLE3dO) /IbCOM/ N/NT/NT1/JSKP1(5)/IFUEL/JSKP3(12)/IBUM/IBUT/ 
4lERk 
DIMtNSIKN YEXP(4)/YPT(100)/XNUM(6 ) /XNUMl(31 ) /YNUM(4)/YNUMl (4)/ 

1XNUM2(5)/YNUM2(23)/YD1(Il)/XNUM3(3)/YNUM3(5)/IPTSY(11) 
DATA DMX/ZOG2/4000//DELTA/1H;//DECADS/YLEN/'?./7.5/ 
DATA XNUM1/3H0 /3H.5 /3H1 /3H1.3/3M2 /3HP.5/3H3 /3H3.5/3H4 / 
13H4.5/3H5 /3h /3P6 /3H /3H7 / 3 H /3H8 / 3H /3H9 /3H / 
23H1U /3H /3H11 / 3 H /3Ml^ /3H /3H13 /3H /3H14 /3H /3H15 / 
DATA YDl/3.75/1.875/1.25/.9375/.73/I.25/1.071428/.9375/.83333/.75/ 
1.68182//IPTSY/3/5/7/9/11/13/15/17/19/21/12/ 
DATA XNUM2/2H0 /2H3 /2H6 /2H9 /2H12//XNUM3/PH 0/2H 7/2H14/ 
DATA YNUM2/3H0. /3H0.5/?H1.0/3Hi.5/3H2.0/3H?.5j,3H3.0/3H3.5/3H4.0/ 
l3H4.5/3H5.0i3h /3H6.0/3H /3H7.0/3H /3w8.0/3H /3H9.0/3H / 
23H1C./3H /3H11.//YNUM3/2hO /2H3 /2H6 /2H9 /2H12/ 
DATA XNUM/2H0 /2H10/2H2C/2HJO/2H40/2H50/ 
1/YNUMl/bH 0 /5H100CO/5H20000/5H30000//YNi)M/2H0./2Hl./2H2./2H3.// 
2XDMT/0.16667/ 
CALL PLOTS (9.5/-il./-3) 
CALL PLTMRK ( .5/.5) 
CALL PLOT (2./1.75/-3) 
CALL SYMBL5 (c:22/4/DMX) 
YEXPd ) = YEXPl 
YEXP(2) = YFXP2 
YEXPO) = YEXP3 
YEXR(4) = YEXP4 
ISKIP = 2 
lEKK » C 

C 

C PLBT THF Y-AXIS AND APPKOPRJATt TITLE 
C 

GB TO ( 10/2C>/30/40/50/60/70/8e/90/92/94/96.98) / IPLT 
-0 CALL SYMbL4 ( - . 5/1 • 89/. 15/jOHFUtL-LL ADU IN'". CBNTACT PRESSURE/90 . / 

130) 
DB 5 I-l/NTl 

5 YPl(I) = PR(I) 
GB TB 1(0 

-'0 CALL SYMBL4 ( - . 5/2 • tfS/• 1 5/1 4HT HERM AL STRESS. 90 . / 1 4 ) 

9 
10 
11 
12 
13 
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DB 15 I-l/NTl 
15 YPT( I ) - S H d ) 

GB TB 140 
JO CALL SYMBL4 (- • 5/2 • 02*•15/2/HCLAODING CREEP 0/D PERCENT/90./27) 

CALL SYM8L4 (- . 5/3 • 948/. 15/UELTA/90./1) 
DB 25 I-l/NTl 

25 YPT( I ) = t( I ) 
GO TB 142 

40 CALL SYMBL4 (-.5/2 • 02/. 15/27HCLADO ING TBTAi D/0 PERCENT/90./27) 
C A L L SYhBL4 (- . 5/3 • 948/. 15/DELTA/90 . /1 ) 
DB 35 I-l/NTl 

35 Y P T d ) - ET( I ) 
G8 IB 142 

SO CALL SYMBL4 (-»5/1«98/.15/30HCLADDING SWELLING D/D PERCENT/90./ 
130) 
CALL SYMBL4 {- . 5/4 • 293/•15/OELTA/90./1) 
DB 45 I-l/NTl 

45 YPT(I) = ESW(I ) 
Q6 TB 142 

60 CALL SYMBL4 (-.5/2•51/.15/21HCLA0DING TBTAI STRESS/90./21) 
08 55 I-l/NTl 

55 YPT( I) - S T d ) 
66 T8 140 

/O CALL SYMBL4 ( - • 5/2 • 55/• 15/19HAVERAGE H88P <? TRESS/90. / 19 ) 
DB 65 I-l/NTl 

f.5 YPT ( I ) - SP( I ) 
66 TB 140 

rfO CALL SYMBL4 (-•5/2 • 45/.15/2iHPERCENT FULL SWELL ING/90./21) 
DB /5 I-l/NTl 

75 YPT( I ) « DVV(I ) 
66 TB IGO 

90 CALL SYHfaL4 (- . 5/2•1/ • 15/29HL1TERS 8F FISSTRN GAS RELASED/90•/29) 
D6 91 I-l/NTl 

91 YPT (I ) - QL(I) 
68 TB 100 

92 CALL SYh,BL4 ( - . 5/2 . 47/. 1 5/21HPLENUM PRESSURF ( PS I ) / 90 • / 21 ) 
D8 93 I-l/IBUM 

93 YPT( I) = PPMXd ) 
GB TB 100 

94 CALL SYMBL4 (-.5/1.36/•15/38HMAXIMUM FUEL-CLADDING CONTACT PRESSUR 
1E/9C./38) 
DB 95 1-1/IBUM 

95 YPT( I) = PRMX( I ) 
GB TB 100 

96 CALL SYMBL4 ( -•5/1.55/.15/35HMAXIMUM CLADDING TBTAL D/0 PERCENT/ 
190./35) 
CALL SYMBL4 (- . 5/4.5/. 15/DELTA/90 . / 1 ) 
DB i.7 I-l/IBUM 

97 YPT( I ) - ETMXd ) 
G8 TB 142 

98 CALL SYMBL4 (- . 5/2•36/• 15/22HQAS PLENUM LENGTH (IN)/90./22) 
DB 99 I-l/ISUh 

99 YPT( I ) - XLPMX(I) 
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loO 

n 0 

140 

143 

144 

141 

562 

554 

556 

5b8 
560 

142 

66 TB 141 
Y = -.1 
NPTS = NTl 
IF ( IFLl .GT.S) NPTS-IBUM 
DY - DtCADS/YLEN 
CALL LAXIS (O./C/IH / 1 / YLE.M/90 • / u . / DY/o ) 
DB 110 1=1/4 
CALL SYMBL4 (-.10/Y/.15/2H10/90•/2) 
CALL SYMBL4 (- . 20/Y+.32/•1/YEXP(I)/90./2) 
Y - Y+2.5 
CALL PLBT (0./0./3) 
IF ( IPLT .LE.9) 68 TB 131 
68 18 510 
ISKIP - 1 
INCH - 1 
NPlS - NTl 
08 143 I-l/NPTS 
IF (YPT( I ) .6T.20000. ) 68 Te 144 
CBNTINUE 
CALL PLINE (0./.750/FACTX/FACTY/ll/NPTS/0/TPLT) 
IPTS - 3 
YD = 3.75 
FACTY - .0003/5 
68 18 126 
CALL PLINt (0./.625/FACTX/FMCTY/13/NPTS/0/TPLT) 
IPTS - 4 
YD = 2.5 
FACIY - O.O0O25 
66 TB 126 
IF (YPT(1).GT.3.) 66 TO 562 
CALL PLINE (0./.5/FACTX/FACrY/16/lNCR/0/IPl T) 
IXLP - 1 
IPTS - 4 
YD - 2.5 
GB 18 554 
CALL PLINE (0./.625/FACTX/FACTY/lJ/INCR/0/TPLT) 
IXLP - ? 
IPTS - 5 
YD - 1.875 
ADj - 0. 
NPTS - NTl 
IF (IPLT.6T.9) NPTS-IBUM 
06 560 I-l/IPTS 
DIS1 - ADJ*YD-.l 
68 TB (556/558)/IXLP 
CALL SYf'BLA ( - . 25/D I ST/. 1 5/YNUM (I ) / 90 . / 2 ) 
68 TB 560 
CALL SYrBL4 (- • 25/DI ST/.15/YNUM3(I)/90• / 2) 
ADj - AOJ+1. 
CALL PLBT (0./0./3) 
66 T8 510 
NPTS - NTl 
IF dPLT.6T.9) NPTS-IBUM 
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INCH - NPTS 
CALL PLINE (O./YD/FACTX/FACTY/IPTS/INCR/2/TPLT) 
IF (IERR-2) 146/145/146 

145 CALL SYMBL4 (i • /4./ . 2/36HTHt DELTA D/D VALUF HAS EXCEEDED THE/0./ 
136) 
CALL SYMBL4 (1•/3.7/.2/27HPLeTTING LIMIT VALUE 8F 11./0./27) 
RETURN 

146 ISKIP - 0 
INCK - ? 
IF ( (IPTS.LF.5).BR.(IPTS.Eu.ll ) ) INCR - 1 

C IPTS FRBM PLICNE IS lEMAX/ TiiE INDEX USED Tl GET CBRRECT DISTANCE 
C INCREMENTS AND THE NUMBER BF TIMES INCREMENT IS TO BE USED 

YD = YDl(IPTS) 
IPTb - IPTSYdPTS) 

126 ADJ - 0. 
08 130 1-l/IPTS/INCR 
DIST - YD*ADu 
IF (ISKIP.EQ.l ) 66 TB 127 
CALL SYI>'bL4 ( - . 2/UI ST-• 07/. 1 5/YNUM2 ( I ) / 90 . / ̂  ) 
68 IB 129 

1S7 CALL SYMBL4 (- .2/D1ST-•3/.13/YNUMKI)/90•/5) 
1?9 ADu - ADJ+1. 
130 CBNlINUE 

IF (IPLT.EQ.12) G8 TB 510 
C 
C PLBT THE X-AXIS AND TITLE - FOR IPLT LESS THAN lO 
C 

131 CALL SYMBL4 (- . 95/-.95/•12/ llTLE3/0./80) 
IF ( ( IPLT.EQ.2) .BR. dPLT.EQ.8).OR.(IPLT.EQ.9)) 68 TS 135 
CALL SYMBL4 (•2/-.6/.15/44HFUEL PIN LENGTH (IN) - LAST POINT FOR P 
1LENUM/0./44) 
60 T6 150 

