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Introduction

Investigation of the D-1 design for a 1,000 MWe steam-cooled fast
breeder reactor showed that the D-1 design is near the boundary of in-
herent stability. Within the expected uncertainties of the feedback
coefficients the core may become unstable. In earlier studies, mainly
on sodium--cooled fast breeder reactors, it was found that the feed-
back coefficients are rather sensitive to the nuclear data uncertain-
tiess Therefore, in this study the influence of the nuclear data
uncertainties on the main parameters for the safety and stability of
the D~1 design are primarily investigated. These parameters are the
Doppler coefficient and the steam-density coefficient. Noreover,

the influence of the data uncertainties on the loss of coolant reactivity,
the conversion ratio of the core and the amount of fissile material
required is considered. Mainly the influence of the uncertainties of
the captureand fission cross-sections is examined. Only for the
_mgterigls Uzié and Pu239 the influence of the inelastic cross-section
uncertainties is considered too. 1iHost inves%iéatioﬁs were performed
with the help of multi-group diffusion calculations in a fundamental
mode gpproximation. For these calculgtions the KFK~-SNEAK set was

used as basic group constant set., After each cross~section variation
the reactor parameters considered were calculated for a critical
reactor. In order to obtain some general information about the
influence of the nuclear data uncertainties on the Doppler coefficient
and the steam-density coefficient, the effect on these parameters
following a 10% increase in the macroscopic cross-sections for capture
and fission are first investigated. After that the influence of

the data uncertainties of the reactor materials are calculated. .ore-
over, for the Doppler effect the results of different calculation

methods are compared.

In the last chapter the influence of the reactor parameter uncertainties
(found in this study) on safety, stability and dynamic behaviour of

the D~1 design is investigated.



1. :fhe Aicszotor Comsidered aund the .ousl for the lzlculstions.

the study is perfcrmed for the D-1 desin for 2 larse steanm-cooled
fast breeder reszctor which is the first detailed design T

1,000 .ide regetor of this type undsriaien by the Lernfo
] o o

. , - . . v 238
zenbrum Lerlsruhs, The desigin is based on the U 29 _

fua cycie
end is Gescribed iz detail elsewnere #i,2/. It was pointed out
that the D~1 design does not claim to be the optimum of possible
steam-cooled breeder reactors. The intention was that extensive

analyses would lead to a more optimal design.

The D-1 design has a cylindrical core with H/D ratio 0.575. The

core is subdivided in 7 zones (Fig. 1). The 2 fission core zones

have a different ratio of the fertile to the fissile material in a
way that the maximum power densities in these parts are about the
same,

Most calculations are performed with a fundamental mode multi-group
diffusion approximation using the same buckling for all energy groups.

This geometrical buckling was calculated with the formula

B, = (gi5)° + (B9 (141)

Hc height of the unreflected core.
Rc radius of the unreflected core.
S effective saving.
The saving is determined by comparison of fundamental mode calculations
with more ‘detailed calculations for the reflected system. For the
D-1 core the saving is about 16 cm.
Bg2 = 5.69.10"4 o’
The calculations are performed at maximum burn-up. It is assumed
that in this case no control rod materials are in the core but the

control rod followers of A1203.
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For the homggenized core the design parameters are colledted in table
1.1,

é Description |  Material  Volume fraction °
. Fuel | Pu0,-T0, 0,454 §
“Gladding + | - T T
Strucbuze Inconel 62520.206~”*WNwWWWWmﬁ
Coolant | H,0 steam 0.3 :
Control rod A1.0 50.02 %

follower ; 273

Table 1,1,
The fuel density is assumed to be 0,87 of the theoretical values.
The normal mean steam density is p = 0,0706 g/cm3 (% 170 ata
= 2600 pas.i).
The isotopic compostion of the Plubtonium after a number of fuel
recyclings is nearly constant £3,4_7. For the D-1 design the core
and the blanket materisl will be treated together. In this gase
the Plutonium composition becomes [/ 5_7: -
240

Pud? 7a%; PuP40 22,77 PEM 2.3 Pl 1.0%.
The maximum burn-up is 55.000 MWd/t being equivalent with 3.45%
atom burn-up.

