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ABSTRACT

This report describes FIESTA, a one-dimensional two-group space-time
kinetics computer code. The intended use of this code is for PR
scram reactivity calculations which account for the axial space-time
variations in the neutron flux. The use of space-time reactivities
reduces the margin requirements for transients sensitive %0 scram
reactivity characteristics compared to the use of static reactivities
which do not account for delayed neutron effects. The FIESTA code

is used for these calculations instead of the HERMITE code previously
approved by NRC mainly for two reasons: (1) FIESTA calculations are
more rapid than HERMITE ones, and (2) FIESTA produces kinetics para-
meters which are readily used for point kinetics calculations.

The FIESTA code has been ~rified with HERMITE and with comparisons
of standard benchmaik problems. Although the code has been written
to incorporate feedback on fuel temperature and moderator density,
such feedbacks are not needed for scram reactivity calculations. A
code input description is included in the Appendix.
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1.0

Introduction

It is standard practice in the nuclear industry to calculate the
time dependent reactivity insertion by calculating the critical
eigenvalue as a function of rod position. This type of calcula-
tion assumes that the reutron flux shape during a scram rod
insertion is equal to the critical flux shape at each rod position.
Such an assumption is conservative since the critical (or static)
flux shape tends to shift away from the rods more than space-time
calculation would predict, and hence result in smaller reactivity
insertion. The primary reason fur the difference in the flux shape
is that the delayed neutron precursors are distributed according to
the initial neutron flux shape, and as the neutron population
decreases the importance of the precursors increases. The neutron
precursors provide a source of neutrons wnich tends to tiit the
neutron flux shape toward the rods compared to static methods, and
hence leads to greater reactivity insertion at intermediate rod
positions.

This effect tends to become large at the end of a reactor cycle

wnhen the power shape tends to be axially flat. At certain inter-
mediate rod positions, for example, the reactivity change predicted
by static methods may be only half or a third of the reactivity pre-
dicted by space-time methods. At full rod insertions both methods
yield nearly the same reactivity.
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FIESTA Model

FIESTA is a one-dimensional, 2 group spaca-time kinetics code
which allows up %0 six delayed neutron precurscr Groups. The model
is based on a space-time factorization method which divides

the neutron flux into & time-deperdent amplitude functicn

times a time-dependent shape function. This method is useful

since it reduces the number of times that the flux .hape must

be re-evaluated and permits ready computations of reactivity
components.

Section 2.1 describes the neutron kinetics model. The fir-t part
of which 1s a general derivation of the kinetics equations and 2
development of the equations which are solved by the space-time
factorization method. The second part applies the resuliting
equations to the two energy group model.

Time Dependent Neutron Diffusion Equation Space-Time Factorization
Method

The space-time factorization methed presented in this section is
identical to the improved gquasistatic method presented by 0tt et
al {(Ref. 2.1). The term "gquasistatic" is avoided in this report
sinse it is sometimes used to refer to the adiabatic method* (Ref.
.25

The general time dependent neutron diffusion equation may be
written as follows:

1 38(rEst) o oup(r,E,t) 78(r,E,t)

vt:) at

- T T(r,E,t): (r,E,t) +/ dE‘:S(r.E",t) f(r,E'-E) o(r,t',t)

+ T F(E) JAE'(1 - 8Y) V(E') Tp(r,E'Lt) o(r,E's0)
1
¢+ £ f,(E) 2,C.(r,t)
i 9 i 2.1.1
aC.(r,t) o
e ® a3, C, (P,t) # T SAE' 83W(E') Z.(r.E',t) o(r,E',t)
3t i*i ; i £

*The adiabatic method assumes that flux shapes correscond to the
static flux shapes of the perturbed reactor state. The space-time
factorization method is an exact method, in that the solution
approaches the exact solution for sufficiently small time steps
since all time derivatives are retained in this formulation. The
adiabatic method does not have this property since the solution
for the flux shape neglects all time derivatives.



vhere the definition of terms is as follows:

s(r,E,t) - is the neutron flux at position r,
energy £ and time t

O(r,E,t) - 1is the diffusion coefficient
Zy(r,E,t) - fis the total cross section
qu(P,E.t) - 1is nu times the fission cross section
:s(r.E,t} - is the scattering cross section
f(r,g'-E) - 1is the scattering kernel at position r
fg(E) - 1is the prompt neutron spectrum
7 - denotes the spatial gradient

f;(E) - 1is the delayed neutron spectrum of
delayed group (i)

s% - is the delayed neutron fraction of
group (i) resulting from fissionable
isotope (j)

A; = 1is the decay constant of delayed group (i)

Ci(r.t) - 1is the concentration of precursors of
delayed group (1)

The following definition is applied in the space-time factorization
method

o(r,E,t) = T(t) ¥(r,E,t) 2.1.2

The motivation for this definition is to place most of the time
variation of the neutron flux into the amplitude function T(t).

This definition introduces an additional variable, and therefore an
additional equation is required. The following normalization
equation is chosen:

JdE rdr vS(r,E) ¥i(r,E.t) V%ET = constant 2.1.3

where ?é(r,E) is the initial steady state adjoint flux. The value

of the Constant is determined by the initial flux, since the
initial amplitude is assumed to be equal %o unity
W(rEt)| = ag(r,E)
t=0

The time dependent neutron diffusion equation may be written in the
following short notation




wnere & = ¢(r,E,t)
: i
Ci = Ci(f‘,E,t) fd(E)

L and H, are operators whose form may be obtained from
Equatioh 2.1.1 and Equation 2.1.2.

Substituting Equation 2.1.2 into the above equation, multiplying
by the adjoint and integrating over space and energy, the following
is obtained:

+ + *
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where T = T(t) is the flux amplitude
A = a(r,E,t) is the flux shape function
= wg(r,E) is the initial adjoint flux
<> signifies integration over space and energy

These equations may be arranged intc a form identical to the
Point-Kinetics equations.
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< vo(r,E) F3(E) Cylr,t) -
< vglr,E) {E) ¥(r,E,t) >

where Ki(t) =
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Space-time behavior is retained with these egquations since the
shape function is time varying. The Point-Kinetics restriction
(¥(r,E,t) = Wo(r,E)) is not applied with this method (i.e., p/A
and B/Adepend on the flux shape). These equations are non-Tinear
and cannot be solved directly since the shape function is not
Known.

To obtain the shape function, Equation 2.1.4 is considered again.
The precursor concentration may be solved directly since it depends
only on the flux history prior to the time of interest.

. - At % =A;(t-1)
Ci(r,t) - Ci (r)e + [dE [ dtHi(r,E,t) o(r,E,t)e
0 0
2.1.6
The neutron diffusion equation may be written as follows:
1 . 3¥ 1 aT _ 2
7Té-€ *; ‘l‘-a-E-LT\P*Z\,iCi

Since the flux shape is a slowly varying function, the following
approximation is made
¥y ¥ - ¥

3t 2
t=t? at 2.1.7

This approximation results in the imoroved quasistatic method which
has been shown to be accurate compared to exact results by Meneley,
et al (Ref. 2.3). The equation for the shape may then be written at
time level (2)

wi(r,E) ¥H(r,E) + SP(rE) = 0 AP
2,2 _11 3T ]
where WQ=T{L--—— - —_
Vot ot eae? vtk
R £~
ste iaf eI
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L is the diffusion operator at the new time lavel (2) which is
«nown unless there is feedback. For feedback an iteration
procedure i< required.

a1

at 2 are the amplitude and the time derivative of the
amplitude at the new time level. These quantities
are unknown, but approximate values may be used which

yield good results.