135 CALL SYMBL4 (1.5/-•6/.15/20HFUEL PIN LENGTH (lN)/0./20) 
150 CALL PLOT (0./0./3) 

IF ( IFUEL.EQ.O) GB TB 119 
68 18 ( 120/119/121/121 )/IFU(iL 

119 CALL PLINt ( .c:2222/C./FACTX/FACTY/28/INCR/0. IPLT) 
XD = 1.33333 
IPTb - 5 
G6 TB 13 

1?0 CALL PLINE (0.54545/0./FACTX/FACTY/12/lNCR. )/lPLT) 
XD - 1.09u91 
IPTS - 6 
66 18 13 

Irl CALL PLINE ( .'r2l9/0./FACTX/F ACTY/15.INCR/0.TPLT) 
XD = 2.9536 
IPTb = 3 

13 ADJ - 0. 
DB 18 I-l/IPTb 
DISI = X D * A D J - . 0 7 
IF (IFUEL.EQ.O) 66 TO 16 
66 16 (14/16/17/17)/IFUEL 

14 CALL SYMBL4 ( D IbT/- . 3/ . 1 2/X,̂ UM ( I ) / 0 • / 2 ) 

• 
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G6 18 18 
16 CALL SYMBL4 ( 0 I ST/- . 3/» 1 2/Xiv.UM2 ( I ) / 0 • / 2 ) 

68 TB 18 
17 CALL SYMBL4 ( U IST/- . 3/. 1 £/Xi\UM3 ( I ) / 0 • / 2 ) 
58 A D J « A D J + 1 . 

PLBI PeiNTS FOR IPLT LESS THAN BR EQUAL TB 9 

2050 
3000 

C 
C 
c 
c 

IF ( ISKIP.EQ.l ) Q8 T8 3010 
IF dSKlP.EQ.u) GB TB 2060 
X Y M A X = DL8G10(YMAX/YMIN)/DY 

XD = 1. 
DB 3 0 0 0 1 - K N P T S 
I F ( Y P T ( I ) . L T . Y M I N ) GB TB 3U0U 
YPT(I) = DLeG10(YPT(I)/YMlN)/DY 
IF (YPT(I ) .QT.XYMAX) 66 Tfl 3000 
DIST - XD*XOMT 
CALL SYMBL4 (uIST/YPT(I)/•05/1HO/0./1) 
XD = XD+1. 
Ge IB 990 

3010 XD - 1. 
DB 3020 I-l/NPTS 
IF ( (YPT(I ) .L£.0. ) "OR.(YPT(i).GT.VMAX) ) GB TB 3020 
XDIST = XD*XDMT 
YDIST - YPT( 1 )*FACTY 
CALL SYMBL4 (XDI ST/YDIST/»05/1 HO/0./1) 
XD - XD+1. 
68 18 990 
A D J = 1. 
D8 ^075 I-l/NPTS 
IF (YPT( I ) .LT.O. ) 66 TB 2073 
YDlbT = YPT(I)*FACTY 
XDIST = AUJ*XUMT 
CALL SYMBL4 (XDIST/YD I ST/•03/1HU/0./1) 

2075 ADu - ADJ+1. 
GP T6 990 

FBR IPLT GREATER THAN 9 
PLBI X-AXIS FOR IPLT GREATER THAN 9 

30>0 

2060 

5-iO 

53 1 

512 

5H9 

CALL P 
IF (IE 
CALL S 
CALL S 
RETURN 
ADJ = 
DB 550 
DISl = 
CALL S 
IF ( IN 
ADo = 
Ge IB 
ADj -

LINE (XD/O./FACTX/FACTY/IPTS/INCR/1/TPLT) 
RR-1) 5x2/511/512 
YMBL4 ( J../4./.2/28HTHt MAXIMUM BURNUP VALUE FaR/0./28) 
YM8L4 ( 1 ./3.7/.2/32HpLaTTl'NG (15) HAS BEEN EXCEEDED . / 0 . / 32 > 

0 . 
I - l / I P T S / I N C R 
XD*ADJ-.05 

YMBL4 (oIST/-.2b/.15/XNUHKl)/0./3) 
CR.EQ.2) GB TC 549 
ADJ+1. 
550 
ACJ+2. 



5';0 CBNTINUF 
CALL SYMBL4 (1.6/-•6/.lb/22hMAXI MUM BURNUP PERCENT/0./2?) 
CALL SYMBL4 ( - • 95/- . 95/. 12/ ,'I TLE3/0 . / 80 ) 
CALL PLOT (0./0./3) 

520 IF (IPLT.EQ.13) 66 TB 850 
IF (IPLT.EQ.12) GB TB 875 

C 
C PLOT PBINTS FOR IPLT - 10 ci 11 
C 

XYMAX - DLBG10(YMAX/YMINJ/UV 
DB 700 I-l/NPlS 
IF (YPT(I).LE.O.) 60 TB 700 

750 YPTd) - 0LB610( YPT( I )/YMlN)/0Y 
IF ( ( YPT ( I ) .LT.O. ) .BR. ( YPTd ) .er.XYMAX) ) GP| TB 700 
XDIST - BMXd)*FACTX 

7l? CALL SYMBL4 (XD I ST/YPT(I ) /.U5/IHO/0./1 ) 
700 CBNIINLE 

68 TB 990 
C 
C PLBI PaiNTS FOR IPTL = 12 
C 

875 ADu - 1. ' ' 
DB 880 I-l/NPTS g 
IF (YPT(I).LT.O. ) 66 TB 880 O 
XDIbT = bhX(I)*FACTX , 
YDIST = YPT( I )*FACTY 
CALL SYhBL4 (XDIST/YDIST/.Ob/1 HO/0./1) 

8«0 CONTINUE 
GB 16 990 

C 
C PLBT PBINTS FOR IPLT = 13 
C 

8H0 YD » 2.5 
IF (YPT(1 ) .6T.3. ) YD - .625 
DB 900 I-l/NPTS 
YPT(I) - YD*YPT(I) 
XDIST = BMX(I)*FACTX 

9.0 CALu SYMBL4 (XD I ST/YPT(I)/.05/IHO/0./1) 
990 ISKIP - 2 

RETURN 
5000 CBNTINUE 

RETURN 
END 

• • 
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bUBKBUTINt F.LA (EL) 
CALLULATE MODULUS BF ELASTICITY 
IMPLICIT kEAL*8(A-H/B-Z) 
CBhMBN /XMAIN/ SKPK 240 )/XTULB ( oO ) /I8CBM/ 'J /Xlfl/ BU/SKP2 ( 50 ) / A46 
1/A4/ 
EL=A46*(1.+A4/*XTCL8(N)) 
RETURN 
END 

SUbRBUTlNt EMAXA (DELTM) 
IMPLICIT REAL*8(A-H/8-Z) 
REAL*8 NNl 
CBMhBN /XMAIN/ 

A SKP(12C)/Q(60)/SKP1(60)/XTCL8(60)/SKP2(1040)/ET(100)/TG(60)/EMAX 
K60)/PB(60)/ST( 100)/6UT(60 j/SUME (60)/SUM(60)/SKP3( 180 ) / DELE ( 60 ) / 
?SKP4(660)/DET2(60) 
3/I8C8M/ N /XIO/ SKP6(27)/A1^/A13/A14/^A15/S<P7(8)/A34/SKP8(5)/ 
4A40/A41/A42/SKP9(21)/FFLX/SKP0(37)/TM 

C 
C CALCULATE TIME FBR CLAD TB RUPTURE 
C 

S = ST(K) 
T = XTCL8(N) 

3 IF (S)4/4/5 
4 S = 1 .0 
5 EXF = Al2 + Ai3*DLaG(S) + A14/(T+46o.) 

IF(£XF .LT. 170. ) GB TB 10 
EXF - 170. 

10 TTF - (1. + Ai5*DL0G(l. + A j4*FFLX*Q ( N ) *TM*-^600. ) ) + DEXP(EXF) 
IF(UELTM) 6/ // 6 

6 EDBT = DELE(N) /DELTM 
GB 18 8 

7 EDBT " 0. 
8 EMAX2 - ED8T*1TF 

DET - DET2(N) 
I'F (EMAX2) 2/̂ '/l 

1 SUht (N)*SUME(i\)+DtT /EMAX2 
2 DELt2-EMAX2*( i •-SUME ( N )-SUi" ( N ) ) 

EMAX(N)xET(N) + DELE2 
RETURN 
END 

SUBRBUTINE EPLA (EPL/SY) 
IMPLICIT REAL*8(A-H/B-Z) 

C 
C CALCULATE PLAbTIC rODULUS/ tPL 
C 

CPMr.BN /X.-'AIN/ SKPl ( 1?0)/Q( t.0)/XTL(60)/XTCi =!( 60) »SKP2( 280)/ 
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1 TCL8(60) /I8C0M/ N /XIB/ BU/SKP3(57)/A54/A55 
T = TCLB(N) 
EPL = Ab4*(l. + A55*T) 
RETURN 
END 

SUBKBUTINE HGA (HG) 

IMPLICIT REAL*8(A-H/B-Z) 

CALCULATE CFRAMIC FUEL-CLADoINQ INTERFACE CBNDUCTANCE 

CeMi'BN /XhAIN/ SKPK460)/PRQ(60) /ICCBM/ N /XIO/ 
18U/SKP3(21 )/A3/A4 
H6 = LEXP(A3 + A4*PRB(N)**3. ) 
RETURN 
END 

SUBROUTINE HKNS (TEMP/FLX/KNT1/TK ) 
IMPLICIT REAL*8(A-H/O-Z) 
REAL*8 N 9 / M 1 / M 2 / N 2 / K 1 / K 2 / K 3 / L 1 / I / N 3 / M 3 / M 9 / N N 1 / I 5 
C6MM8N / X M A I N / S K P K 3 9 8 0 ) / N N l ( 6 0 ) / B T M ( 6 0 ) / I 0 C 8 M / N / N T / N T l / 