With these parameters and the group cross~section constants of the
KFK-SNEAK set /7_7 the homogenized core is just oritical at 900°K
with the following atom-densities (table 1.2.)

i Material Atom-dens%ty .. lateriad ZAtom—density

? : 1024 em™ | % | 1024 om3 )

Lo § 7.34 1077 0 12.12903 107°
or § 4.42974 1077 Pu®?? ‘1.12238 1077
Pe ’ 5.62485 1074 py? 40 '3.44298 1074
H 1.49785 1077 Pyt 13.48849 1077
o 9.82257 1074 Pu’4? 11.51673 1077
b 4.50843 1074 e 7.86809 1077
i 1.10588 1072 pairs of L 13.35346 1074

: ; fission pro-|
; : : ducts :

Table 1.2,



In figure 2 the neutron flux distribution for the steam-densities
=0 and > = 0,0706 is plotted. Figure 12 shows the adjoint flux.
Figure 4,5 and 6 give the energy dependence of the capture and
fission rates of the most important reacter materials.
)

Some reactor parameters are

Loss of coolant reactivity AK = 3.64 1072

. . -2 at 900°k
Reduced steam-density coefficient R.S.D.C. =-2.14 10 7
Conversion ratio CeRa = (0.9857 .
Doppler constant Ay = -1.386 1072

2. The Reactor rarameters Condidered.

The most important coefficient for the safety and stability of a

fast steam-cooled reactor are the Doppler coefficient and the
steam-density coefficient since they form the largest feedback
regctivity effects. In a Iarge fast rezcior the Doppler opefficient

is a prompt negative reactivity effect Z_9;7. Because of the small
neutron life-times in fast meattors this prompt negative reactivity

is important for the control and safety of the reactor. In Z—29.7

it is shown that large steamw-cooled fast reactors are inherent

stable only if the steamedensity coefficient is negative and if its
absolute value is not too large. For the safety of the reaetor also

the loss of coolant reactivity is important because it is a significant
value for the reactivity ramp after large disturbances in the cooling
system. With the calculation methods applied also the ratio of the fer-
tile to the fissile material and the conversion ratio of the core

could be easily determined.

x) For the description of these parameters see chapters 2 and 3.



Therefore, the following parameters are considered:
1) Doppler coefficient
2) Steam-density coefficient
3) Loss of coolant reactivity
4) Ratio of the fertible to the fissile material

5) Conversion ratio of the core.

5« The Methods Applied and the Computer Programs Used for the
Investigations.

For the selection of the calculation methods the following considerations
were important:

a) The influence of the data uncertainties on the reactor para-

N

be calculated for critical reabtors. After

H

meters should
every cross-section variation the reactor should be made

critical again.

b) The investigations should be done with existing programs if

. _ . possible.

¢) The computing times required should be as moderate as possible.

The calculations were performed with the IBH 7074 digital computer
situated at the Kernforséhungszentrum Karlsfuhe. For the investi-
gations of the influence of the data uncertainties on the reactor
parameters computer programs developed by members of the Institutb

fir Neutronenphysik und Reaktortechnik were used. Most of these programs
are colledted in the "Nuclear code system HUSYS" Z~ 10_7. The influence
of the parameter variations on the stability and dynamic behaviomr

of the reactor (described in chapter 6) was investigated with programs

developed by members of the Institut fiir Reaktorentwicklungi

3«1. The calculation of the reactor parameters.

3.1.1. The Doppler Coefficient D.C.

For the calculation of the Doppler Coefficient D.Ce = 3% two cal-

culation methods were considered:
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a) The method of Nicholson-Froelich /711,12 7. The D.C. is cal-
culated directly in s perturbation caleculation with the help
of the temperature derivatives of the capture and fission cross

sections of the fuel isotopese.

b} Method of successive K-calculation. The multiplication factor
K of the reactor system is calculated for several temperatures.
With the help of a temperature law for the D.C. the latter

may be determined.

Both methods have some advantages and disadvantages for the present
studys
- With method a) the D.C. is calculated directly. At the Kern-

forschungszentrum Karlsruhe Froelich and Siep have developed
a Computer Code / 13 /based on the theory of KFK 367 /712 7
Because the resonances are described by the statistical dis:
tributions of the resonance parameters, the results only are
suffiicient accurate if the number of resonances in an energy
group is sufficient large. Therefore, the D.C, is only cal-
culated in the energy range 100 eV <E <100 XeV. For sodium
cooled fast breeder reactors the lower energy limit only
introduces small cross / 5_7. However,for sheam cooled fast
reactors with a considerable weasker neutron spectrum the contri-

bution of the energy region below 100 eV may be significante.