The solution to the shape equation is then reduced to a fixed
source problem.

It can be seen that the space-time factorization method is an
alternate method of time differencing the kinetics equations.
Instead of time differencing the total flux, the amplitude and the
flux shape are time differenced, separately, with different time
step sizes. Since the flux shape is more slowly varying than the
amplitude, a larger time step size may be chosen for the former.

In additicn, since the flux shape between time levels may be assumed
to be constant, the Point-Kinetics approximation is used in this
time range. The space-time factorization method, therefore, intro-
duces an additional variapie (T) and an additional eguation (Point-
Kinetics Equation). An overall saving may be realized, however,
since the shape equation, whic* is the most time consuming calcula-
tion, may be evaluated less frequently than with the normal space-
time differencing procedures.

Kinetics Parameters and Adjoint Weighting

The general form of the kinetics parameters is:

p() = FrEy o(rE) Ly(r,E,t) ¥(rE,t)>

Bi(t) = Frgy <o(mE) Ly (ME.t) W(r.E,t)

1

ACt) = F%ES <¥y(r,E) G%ES w(r,E,t)> 2.1.9

where F(t) i° an arbitrary function which is normally taken as the
fission source.

F(t) = 2 g(r,E) VEN(r,E,t) ¥(r,E\t) >
J

Lp(r,E,t) is the reactivity operator

L, (r,E,t) is the delayed neutron operator

B



LQ(P.E.t) v(r,E,t) v - 0(r,E,t) W(r,E,t)

111

+

=Z,(r,E,t) ¥(r,E,t) + JaE' Z.(r,E',t) fj(r,E‘»E) ¥(r,E',t)

-

3e) jaer (1-pd) val(r,Et 0) w(r €L 0)

f
J
+ 23 f3(E) fog' Bl val(r,E,t) W(rE' L)
i

(rlE't) w(r'EQt)

- ? FiI(E) faE'8d vad(r E' 1) ¥(r B, D)
2.1.10

The reactivity operator may be simplified somewhat by making use
of the initial steady state condition

b AR St .0 2.1.11
A similar expression may be written for the adjoint flux.

Ly (r,E) ¥o(r,E) =0
o 2.1.12
where the adjoint ope-ator is defined by:
<ot L w> = <yt >
p = P 2.1.13
The reactivity operator and the flux may be expanded.

L(r,E,t) = L_ (r,E) + 8L (r,E,t)
P Po P 2.1.14

¥(r,E,t) = wo(r,E) + S%(r,E,t)

The reactivity may then be written as the sum of four terms

p(t) = 1 __ vl v >

F(t) 0 P 0

1 -
<P L. O¢D
F(t) 0 Po
1 -
"rm Yot

] L
*m <¥0 CLp &Y >



The first term vanishes from the steady state condition Eguation
2.1.1. The second term vanishes since

+

+ -
W = ' a
< Y9 LpO &Y > < GWLDO PO > 0

Only two terms remain
o + ] -
p(t) = Fm <‘|’0 5Lp ‘4‘0> +* HE) <‘4‘0 (5Lp v >
2.1.15

The first term is the normal Point Kinetics* Reactivity Component
and the second term is the space-time contripution to the reac-
tivity (Reactivity introduced due to flux shape changes). The
latter will be referred to as the Flux-Shape-Reactivity-Component
throughout this report.

The above discussion illustrates the reason why the kinetics
parameters are usually adjoint weighted. An arbitrary weighting
factor could be chosen without introducing any error. The choice
of the adjoint, however, eliminates first order errors in the
calculated reactivity due to errors in the flux shape. Space-
time effects are minimized, or conversely, the time range over
which the Point-Kinetics approximation is valid has been extended.

The reactivity components can be sub-divided further into the
various contributors.

rod moderator Doppler
motion feedback feedback
- + L +
LO LO P LO

The Point-Kinetics-Reactivity-Component and the Flux-Shape-
Reactivitvy Component can each be subdivided into these three
separate reactivity components.

*Normally the Point Kinetics Reactivity is calculated with
F(t) = F_. The above definition is retained, however, to
preserveothe additive property of the reactivity components.
This is a good approximation since only small variations in
F(t) are expected.



2:1.2

Two Group Reactor Kinetics Eguations

Space-Time Factorization Method

The general kinetics results are reduced to two energy groups in
this section.

The diffusion equation is reduced to two energy groups Dy
integrating over a finite energy range.

1 30,(r,t)
v

] — = VD, (r,t) Vo,(r,t) - {231(r,t) +Z2.(r,0)} 0,(r.%t)

* Q0= B) v, (1) 0y(rit) + (1= B) v (1 8) 8y(r,)

* 3 Aici(r,t)
i

1 30,(r,t) ~ .
"-2 —S57— = T:0,(r,t) Vo, (r,t) - ‘az(r.t, 9,(r, %)
+ Zr(r,t) 01(f.t)
aCi(r,t)
T = -Aici(r't) + Bi{vzf](p)t’) 01(r)t) + vzfz(r‘)t) oz(r.t)}
2.1.16

where: og(r,t) = fng ¢o(r,E,t)

L(r t) = —— J dE e o(r,E,t)

Vg g og(r,t) g v(E) Y

1

= — [ dC E
Dg(r,t) Vog(r,t) S dE 0(r,E,t) Vo(r,E,t)

g

_ A ;
iag(r,t) = 3;(;737 fng &a(T.E,t) o(r,E,t)

- P ] ' ' Hlo '
¢r(r.t) B E?TFTET Ig dE Ig dE Zs(r.E ,t) fs(r,E g€) o(r,E',t)
2 1
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aE' BJ vEp(r,E',2) o(r,E' L)
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81(rpt) . j
dE' vI(r,E',t) o(r,E' L)

. M

It is assumed that the spectrum within each group is constant, so
that these ~ross-sections are not time dependent as a result of
spectrum cnanges. (The cross-sections are, however, time depend-
ent as a result of feedback.)

"+ 2750 nas been assumed that all delayed neutrons are identical
1n spectrum to the prompt neutrons and that all prompt and delayed
neutrons are born ir the fast energy group.

i . j
g, GEfQ(E) = 7. CEF(E)

fgz

1

"
o

j i
dEf (E) I dEfp(E)

92

The difference in spectrum between prompt and delayed neutrons is
not distinguishable in a two energy group medel. (The difference
in spectrum between the prompt and the delayed neutrons is often
taken into account by calculating a medified delayed neutron
fraction (B-effective). Detailed discussion of this calculation
may be found elsewhere (Ref. 2.4).

Equation 2.1.16 may be written in a short notation

L %%
B ey Wl R Ak
20
1 e 5
v, ot Lty * Mo
aC,
50 = ° MG o+ By (R0, + R0, 2.1.17

The Space-Time Factorization method is applied

o,(r,t) = T(¥) ¥,(r,t)
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az(r,t) = T(t) wz(r,t) 2.1.18
and substituted into the above equation. This process yields the
amplitude equation (Eguation 2.1.5) as shown in the previous section.

The kinetics parameters are modified from the previous results to
reflect the use of the two group approximation

= Lt + . _ +
p(t) = HE) {<¥1g 7°0) > = ¥y 231 ¥,

+
S W I Y > gV, ¥

2.1.19

It is assumed the delayed neutron fractions may be precaiculated for
specific fissioning isotopes in the core and that the delayed
neutron fraction is time independent.

