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A B S T R A C T

CNSKINO - A user-friendly code for the quick assessment o< nuclear reactor kinetics problems.

The calculation of reactor power is based on an effective solving point-kinetics equations by

using third-order Hermite polynomial approximations of the reactor power and analytical integration

of the delayed group precursor equations at every finite time step of the process. Problems of fast

transient processes caused by reactivity accidents and slow transients for different types of reactors

can be successfully evaluated using the CNSKINO code. The CNSKINO code is written in the algorithmic

Turbo Pascal for Windows language.

I. INTRODUCTION

The reactor power calculation in CNSKINO code is based upon an effective method for

solving point-kinetics equations. This method is an extension of the method described in [1,2].

A third-order Hermite polynomial approximation of reactor power and analytical integration

of equations for delayed group precursors at every finite time step of the process is used

for solving the kinetics problem. This method provided:

- computational stability,

- an interpolation error of 0(At)4,

- an effective strategy for determining the length of the time steps.

The problems of fast transients as well as slow transients are successfully solved for the

thermal and fast reactors by using this numerical method and an effective automatic time

step size adjustment.

The following reactivity effects are taken into account: Ooppler effect, reactivity insertion

due to moderator temperature effect, reactivity insertion due to moderator density effect,

reactivity insertion due to boron, reactivity insertion due to control rods and reactivity
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insertion due to Xenon and Samarium. In addition there is the possibility to define external

reactivity as a polynomial function of time, as an exponential function of time, as a sinusoidal

function of time and as an integral function of power.

The Doppler feedback is accounted for by including integration of the heat conduction

equations with the integration of kinetics equations. For slow transients, calculations of the

concentrations of the poisons I135, Xe135 and Sm149 can be performed.

The CNSKINO code is written in the algorithmic Turbo Pascal for Windows language. The

user-friendly interface is written in Objects Windows and the code is used as a Windows

application.

II. METHOD OF SOLUTION

The reactor kinetic equations for NG delayed groups are

^u); (i)

1 = l t 2 NG.

where

p(t) = reactivity of the reactor,

Pi = effective fraction of I'th-group delayed neutrons,

Xt = decay constant of I'th precursor group,

A = neutron generation time,

P=£P,<

C,(t)= concentration of I'th precursor group.

After a simple transformation and the change of variables

J ? { t ) = p { t ) / P ; X

P{t)=N{t)/N0; D

eq. (1,2) can be rewritten as

and
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1 dD,(t)
y ii-i=P(t)-DJ(t) , 1=1,2, .. .,NG. (5)

The time scale is divided into intervals and the length of a time interval from t, to t2 is h.

At both ends of this time interval, we put

P^PitJ , P2=P(t2);
D1

1=D1 (tt) , Di'Dj. ( t 2 ) , 2 = 1 , 2 , . . . ,NG;
R1=R{t1) , R2=R(t2) ;

L -\{R P - V 9 j ^ M ( 6 )

Then, due to the change of variable, T=t , + (t2-t)/h, the kinetics equations for the time interval

0< T <1 become

KG

—D, ( T ) ; ( ' I

1 <&iM = p ( T ) _D ( T ) f 2 = 1 , 2 , . . . , M S . ( 8 )
tik1 dx

Using a third-order Hermite polynomial as an approximation of the solution between t, and t2,

we put

P(x) = J3X + n2x + /33T2 + n 4t 3 , Oi T i l , (9)

with

(10)

Now the delayed group precursor equations (5) can be integrated with respect to t and for

T = 1

T

:) + hk1fp(x)dx ,

J = l , 2 , . . . , N G .

This solution is an improvement on the numerical method developed in [1], where third-
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order Hermite polynomials are also used for the approximation of the delayed group precursor

equations solution and the matrix with dimension (NG + 1) should be inverted on every time

step. In equations (11) some special functions [3] C(x) are used

Cn{x) = jTexp[x(l-c)] t""1 dx
0

Co (x) = exp (x) , q (x) =

C^ <*) - - ^ ^

After integration of Eq.(7), and using (9) we have

[C0(x) -1] (12)

1 MS

P2 - P, = hXlR{x)P(x) dx - XT -r^ (Di-D?)

o
•4 MS _

= hXTF< * XT^1 DSll+CA-hX,)) + <«>T
HO 4

where

I

FL = JniR{x)xi-tdx . 2 = 1 , 2 , 3 , 4 . (14)

o

The reactivity as a function of time and power is defined as

R{t) = f{t) + rx + x2t + r3exp[r4fc] +

(15)
+ r s s in (n—) + z7fp{x) dx ,

where f(t) - is a function which mav include any input function of time and reactivity insertion

due to changes in the moderator density, boron concentration, control rods position and

Xenon and Samarium*'; rf,(i = 1,2, 7) - coefficients, and the integral of the power is the

thermal feedback (adiabatic model). Part of the reactivity that is given by

R(t)

*) The calculation of those effects for point approximation is trivial and not discussed here.