- With method b) the whole energy region is considered. Here
the trouble is introduced by the temperature law for the D.C.

Usually the following dependence is agpplied:

- 4K - a_
D.C. 5T X (3.1)

With the help of 3 values of K at different temperatures the
constants a and x may be determined. |
Often it is assumed that the D.C. is inverse proportional to

the absolute temperdture (x = 1), In this case:

= 4K _ _A
D.C. = —&r - -ﬁfl- (3.2)
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The constant AD may be determined with the help of K at 2 tem-

peratures:

4 K(T1) = (D)

D InTp fpq (3.3)

~ If in the resonance region the group constants change, the
resonance parameters have to change too. With both methods
a) and b) it is difficult to take into account these resonance
parameter variations. In method a) a tape with fixed resonance
paraueters has to be changed while in method b) the selfshielding

factors for the group constants should be changed.

It was decided to calculate the multiplication factor of the system at
two temperatures (T, = 900°K and T, = 2100°K) and to apply the tem-

H
perature law of formula (3.2). The Doppler constant AD may be cal-

culated with formula {3.3)., The reasons for this selection are:

a) For the higher Pu isotopes the Karlsruhe GROUCO file only con-

tains selfshielding factors at 2 temperatures.

b) With the method selected the effects of the whole. energy region

are considered .

c) For cross section variations in fthe resonance enérgy region
the variation of the resonance paraméters ié not considered
explicitely. It is expected that the resonance parameters have
less influence on the temperature dependencé of thé selfshiélding
factors than on the temperatmme derivatives of the cross sections.,
The errors introduced will be smaller for the method selected than

for the method of Hicholson-~Froeliche.

3+1.2. The reduced steam density coefficient R.8.D.C.

The R.8.D.C. is defined by:s

R.5.D.0. = ~=% /4, at normal steam density (3.4)
p
The following approximation is applied:
7 ' -~ §; q
R.S.D.C, = &I K(ow #p ) - Ko +8p )} (5.5)
K 28,

with 8o = 0.01 oy
3



3+143¢ The loss of coolant reactivity

85 =K(p = o) = X(p = p.) ‘ (3.6)

The multiplication factor K(p = o) and K(p = pN) are calculated with the
same group constant set (KFK~SNEAK /6,7 7). Because the neutron flux
spectrum is varying considerably if the steam density varies between
0= oy and p = o0, group constant sets with different weighting spectra
are required in order to calculate AK, accurate. However, it may be
expected that the influence of the nuclear data uncertainties may be

investigated rather well with cne group constant set,

3.1.4 The conversion ratio of the core.

With the fundamental mode calculations the conversion ratioc of the core
is approximated by the ratio of the captures per volume unit in the
fertile material to the absorptions per volume unit in the fisgsile

material,

3.2+ Subdivision of the energy resion

The effects of variation of several cross sections of several materials
have to be considered, The calculations are performed with multi-group
calculations using 26 groups. FEach of the group constants has an
ﬁncertainty and also a certain effect on the parameters considered,
With the calculation methods applied it was impossible to consider the
effect of each group constant separately. So a suitable subdivision
of the energy region was necessary, This subdivision of the energy
spectrun was based on properties of the nuclear data and of the system
cbserved., Moreover, during the calculetions it seemed that some sube

divisions should be performed or could be omitted,
The following properties were considered:

3:2414 Nuclear data

3+2+4141s In different energy regions certain processes are dominant,
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For an isotope with resonances, for example

a) region below resonances

b) region with resolved resonances

c) region with unresolved (statistical) resonances
- weakly overlapping resonances
- considerably overlapping resonances
- strongly overlapping resonances

d) region above resonances

(the resonance effect is not noticeable any more)

3.2.1.2 1In different energy regions the nuclear data are determined
by different methods or experimental groups or laboratories. In this

case attention should be paid to determine systematical errors.

3.2.2+« The system observed

With respect to the energy spectrum subdivision important properties

of the system are:

" a) Theenergy spectrum of the flux and of the adjoint flux (figures
2,12).
b) The energy dependence of the most imporitant reaction rates
(figures 3,4,5).

In this study most attention is paid to the D.C. and to the R.S.D.C.
So, analyses of these parameters may give important information too.

Figures 6 and 7 show the energy dependence of these parameters.