1 J S K P 1 ( 4 ) / I H K N S / X I B / S K P 2 d o 7 ) / T M 
DIMENSION R l ( 6 C ) / R 2 ( b O ) / N 2 ( 6 U ) / N 3 ( 6 0 ) / X 4 { 6 0 ) / X 5 ( 6 0 ) / M ( 6 0 ) 
DATA R 1 / R 2 / N 2 / N 3 / X 4 / X 5 / 6 0 * 1 . 0 - 0 8 / 6 0 * 1 . 0 - 0 8 . 6 0 * 0 . / 6 0 * 0 . / 

1 6 0 * 1 . D 0 8 / 6 0 * 0 . / / M / 6 0 * 0 / 
DATA L 1 / N 9 / M 3 / C 5 / R 9 / G 1 / C 2 / C 9 / 1 . 0 0 8 / i . D 0 8 / l . r ) - 0 7 / . 1 0 0 0 / 1 . 0 - 0 5 / 

l 2 . D - 0 3 / 3 . b D - 2 4 / b . U 5 D 0 2 / / S b / C 7 / U 3 / 0 . 3 D 0 2 / 0 . 3 0 0 1 / 1 . 0 3 0 / 
IF (IHKNS.EQ.O) G8 TB 1000 
TMl = 3600.*TM 
IF (TM1.LE.6TM(N) ) 68 TS 199 

Y6 IS INITIALIZED AT lO FBR EACH NBDE POINT 

Y6 = 10. 
0 81 - FLX/1.D15 

IBPT - 1 
T - (TEMP-3?.)/1.8 +273. 
TK = T 
N9 = 10.**8 
XI - 10.** (-30000./(4.6*T)) 
X2 - 10.** (-30O0./(4.6*T) ) 
X3 - 10.** (-38000./(4.6*T) ) 
Ul - 10.**(-lU0000./(4.6*T) ) 
68 TB 105 

0 X6 - (X4(N)*2.*R1(N)+X5(N)*2.*R2(N)+2.*N9*R9)**.5+L1**.5 
M(N) » M(N)+1 
Kl - 7.72/T*l.D-12*C5*(2«6D07-1.5D04*(T-283.)) 
Fl = 1.D-07+K1 
X7 - 12.56*X1*RKN)*X4(N) 
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Ml - 1./X6 
M2 - l./Fl 
K3 - DLeG(M2*Ml) 
K2 - 6.28*X2*(L1+6.28*R2(N)*X5(N))/K3 
X8 - X1*6.28*(L1 + 6'.2S*R2(N/*X5(N) )/DLBG(Ml/M3) 
X9 = K2 
Zl - X7*X2/X1 
62 - 6.*X1/(G1*M1 ) 
G3 = 6.*X2/(61*M1 ) 
64 - 63*62+63*X8+G3*X7+62*K2+Zl*Q2 
Z2 = X2/(2.76D-08)**2 
Wl - 12.56*R9*N9*X1 
Z3 = Z2*(X7 + X8 + G2 + W1 ) 
W2 » 12.56*X2*R9*N9 
Z4 = X7*Z1+X7*X9+Z1*X8+X9*X8 
W3 = 62*W2+X7*W2+X8*W?+Wl*ud+Wl*Zl+Wl*K2+W1*W2 
65 = Z4+64+W3 
IF (T.6T.623.) 68 T8 156 
S5 - O.DOO 
GB T8 160 

lb6 IF (T.LT.673.) 68 TB 159 
Z6 - 9.0-08*81 
GB re 161 

1-.9 S5 = 30.*( l.-( (673.-T)/50. ) ) 
ItoO Z6 = 3.D-09*81*S5 
lei Z5 = (-(X9+Z1+G3+W2))*Z6 

Z7 = -(Z5/G5) 
IF (Z7.LT.1.D-09) GB TB 171 
Z7 = (-G5+(Gb**2-(4.*Z3*Z5))**0.b)/(2.*Z3) 

171 IF (S5.GT.0.) GO TB 180 
Z8 - 9.D-08*81/((Zl+K2+G3+w2)+Z2*X3) 
N9 - 9.D-08*6l/(12.6*Z8*R9*X2) 
68 IB 185 

180 Z8 - Z7*(62+X/+X8+W1)/(63+K2+Zl+w2) 
lh5 Al = (X7*Z7-/:l*Z8)*8.4D22 

IF (Al.GT.O.) 68 T8 188 
Al = 0. 

1S8 A2 - (K?*Z8-X8*Z7)*8.4D22 
IF (A2.GT.0.) 68 TB 191 
A2 - 0. 

191 A3 = (6?*Z7-63*Z8)*0.8428D2j 
VI « 77/X3 
IF (VI.LT.l.) GO T6 202 
Y2 = DLe6(VI) 
A7 = (W1*Z7-W2*Z8)*8.4D22 
R8 - 2.*C9/( l.l6D()7*T*DLB6i VI ) ) 
M9 = ((12.56*R8*X1*Z7)-(12.a6*X2*Z8*R8))*8.4D22 
Y8 - 744.*C9**3/(2.3*T**3*Y2**2) 
IF (YS.LT.25.) GB TO 205 

202 1 = 0 . 
36 16 220 

2!. 5 Cl - 61*4.25Dc0 
I = M9*10.**(-Y8)*7.5D14*81 
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V2 - ZS/Ul 
U2 = 1.17U-06/(C7*DL8G(V2) ) 
U4 = A2*U?/(L1+6.28*R2(N)*X3(N) ) 
U5 = 4.65D03/(C7**2*DL8G(V2) ) 
IF {U5.LT.25.) 66 TB 220 
15 = 0. 
66 18 2l9 

ZcO 15 = U3*10.**(-U5)*U4 
219 X4(IM) - X4(N)+I*Y6 

X5iN ) - Xb(N) + I5*Y6 
C 
C N3 ADDS UP THE SWELLING WHICH IS DEPEN 
C AND FLUX 
C 

N3(N) - N3(N)+A1*C2*Y6 
IF (N3(N).Lh.O.) 68 TB 221 
RKN) = (N3(N)/( 4.*X4(N) ) )**.33 

?-,̂l A4 » 39.4384*R2(N)*X5(N)*X2/K3 
A6 = 39.4384*Xl*R2(N)*X5(N)/DLaGiMl/M3 
A5 = (A4*Z8-A6*Z7)*0.8428D23 
IF (A5.GT.0. ) GO TB 250 
A5 - 0. 

2-.0 N2(.v) - N2(N )+A5*C2*Y6 
IF (N2(N) .LE.O. ) 68 TB 252 
R2(N) = (N2(N)/(9.42D-08*X5(N) ) )**.5 

2h2 8TM(N) - 8TM(N)+Y6 
C 
C IF IBPT - 3/ THE LAST CALCULATION HAS 
C 

IF (IBPT.EQ.S) 08 T8 915 
I8PT - 2 

1 )5 DIPT - TMl-aTM(N) 
IF (DIFT) 900/900/1 

1 IF (DIFT-Y6) 7/7/4 
7 I8P1 - 3 
2 Y6 - DIFT 

68 re 100 
4 IF (M(N).LT.IO) GB TB 100 

Y6 - 100. 
IF (M(N).LT.20) GB TB 100 
Y6 = 1000. 
IF (M{N) .LT.120) 68 T8 lOO 
Y6 = 1.D04 
IF (M(N) .LT.130) 68 TB lOO 
Y6 - 2.005 
IF (M(N) .LT.1/9) 68 Tfl lOO 
Y6 = 1.D06 
68 TO luO 

9.0 IF (I8PT-1) 199/905/910 
9 .5 RETURN 

C IF IBPT - 2/ Y6 IS SET TO DlFT AND I HE 
9iO IF dBPT-2) 9U0/7/915 
915 NNKN) = 4.1762*X4(N)*RKN)**3 

• 

ENT UPON THE TIME/ TEMPERATURE/ 

EEN DONE 

LAST CALCULATION IS DONE 
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KNr. = KNT1+1 
9 RETuRK 

THIS IS PNL'b SWELLING MBDLL THAT IS USED T--' PLACE BF HARKNESS' IF 

IHK i .S = 0 
0 TK = 5 . / 9 . * ( T t M P - 3 2 . ) + 2 7 3 . 

N N K N ) - ( 4 . 9 D - 4 9 * ( F L X * T M * 3 h 0 0 . ) * * 1 . 7 1 * 1 0 . * * ( 1 . 5 5 D 0 4 / T K - 5 . 9 9 D 0 6 / 
1 T K * * 2 ) ) / l . D 0 2 

RETURN 
ENu 

SUbK 
IMPL 
REAL 
C 8 r, h 

X 

r 
Q 
h 
b 

L 
V 
X 
(>J 

D 
H 
1 

BUTiNE lb 

ICIi REAL* 

* 8 NNl 

BN /XMAIN/ 

CBMn 

IN/N I 

22/1 I 

3DELT 

4BUMX 

5A27/ 
6A43^ 

7AA2u 
8XMP^ 
9GB/G 
ATM/ T 

TCLfcl 
CLb( 
L ( 10 
T( 10 
UT(6 
6DI2 
CL(6 
ING( 
FFLX 
ET3( 
R|-X( 
RI&( 
R6ie 
LU(6 
6S(3 
XI rr-
BN / 
/NTl 
/IT2 
CN/G 
/DBF 
A28/ 
A44/ 
/AA2 
RPTh 
2/PG 
M2/T 

( 60 )/ 
60)/ 
0) / 
0 ) / 

0 ) / 

(60 )/ 
0 ) / 
60)/ 

( 60 ) / 

60 )/ 

loO)/ 
60 ) / 
2(60)/ 

0) / 

)/ 

) 
lOCGi"/ 
/IBPT/ 
/NY/K;J 

AMFR/P 

P/HC/X 

A29/A3 

A45/A4 

1/AB2u 

F/DFDl 

/GMO/G 

MB/ETA 

( 1 B G 8 T B ) 
8 ( A - H / B - Z ) 