The shape equation may be written in two energy groups



, A C, ¥
R TR Al ek’
v.l t=t Vi"" 11.3
= -]
et AR S GG L QRO U v2
2 ] 2 leat 2 = t!l 2 . ti
2 =t A A
2. .2

At steady state the equation reduces to the following:

Ly ¥19 * My ¥ = 0
My ¥1g * Ly ¥pg = 0 2.1.2]
or
ME, =0

in matrix form.
Similarly, the adjoint eguation may be written as follows:
M =0 2.1.22
and it can be shown that
Wos R 2.1.23

The adjoint operator is cbtained by transposing the matrix
operator of tne initial flux solution Ref. 2.5.

Cross Section Representation

This section summarizes the cross sectional representation that is
incorporated into the numerical reactor model. Functional forms

were chosen for each cross section parameter as a function of the
local moderator density and fuel temperature. (It is noted that
feedback is not necessary for scram reactivity calculations. A
description of feedback is included in this section for completeness).

The cross section functions were assumed to be separapble as follows:

2(0,T,8,0) = Zy(p,T) + Zg(p.B) * Z.(p.0) 2.2.1
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where Z signifies a two group cross section
p is the mo?erator density (1b/ft3)
T is the effective fuel temperature (°F)
B8 is the baron concentration (ppm)
C i1s the fraction of control rod insertion

The uncontrolled (and unborated) reactor cross sections (20) were
least square fit to one of the following functions

1) 20=a+bp+c'ﬁ‘* dp"'Fr— (for Z,.)
2) 20 = a3 + bin(p + po) (for 02, Za y V&g )

2 2
) 3, za+tlT+an+pg) + dTT (o + py)

(for D], Za]’ vZf])
2.2.2

These functions were chosen due to an ocbseryed approximate linear
variation of the fast cross sections with™I T and due to an approx-
imately logarithmic variation with moderator density for most

other cross sections. A ne>rly linear cross section variation of

<. with moderatur density was observed and a different function
was therefore chosen for this parameter.

The change in the reactor cross sections due to boron concentration
Z.(p,B) was assumed to depend only on the moderator density and the
b8ron concentration. The assumed function is as follows:

ZB(p.B) = B(a8 + be) 2.2.3

where aB and bB are constants.

This relation assumes a cross section magnitude which is pro-
portional to the boron concentration and linear with moderator
density. The constants a, and b, are evaluated at two moderator
densities and at some refgrence goran concentration as follows:
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ZB(D1’ Bref) P2 ~ 28(’92’ Bref) P4

aB %

(P = P1) Brgr
o o 8Pz Brer) - 2300y, Brgp)
8 (92 - 01) Eref

The change in cross section due to control rod insertion is
evaluated as follows

C) = ¥
Zc(p, C)=¢C dc Zco(p) 2.2.4
where C - is the fraction of control rod insertion.
wc - is a normalization constant which adjusts the
rod worth to measurad values (Control-Rod-
Weighting Factor)
Zc (p) = is the reference control rod cross section

0

The reference control rod cross section, zc (p), is specified as a
function of local moderator density. The fuRctions employed are
as follows:

1) Zco(p) =a_+b_ 2n(p *py)
(for aD,, ;zaﬁ, ADZ. Azaz, Avifz)
- 2 ,
5) ZCO(O) " *he Cp (for Az , Avif])

2.28.3
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FIESTA Computer Code

This cection describes the space-time code FIESTA. A general
discussion of the solution strategy of the Space-Time
Factorization method is presented along with the subroutine
structure of the FIESTA code. The FIESTA code is written in
FORTRAN and is operational on the COC-7600 computer. The
neutronics model is identical to a previously published model
(References 3.1, 3.2 and 3.3).

Code Structure

The structure of the FIESTA code is presented in figure 3.7,
where the function of each subroutine 1S briefly described in
Table 3.1. Figure 3.1 also shows the subroutines which are used
only for feedback calculations. These subroutines are not used
in scra~ reactivity calculations, but are presented here for
completeness.

Numerical Solution Strategy

One of the features of the Space-Time-Factorization method is
that the Point-Kinetics approximation is simply a special case

of the more general methed. The Point-Kinetics approximation
results if the neutron fiux shape changes during a transient may
be neglected. The method therefore has t'e potential of having

a rapid numerical solution durirg those portions of the transient
in which flux shape changes are not impoitant.

The space-time factorization method separites variablies of the
neutron diffusion equation acrording to their characteristic time
constants. The flux amplituce is calculated by the Point-Kinetics
equations using very small time steps (the FIFSTA coce reduces or
expands these time steps as needed in order to achieve a converged
Point=Kinetics solution). The flux shape is calculated by the
shape equation using a time step specified by the user. For the
space-time factorization method, a general time differencing
numerical scheme can be envisioned wherein three separate types

of time steps are used for time-differencing transient equations
of the reactor model as shown in figure 3.2.



The flux shape is assumed constant during a time interval AT WP
whereas the feedback solution and the Poin inetics solutiog
are solved with smaller time steps.

In FIESTA the time step for the flux shape solution is user
specified and is equal toc tne time step for ine thermal-
hydraulic sclution AT = AT;,. The time step for the Point
Kinetics solution is gugomati g]ly specified by the code.

The code solution strategy is as follows:

1.

It is assumed that Wl'] is constant over the time steo
ATop

The amplitude equation (Point Kinetics equation) is solved
over time step AT HP using estimated variations of the
k&netica paramete§s over the time step AT Hp

(\ and \i are extrapolated forward using § quadratic time
dependence from previously known values at time paints
2-1, 2-2 and 2-3).

The flux shape equation is solved at time point 2 using new
rod position.

The kinetics parameters are solved at time point 2 using the
new flux shape.

A quadratic fit is performed for the kinetics parameters
using naw values it time point 2 and previous time points
2-1 and 2-2.

The amplitude equation is solved again over time step ATplp.

The flux shape equation is solved at time point 2 using rod
position and cross section changes due to feedback, where
feedback is calculated during the time step using the
average power

Bex) = PEx) + P 1 (x)
,

Steps 4 to 7 are repeaced untii the amplitude Tz is converged.

17
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16.
17.

18.

FIESTA
INREAD
REDLIST
FLXCNT
PRCP

PINDIPP

SETROO

CACMAC

CLXSWP
POWER1
FEEDBK
FEEDBK2

DENS
ONB3
ONB4d
FILM

TABLE 3.1

Subroutine Descripticn

main controiling program

initializes the groblem

namelist input routine

control of steady state i'lux solutien

computes the water property table based on the
reactor pressure

calculates fuel pin geometrical fictors and
relative radial power density in the pin

computes position of the control rod tip
calculates reactor cross sections based on
control rod location, coolant density, fuel
temperature and boron concentraticn

control rod cross section calculation based un
the local water gensity

computes coefficients of t!2 steady state
finite differenced flux equ.tions

provides an initial guess of the fast and
thermal flux equations

a generalized spatial integration routine
fast and thermal flux calculation

spatial power calculation

steady state TWIGL feedback equations

steady state thermo-hydraulic calculation with detailed
fuel pin thermal model and two phase flow analysis

water density calculation for subcooled liguid
w-3 DNBR correlation
Janssen Levy DONBR correlation

coolant film ccefficient calculation

19



19.
20.

21.
22.
23.
24,

26.
27.
28.
29.

30.
It
32.

33.
34.
38.
36.
37.
38.

39.