The investigations have started with the following energy spectrum
subdivision:
1) 1.4 eV <B <10.5 MeV  or group 1 to 4,
because
a) energy region above resonances
b) main energy region of the fission neutrons

¢) decreasing flux and reaction rates.
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2) 46.5 keV <B ¢1l.4 eV or group 5 to 9,
because |
a) flux and reaction rates at maximum
b) most influence on the Doppler effect below 46.5 keV
c) energy dependent contributions to the R.S.D.C. change

sign between group 9 and 10 (figure 7).

3) 46.5 eV . B 7 46.5 keV or group 10 to 18,
because '
a) main energy region for the Doppler effect
b) region with large uncertainties ianY of Pud?

¢) flux and reaction rates still large.

More detailed calculations showed that in this energy range

the groups 15 to 18 were dominant for the influence on the

R.S.D.C.

Therefore, this region was further divided,

3 1 keV+<E z46,5keV _ or group 10 to 14

"D
3-B 46.5 eV B < 1 keV or group 15 to 18

4) B v46.5 eV or group 19 to 26,
because
a) below main region for the Doppler effect
b) in this energy range the flux and reaction
rates are relatively small.
For the materials U238 and Pu239 the energy region 46.5 eV %o
46.5 keV (group 10 to 18) was examined more extensively. For
the less important materials the subdivision of the energy

spectrum was kept less detailed.

%3¢ 3+« The Computer Programs Used,

3¢3els The Calculation of the Reactor Pgrameters.

For the investigation of the influence of the cross section uncertain-
ties on the reactor parameters mainly the multipliéation factor K for

different states of the reactor is to be calculated, The latter was
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done with programs of the WUSYS system /10 /. Program 446 by Sanitz
enables the calculation of the macroscopic cross sections of the systenm
taking into account the self-shielding effect. The multiplication
factor in the fundamental mode approximation was calculated with progran
352 by Ferranti and Kraetsch giving X with a trQHCation error of 10"60
Some calculations with one-~dimensional approximation of the diffusion
equation were done with program 6731l by Sanitz and Woll. After each
variation in the group constant set the reactor was made critical by
variation of the ratio Y (fertile to fissile material). This was

done with the iteration program 2210 by Bachmann. For the determination
of the conversion ratio of the core the evaluation program 447 by

Sanitz was used.

3¢3+42« The variation of the group constant set.

If a group cross-section changes several other group constants may

i s s R i i i
varigtion influence lso vZ Z nd In
; Variation f s a Loy Ly @ Ztr)’

order to maintain the relations between the group constanis 2 programs

change too (e.g. Z

“were available:
a) NUSYS program 4840 by Langner.

In this program all group constants are modified except for Ztra

The possibility for changing the latter is available separately.
For each NUSYS run the group constants have to be modified again.

b) Program 2229 by Bachmann.
With this program az new tape with group constants is arranged.
Both group constants for infinite dilution and self-shielding

factors for the removal and transport cross-sections are modified.

The main difference between the 2 programs is the treatment of ztr'
Indeed, the determinstion of Ztr for the multi-group diffusion calcu-
lations is not well defined because of the weighting procedure.  Iore-
over, variation of Z_ and ZY between extreme limits may introduce Zt

£
variations out of the uncertainty range of the latter if the balance

5, =2 + ., + Z + Z
Zy ZY Zf Zin i,

is magintained.
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Comparison of the methods showed only very small differences in the
parameters considered. Mainly for reasons of computing time required
the second method by Bachmann is being used for most calculations,
The variation of the total macroscopic crosse=sections was done with
WUSYS prograrm L4837 by Langner. The latter has the same featuresas
program 4840,

4y The Uncertainties of the Cross Sections of the Materials in the
Reactor Considered. -

L,1, Materials end Cross Sections Considered

Letdlse Materials

The D=1 design includes the following materials
Fuel: Pulp and UO, with the following isotopes

Pu239’ Puzb,o’ Puzm. Puzheg U238 235

and in a very small amount U™~7,

Structural materials: Cr, ¥e, "o, b, i and in a small amount Al, _
~Coolanty Light water steamvy H ;00 — — — - - - —
Also the fission products of pu2s?