T D L ( 6 0 ) / U L ( 6 0 ) / C ( 6 0 ) . X T C ( 6 0 ) / 
T C L B ( 6 0 ) / P R d O O ) / P R 8 ( 6 1 ) / D P D I ( 6 0 ) / 
T C L I ( 6 C ) / r F B ( 6 0 ) / T F ( 6 0 ) / Q R ( 6 0 ) / 
S P ( I O O ) / b H ( l O O ) / P S ( 6 0 ) / E ( I O O ) / 
T G ( 6 G ) / t M A X ( 6 0 ) / P a ( 6 0 ) / S T ( I O O ) / 
S U M E ( 6 0 ) / 3 U M ( 6 0 ) / P B D ( 6 - 1 ) / T G B ( 6 0 ) / 
D E L E ( 6 0 ) / T C ( 6 0 ) / E T K 6 ' ) ) / T R I G 1 ( 6 0 ) / 
V F T ( 6 0 ) / r F B ( 6 0 ) / F R ( 6 0 ) / G M ( 6 0 ) / 
E T 2 ( 6 C ) / w 2 ( 6 0 ) / D E T 2 { 6 0 ) / W 3 ( 6 0 ) / 
V ( 6 0 ) / t S W ( l O O ) / 0 ( 6 0 ) . O V V d O O ) / 
S W B ( b O ) / b W N ( 6 0 ) / B M X ( l n O ) / P P M X ( I O O ) / 
t T M X ( l O O ) / XLPMX( 1 0 0 ) / N N K 6 n ) / 8 T M ( 6 0 ) / 
T R I G e i ( 6 0 ) / T R I G e 2 ( 6 0 ) / T R G K 6 0 ) / T R G i e K 6 0 ) / 
T R G 2 ( 6 0 ) / r R 6 2 0 K 6 C ) / T R 6 2 B ? ( 6 0 ) / T R I G 2 ( 6 0 ) / 
F L U B ( 6 0 ) / T I T L E K 1 0 ) / T I T L E ? ( 1 0 ) / T I T L E 3 ( 1 0 ) / 
W ( 3 ) / L R O ) / D F ( 6 0 ) / MAX ( 2 ) / 

ICAL 
T/IP 
LTBU 
LFPP 
0/A3 
6/A4 
/AB? 
/XNU 
Ml/V 
/AF/ 

C/IPLT 

R/IDV/ 

/TFBL/ 

/XLPPP 

1/A32/ 

7/A48/ 

1/TFMA 

/PPB/X 

1/V2/F 

DPPP/P 

1/IKSW 

IBo.1/1 

TFbH/T 

/Al/A2 

A33/A3 

A49/A5 

X/FFLX 

LNAO/A 

GR2/EM 

1/A26/ 

L, IH 
BUT/ 

FBI/ 

/ A3/ 

4/A3 

0/A5 

/BUM 

LPNA 

AXl/ 

A20/ 

K N S / 

ItRR 

TFB2 

A4/ A 

5/A3 

1/A5 

AX/D 

/ A40 

EPSl 

A21/ 

IFUE 

/IQF 

/TFB 

5/A6 

6/A3 

3/ A5 

BF/Q 

1/A4 

/EPS 

SY 

LdP 
/ IFL 
3.TF 
. A9/ 
7. A3 
4. A5 
PB/Q 
0?/T 
2.TR 

RNT/ 

G/XI 

B4/T 

Al2/ 

8/A3 

5/A5 

PBD/ 

B/QT 

A.FC 

NB/M 

8/BU 

FB5/ 

A13/ 

9/A4 

6/A5 

QPBM 

/CBR 

B/XL 

1/ND 

/TCI 

PMAX 

A14/ 

0/A4 

7/A5 

/XLC 

R/Gl 

P/QL 

L/NSl/NB 

N/OELTC/ 

/BUINC/ 

A15/A25/ 

1/A42/ 

8/A300/ 

L/XMNA/ 

/BUST/ 

SUM/PP/ 

68 18 (]/2/3/4/5/6/7/8/9/10/11/12/13/14/15/16/17/18/19/20/21/22/ 

1 23/24/999/26 )/ If'QBT8 

READ IINPUT 

1 PRIivT 3o0? 

REAL 3011/ TliLEl 
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PRINT 3004/ TITLEl 
REAU 3001/ TIILE2 
PRli\T 3004/ TiTLE2 

4 kEAL 30ol/ TITLE3 

THE FLUENCE PklNTtD OLT IS IN SECONDS AND SHBULO BE MULTIPLIED 
BY 10**^2 FOR THE CBMPLFTE ANSWER. 
IF iOPT = 1 ANOTHER PR8BLfc,''i MAY BE READ IN 
IF iCALC = 1 A CHANGE CASE MAY BE READ IN 
IF IPLTl = 1/ PLOTS WILL 8t MADE AT TERMINAL CflNDITIONS 
IPLTl - 2/ PLOTS WILL BE MADE AT MAX BURNUP « PLTBU «, AT TERMINAL 
CBIMUITIBNS - iPLTl - 3/ WH£.̂  USING 6 N8DE P-lINTS & PLBTS VARIABLE 
VS rAXiMUM BURNUP 
IRSWL - 1 FOR iNCBMPRESSIBLt FuEL 
IHKKS - 1 FfiR USING HARKNESS'S ROUTINE/ =0 FOR USING PNL MODEL 
IFotL - 1/ USE NEW FUEL SWELLING MBDEL (BLANKET MATERIAL) 
IFUEL = 2/ USt NEW FUEL SWELLING MODEL (CBRF FUEL)/ BTHERWISE 0 
IFutL = 3 - CORE FUEL BF LENGTH 14.22 INCHFS - USE NEW MODEL - MKII 
IFULL = 4 - CORE FUEL BF LENGTH 14.22 INCHFS - USE BLD MODEL - MKII 
IPRNT - 1 - PRINT CALCULATIONS EVERY FIFTH BURNUP STEP (FOR 36 NODE 
IPRNT = 2 - PRINT CALCULATIONS EVERY BURNUP STEP (FBR 7 TBTAL NODES 
IPRNT = 3 - PRINT CALCULATIONS EVERY 8THER BURNUP STEP (36 NODES) 
IPRNT - 4 - PRINT CALCULATIONS EVtRY BURNUP STEP (36 NODES) 
GAMFR IS THE FRACTION BF TOTAL PIN HEATING (QPB) DUE TB GAMMA 
HEATING 

READ 1100/IBPT/ICALC/IPLTl/lRSwL/IHKNS/I FUEL/IPRNT/GAMFR/PLTBU 
READ 2000/TF bL/TFBH/TFB l/TFB2/TFB3/TFB4/TFH'=i/PMAX 
REAL lOoC/NT/ICIN/DELTC/DBPP/HC/XLFPP/DPPP 
NTl « NT + 1 

6 READ2000/AF/FCB/XLPPP/A1/A2/A3/A4/Ab 
READ2C00/A6/A9/A12/A13/A14/A15/A25/A26 
READ2000/A27/A28/A29/A30/A31/A32/A33/A34 
REAU2000/A35/A36/A3 7/A38/A39/A40/A41/A42 
READ200C/A43/A44/A45/A46/A47/A48/A49/A50 
READ200O/A51/A53/A54/A55/A56/A57/A58/A300 
REAL)200C/AA20/AA21/AB20/AB21/TFMAX/FFLX/8UMAX/D0F 
READ2000/ (Qd )/ I-l/NT) 
READ2C0C/(QFFLX(I)/I-l/NTl ) 
READ200C/ (PBd )/ I-l/NT) 
READ 2000/ (DF(I)/I-l/NTl ) 
READ2000/QPB /QPBD/QPBM/X/ XLCL /XMNA/XMF/RHTHF 
READ 3000/ NB/Ml/NDL/NOl/N82/DFDI/XNU/PPO/XLNAB/ALPNA/A401/A402 
READ 2000/ TB / GT/CORR/Gl/BUST/GB/62/P6 
READ 2000/ GMO/OMl/Vl/V2/FQR2/EMAX1 /EPS1/FPS2 
READ 2000/ (TDL( I )/DLd )/I = l/NDL) 

PRINT INPUT 

9 IF (I66BTB.NE.25) GB TB 400 
PRINT 3002 

0 KNT - 1 
PRINT 3004/ TITLE3 
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PRIi\T50C0 
PRINT 5010/ NT/TCIN/DELTC/UdPP/HC/XLFPP/DPPP/AF/FCB/PLTBU 
PRINT500 1 
PRINT5011/XLPPP/A1/A2/-A3/A4/A5/A6/A9/A12/A13 
PRINT5002 
PRINT5011/A14/A15/A25/A2 6/A27/A2 8/A29/A30/A31/A32 
PRINT5003 
PRINT5011/A3 3/A34/A35/A36/A37/A3 8/A39/A40/A41/A42 
PR1NT50(J4 
PRINT 5C11/A43/'A44/A45/A46/A47/A48/A49/A50/A51/A53 
PRINT 5005 
PRINT5011/A5 4/Ab5/A5 6/A5 7/Ab8/AA20/AA21/AB?n/AB21/A300 
PRINT 5044 
PRINT 5o87/A40l/A402/XLCL/XMNA/XMF/RHTHF/IPlPT/ ICALC/ IPLTl/IRSWL/ 
IIHKNS/IFUEL/IPRNT 
PRINT5043 
PRINT 5011/QPB/QPBD/QPBM/F I-LX/BUMAX/EM AXl/TFMAX/ALPNA/PPO/XLNAO 
PRINT 5C12 
PRINT 5013/\8/Ml/NDL/NB1/N82/GAMFR/DFDI/DBF.TB/GT/C8RR/EPSl/EPS2 
PRINT 5C83 
PRINT 5011/Gl/62/6B/PG/BUST/XNU/PMAX/TFBL/TFBH 
PRINT 5086 
PRINT 5011/6MO/GM1/V1/V2/FGR2/TFB1/TFB2/TFR3/TFB4/TFB5 

33 PRINT 3003 
35 PRINT 5014 / ( TOL(l)/ I-l/NDL ) 

PRINT 3003 
PRINT 5015 / ( DL(I)/ I-l/NDL ) 
PRINT 3003 
PRINT5006/ (QII )/ I-l/NT ) 
PRINT 3C03 
PRINT 5105/ (OFFLXd )/1-1/NTI ) 
PRINT 3003 
PRINT50o7/{P8(I)/I-l/NT) 
PRINT 3o02 
RETURN 