FUNT
PINHEAT

PROPTH
GAP

TRIDA
AVTEMPF
PICA,POCK
SUBVOID
ADJCNT
ADJSwP
PARA

DIFFUSE
QUTEDT
PTOEDT

RHOEDIT
DELTK
DRIVER
INDLNT
PRINTO
INTERPO

MOVRQD

20

1°8LE 3.1 (Continued)
water temperature calculation from enthalpy
calculates the coefficients of the tridiagonal matrix
for the steady state and for the transient heat trans-
fer within the fuel rod.
UO2 and Zirconium heat transfer properties
computes the clad-pellet gap conacuctance
tri-diagenal matrix solution
computes average fuel temperature
fuel temperature retrieval and storage routines
coclant void model for two phase flow
controls the adjoint flux solution

soives for the adjyint flux

solves the kinetics parameters p, B, A and performs the
initial normalizaticn of the neutron amplitude function

integrates the spatial neutron giffusion operator
writes all output results

reduces all vI_, cross sections by the steady stata
eigenvailue

detailed reactivity edit

spatial Ky edit

controls the transient solution

computes the ini.ial precursor concentra ‘ons
cont-ols output print

computes inlet enthalpy, reactor pressure, boron con-
centration, and inlet flow based on input tables;
also calculates enthalpy mixing in the plenum, and

computes the inlet enthalpy for the time-delay flow model

computes control rod tip position from control rod
velocity eguation



40.
41.

42.
a3.

44,

45,

PITKIN
THTR
THTR2

DELAY
WEIGHT
TRCOEF

SOLVE

TABLE 3.1 (Conttnued)
Point-Kinetics calculation
transient TWIGL feedback equations

transient thermo-hydraulic calculation with detailed
fuel pin thermal model and two-phase flow

time dependent delayed neutron precursor calculation
spatial weighting coefficient calculation

computes coefficients of the transient finite
aifferenced flux squations

computas transients neutron flux shape

21
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FIESTA Subroutine Structure
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only for feedback calculations)
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FIGURE 3.1 (Continued)

FIESTA Subroutine Structure
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(*These subroutines are needed
only for feedback ca'culations)
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Verification of the FIESTA Code

The FIESTA code has been verified by comparison with several
benchmark problems discussed in Reference 4.1, and by comparison
with HERMITE (Ref. 4.2). Results of these comparisons are
prasented in this section.

Comparisons with Benchmark Problem

This section describes the results of the benchmark prociem
comparisons.

The benchmark problems described in reference 4.1 consist of
an infinite slab reactor model with three regions as shown in
figure 4.7,

| Region 1 | Region 2 ; Region 3
| ;
=20 +l-—40cm -— 160 cm — 40 cm —= g=20
| | | |
Ax = 2 cm
Figure 4.1

Infinite Slab Reactor Model

Cross sections and delayed neutron parameters are presented in
Table 4.1.

Subcritical Transient

Fgr the subcritical transient, the thermal absorption cross section,
2%, in region 1 is linearly increased by 3% in one second. Results
afe shown in table 4.2 for various codes.

Table 4.2 shows that FIESTA agrees well with other codes, eventhough
the mesh structure had to be altered slightly in FIESTA due to a
mesh limitation in FIESTA.

Table 4.3 shows the kinetics parameters that are calculated by
FIESTA for this transient. These kinetics parameters are not
usually available in other space-time codes therefore no comparison
is possible.

The kinetics parameter:s are shown in equations 2.1.19.



4.1.

4.2

ro

It is noted that 8(t) = B a constant, since the function F(t) has
been chosen to be an integral over the fission cross section, so
that it is identical to the numerator of the integral defining 3.

The flux amplitude is also shown in Table 4.3. This flux amplitude
is the solution to the Point Kinetics equations. It is nearly
equal to the power (Table 4.2).

The reactor power may be written as follows:

P - <Zf(r'E't) w(r’E’t)> T(t) 4.]1
rg—lo = ?Efo(r,E) ¥o(r.2)>

Since the neutron flux shape is normalized such that

+ ] : i
<W°(1,E) V(E) ¥(r,E,t)> = constant

a good agreement between power, and flux amglitude is expected
whenever the space-energy distribution of — closely approximates
the space-energy distribution of Zf or wheh the flux shape change
is small.

Supercritical Transient

The second benchmark problem consists of a supercritical transient
using the same initial problem goemetry. A supercritical transient
is induced by linearly decreasing the regional thermal absorption
cross section by 1% in one second. Results of the code comparison
are shown in Taple 4.4,

The kinetics parameters computed by FIESTA are shown in Tabie 4.5
FIESTA-HERMITE comparisons.

In order to verify the FIESTA code for the specific use of cal-
culating scram reactivities an additional comparison was performed
between FIESTA and HERMITE.

The problem analyzed consisted of an axial reactor scram, in which
control rods are inserted linearly into the core in 3.0 seconds.
Results are shown in Figure 4.2 for the power comparisons. The
power shape comparison during the transient are shown in figures
4.3 through figures 4.8.

The excellent agreement between FIESTA and HERMITE verifies FIESTA
for calculating scram reactivities.

26
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4.3

4.1

4.2

References For Section 4.0

"Argonne Code Center: Numerical Determination of the Space-Time,
angle or energy distribution of particles in an assembly” ANL-741%
supplement 1, December 1972.

CENPD-188, "HERMITE-A 3-0 Space-Time Neutronics Code with Thermal
Feedback".
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TABLE 4.1

Cross Section and Delayed
Neutron Parameters for the
Benchmark Problems

legion Region
1 and 3 2 1 and 3 2
o' (em) 1.0 1.00 2% (") .05 010
0% (cm) 50 50 X 1.00 1.00
z) (en)? 026 .02 0 0
22 (en)? 18 08 ' (cm/sec) 1.0 x107 1.0 x 107
viy (en) 010 .005 V% (ea/sec) 3.0 x 10° 3.0 x 10°
vif (en) 200 .099
*Total removal cross section, including I, %, and )
Additiona! Data
Delayed Neutron Parameters
Effective Decay _ Effective Oecay _,
Type QOelay Fraction Constant (sec ') Type Delay Fraction Constant (sec ')
1 . 00025 .0124 B . 00296 .3010
2 .00164 .0305 5 .00086 1.1400
3 .00147 L1110 ) .00032 3.0100
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TABLE 4.2

Subcritical Benchmark Problem Results

Code  RAMZEIT 4T e D) aermrte'®?) FresTa
keff .9015507 .9015507 .9015507 .9015162 .9015473
Power/Initial Power

38conds 1.0 1.0 1.0 1.0 1.0
n .3299 .9298 . 9298 .92%6 .9295
W ; .8733 .8732 .8733 .8732 .8730
9 . 7597 . 7586 . 7597 . 7598 , 7595
1.0 .5588 .6588 .5588 .6580 . 6587
1.5 .5432 . 6432 .h433 .bd434 .6431
2.0 .6307 .6306 .6307 .6309 .6306
number of
mesh
intervals 120 120 120 120 96*
AX 2 cm 2 cm 2 cm 2 cm 36@2cm
24 @ 4 cm
36@2cm

*FIESTA is currently limited to 100 mesh intervals.



TABLE 4.3

Kinetics F2rameters for the
Subcritical Benchmark Problem

Time Reactivity
(seconds) P
0 .6538 x 10°8"
0 -.0580 x 1072
2 -.10788 x 10°2
5 -.22009 x 1072
1.0 -.32797 x 1072
1.5 -.31476 x 1072
2.0 -.30414 x 1072
is a

Delayed Neutron

Fraction
.
.75 x 1072
.75 x 1072
.75 x 1072
.75 x 1072
.75 x 1072
.78 x 10°°
.75 x 1072

30

(FIESTA Results)

Prompt Neutron

Lifetime

(10-4 sec)

. 21299
.21324
.21345
.2139%4
L2144
.21436
.21432

measure of the convergence to a critical solution.