495



is equivalent to the two equations

R(t) = a[T(t) - T(O)J , (17)

KP{t) . (18)

if r7 = a K. Equations (16) or (17,18) can be used for the modelling of the fast transients in

the adiabatic approximation.

For the calculation of the feedback in all kinds of transients (slow and fast) a simplified

thermal hydraulic model of the reactor core is used. The average temperature of the fuel T is

defined as the integration of the fuel temperature over the core fuel volume Vu in the

following way

T{t) = - i . (T{X, t) dv , rev. ( 1 9 )

This temperature is defined by the simplified equations of the core heat balance

c - (KF) (T(t)-TH), (20)

r

where

MCP = effective heat capacity of fuel,

Po = initial fission reactor power,

P ^ = decay power,

KF = effective heat exchange coefficient,

TH = average temperature of coolant,

MH = mass of the coolant in the core,

C m = average specific heat capacity of the coolant in the core,

G = coolant mass flow in the core,

Tin, = temperature of the coolant in the core inlet.
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After the integration of Eq.(20) and the approximate numerical integration of Eq. (21) by the

trapezium rule we have

f (*£ T»)dt- (22,
H + Gh) THi- (MK-Gh) THi -2 GhTlnl) ,

u C n Mu

1 (XF) + G

Comparing Eq.(15)-( 18) and Eq.(22) we can calculate thermal feedback by using the following

coefficients in Eq.d 5):

(KF) ( T ( t ) _ r w ) d t _ r ( 0 ) - Cp ((MH+ Gh) TH - (MH-Gh) TH - 2GhTinl)

For the calculation of the reactor power with thermal feedback the Newton iteration

procedure is used.

Precision in the solving of reactor kinetics equations is attained by adjusting the length of

the time steps to guarantee the polynomial approximation with acceptable accuracy [1].

Suppose that the solution P2 at t2 has been computed with desired accuracy with the time

step h, =t2-t,. First, the acquisition of the next solution P3at t3 with, for instance, the same

time step h2 = h, is attempted. Then the solution at t2, say Y, is attempted again, but using

interpolation Eq.(9) for the extended time interval from t, to t3 under the restriction that this

solution must not be too far from that of P2 That is, the next criterion for determining the

length of the next time step is established:

If this criterion is false, the size of the time step is reduced by a factor 0.75 and the solution
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at t3 is calculated again. If this test succeeds, the solution at t3 is obtained. Continuation of

the calculation with the same or larger time step is attempted after checking satisfaction of

the following criterion

P2 - Y.

with t2 ( e v If this criterion is satisfied, the size of the time step is increased by a factor

1.25. If this test fails, the calculation is continued with the same time step.

In practice sufficient accuracy is obtained by using 5x10"* for e, and 1 x 10* for e2 in

CNSKINO code.

In the case of calculations with thermal feedback, if the convergence criterion for

Newton's iterations

e 3 ,

with «3 = 1 x 10* is not satisfied during n= 10 iterations, the size of the time step is reduced

by a factor 0.75 and the solution at t , is calculated again.

III. NUMERICAL RESULTS

To test the accuracy of the method and the CNSKINO code some comparisons with the

results of ather authors and analytic solutions were made in those few special cases for which

analytical solutions exist. The computations of all the cases are performed with equilibrium

initial conditions P0 = D0 '=1, I=1,2,...,NG.

Case 1

In this case transients with constant reactivity and one precursor group are calculated. The

analytical solution for this case is given by

P ( t ) =

where
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B=

and s,, s2 are the roots of the characteristic equation:

= 0

Two tests were computed:

CNSKINO code
Test 1 - Seaeovity = 0.338'« $.

:igure 1. Test 1: the behaviour of the power
and reactivity.

CNSKINO code
Test 1 - ffcwoli'/ity - 0 3364(5 *

Figure 2. Test 2: the values of the time step
and relative error.

Test 1 - a slow transient in a fast system for R =0.33846 $, P =0.0065, X, =0 .08 ,

and A = 10 8 s; The behaviour of the power and reactivity is shown in Fig. 1, the values of the

time step and relative error are shown in Fig.2. The numerical result agrees with the analytic

result with the relative difference not exceeding 1O'e. The time step rises to a value of 3.5

sec.