C 
2 PRINT 5016/ XLNAS/XLPPP 

REToRN 
C 

3 PRINT 5023 
RETURN 

C 
C READ IN CHAivGtS IN CBBLANT/ BURNUP AND FLUx PARAMETERS 
C IF IQF - 1/ (.(F & QFFLX NLEj N8T BE READ IN 
C IF IT2 = 1/ ONLY 10 CALCULATIflNS WILL BE MAOE P8R THE CHANGE CASE 
C IF d T ' EQUALS 1/ THERE WILL BE N8 CLAD SHPTNKAGE DURING CHANGE CAS 
C CALCULATI6NS - IT IS USUALLY THE CASE WHERF d T ' = 1 
C 

4 READ 30ul/ TITLEl 
READ 1100/ICALC/IRSWL/IPLTl/IQF/IT2/IT/IPRNT/PLTBU 
READ 1OLl/OtLTCN/HCjBUINC/FFLX/QPB/A26 
IF ( IQF.NE.0) 68 TB 650 
READ 201)0/ ({*( I )/ I-l/NT) 

• 
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READ 20C0/ (uFFLX(I)/I=l/NTl) 
6-0 IF (IERR-4) 38/36/38 
-6 IF (ICALC-1) 37/4/3/ 
37 lERh « 0 

RETURN 
38 PRINT 3004/TirLE3 

PRINT 3004/TIILEl 
PRINT 5017/DELTCN/HC/BUINC/FFLX/QPB/A26/PLTBU/ICALC/IRSWL/IPLTl/ 
1 IPRNT/ILF/IT2/IT 
PRINT 6006 
DB fa67 I-l/NTl 

867 PRINT 6C07/I/Q(I)/QFFLX( I ) 
PRINT 3002 
RETURN 

C 
5 PRINT 5109/(PGSd )/1 = 1/3)/ (tRd )/I-l/3)/N 

RETURN 
C 

6 PRINT 848/N/TRA 
RETURN 

C 
7 PUNCH 5103 /BU/ TM/ PP/ QLSUM 

PUNCH 5103/ SP 
PUNCH 5103/ ET 
PUNCH 5103/ E 
RETURN 

C 
C PRINT INTERIM BURNUP STEP OUTPUT 

S PRINT 5100/BU/A20/A21/ PP/ QLSUM / TM/ XLP.BUMX 
KNT - KNT+1 
Q8 TO (681/63//682/637)/IPRNT 

6«1 IF (KNT-6) 678/637/637 
6«2 IF (KNT-3) 678/637/637 
637 PRINT 6002 

C 
C THE FLUENCE PRINTED BUT IS IN SECONDS AND SHOULD BE MULTIPLIED 
C BY 10**22 F8R THE CBMPLETE ANSWER. 
C 

iO IF (IFLQ.6E.2) 68 TB 595 
DB 579 1-1/NTl 

579 FLUd) = TM*Q(I )*FFLX*3600./1.D22 
6a 18 597 

5M5 08 596 I-l/NTl 
596 FLUd) - FLUBd ) + (TM-TM8)*y( I)*FFLX*3600./1.022 
597 IF (IB6aT0.EG.18) 68 TO 31 

IDV - 1 
Oa 638 I-l/NTl 
DVVl « DVV(I)*100. 
IF (OVVl.GT.lO. ) IDV » 2 

6.i8 PRINT 6003/I/XTC(I )/XTCLad )/TCLld )/TFB(I ) .TFB( I )/TF( I )/QR( I)/ 
1QL( I )/PR(I )/SP( I )/SH( I )/STd )/Ed)/ESW(I )/FTd ). OWl/FLUd ) 
IF (IT2.NE.G) IBUT - IBUT+1 

678 RETURN 
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c 
9 IF ( IPLTl.NE.c; ) GB TB 6l0 

IF (BUMX.LT.PLTBU) GB TB 6lo 
IF ( (PR(NTl/2).LE.O. ) .BR. (PR(Nri/2 + l).LE.O. ) ) 68 TO 670 
CALL DPL8T ( 1 / 1 . EO 1 / 1'. E04/2Hl /2H2 /2H3 /2H4 ) 

670 68 IB (676/67/)/IDV 
6/6 CALL DPLBT (8/1.E-4/1.E-1/2H-2/2h-1/2H0 /2M1 ) 

68 IB 679 
6/7 CALL DPLBT (8/l.E-3/1.E00/2H-1/2H0 /2H1 /2H? ) 
6/9 CALL DPLOT (6/0./30000•/2H /2H /2H /2H ) 

CALL DPLBT (4/1.E-4/1.E-1/2H-2/2H-1/2H0 /2H1 ) 
CALL DPLBT (5/1.E-4/1.E-1/2H-2/2H-1/2H0 /2H1 ) 
CALL DPLBT (7/0•/30000•/2H /2H /2H /2H ) 
CALL DPLBT (2/0./30000./2H /2H /2h /2H ) 
CALL DPLBT (3/1.E-4/1.E-1/2H-2/2H-1/2H0 /2H1 ) 
CALL DPLBT (9/l.E-4/1.E-1/2H-4/2H-3.2H-2/2H-1 ) 

648 IPLTl - 1 
6 0 68 TB (551/588/589/590)/IPRNT 
5bl IF (KNT-6) 870/644/644 
588 IF (KNT-6) 870/644/644 
5>',9 IF (KNT-3) 870/644/644 
644 KNT - 1 
590 PRINT 300? 
870 RETURN 

C 
10 PRINT 5081/ BU/ N/ SP(N)/ S-i (N) / SY 

PRINT 5047 
RETURN 

C 
11 PRINT 861/N 

RETURN 
C 

12 PRINT 5081/ bU/ N/ SP(N)/ S H ( N ) / SY 
PPINT 5046 
RETURN 

C 
O PRINT5041 /N/ BL 

RETURN 
C 

14 PRINT 5 1 0 1 / B U / A 2 0 / A 2 1 / PP/ U L S j M / T M / X L P / B ' J M X 
PRINT 6 0 1 2 
DP 8 7 5 I - l / N T l 

8 / 5 PRINT 6 0 1 3 / I / S P ( I ) / £ ( I ) 
RETURN 

C 
15 PRINT 5 1 0 1 / E i A / E f A X ( N ) / I P k / N/ BU 

RETURN 
C 

16 PRINT 5102 iblA/ IPk/ N/ bu 
RETURN 

C 
17 PRINT 5 0 8 ? / t i L / T M ? 

RETURN 
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c 
C PRINT TERMI^ATieN OUTPUT 
C 

•8 PRINT 5040/ TiTLEJ 
PRINT 5100/ bU/ A20/ A21/ PP/ QLSUM/ TM/ XI P/ BJMX 
PRINT 6002 
GB T8 30 

-n IDV « 1 
D8 c63 1-1/NTi 
DVvi - i:-VV( I )*1U0. 
IF (DVVl.QT.10. ) IDV = c 

863 PRINT 6003/ I/XTCd )/XrCLe( 1 )/TCLl ( I )/TFed ) .TFBd )/TF( I )/QRd )/ 
IQLd )/PRd )/SP(I )/SH( I )/STd )/E( I )/£SW( I )/ET(I )/OVVl/FLUd ) 
IF ( IPLTl.EQ.O) GO TO 640 
IF ( ICALCEQ.l ) GO T6 640 
IF (IPLTl.EQ.d) GB TB 651 
IF ( (PR(NTl/2).LE.O. ) .8R.(PR(NTl/2+l).LE.O.) ) 38 TO 671 
CALL DPL8T ( 1/l.EOl/1.E04/2H1 /2H2 /2H3 /2H4 ) 

6/1 CALL DPLOT (4/1.E-4/1.E-1/2H-2/2H-1/2H0 /2H1 ) 
CALL DPLBT (2/0./30000•/2H /2H /2H /2H ) 
CALL DPLBT (6/0./30000•/2H /2H /2H /2H ) 
CALL DPLBT (5/1.E-4/1.E-1/2H-2/2H-1/2H0 /2M1 ) 
Q8 TB (674/675)/IDV 

6/4 CALL DPLOT (8/1.E-4/1•E-1/2H-2/2H-1/2H0 /2H1 ) 
GB T8 651 

675 CALL DPLBT (8/1.E-3/1.EOO/2H-1/2H0 /2H1 /2H? ) 
651 IF (PRMXdBUM) .LE.O. ) GB TB 672 

CALL DPLBT ( li/l.El/l.E4/2Hl /2H2 /2H3 /2H4 ) 
672 CALL DPLBT (12/1 .£-4/1.E-1/2H-2/2H-1/2H0 /?Hl ) 

CALL OPLST ( lU/1 .El/1.E4/2H1 /2H2 /2H3 /2H4 ) 
CALL DPLBT (13/0./2./2H /2H /2H / 2H ) 
IF (IPLTl.EQ.3) 68 Te 640 
CALL DPLBT (3/l.E-4/l.E-l/2H-2/2H-l/2hO /2H1 ) 
CALL DPLST (7/0./30C00•/2H /2H /2H /2H ) 
CALL DPLBT (9/1.E-4/1.E-1/2H-4/2H-3/2H-2/2H-1) 

640 PRINT 3002 
RETURN 

C 
|9 PRINT 5107 

RETURN 
C 

20 PRINT 5106 
RETURN 

C 
^1 PRINT 5100/BU/A20/A21/ PP/ QLSUM/TM/ XLP / BUMx 

RETURN 
C 

,12 PRINT 5045/ N 
RETURN 

C 
23 PRINT5042/ N 

RETURN 
C 
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-̂4 PRINT 6004 
DS 639 I-l/NTl 
DVVl - DVV(I)*100. 