Flux
Amplitude
T

1.0

. 92928
. 87265
. 75885
.65784
. 64235

.62983



TABLE 4.4

Supercritical Benchmark
Problem Results

(Ref. 4.;) (Ref. 4.1) (Ref. 4.1) (Ref. 4.2)
Code RAUMZEIT WIGLE "} HERMITE FIESTA
“aff . 9015507 .9015507 .9015507 9015162 .9015473
Power/Initial Power
t=0
seconds 1.0 1.0 1.0 1.0 1.0
.1 1.028 1.028 1.028 1.029 1.029
2 1.063 1.062 1.063 1.063 1.063
R 1.205 1.205 1.205 1.204 1.206
1.0 1.740 1.740 1.740 1.738 1.741
1.5 1,959 1.959 1.959 1.955 1.959
2.0 2.166 2.165 2. 120 2.159 2.165
3.0 2.506 2.608 2.606 NA 2.604
4.0 3.108 3.107 3.108 NA 3.106
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TABLE 4.5

Kinetics Parameters for the

Supercritical B8enchmark Prnblem
(F1ESTA Results)

Delayed Neutron Prompt Neutron Flux
Time Reactivity Fraction Lifetime - Amplitude
(seconds) P 8 <4 T
(10 ~ sec)
0 .6538 x 1078~ .75 x 1072 .21299 1.0
B .02141 ¥ 1072 .75 x 1072 .21289 1.0289
2 .04403 x 1072 .75 x 1072 .21280 1.0631
5 .12084 x 10°° .75 x 1072 .21247 1.2088
1.0 .29050 x 107° .75 x 1072 21173 1.7426
1.5 130084 x 1072 .75 x 1072 .21168 1.9608
2.0 .30801 x 1072 .75 x 1072 21164 2.1674
3.0 .3198 x 1072 .75 x 1072 21158 2.6073
4.0 .32870 x 10°° .75 x 1072 .21153 3.1097

L)

"0

is a measure of the convergence to a critical solution.



POWER/INITIAL POWER

COMPARISON COF FIESTA AND HERMITE POWER DURING A REACTOR SCRAM
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NORMALIZED POWER SHAPE

Figure 45
COMPARISON OF THE FIESTA AMD HERMITE POWER SHAPE DURING A REACTOR SCRAM
(CORE HEIGHT = 136.7 IN) POWER SHAPE AT 40% ROD INSERTION
TIME = 1.2 SECONDS
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Space-Time Results

This section presents typical results for a space-time scr am reactivity
analysis. The first section (5.1) presents scram reactitivities for a
typical cycle, using space-time ¢ 1ition of reactivity, and compares
them to the static reactivity iticn. The second section (5.2)
discusses the impact of using t .pace-time definition of scram
reactivities on the results of analyses of Zesign basis transiants.

Space-Time and Static Scram Reactivity Comparisons

Space-time calculations more accurately predict the axial flux shape
during a rod insertion than 4c critical static calculations. The reason
for this difference is that scace-time calculations account for the
presence of delayed neutron precursors, which are negiected in static
calculations. The delayed neutron precursors reduce the axial tilt away
from the rods, compared to static calculations, and hence increase the
negative reactivity which is inserted during a scram. This effect is
largest during the early portion of the scram iand is nearly nonexistent
at full rod insertion when both definitions of reactivity agree. Figures 5.1
and 5.2 show the resuits for two different initial power shapes. These
figures show that at intermediate rod insertions space-time negatire
reactivity insertions due to rods can be much !.-ger than the predic:ed
static reactivities.

The reactivities used in the safety analysis are based on 2 large number of
calculations such as those shown in Figures 5.3 through 5.6. These figures
show the scram reactivities as a function of the initial power shape (ASI).
Typical results are shown for both static and space-time definitions of
reactivity. The lower bounds of these calculations which enveiope the scram
reactivities as a function of initial ASI are used in safety analyses. These
lower bound reactivities are shown in Table 5.1 for a case with 6% ac total
rod worth.

In order to calculate the scram reactivity for 3 total rod worth other than 6% .o,
correction factors are developed. Scram reactivities are calculatad at off
nominal reactivities (such as 2, 4, 8 and 10%ac) to calculate reactivity ratios
relative to the base case (base 6%). These reactivity ratios are shown in
Figures 5.7 through 5.10 for the example given. Lower bound values of these
calculated ratios are used to calculate scram reactivity ratios shown in

Table 5.2 The values presented in Tables 5.1 and 5.2 define the negative
space-time reactivity insertion as a function of initial ASI, rod insertion

and total rod worth.
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5.2 Benefits of Space-Time Reactivities

The benefit of using Space-Time versus quasi-static calculated scram
reactivities is the inserticon of a larger amount of negative reactivity
at a given CEA position. The added reactivity will slow down tha

core power rise and result in a lower peak power. Also, the additional
scram reactivity will cause both the core power and the core average
heat flux to decrease at a faster rate following the initiation of

the scram. The net result is to lower peak powers and heat fluxes

and hence reduce the margin requirements (i.e., a gain in

operating flexibility). This is true for all Design Bases Events
(DBE's) where a trip is initiated.

As an example of the benefits of using Space-Time reactivities versus
the quasi-static scram reactivities, one can consider the Loss of
Flow transient. For the 4-pump Loss of Flow DBE, the reduction in
the margin requirement is typically 1 to 3% when calculated using

the standard CESEC-TORC methodology.
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TABLE 5.1

Reactivity insertion {%p) during a scram from all rods out,
for a 6%3p rod worth for various axial shape indices(ASI)
(reactivities computed by space time methods)
core height = 136.7 inches

ASI
INSERTION  -.6 -4 -.2 0.0 +.2 .4 +.6
5 19 14 .10 .07 .03 .01 002
10 A7 .35 .25 14 .07 .02 0045
15 .79 .62 4 .21 .10 .04 .0075
20 1.15 .80 5 .27 13 .05 012
25 1.60  1.07 .65 .33 .16 .06 .02
30 .14 1.37 .80 .41 19 .08 .03
35 2.70 1.72 1.0 5 .23 .10 043
40 .50 2.14 117 .59 .27 13 .07
as 4.2  2.50 1.37 7 .33 18 10
50 4.82  2.95 1.62 .81 4 .24 15
g5 5.2  3.35  1.95 1.0 .52 T .24
60 5.42  3.90  2.33 1.22 .68 .48 .37
65 5.50  4.35 2.75 1.5 .85 66 .87
70 5.68 4.77  3.27 1.9 1.15 .93 .85
75 5.7  5.15  3.85  2.50 1.75 1.38 1.25
80 5.80 5.47  4.47  3.24  2.55  2.07 1.95
85 5.8 5.73  5.13  4.10  3.55 3.09 2.95
90 5.80 5.89  5.57  5.07 4.70  4.47  4.25
95 5,94 5.94 5.87  5.77 5.6 5.55 5.3
100 5.0 6.0 6.0 6.0 6.0 6.0 6.0



TABLE 5.2

Ratio of the reactivity inserted during a scram at various rod
positions relative to the reactivity inserted for a 6%ip total rod
worth scram from ARO core height 136.7 inches space time method
5% rod insertion

