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IMPROVED INTEGRATION SCHEMES IN DSNP 

D. Saphier, Y. Bartal and Y. Rodnizky 

A new stiff integration method was added to the DSNP simulation 

language. The method is based on an algorithm developed by C.W. Gear 
(2) 

and a subroutine package developed by A.C. Hindmarsh . The package 

(1) 

includes the Adam's implicit method and the Gear's backward differentia

tion formula. Both methods gave improved integration times of up to 

two orders of magnitude as compared with some of the other integration 

schemes previously available in DSNP. 

The reactor kinetic equations with six groups of delayed neutrons 

were solved using all the available integration schemes. The results 

are presented in Table 1. The eigenvalues in this particular set of 

equations were spread over nine orders of magnitude. A step change 

in reactivity initiated the system transients. The solution was fol

lowed for 20 sec. 

As can be seen from the table, the fastest integration scheme is 
(3) the collocation method developed by Kaganove next comes Gear's method 

(4) and then a first order exponential fitting stiff method by Fowler 

The nonstiff methods were two orders of magnitude slower than Gear's 

method. 

Table 1 

Comparison of the execution times to solve the neutron kinetic equations 

by different integration methods 

Method 

CPU time 
(sec) 

Last At 
(sec) 

Kaganove 

0.9 

1 

Gear 

2.8 

1 

Adams 

2.7 

1 

Fowler 

22.66 

0.006 

Simpson 

361 

1.6xl0~4 

Trape
zoidal 

372 

1.6xl0~4 

Runge-
Kutta-4 

515 

6.25xl0~4 

Milne 

750 

ID'4 

REFERENCES: 

1. Gear, C. W., Numerical Initial Value Problems in Ordinary Differential 
Equations, Prentice Hall, Englewood Cliffs, NY, 1971. 

2. Hindmarsh, A. C , GEAR: Ordinary Differential Equation System Solver, 
Lawrence Livermore Laboratory, UCID-30001 Rev. 3, (1974). 



- 27 -

3. Kaganove, J. J., Numerical Solution of the One-Group Space-Independent 
Kinetics Equations for Neutron Density, Given the Excess Reactivity, 
Argonne National Laboratory, ANL-6132, (1960)• 

4. Fowler, M. E. and Marten, R. M., A Numerical Integration Tecboi-qoe 
for Ordinary Differential Equations with Widely Separated Eigenvalues, 
IBM, Res. Div. IBM 537, 1967. 

IMPROVED DECAY HEAT MODEL FOR DSNP 

D. Saphier and D. Gal 

The decay heat model used in DSNP was based on solving a set 

of differential equations for any number of fission-product groups. The 

solution resulted in a sum of exponents, the constants of which were pre-

generated to fit some known decay curve. The same method is used in 

other dynamic codes, such as RELAP and TRAC. Because of the difficulty 

in generating these constants and because of the importance of the 

amount of decay heat in analyzing reactor accidents, two new options 

were included in the DSNP decay heat module GAMARI . 

One option permits the use of polynomial approximation, so that 

various simple formulae available in the literature can be used; the 
(2) 

second option uses the ANS standard curve and equations to account 
239 239 

for the decay contribution of U and Np. This option assumes 

constant decay heat until reactor scram, at which time the decay heat 

is obtained from 

WW - VW + WV + WV 
where t is the reactor operating time in sec, and t is the reactor 

o s 
cooling time. 

The exponential fit and the ANS standard curve methods were 

compared for different reactor operating periods. The results are 

summarized in Table 2 for up to 10 sec after reactor shutdown. It 

is seen that the difference between the methods ranges from 1% to 

10% for up to 1000 sec, beyond this time the differences are much 

larger. 
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