Al and U235

are considered,

w7ill not be considered here because of the very small amounts,

hi1.2. Cross Sections

From similar studies on sodium~cooled reactos Z-1h,15_7 it may be ex=-
pected that the most important influence will be due to capture and
fission cross section uncertainties., Moreover, in this chapter the
uncertainties of the total inelastic scattering cross sections and of
v for Pu239 will be considered. Not considered are the uncertainties
of the resonance parameters of the fuel materials, The latter may be
important for the Doppler coefficient calculations with the help of the

method of Froelich,

4.2, Basic CGroup Constant Set

As basic group constant set the KFK-SNEAK set was useds The energy spece
trum is divided into 26 groups., The group boundaries are the same as in
the Russiaen ABU set 1-8_7. Tor some less important materials the group
constants of the KFK=SNEAK set are taken from the ABH set,



- 13 =

The KFK-SNEAK set was chosen for the following reasons:
a) Recent nuclear data are incorporated for the most important

regctor materials.

b) For the calculation of the group constants the expected neutron
energy spectrum of a steam~cooled fast reactor is used, namely
the calculated spectrum of the SHEAK 3A~-2 core with an equivalent

steam-density as in the large reactor (p= 0.07 g/cmB)-Z'7_7.

4.3+ Sources of Information for the Evalustion of thé Data Uncertainties.

The basic source of information was KFK 120 part I by J.J. Schmidt / 16_7.
For the higher Pu isotopes and the structural naterigl b, in this refe-
rence no data are available. Here, BNL 325 second edition /717_7 and
evaluations by Yiftah et al /18 7 and Pitterle et al. /719 7 were used.

In addition for some materials recent publications were considered.

a) For Pu239 the effect of recent a-measurements by Schomberg et al.
””*W*W****f*f%@:?f*Tﬁ?&aﬁmTfﬁ%mfﬁiﬁfﬁmmﬁﬂﬂﬁGﬂﬂmﬁfﬁﬁnﬁﬁﬁrOfTf?ﬂﬂ””***’
Gy in the energy region 0.5 keV to 30 keV.

b) For Pu239 the effect of recent O data for U255 by Beckurts et al.

1_21_7 on the normalization of Cp measurements for Pu239‘by White

et al. 1-22_7 in the energy region 40 keV to 5C0 keV,

238

¢c) For U the effect of G? measurements by Ponitz et al. 1‘23_7.

4ede Evaluation of the Cross Section Uncertsinties.

4ed.1. Puld?

Pu259 is the main fissile material of the D-1 design. However, due to

the lack of measurements and to sysitematic deviations in available data
the cross sections of this materiagl siill have rather large uncertainties.
Hloreover, recently some experimental data were reported considerably

deviating from the formerly recommended values

a) Arnold et al. / 24 /reported for a steam cooled fast reactor
lattice, with an energy spectrum similar to the spectrum of

the D-1 design (figure 8) a mean value for «
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:MGY>

being ;ignificant larger than the calculated value & = 0.3873%:
As comparison, calculations for the D-l1 design give

- with the ABN set & = 04329

- with the KFK-SNEAK seta = @,325

b) Schombergy et al., / 20 7 found with a new experimental method much
larger values of « in the energy region 0.5 keV to 50 keV (pre-

liminary results not corrected for multiple scattering).

The results of Schomberg et al. are taken into eccount in the

following way (figure 9):

Because these preliminary results are probably too high as upper
limit in o« an average curve through the experimental values is
chosen instead of a curve through the upper uncertainty limits
of the measurements.

Since the true w=values in this energy region are very probably

n than the a-values of the KFK-SNEAK set the latter are

hgéher

chosen as lower limits,

The uncertainty of Gy is obtained by combining the uncertainties of Cp
and o because Gy is to be calculated indirectly from Op and «-meagsure-
ments, Large uncertainties result in the energy region 0.5 keV to

50 keV.,

The uncertainties of Op are mginly tgken from KFK 120-1 with one com-

plication in the energy region'BO keV to 500 keV.

In this region the SNEAK set contains the data of White et al. /22 7
being considerably lower than the recommended values in KFK 120/1. As
upper uncertainty limit the upper limits of Gf in KFK 120/1 are chosen.
The lower limit of the uncertainties is obtained by the following re-

normalization of the White data:

The 0, measurement forxr Pu239 of White is relative to the Gf of U255'

. f ~ .
Whité has calculated 490f %) with the help of his values for 25og. Re-
cently, Beckurts / 21 7 has recommended new, smaller values of 2 Gpe

5.0

These smaller values lead to smaller values of B

%)

239

The left upper index 49 comes from 04Pu %, 25 from 9
7

235
ZU etce
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For energy regiongnot mentioned, the uncertainty estimations of KFK 120/I

are taken. This also was done for the inelastic cross section.