42

Total rod
worth ASI
200 -.6 -.4 -2 0 e 4 .6
10 1.40 1.38 1.36 1.34 1.32 1.33 1.42
8 1.20 1.20 1.19 1.17 1.16 1.20 1.40
4 .69 .79 o .72 .73 .72 71
2 .38 . 39 4] .42 .47 .40 .38
10% rod insertion
ASI
-6 -. 4 -.2 0 .2 .4 .6
10 1.30 1.26 1.23 1.20 1.18 1.19 1.30
1.15  1.14 1.12 1.10 1.09 1.12 1.19
.75 .78 .80 .81 .80 .80 .18
.45 .47 .49 « 8 .54 .58 .48
15% rod insertion
ASI
| - & -, 2 0 .2 4 .8
10 1.25 1.22 1.17 1.14 1.12 1.14 1.25
1.14  1.12 1.1 1.06 1.08 1.07 1.17
.76 .81 .83 .85 .86 .85 .79
.46 " .55 .99 .61 .59 .52
20% rod insertion
ASI
-.6 - & - 2 0 s & .4 .6
10 1.25 1.20 1.1 1.1 1.10 1.12  1.22
1.13 1.12 1.08 1.06 1.05 1.07 1.15
4 .76 .81 .85 .86 .86 .85 .81

.47 .83 .57 .61 .61 .61 . 5
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TABLE 5.2 (Continued)
25% rod insertion
Total rod
worth ASI
20 -5 -. 4 -2 0 o .4 .6
10 V.27 1.20 1.13 1.1 1.09 1.1 1.19
8 .13 1. 12 1.06 1.05 1.04 1.05 1.13
.74 .80 .83 .87 .87 .86 .79
2 .45 .51 .58 .63 .67 .62 .52
30% rod insertion
ASI
-.6 -.4 -2 0 ol .4 N
10 1.28 1.22 1.14 1.10 1.08 % i 1.19
3 1.6 1.12 1.08 1.05 1.03 1.05 1.15
.75 .80 .83 .87 .87 .86 .75
2 .44 .51 .56 .64 .85 .63 .54
35% rod insertion
ASI
-.6 -.4 & 2 0 - & .6
10 1.36 1.24 1.15 1.1 1.11 1.12 1.19
1.19 1. %2 1.07 1.04 1.04 1.08 1.1
4 .69 .80 .85 .8¢ .89 .85 .80
.39 .49 .56 .61 67 .62 .50
40% rod insertion
ASI
-.6 -.4 -2 0 .2 .4 .8
10 1.4 1.27 1.17 1.1 1.10 ). 12 1.19
8 1.20 .13 1.07 1.08 1.08 1.06 1.12
.69 .76 .80 .85 .87 .84 .78

.38 .46 .54 .60 .65 .61 3



TABLE 5.2 Continued’
45% rod insertion
Total rod
worth ASI
%A0 -6 -.4 -2 0 .2 .4 .6
10 1.50 1.30 1.21 1.12 1, %2 1.13 1.23
8 1.24 1.15 1.09 1.04 1.04 1.08 1.12
4 .67 .72 .78 .84 .85 .84 .78
.35 .43 .51 .61 .63 .60 .48
50% rod insertion
ASI
-.6 -.4 -2 0 2 .4 .6
10 1.52 1.34 Y. &3 1.15 1.15 1.15 1.21
1.25 .15 1.10 1.07 1.06 1.07 1.10
.66 .72 .78 .83 .84 .83 .80
2 .33 .43 .50 .57 .62 .58 .50
55% rod insertion
ASI
-.6 -.4 - 2 0 .2 .4 N
10 1.55 1.37 1.26 1. %7 1. 18 1.14 1.17
1.27 1.22 1.13 1.08 1.07 1.07 1.10
a .65 .69 .75 .81 .80 .82 Ry
.30 .38 .48 .54 .57 .62 .57
60% rod insertion
ASI
-6 -4 -2 0 i 2 4 )
10 1.60 1.45 1.30 1.18 1.14 1.17 1.20
8 1.28 1.25 1.15 1.08 1.07 1.09 3. 12
.85 .68 .73 .80 .82 .81 .78
.32 .34 .39 .52 .58 .55 .50

45



TABLE 5.2 (Continued)

65% rod insertion (space-time method)

Total rod
worth ASI
A0 - 6 -.4 -.2 0 .2 .4 .6
10 1.62 1.5) 1.35 1.21 1.18 1.17 1.23
8 1.30 1.26 1.17 1.1 1.09 1.09 1.12
4 .BS .67 T 7 .75 .75 W
2 32 2 .40 .5 .52 .51 .47
70% rod insertion
ASI
-.6 -.4 -.2 0 .2 .4 .6
10 1.66 1.56 1.42 1.27 1.21 1.2 1.25
1.30 1.28 1.21 1.10 1.08 1.1 1.14
.63 .65 .68 .72 .77 .76 .72
2 e .33 37 .44 .48 .48 .47
75% rod insertion
ASI
- -.4 -2 0 .2 .4 .6
10 1.64 1.60 1.48 | o L 1.26 1.23 1.26
8 1.30 1.28 1.23 1.15 1.12 1.12 1.15
4 .64 .65 .67 .72 AEN =7y b o
2 .3 .32 .34 .42 .46 .47 )
80% rod irsertion
ASI
-. 6 -.4 -2 Q0 . & .4 .6
10 1.65 1.61 1.54 1.43 1.38 1.38 1.38
8 1.3 1.31 | - 1.21 1.20 1.20 1.20
4 T .62 .64 .66 .68 .70 .72

2 .30 + 31D .33 .36 .40 .43 .40



Total rod
warth

o

85% rod insertion (space-time method)

-8

TABLE 5.2

10
8
2

2

1.80
1.29

.65
.32

ASI

0 2
1.50 1.46
1.25 1.22
.68 .68
.34 .36

90% rod insertion

-2

1.54

1.3
.66
.32

ASI

0 2
1.61 1.99
Vs 1.28
.87 .67
.33 .30

95% rod insertion

-, 2

1.85
1.30

.65
.32

ASI

0 2
1.65 1.64
1.30 1.30
.65 .65
32 . 38

100% rod insertion

"2

10

1.66
1.33

.66
33

ASI

0 .2
1.66 1.66
1.33 .33
.66 .66
. 38 .33

(Continued)

s )
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APPENDIX A

FIESTA Code - Input Description

Namelist if usea for input of all data except the title. The title may
consist of only one card, and for steady state continuaticn cases it must
immediately follow the namelist arrays of previous steady state cases
with a punch in column 1. For all cards except the title card the first
column of every card must be blank.

1

2)
3)

Title 80 characters (The first character must non-blank for
coentinuation cases, a "+" indicates new input
is added to reference case input, otherwise
all input must be respecified for new
reference case)

SFIESTA

Array name KNTL

(1) = number of meshblocks = NOPTS (<100)

(2) - left boundary condition - IBCL

0 = Zero Flux
1 = Zero Current

(3) - right boundary condition - IBCR
(4) - geometry of neutron flux solution - IGEOM
0 - siab
1 = cylinder
2 = sphere
(5) = type of flow = ITYPE
0 = no flow
1 = parallel to neutron solution
2 - perpendicular to neutron solution

(6) = number of delayed neutron precursors (up to six are allowed)
- IDELAY

(7) = number of perturbable rods (<20) - NROOs
(8) = numper of time steps (no limit) = NTS

(9) - numpber of changes in the time step length - NPT (<20)



(10)

(n

(12)

(13)

(14)

(18)

(1%)

(7

(18)

(19)

(20)

0, 1 for short or long edit. = NEDIT (0 is recommenced with
detailed print specified by MPRINT)

cross section feedback functions - NFEEDY
- linear cross section variation with feedback variables
- special functional relation between cross sections and
feedback variables
type of control rods - NRTYPE
- top entry rods
- bottom entry rods (appiies only when flow is parallel
to neutron solution)
mesh point at which cross sections are calculated for input
checking purposes - NFMAC (for NFMAC = 0, no cross section
check edits)
type of ONB calculation = (IONB (ITH = 1)