6o9 PRII\.T 6011/I/aR(I)/QL(I)/PR(I)/SP(I)/SH(I).ST(I)/E(I)/ESWd)/ETd) 
1/DVV1/TF(I)/TFB(I)/FLU(I) 
RETURN 

C 
26 PRINT 5111 

RETURN 
C 
C MAIN FBR(ifiT STATEMENTS 
C 
lOLO FBRMAT (I10/6tl0.4) 
1001 FBRMAT (6E10.4) 
lloO FBRMAT (7I5/2bX/2E10.4) 

2000 F8RMAT(8E10.4) 
30!,0 FBRMAT (512/ /E10.4) 
30ul FBRMAT (10A8 ) 
3002 F8R^lAT ( iHl ) 
3003 FORMAT (/) 
3004 FBRMAT (10X10A8) 
848 FBRMAT llCX/'N ='I2/' ST(N)-SY -'1PE12.6/' TRANSFERRING TO STMT 53 

1 ' ) 
861 FBRMAT ( lOX • TRANSF ERRI NG TO STMNT 54 WITH N -d3) 

6002 FBRMAT (' N XTC XTCLB TCLI TFB TFB TF•5X'QR•7X•QL•7X'PR• 
18X'SP'5X'SH'5X'ST'6X'E'9X'ESW'7X'ET'6X'DVV' i.X'FLUENCE' ) 

600 3 FBRMAT (lXI2/6dXF5.0)/2(lXF8.6)/lPE11.3/0P3(F7.0)/lP3(El0.3)/0P 
1 F 6 . 2 / F 7 . 3 ) 

6 0 0 4 FBRMAT ( 2 X • N ' / 5 X ' Q R ' / 9 X ' Q L ' / 7 X ' P R ' / 8 X ' S P ' . 5 X ' S H ' / 6 X ' S T ' / 9 X ' E « / 
1 1 0 X ' E S w ' 1 0 X ' E T ' 8 X ' D V V ' 5 X ' T F ' 5 X ' T F B ' 3 X ' F L U E N C E ' / ) 

6 0 0 6 FBRMAT (3X ' N • / 6 X ' Q ' / 9 X ' Q F F L X ' / ) 
6 0 0 7 FBRMAT ( 2 X 1 2 / 2 ( 3 X F 8 . 6 ) ) 
6 0 0 9 FBRMAT ( 2 X I 2 / 2 X F 8 . 0 / 2 ( 2 X E 1 1 . 4 ) ) 
6 0 1 0 FBRMAT (3X ' N ' / 5 X ' S P ' / 1 O X ' E ' / 1 2 X ' P R ' / ) 
6 0 1 1 FBRMAT ( I X 1 2 / 1 X / 2 ( 1 X F 8 . 6 ) / I P E 1 2 • 4 / O P l X 3 ( 1 X F 7 . 0 ) / 1 P 1 X 3 ( I X E l 1 . 4 ) / 

1 0 P 1 X / F 6 . 2 / 1 X F 6 . 1 / 1 X F 6 . 1 / 1 X F 7 . 3 ) 
6 0 1 2 FORMAT O X ' N • / 4X ' SP ' / 9X ' £ ' / ) 
6 0 1 3 FBRMAT ( 2 X 1 2 / 2 X F 6 . 0 / 1 P 2 X E 1 1 . 4 / ) 
5 0 0 0 FBRMAT ( I H O / 5 X ' N T ' / 1 O X / ' T C I N ' / 9 X / • D E L T C • / 7 X , ' D B P P ' / 8 X / i H C ' / 9 X / ' X L F 

1 P P I / 8 X / ' D P P P ' / 8 X / ' A F ' / 9 X / 3 H F C B / 7 X ' P L T B U • ) 
5 0 0 1 F B R M A T ( / / 5 X / 5 H X L P P P / 7 X / 2 H A l / 1 0 X / 2 r i A 2 / l O X / 2 H A 3 / 1 O X / 2 H A 4 / 1 O X / 2 H A 5 / 1 0 

1 X / 2 H A 6 / 1 0 X / 2 H A 9 / I C X / 3 H A 1 2 / 9 X / 3 H A 1 3 ) 
5 0 0 ? F e R M A T ( / / 5 X / 3 H A 1 4 / 9 X / 3 H A l 5 / 9 X / 3 H A 2 5 / 9 X / 3 h A 2 6 / 9 X / 3 H A 2 7 / 9 X / 3 H A 2 8 / 9 X / 

1 3 H A 2 9 / 9 X / 3 H A 3 0 / 9 X / 3 H A 3 1 / 9 X / J H A 3 2 ) 
5 0 0 3 F B R M A T ( / / 5 X / 3 h A 3 3 / 9 X / 3 H A 3 4 / S X / 3 H A 3 5 / 9 X / 3 H A 3 6 / 9 X / 3 H A 3 7 / 9 X / 3 H A 3 8 / 9 X / 

) 3 H A 3 9 / 9 X / 3 H A 4 0 / 9 X / 3 H A 4 1 / 9 X / 3 H A 4 2 ) 
5 0 0 4 F B R M A T ( / / 5 X / 3 H A 4 3 / 9 X / 3 H A 4 4 / y X / 3 H A 4 5 / 9 X / 3 H A 4 6 / 9 X / 3 H A 4 7 / 9 X / 3 H A 4 8 / 9 X / 

1 3 H A 4 9 / 9 X / 3 H A 5 0 / 9 X / 3 H A 5 1 / 9 X / 3 H A 5 3 ) 
5 0 0 5 F 8 R M A T ( / / 5 X / 3 H A 5 4 / 9 X / 3 H A 5 5 / 9 X / 3 H A 5 6 / 9 X / 3 H A 5 7 * 9 X / 3 H A 5 8 / 9 X / 4 H A A 2 0 / 8 X 

1 / 4 H A A 2 1 / 8 X / 4 H A B 2 0 / 8 X / 4 H A B 2 1 / 8 X / ' A 3 0 0 ' ) 
50 43 FBRMAT ( / 5 X ' Q P B ' 9 X ' G P B D ' 8 X ' U P B M ' 7 X ' F F L X ' 8 X > B U M A X ' 7 X ' E M A X l ' 7 X ' T F M A X 

1 ' 7 X ' A L P N A ' 7 X ' P P 8 ' 9X • X L N A B ' ) 
5 0 4 4 FBRMAT ( / 4 X ' A 4 0 l ' 8 X ' A 4 0 2 ' 8 X ' X L C L • 8 X ' X M N A ' 8 X ' X M F • 9 X ' R H T H F ' 4 X ' I f l P T ' l 
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IX'ICALC IPLTl IRSWL IHKNS IFUEL IPRNT') 
508 3 FORMAT (//5X'Q1'10X'G2'10X'GB'10X'P6'9X'BUST'8X'XNU'9X'PMAX' 

l8X'TFBL'8X'TFbH') 
5 086 FBRf-AT (/5X • GMO ' 9X ' GMl ' lOX'VI' lOX ' V2 ' 8X ' FQR? ' 8X ' TFBl '8X'TFB2'8X 

l'TFB3'8X'TFB4'8X'TFB5' ) 
5087 FBRMAT (1P6E12 . 4/0P2XI 2/3X12/6(4X12) ) 
5014 FBRMAT (5X/ 7HTDLd)= /1P9E12.4 ) 
5015 FBRMAT (5X/ 7H DL(I)- /1P9E12.4 ) 

5006 FBRMAT (5H Q(N)/5X/IPlOEl1.4) 
5105 FBRMAT (lOH UFFLX(N) /IPIOEII.4 ) 

5007 FBRNAT(6H P 6 ( N ) / 4 X / 1 P 1 0 E 1 1 . 4 ) 
5009 FBRMAT(7H XTC ( N ) / 3X/IP lOEl 1. 4 )' 
5010 FBRMAT ( 18/4X/1P9E12•4) 

5011 FBRMAT (1P10E12.4) 
5012 F8RMAT (/' NO Ml NDL N61 N02 GAMMA FRAC DFDI'9X'DOF'9X 

l'TB'10X'GT'9X'C6RR'8X'EPSl'8X'EPS2') 
5013 FBRMAT O X 12/2(2X12)/2(3X12)/1P1X8E12.4) 
5016 FBRMAT (IHO/72HFBLL8WING INPUT PARAMETERS PERTAINING TO PLENUM HAV 

IE BEEN CHANGED INTO ///9H XLNAO - /1PE11.4 /9H XLPPP - /Ell.4) 
5017 FORMAT (IHO/20X•CHANGES MAY BE MADE IN THE FOLLOWING PARAMETERS'/ 

13X1 DELTCN'SX'HC'1OX'BUINC'6X'FFLX'9X'QPB'9x'A26'8X'PLTBU'6X 'ICALC 
2 IRSWL IPLTl IPRNT IQF IT2 IT'/1P7(2XE10.4)/0P7(4X12)/) 

502C FeRhAT(9H XTCLO(N)/1X/IPlOEl1.4/) 
5021 F8RMAT(6H PR(N ) /4X/IPlOEl1.4/) 
5023 FORMAT (IHO/ 72HSBRRY/ BEMBD DOES NOT HANOIE CERAMIC FUEL ELEMENTS 

1 (N8-0/BR 1) ANYM8RE. / 70H FOR FAST COMPUTATION CONSULT THE LATES 
2T VERSION OF SWELL BY T.BUMP . ) 

5025 F8RMAT(8H TCL I (N ) /2X/1PlOE11•4/) 
5026 F6RMAT(7H TFB(N)/3X/IPlOEl1.4/) 
5027 FBRMAT(6H TF(N)/4X/IPlOEl1.4/) 
5028 F8RMAT(6H QR(N)/4X/IPlOE11.4/) 
5029 F8RMAT(6H QL(N)/4X/IPlOE11.4 /) 
5110 FBRMAT (lOH DF(N) /lPlOEll.4) 

5030 F8RMAT(6H SP(N)/4X/1PlOEl1.4 /) 
5031 F8RMAT(6H SH(N ) /4X/IPlOEl1.4/) 
5033 FBRMAT(5H E(N )/5X/IPlOEl1.4/) 
5034 F8RMAT(6H ET(N ) /4X/1 PIOEl1.4 /) 
5035 F8RMAT(6H TG(N ) /4X/IPlOEl1.4 /) 
5036 FflRMAT( 7H ESW(N ) /3X/1 PIOE11.4) 
5037 F8RMAT(6H ST(N)/4X/IPlOEl1.4 /) 
5038 F8RMAT(6H PR(N)/ 4X/IPlOEl1.4/) 
5040 F8RMAT (1H1/47X/25H TERMINAL CONDITIONS F6R ///20X/10AS/// 