The estimated uncertainties are collected in table 4.1.

4oda2. 722°
U238 is the main fertile material in the reactor, As may be seen in

238. Moreover,

figure 4 an important part of the captures is due to U
in the energy region above 1.4 MeV the number of fissions of U258 is

relatively large (figure 5).

The SHEAK set group constants are calculated with the last recommended
data of KFK 1204I. In estimating the uncertainties only one more recent
measurement of GY by Ponitz et al. 1’23_7 in the energy region 25 keV -
500 keV had to be considered.

Between 40 keV and 200 keV KFK 12041 ascribes an uncertainty range of

20-3%0% for Gye The Ponitz measurements are agltogether within the lower

uncertainty limit of 20%. Therefore, it appears to be reasonable to

assume an uncertainty of 20% in this region.

For other energies the (mean) values of the KFK 1204I uncertainties are

taken. The uncertainties collected are given in table 4.2.

4e443, Structural Materials

Figure 4 shows the capture rates for the structursl materials. The
latter are of the order of 1-10% of the 228 capture rates except for
Fe with smaller values. However, Ni has more dominating capture rates

in the upper and lower energy regions.
The SHEAK group constants are obtalned in the fellowing way.

- Cr, Fe and Ni are calculated with the data of KFK 120/I
- Mo and Hb have the existing group constants of the ABN set.

For the structural materials no more important recent measurements be-

came available in excess of those already considered in KFK 120/I.
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So, the given uncertainty values of KFK 120+ are taken over unchanged
for Ni, Fe and Cr. For Mo and b the ABN data are compared with the
data of KFK 120/1.

The missing uncertainty estimates for Fe in the energy range 2 keV to
100 keV and for Ni in the region 1 keV to 200 keV are obtained by crude

estimation from available data in KFK 120/I.

Above 1 MeV the capture of Ni and Fe is mainly due to (n,p) processes.
So, the tabulated uncertainty values are those of o(n,p). For Cr the
G(n,p) and GY have about the same order of magnitude above 1 ileV. How-
ever, only a few information about o(n,p) is available. Therefore,

the expected maximum uncertainty values for Gy are tabulated.

For Nb the uncertainties are determined by comparing the ABN and BNL 325
data.

Capture ND

~——-Above 1 MeV only few BNL 325 data are given. However, the capture cross-

sections in this region are very small., An agrbitrary uncertainty of 20%

is tabulated,

In the energy region 10 keV - 1 MeV comparison between ABN and BNL 325
data is possible. The ABN data are systématically somewhat higher., The
upper and lower limits for the BNL 325 data are obtained by curves through
the extreme values of the plotted measurements. Below 1 keV a comparison
between ABN and BNL 325 data is difficult because BNL 325 gives resolved
resonance parameters and the ABN data are group constants. Again, an

arbitrary uncertainty of 15% is chosen.

Below the first resonance at 35.8 eV the uncertainty is equal to the

uncertainty at thermal energy being + 5pk.
Inelastic scattering NDb
Compariscon of BNL 325 and ABN data in the energy region below 2.5 ieV

only shows a significant deviation in group 4 (1.4 MeV to 2.5 ueV). The
+ 15 % uncertaginty of BHEL 325 in this region is tabulated. In group 4
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the ABN value is compared with the BHL 325 limitse

Above 2.5 eV no comparison is possible, An arbitrary uncertainty of
10% is tabulated because at these high energies the inelastic scatter-

ing cross sections generally are rather accurate.

The uncertainties collected for the structural materials are given in

tables 4.3’ 4.4 and 4050

4e4.4. Higher Pu Isotopes

In KFK 120/I no data for the higher Pu isotopes were considered. The
SNEAK set contains the same group constants as the ABN set. The uncer-
tainty evaluation is done with the help of BNL 325 /717_7 and of eva-
luations of Yiftah et al, /[ 18_7 and Pitterle et al. /19 7. For
energies below 1 keV only resongnce parameters with uncertainties are
available what means that comparison of the recommended data with the

ABN data is difficult.