Test 11 - a fast transient (reactor is supercritical on prompt neutrons) for R =1.01 $,

P =0 .007, X, = 0 . 1 , and A = 10"*s. For this test the behaviour of the power and reactivity

is shown in Fig.3 and the values of the time step and relative error are shown in Fig.4. The

numerical result agrees with the analytical result with the relative difference not exceeding

6.10s . The time step rises to a value of 0.051 sec.
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CNSKINO code
Twst 1.1 • Reactivity - 1.01 $

K C

01 f

y< \ \ .

igure 3. Test 1_1: the behaviour of the
power and reactivity.
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Figure 4. Test 1 1 : the values of the time
step and relative error.

Case 2.

In this case a sinusoidal reactivity is used

R(t) = r5sin(n —)

and for Test 2- rs = 0.6751$, r« = 50s, p =0.0079, X, =0.077s, A =108sec.

An analytic solution is available for the limiting case A =0

P(t) =
l-R(t)

+arcsin
R(t)/Zs-I,

sxs

[arcsinr5+

CNSKINO code
• IH--0 B8 3W{Pi»IV'SO

Figure 5. Test 2: the behaviour of the power
and reactivity.

CNSKINO code
Test* • H=0 68 SIN(PS*T/50j $

igure 6. Test 2: the values of the time step
and relative error.
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The numerical results for power and reactivity are shown in Fig.5. From Fig.6 one can see

that the relative error does not exceed 6.10" and the time step reaches 3.8 sec.

Case 3

In this case, transients with a reactivity feedback are calculated:

t

R(t) = Tj + r,

CNSKINO code
T«st 3-f"MObiK-.k. 6 delayed gt oupe.

Test 3 - transient with feedback for six

delayed group for rz=l5.504, r7=-

1.5 5.10", A = 5.105 sec and the delayed

group parameters are:

P, =0.00021, X, = 0.0124 p2 =0.00141,

k2 =0.0305 p3 =0.00127, X3 =0.111,

P4, =0.00255, \4 =0.301, P5 =0.00074,

X5 =1.13, p8 =0.00027, ka =3.0 .

Since no analytic solution is available for

comparison in this example, in the Table 1

some parameters calculated by CNSKINO code are compared with those from Reference 1.

Figure 7. Test 3: the behaviour of the power
and reactivity.

Table 1. Comparison of Parameters Calculated by CNSKINO with Reference 1.

Item

Asymptotic power

First peak

Time to first peak(s)

CNSKINO

1.0068 1010

2.420325 10"

0.2247

Reference 1

1.0067 1010

2.420379 10"

0.2241

The behaviour of power and reactivity in this test is shown in Fig.7.

Test 3_1 - transient with a step change in reactivity with a thermal feedback and no

delayed neutrons [4]- This case is described by the equations:
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R{t) =J?0 +o[T(t) -

The analytic solution for Pit) is given by

^ ^ ]2exp(ut),

where

a 0

Y2={i?0-a>/X)/o.

The comparison is performed for X = 1000/sec, R 0 =0 .01 ,

a =-1CTVdeg K, PO/(MCP) = 10"14degK/sec, Po = 105, T0=300K.

The behaviour of power and reactivity is shown in Fig.8 and the values of the time step

and relative error are shown in Fig.9. The numerical result agrees with the analytic result

with relative difference not exceeded 2.1.10"4. The time step rises to value 0.027sec.

CNSKINO code
oi. <JT/dt-kP

f>CTr*

BMtM>-

:igure 8. Test 3 1 : the behaviour of power
and reactivity.

CNSKINO code
Tert 3J-B»aot=«+b"CT-T0). dT/dt=kP.

cigure 9. Test 3 1 : the values of the time
step and relative error.

IV. CONCLUSIONS

The developed Reactor Kinetics Model has shown its effectiveness and reliability. The

application of this method to the space-rime dependent neutron kinetics problem is presently
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under consideration. The code has been validated against numerical and experimental results

and can be used for a wide spectrum of transients: accident conditions, start up and

exploitation regimes of reactor, experimental and training purposes or as part of more

sophisticated code, etc. The CNSKINO code is written in the algorithmic Turbo Pascal for

Windows language. The user-friendly interface is written in Objects Windows and the code

is used as a Windows application. The code has been used for the evaluation of the reactivity

transients for the Koeberg Nuclear Power Station and Safari-1 research reactor.
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