- none (used for this application)
Janssen Levy

= TONG (wW=3)
0 - adjoint calculated for every steady-state case
1 = adjoint calculated only for the first steady-state case

transient is allcwed from only the first steady state
case if KNTL(15)=1) (Default value = 0)

time dependent reactivity table = NRHQ

- no
- yes

number of mesh intervals in the fuel pellet for thermal
calculation = NFUEL (Ignore unless ITH = 1)

number of mesh intervals in the clad - NCLAD (NFUEL+NCLAD < 18)
(if either of the above are less than one, the coce switches to

a nomogeneous thermal pin model) (Ignore unless ITH = 1)

0 - normal feedbac% (default value)

56

] = Skip Feedback calculation for transient solution or calculate

Feedback for only the first steady state calculation

0 - no burnout (heat transfer coefficient for film boiling is not

used)
1 = with burnout (IDNB) (Igncre if NONB = Q)



(21)

(22)

(23)

(24)
(28)
(26)

(27)

(28)

(29)

(30)

(31)
(32)

(33)

60

feedback option - ITH

0 - simnlified feedback model based on enthalpy and homogeneous
fue! pin model with nc two phase flow calcvlation (TWIGL Model)

1 - feedback model with detail fuel pin mede!l and 2 phase flow.

number of input values for time dependent inlet enthalpy table -
ITHIN <100 (if 0 temperature (°F) instead of enthalpy is input)

number of input values for time dependent inlet flow table -
ITFLW <20

number of input values for time dependent boron table - ITBCR <20
number of input values for time dependent pressure table ITPRS
sub-cooled void medel - IVOID (ITH = 1)

0 - fog flow model
1 = Tong model with subcooled boiling

film coefficient correlation for boiling - IBSIL (ITH = 1)

0 - Jens Lottes
1 = Thom

flux guess - IGUESS

0 - none

1 - use input value or (for continuation cases) previously
computed value

punch option = NPUNCH

0 - no
1 = yes

point kinetics option = NPTKIN

0 - no
1 - yes (bypasses flux shape calculation during tra'sient)

number of load demand values for time dependent tables - IDMD <20
recirculation optien (ICIRC)
0 - no
1 - yes (inlet enthalpy is calculated based on time delayed
load and outlet enthalpy)

axial power shape for void model (for ITYPE = 2)

1 = uniform
2 - cosine



4)

61

(34) - axial weighting of void (for ITYPE = 2)

1 = uniform
2 = cosine

(35) - for transverse flow (ITYPE = 2), the mesh interval at which axial
thermo-hydraulic edits are desired - ITR

(36) - for transverse flow ([TYPE = 2) the number of axial nodes for
integration of the void correlation - [AXIAL (default value = 40)

Array name PR

(1) = inverse fast velocity (sec/cm) =~ VI

(2) = inverse tha.mal velocity (sec/cm) - V2

(3) - integral convergence criterion - EPSE (10E-6 default value)

(4) - inlet system temperature - TIN*® (for inlet enthalpy use minus
sign (°F or BTU/1b)

(5) = system pressure (psia)* - PRES

(6) = thermo-hydraulic fuel rod - DE equivalent diameter (ft.)

(7) = fuel densitg in either 1b/.‘t3 or fract. of theoretical density of
683.4 1b/ft” - FDENS

(8) - initial core flow rate® - WZERC (1b/hr)

(9) - power dip in the center of the pin; power is distributed according
to a parabolic fit - PDIP (ITH = 1)

(10) - initial boron concertration* (PPM) - BORO

(11) = fraction of the pin power which is generated directly in the clad
- PCLAD (ITH = 1) (power generated in clad = PCLAD* (1~FRAC(I))*
P(I) 1

(12) - convergence criteria for the thermo-hydraulic equaticns - EPSSD
(ITH = 1)

(13) - reactor steady state power (MWT) - PZERO

*For time dependent variations of these parameters the above values are the
initial values which are automatically placed in the tables as the time-zero
entry.



(14)

(15)
(18)
(17)

(18)
(19)
(20)
(21)
(22)

(23)
(24)
(25)
(26)

(27)

(28)
(29)
(30)
(31)
(32)

(33)

(34)

cross sectional area of the reactor (cmz) - SCAREA (axial
problems)

height of the reactor - HIGH (radial problems) (cm)

depth of the reactor - WIDE (slab problems) (cm)

reference water density - REFOR (this value is only used to
calculate cross §ections of control rods for input checking
purposes) (1b/ft”)

fuel pellet radius (cm) = RPELLET (ITH = 1)

radial gap thickness (cm) = TGAP (ITH = 1)

clad thickness (cm) = TCLA (ITH = 1)

pointwise convergence criterion - EP.P (defaults to 100 X EPSE)

water density for3cross section calculation for input checking
purposes = (1b/ft”) = RHOW]

same as above - RHOWZ2
same as above - RHOW3
same as above - RHOw4

reactor scram power (MWT) - PSCRAM (rod scram is initiated
where the power exceeds this value)

fuel temperature for cross section calculation for input
checking purposes (°F) - TEMP]

same as above - TEMP2
same as above - TEMP3
same as above - TEMP4
velocity coefficient of the scram rods ASCRAM (cm/sec)
velocity coefficient of the scram rods - BSCRAM (cm/sec )
rod position = (ASCRAM) * t + (BSCRAM) *t °

maximum change in the amplitude function (default = 10)
between filux shape recalculations - RMAX

minimum time step (default .001 sec) - this value is only used
if a very small time step is calculated when PR(33) is near
unity. Otherwise it is not used.

62



(3%)

(36)
(37)

(38)
(39)
(40)
(41)*-

(42)’-

(43) -

(44) -

63

velocity coefficient of the scram rods in a second time interval
- ASCRAM2

same as above - BSCRAM2

reference boron concentration - REFBOR

reference water density for boron input cross sections = DENS]
reference water density for boron input cross sections - DENS2

gap conductance limit - GPLIM (BTU/ft2

F hr)
water volume between outlet of the reactor and the load (FT3) -
voLl (ICIRC = 1)

water volume between outlet of the reactor and the inlet of
the reactor (FT3) - VvOL2 (ICIRC = 1)

fraction of non-moderator volume which is fuel - FUELRF
(default = 1.0)

volume of the reactor inlet plenum (FT3) - VOLPLN ideal mixing
is assumed to occur with the water entering the plenum; this
model is used to calculate the inlet enthalpy only (for ICIRC = 1)

*These volumes are used to calculate the flow time delay by the following

formula:

T = 3600*V* /wc

The density is computed from the inlet enthalipy; the volume
therefore need not be the actual physical volume (as in steam
lines for example) as long as T is computed correctly. The
input volume should be as follows:

x

1 1
V=VL
P

i_‘l -

1 1] i

where V' p ai.. # are the actual volume, density and flow in the

pipe
p is the density at core inlet conditions
wc is the core flow rate



§) Array name BETA (I - i, IDELAY)

Delayeu neutron f.uction for 2ach precursor group.
6) Array name LAMN (I = 1, IDELAY)

Decay constants of the delayed precursors (sec-]).
7) MESH I =1, NOPTS

special mesh intervals (cm)
8) BUKF I =1, NOPTS

pointwise transverse fast buckling (cm'z)
9) BUKS I =1, NOPTS

Pointwise transverse thermal buckling (cm-z)