1 38X/39H ARE AS FBLLAWS (LAST R8W MEANS PLENUM) // ) 
5041 F8RMAT O8H0THERMAL STRESS FATIGUE BEGINS FOR N •/I2/9H AT BU - / 

1 1PE11.4) 
5042 FSRhAT O4H0NBTE THAT TF EXCEEDS TFMAX AT N - /I2 ) 
5045 F6RMAT (24H0EXCESSIVE STRAIN AT N« / 12 ) 

5046 FBRMATdX/ 47H (SH + 4*SP )/SY EXCEEDS 4. / SH iS LESS THAN 2*SY ) 
5047 FBRMATdX/ 43H (SH + 8*SP )/SY EXCEEDS 6' AND SH EXCEEDS 2*SY I 
5081 FSRHAT O9H0MILLER/S RATCHETTING MAY START AT BU- /IPElL*/ 

1 7H FBR N» /0PI2/ 12H WHEN SP(N)- /iPE11•4/7H/SH(N)- /El 1•4/4H/SY-
2/E11.4 ,/bOX/44HBNLY LAST STATEMENT ON RATCHETTING IS VALID. ) 

5082 FBRMAT (24H0 NO FAILURE UP TO BU - /1PE14.7' 5H TM - /E12«4// ) 
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5100 FBRM 
IQLSU 

5101 F8RM 
1/23H 
2 IPt 

5102 FBRM 
IL C6 

5103 FBRM 
5104 FBRM 

1 15H 
2 
2S NO 
3- / 
4ENT 
SUMbfc. 

51Q7 F8RM 
IE CA 

5106 FBRM 
IMPER 

5109 FBRM 
1P6S( 
2E10. 

51x1 FeRM 

AT (/ 
M-'El 
AT ( 1 
AT A 

14.7/ 
AT ( 1 
NDITI 
AT (8 
AT (4 
***** 

MINAL 
IPEU 
IF TH 
R 6N 
AT ( 1 
St PR 
AT (1 
ATURE 
AT (/ 
1) -
4/ • E 
AT ( 1 

' BU-'IP 
1.4/' TM-
6HCTeTAL 
BNBRf-iAL C 
) 
6H0TeTAL 
eN /0PI2/ 
E10.4) 
4H0*****P 
ERROR**** 

£14.7/' A20-'0PF5.3/ ' 

C6N 
.4/ 
E RI 
THE 
4X ' * 
6BLE 
HO/ 
ARE 
' VA 
' IPE 
R(2) 
HI' 

UITI6 
18H F 
GHTMB 
NEXT 
**** 
M CAN 
25X/ 
AS F 

LUES 
10.4/ 
= 'E 
ALL 

'Ell.4/ ' 
STRAIN (= 
BNDITI6N 

STRAIN (= 
12H/FIRST 

RESSUPE C 
*///8H AT 

24H A 
N ) FBR N 
INAL PRES 
ST NUMBER 
LINE. / 1 
EXCESSIVE 
NBT BE RE 
70HCeNDIT 
BLLBWS 
IN CALCUL 
' PGS(2) 
10.4/' ER 
PRBBLEMS 

XLP-'£11.4/ ' 
A21-'F5.3/' PP='1PE11.4/' 
MAX BURNUP-'E14.7/) 

/1PE11.4/19H) EXCEEDS EMAX(N) - /Ell.4 
/0PI2/12H/FIRST AT N- /I2/8H AND BU- / 

/1PE11.4/39H 
AT N- /I2/8H 

I EXCEEDS EMAXl AT ABNORMA 
AND BU- 1PE11.4/) 

A L C U L 

,8U 
ivD AB 
- /I 

SURE 
BN T 

OX/ 0 
STRA 

AD IN 
I BNS 
/ / ) 
ATING 
- 'El 
(3) « 
HAVE 

ATI8N DID NPIT CBNVERGE /61X/ 
/ 1PE11.4/ 

N8RMAL CBNDITION /0PI2/37H( 0 MEAN 
2 //29H PRFCEEDING PRESSURE GUESS 
- /E11.4//108H IGN8RE THIS STATEM 
HIS LINE IS FBLL8WED BY A LARGER N 
PI2/) 
IN WAS DETFCTED/ THEREF8RE A CHANG 
AT THIS TIME *****') 

OF FUEL ELEMENT BR8U6HT TB RQ8M TE 

BILINEAR EXPANSION CBNSTANTS'/' 
0.4/' PGS(3) - 'E10.4/' ER(1) - ' 
'ElO.4//' AT NBDE NUMBER '0PI2) 
BEEN PROCFSSED.') 

RETU 
END 

RN 

C 
C 
C 

SUBKBUTlNt NFA (EP/EL/SY/NF) 
IMPLICIT REAL*8(A-H/B-Z) 

DEltRMlNE NUMBER OF THERMAL CYCLES TB FAILURE 

CBMriBN /XIB/ SKPK54 )/A49/AbO 
NF=DEXP((A49-DL0G(£P))/A50) 
RETURN 
END 

C 

C 

c 

SUBRBUTINE P F A ( D B D I / V N / P F / P R l / P I 4 / V F B / I F L ) 
I M P L I C I T R E A L * 8 ( A - H / B - Z ) 

DETERMINE T H E K M A L EXPANSIBi^ F8R M E T A L L I C F,)FL WITH S8DIUM B8ND 

CBMM8N / X M A I N / 
A T D L ( 6 0 ) / D L { 6 0 ) / Q ( 6 0 j / S K P K 3 4 U > / D G D I I 6 0 ) / S K P 2 ( 1 2 0 ) / T F 8 ( 6 0 ) / 
1 T F ( 6 0 ) / S K P 3 ( 1 1 4 0 ) / T G B ( 6 0 ) / S K P 4 ( 3 6 o ) / V F T ( 6 0 ) . T F a ( 6 0 ) / S K P 5 ( 4 8 0 ) / 
2 V ( 6 w ) / J B C B M / N / N T / N T l / J S K P K 7 ) / N 0 / M 1 / N D L / X l B / B U / S K P 6 ( 15 ) / DBPP/ 
3 S K P 7 ( 1 6 ) / A 2 8 / A 2 9 / S K P 8 ( 5 ) / A 3 b / A 3 6 / A 3 7 / S K P 9 ( ? 9 ) / 0 P 3 / S K P 0 ( 4 3 ) / A 2 1 

I F ( N B - i ) 1 / 1 / 2 
1 PF - A 3 5 * ( l . + A 3 6 * V N ) * P R 1 
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RETURN 
2 XNT - NT 

A281 = A28 
IF ( IFL.EQ.?) 68 T8 22 

C C8NDUCTIV1TY OF THE SOLID FjEL/A28 BF THE TNPUT/IS REDUCED DUE TO 
C PORBSITY BY R.Dl NOVI TO 

A28 - A28*(d.-V(N))/(l.+1.7*V(N))) 
;̂ 2 M2 = 2*M1 + 1 

XI NT - 0. 
XINTI - 0. 
XM2 - M2 - 1 
UN = 1 . 
DB 21 J - 1/M2 
UN - -UN 
FT - 3.+UN 
XJ « J- 1 
Yl - QPB * Q(N) *(1 - (XJ/XM2)**2) /PI4*A21 
XI = TFB(N)*(1. + A29*TF0(N)/2.) + Y1/A28 
El - A29*X1 
T - 2.*X1/(1. + DSQRTd. + 2«*E1)) 

C IT IS ASSUMED THAT THERMAL CONDUCTIVITY OF NA IS VERY LARGE AND FU 
C IS ASSUMED TO FILL THE INITIAL CLADDING. A?8 IS SMALLER THAN SOLI 

10 IF (J . 1) 3/3/4 
3 TF(N) - T 
4 NDLl - NDL - 1 

Tl - TDL(1 ) 
IF (T - Tl) 11/12/12 

11 OLT - DL(1)*(T - 70.)/(Tl -/C) 
68 18 15 

i2 DB 14 I = 1/NDLl 
Tl - TDL( I ) 
T2 = TDL( I + l ) 
IF (T -T2) 0/13/14 

13 DLT - DLd) + (DLd + l )-DLd) )*(T-T1)/(T2-T1 ) 
G8 16 15 

i4 CBNIINUE 
DLT " DL(NDL) + (DL(NDL)-DL(NDL1 ) ) *(T-T2 ) /(T2-T1 ) 

15 FUN = 3.* DLT * XJ 
FUNl - T * XJ 
XiNll - XINTI + FT*FUN1 

?1 XINT - XINT + FT*FUN 
XINT -(XINT - FUN)/3. 
XINT - XINT * 2./XM2**2 
VFT(N) - VFB *(1.+ XINT) 
XlNTl -(XINTI - FUNl)/3. 
XINTI » XINTI* 2./XM2**2 
TFB(N) - XINTI 
PF = PRl 
A28 - A281 

C WHEN NB IS LARGER THAN 1/ PFA CALCULATES 8NI.Y THE AXIAL TEMPERATUR 
C BF FUEL /TF/ AND THE THERMALLY EXPANDED VBLUME 8F FUEL SECTION/ VF 
C ALSe THE AVERAGE TEMPERATURE BF FUEL / TFB . 

RETURN 
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END 

SUBROUTINE PLINE ( XD/-YD/FACTX/F ACT Y/IPTS/I NCR/I AX I S/IPLT ) 
C THIS SUBROUTINE IS USED FBR DRAWING THE X AND Y AXISES 
C 
C lAXIS - 0 IMPLIES JUST DRAW A DUMMY AXIS WITH THE INFBRMATIBN GIVEN 
C lAXIS - 1 IMPLIES DRAW X-AXiS BF MAXIMUM BURNUP 
C lAXlS - 2 IMPLIES DRAW Y-AXIS BF DELTA D/D 
C 

IMPLICIT REAL*8 (A-H/B-Z) 
CBMMBN /XMAIN/ 

A SKPK 1240 )/E(lOO)/ETd00)/SKP2d600).ESWd00)/SKP3( 640)/ 
lETMXdOO) /I6C6M/ JSKP1(23)/IERR /XIO/ SKP4 ( 15 ) / BUMX 
DIMENSIBN XD1(15)/YD1(11)/XKACT(15)/YFACT(11)/XMAX(100)/IPTSX(15)/ 
1IPTSY(11 )/ INCRY(11 ) 
DATA XDl/3./1.5/1./.75/.6/.3/.428b7/.375/.33333/.3/.27273/'25/ 
1.4615/.4286/.4//IPTSX/3/5/7/9/11/13/15/17/19/21/23/25/14/15/16// 
2XFACT/6./3./2./1.5/1.2/1•/•85714/.7b/•6667/.6/.54545/.5/•4615/ 
3.4285/.4// 
4YDl/.75/.9375/.625/.9375/.75/.625/.535714/.46875/.416667/.375/ 
5.68182/ /IPTSY/ 11/9/13/9/11/13/15/17/19/21/12/ /INCRY/ 1/2/2/1/2/ 
62/2/2/2/2/1/ /YFACT/ 750./375./250./187•5/1 SO•/125./107.14286/ 
793.75/83.33333/75./68.18182/ 
CALL PLBT (C./0./3) 
IF (lAXIS) 11/11/20 

?0 68 TB (30/31 )/lAXIS 
30 IBU - BUMX+1. 

IF (BUMX-14.5) 17/17/16 
16 lERR - 1 

RETURN 
17 XD - XDK IBU) 

FACTX = XFACTdBU) 
IPTS » IPTSXdBU) 
INCR - 1 
IF (IBU.6T.5) INCR - 2 
68 T8 11 

-•il IB = dNCR/5)*2 
IF ( IPLT.EQ.3) 68 TB 32 
IF ( IPLT.E0.4) 68 T6 34 
IF (IPLT.EG.5) 68 TB 36 
IF (IPLT.EG.12) 66 TO 38 

32 DB 33 I-IB/INCR 
33 XMAX(I) = £(I) 

AR61 - £( IB-1 ) 
Gfl TB 42 

J4 DB d5 I-IB/INCR 
j5 XMAXd ) = ETd ) 

ARGl = ET( IB-1) 
66 18 4? 

36 D8 37 I-IB/INCR 
37 XMAX( I ) - ESWd) 
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d8 
39 

42 

45 

19 

11 

5 
6 

7 
8 
10 

55 

60 

AR 
68 
DB 
XM 
AR 
DB 
AR 
XM 
AR 
IE 
IF 
IE 
RE 
YD 
FA 
IP 
IN 
AD 
D8 
XD 
YD 
CA 
IF 
CA 
68 
'CA 
CA 
AD 
CA 
IF 
IF 
XD 
IP 
NE 
IF 
RE 
EN 

61 -
TO 
39 

AX( I 
Gl -
45 

G2 -
AXl 
61 -
MAX 
(XM 

RR -
TURN 

Y 
CTY 
TS = 
CR -
J « 
10 

1ST 
1ST 
LL P 
(XD 

LL P 
Tfl 

LL P 
LL P 
J -
LL P 
(lA 
( IB 
- . 

TS • 
XT S 
( lA 

TURN 
D 

ES 
42 
I-I 
) -
ET 
I-I 
XM 

- D 
XM 

- X 
AXl 
2 

W( IB-1 ) 

B/INCR 
ETMX( I ) 

MX( Ib-1 ) 
B/INCR 
AX( I ) 
MAXK ARG1/AR62) 
AXl 
MAX1*100.+1. 
*100.-10.5) 19/19/18 

LB 
) 
LB 
8 
L8 
LB 
AD 
LB 
XI 
U-
5* 
2 

TA 
XI 

( lEMAX) 
YFACT( lEMAX) 
PTSY(lEMAX) 
NCRY(lEMAX) 

1/IPTb 
XD*ADJ 
YD*AUJ 
T (XDIST/YDIST/2) 
6/7/6 
T (XDIST/-0.05/2) 

T (-
T (X 
J+1. 
T (0 
S.NE 
12) 
XD 
*IPT 
TEME 
S.EQ 

0.05/YDIST/2) 
DlST/YDIST/2) 

./0./3) 

.1) 66 Te 
60/60/55 

S-1 
NT IS FBR 
.2) IPTS » 

60 

SENDING 
lEMAX 

lEMAX BACK T̂ ^ DPLOT 

SUBROUTINE SYA (SY) 
CALCULATE YIELD STRESS-LARGE VALUt-SMALL YIFLD 
IMPLICIT REAL*8(A-H/8-Z) 
C6MM8N /XMAIN/ 
lSKPK240)/XTCLa(60) /leCSM/ N /XIB/ BU/SKP? ( 47 ) / A43/A44 
SY-A43*(l.+A44*XTCLe(N) ) 
RETURN 
END 

SUBRBUTINE TESK (SE/EDBT 
IMPLICIT R£AL*8(A-H/B-Z) 
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CBMMBN / X M A I N / S K P l ( 2 4 0 ) / X T C L 8 ( 6 0 ) / b K P 2 ( 2 8 0 ) / T C L B ( 6 0 ) / S K P 3 ( 3 4 0 ) / 
1 SP( 1 0 0 ) / S K P 4 ( 5 4 0 ) / S T ( 1 0 0 ) / b K P 5 d 2 0 0 ) / Q F F L X ( 6 0 ) / I f lCOM/ N/ 
2 JSKP1(9 ) /NB / X I B / S K P 6 ( 4 2 ) / A 3 7 / A 3 8 / A 3 9 / A 4 0 / A 4 1 / A 4 2 / A 4 3 / A 4 4 / 
3 A4b/SKP7(5)/A51/SKP8(12)/FFLX 

XN6 - NB 
XNB - (XNB-l.b)**2 
IF (XNB-.26) 2/2/1 

NB - 0 BR 3 CALCULATES EDBT AS THE BLD SWELL USING THE CLADDING 
OUTSIDE TEMPERATURE AND THE CLADDING TOTAL STRESS OR YIELD STRESS 
NB - 1 OR 2 THE NEW 6PTIBN IS USED USING THE AVERAGE CLADDING 
TEMPERATURE AND THE CLADDINb PRESSURE STRESS 

I T - XTCLO(N) 
S - SE 
GB TO 3 

2 T - TCLB(N) 
S - SP(N ) 

3 IF O ) 4/4/5 
4 S - .001 
5 EDBT - DEXP(A40+(A41+A37/(T+460.))*DL8G(S)+A42/(T+460.)) 
1 +A45*FFLX*QFFLX(N)*S**A51 

RETURN 
END 

SUBROUTINE VNA (DDD/VN/VO/XNT) 
IMPLICIT REAL*8(A-H/fl-Z) 

DETtRMINE FUEL EXPANSION 
CALCULATES FREE VBLUME IN FUEL DUE TB FISS GAS PRESENT 

CBMMBN /XMAIN/ 
ASKPl(120)/Q(60)/SKP2(340)/DGDI(60)/TCLB(60)/SKP3d20)/TF(60)/ 
lSKP4(520)/ETdOO)/TG(60)/SKP5(460)/TGB(60).n6DI2(60) /lOCOM/ N 
2/XI8/ BU/SKP6(17)/XLFPP/SKP7(16)/A30/A3l/A3?/A33/SKP8(24)/ASOO 
ALPHA-A30*(1.+A31*TCLB(N) ) 
ALF = A32*d.+A33*TGB(N) ) 
IF(DGDI(N) )13£/132/133 

2 VN-CDD*((l.+ALPHA*(TCLB(N)-/0.)+ET(N))**2.-(l.-V0)*(1.+2.»ALF*(TQB 
KN)-70.)+A300*BU*Q(N)) )*XLFPP/XNT 
RETURN 

3 IF(DGDI(N)-l.)134/135/135 
135 D6DI2(N) - 1. 
4 ALFC-A32*(l.+A33*(TF(N)+TQ(N))/2.) 

VN-CDD*((l.+ALPHA*(TCLB(N)-70.)+£T(N))**2.-(1.-VO-(DGD12(N)/(1.+2. 
l*ALFC*((TF(N)+TG(N))/2.-70.))))*(1•+2.*ALF*(TGB(N)-70.))-DGDI2(N)-
2(1.-V0)*A300*BU*Q(N))*XLFPP/XNT 
RETURN 
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END 

SUbROUTINE XKCLA (IJ/IK/XKCL) 
IMPLICIT REAL*8(A-H/e-Z) 

CALCULATE THERMAL CBNDUCTIvITY BF CLAD 

CBMMBN /XMAIN/ SKPK240)/XTCLO(60)/SKP2(340)/TCLK60) /lOCOM/ N 
1 /XIO/ SKP3(20)/A1/A2 
IF(IJ-1)5/5/8 
LINEAR COND 
XKCL-A1*(1.+A2*XTCLB(N)) 
IK-l 
RETURN 
INTEGRATED CBND 
XKCL-Al*(l.+A2*(XTCLe(N)+TCLl(N))/2.) 
IK-2 
RETURN 
END 

SUBROUTINE XLPA (XLNA/ETP/P) 
IMPLICIT REAL*8(A-H/O-Z) 
CALC PLENUM VBLUME DUE TO EXPANSION OF CLAD 
CaMMON /Xie/ BU/TClN/DELTC/SKPld6)/XLPPP/SKP2(l5)/A30/A3l* 
1SKpd(45)/XLNAO/ALPNA/SKP4(20)/XLP/SKP5(10)/A20 
T - TCIN + A20*DELTC 
ALPHA - A30*d. + A31*(T + 70. )/2.) 
CP = 1.6*(10*)**(-6) 
F - l.-3.*ALPNA*(T - 70.) + CP*P 
IF (T - 207. ) 410/409/409 

9 F - F -0.0218 
0 XLP - (XLPPP + XLNAe)*(l. + 3.*ALPHA*(T -70.) + ETP + 0.6»(10.) 
1 **(-6)*P ) - XLNA / F 
XLP IS ALLOWED TO BECOME NEGATIVE TO IMPROVE CONVERGENCE IN PP CAL 
RETURN 
END 
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