The following are all pointwise arravs

I =1, NOPTS
10) ROl reference group one diffusion constant
11) RA] reference group one absorption cross section
12) RR reference removal cross section
13) RNF1 reference nu sigma fission in group one
14) RF1 reference sigma fission in group one
15) RD2 reference therma' diffusion constant
16) RAZ reference thermal apsorption cross section
17) RNF2 reference thermal nu sigma fission
18) RF2 reference thermal sigma fission
The following are the feedback definitions if NFEEDY = 0

(1f all the following are zero no feedback is performed)
[ =1, NOPTS

19) 0O poin&wise change in D]. per change in moderator density
(em/g/cm™)

20) DAl same for Za]



21)
22)
23)
24)
25)
26)

27)
28)
29)

30)
31)
32)
33)
34)
38)
36)
37)

OR same for Zr
ONF1 same for v2f1
D02 same for D2
DA2 same for 232
ONF2 same for szZ

DD1OF pointwise change in D, per change in the square root of the
absolute fuel temperature (lm/°R)

TAl same for Za]
TR same for Zr
TNF1 same for vzf,

The following are the feedback definitions if NFEEDY = 1
I =1, NOPTS

the following funciions are used

FUNCTION

1) Z=asbpsco T+dpdT

2) Z=a+bIn (p + po)

3) Z=a+b {_?1+ ¢cin(p +po) + d '{_;‘}n (p + po)

where p = water density in g/cm3 for ali functions the value

of a, b, ¢ and d is computed from the reference cross sections

DO1DF pointwise value of constant "b" in equ. 3 for D]
001 "c¢" equ. 3 for 01

o010Q "d" equ. 3 for D]

DDIDR (g/cc) "po" equ. 3 for D]

TA1 "b" equ. 3 for Za]
DAl "c" equ. 3 for 4
0S10Q "d" equ. 3 for i

DS10R (g/cc) "po" equ. 3 for zal

65



38) OR "b" equ. ! for Zr
39) TR "c” equ. 1 for o
40) ORDQ "d" equ. T for Z_

31) DONF1 "¢" equ. 3 for vIﬂ

42) TNF1 "b" equ. 3 for vZ.,

43) DN, 10Q "d" equ. 3 for va]

44) DONFIOR "po" (g/cc) equ. for vi.,
45) 0D2 "b" equ. 2 for D2

46) DD20R "po" equ. 2 for D2

47) DA2 "b" equ. 2 for Z_,

48) DS20R "po" equ. 2 for .y

43) ONF2 "b" equ. 2 for szZ
50) ONF20R "po" equ. 2 for vifz

Control Rod Cross Sections

The following functions are used to evaluate control rod cross sections
1) AZ=a+blIn (p + po)

2) AZ=a+p+rc pz
51) RODO! rodwise value of "a" in equ. 1 for AD, I = 1,Nro0S
52) DIFROD "b" equ. 1 for aD,

53) D2FROD "pc¢" equ. 1 for AD]

54) RODST "a" 2qu. 1 for 3131

55) AIFROD "b" equ. 1 for AZ ,

56) A2FROD "po" equ. 1 for R

§7) RODR "A" in equ. 2 for &2

58) RIFROD "“b" in equ. 2 for AIr

§9) R2FROD “c" in equ. 2 for AZ



73)

74)

75)

76)

RODONF1 "a3" in equ. 2 for szf]
FIFROD “b" in equ. 2 for Av2f1
F2FROD "c" in equ. 2 for Avi.,
RODD2 "2" in equ. 1 for AOZ
DISROD "b" equ. 1 for ADZ
D2SROD "po" equ. 1 for ADZ
RODS2 "a" equ. 1 for azaz
A1SROD "b" equ. 1 for Aiaz
A2SROD "po" equ. 1 for ;zaz

ROONF2 "a" equ. 1 for szfz

FIFROD "b" equ. 1 for Avifz

F2FROD "po" equ. 1 for .\vZf2

ROWGT rodwise weighting factor; all macroscopic control rod cross
sections are multiplied by this value; this allows easy calibration

of each rod to the measured value

POSINT rodwise initial position of the tip of the rod from the
bottom of the core (cm)

for ITYPE = 1 and NRTYPE = 0
the rod cross sections are overlayed bDetween POSINT and the top of the
core

for ITYPE = 1 and NRTYPE = 1
the rod cross sections are overlayed between POSINT and the bottom
of the core

NESHLT - left and right intervals
MESHRT - boundary for rod overlay when ITYPE = 2 the fraction of rcd
(k) which is inserted is equal to "POSINT (K) - HIGH)/HIGH

TSTART - time (sec) at which the rod (k) starts moving; negative
value indicates time delay for scram rods

RODRAT (1) 1linear velocity coefficient of rod 1
(2) quadratic velocity coefficient of rod
(3) Tlinear velocity caefficient of rod 2
(4) quadratic velocity coefficient of rod 2
etc. (2 x NRODS values <40)
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77) TSTART2 - time (sec) at which the rod (k) starts moving according to
the following coefficients, for scram rods this is a time

delay

78) RODRAT2 - velocity coefficients in the second time interval
K=1,2. .. ... 2 x NRODS <40

79) DIST - the maximum distance (cm) that each rod is allowed to move

80) TMSTEP - time step in seconds (NPT values <20)
81) NOSTEP - time limit (sec) to which TMSTEP applies (NPT values <20)
82) cCvoL - pointwise coolant volume fraction 0<CVQL<1.0

83) AREA - poig?wise heat transfer area divided by coolant volume
(ft ') (for detailed fuel! pin thermal model this quantity
is computed)

AREA (I) = 60.96 (1 - 2vOL (I))/(CvoL (I) 'Rclad)

R = ¢lad outside radius (cm)

clad
34) COND -  point wise gap conductance BTU/hr ftZ °F

if a homogeneous fuel pin model is used, this value is the
overal] conductance

if a detailed fuel pin mocdel is used, this value need not be
specified; however, if it is specified, it overrides the cal-
culated value of the gap conductance

85) FRAC - pointwise fraction of the power which is generated airectly in
the coolant
86) RTF - pointwise reference fuel temperature (°F)
87) RDEN - pointwise reference coolant density (1b/ft3)
88) HINTAB - inlet enthalpy (BTU/1b), input table (or temperature (°F)
for KNTL(22) < 0)
TMHIN - time (sec)
89) FLWTAB - inlet flow (1b/hr) table
TMFLW - time (sec)
90) BORTAB - Boron (PPM) table
TMBOR - time (sec)



91) PRSTAB - pressure (psia) table
TMPRS =~ time (sec)

92) OMDTAB - 1load demand table (fraction of initial)
THOMD - time (sec)

93) D1BORI
ATBOR)
RBOR1 pointwise change in macroscopic
NFIBOR1  parametars for
D280R1 referece boron concentration
A280R1 at wa.er density (DENS1)
NF280R1

94) DI1802
A1BOR2
RBOR2 pointwise change in macroscopic

NF1BOR2 parameters for reference boron
D2B0OR2 concentration at water

A2B0R2 density (DENS2)

NF2B0R2

95) NPRINT - for NEDIT = Q this array specifies the time points at which
a detailed print is desired

If MPRINT(1) = -KK signifies a detailed print every KKth
time step

96) FLXS - therma! and fast flux guess
FLXF = for IGUESS = 1

97) last card of namelist has "$" anywhere except in column 1

A blank card must follow the input if a transient calculation is desired. If
several transient calculations are to be performed, each case must be followed
by a blank card. If only steady state cases are desired, no blank card shoula
appear between cases.

For continuation cases, if a "+" appears in column one of the title card, only
the changes need to be specified. If a "+" does not appear in column one, the
entire input is initialized to zero and all the input values must be re-specified.