Avove 1 keV in the papers of Yiftah and Pitterle curves for fission and

capture cross sections are given. Here the comparison between these
data and the ABN data is easier to doe.
Because there are less measurements for the higher Pu isotopes a reason-

able estimation for the uncertainties of the group constants calculated

from resonance data seems to bes

15% below 1 keV
255% for group constants calculated with

14 14

resonance parameters for energies above 1 keV

For energies above 1 keV, the evaluation is done per isotope.

404- 4.1. Pu240

Pu240 may be considered to be the most important higher Pu isotopee.

Several studies indicate its influence on safety coefficients, e.g.
the recent studies of Kiefhaber /725_7 and Jirlow /[ 26_7.

Yet, the differenge between the ABN and the recent evaluation of
Yiftah et al. and Pitterle et al. are considerable.
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Figure 10 shows the evaluations of Yiftah, Pitterle and the ABW group
constants.
As upper and lower limits for the group constants are determined
a) Capture

In the energy region =.1 keV
upper limits the ABN data
lower limits the modified ELDF-B data of Pitterle

In the energy region below 1 keV
upper limit: the ABW data

lower limits: the ABI data minus 305

ied i

|_l
|
£
o]
5]
ﬁ
ey
<
foi]
fond
e
oy

The latter is chosen since at 1 keV the modif
is about 30% smaller than the ABN value.
b) Fission

Above 465 keV the uncertainty bars in the paper of Yiftah are used

for the determination of the upper and lower limits for the uncer=
tainty. :

In the energy region 10 keV <E:465 keV + 20% uncertainty in the
data of Yiftah is assumed. Below 10 keV the modified ZNDF/B and
the ENDF/B data of Pitterle are used as upper and lower limits res=-
pectively., For the average number of neutrons per fission ~ the

expression of Yiftah was used:

T ='3,00 + 0.101 E B in WeV

The upper and lower limits for the group comnstants are tabulated
in table 4.6.

Ab.b.2. Puitt

a) Capture )
The capture cross section data of Yiftah are partly (1 keV 250 keV)
calculated from resonance parameters and partly taken equal to Gy
of T:’u.239 (E.50 keV) because of the convergence of 4907 and 416?
below 50 keV.

However, it is very difficult to estimate reliable uncertainties
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for this evaluation particularly because of the large uncertainties
49

of O, e

Y

The differences between ABYN and Yiftah data are not significant.

Only at the highest energies (the first energy groups) the cross

sections differ by a factor of about 2 (ABN larger). However,

here the cross sections are very small.

The uncertainty of the Yiftah data is estimated to be 30%. The
uncertainties of the ABN data are obtained by comparing with the

Yiftah limits.

b) Fission

The figeion cross-section datas of Yiftah are based on the evalu-
ation of y /[ 27_7. The uncertainties estimated by Davey are
1 keV <4 740 keV 15%
AQ keV (B {10 keV 10%

- —These values were considered as upper and lower limits for the

Yiftah data. The uncertainty of the ABN data is obtained by com-
paring the lgtter with the limits of the Yiftah data.

Rather large deviations exist between ABN and Yiftah data.

1 keV <B <100 keV ABN data 20-30% larger
500 kevtE — 10 MeV ABN data 20-30% smaller

The estimated uncertainties are collected in Table 4.6.

4edode3. Puld?

a) Capture
The capture data of Yiftah in the energy region 1 keVZE <1 iHeV are
calculated from the resonance parameters. This curve converges

with increasing energy to the 280& Curve.,

42 . 28

Above 1 eV, G& is taken egqual to Gw'

An arbitrary uncertainty of 25 % is estimated for the Yiftah data.
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The uncertainty limits of the ABN data are obtained with the help
of comparison of the ABN data with the Yiftagh limits.

b) Fission

The fission cross section data of Yiftah are taken from Davey /27_7
in the energy region 1 keV:E £1l.7 eV, This evaluation of

Davey is based on only one measurement with a claimed accuracy

of about 10%.

42

Above 2 MeV the fission cross section of Pu2 is chosen egual.

to that of Pu24o. In this region an arbitrary uncertainty of
20% is assumed. This means that the ABN data are about equal to

the lower Yiftah limits.

The estimated uncertainties are collected . in ftable 4.7.

de4e5. Hydrogen and oxigen

For hydrogen all nuclear data uncertainties are 1-2% or smaller.

For oxigen 0 is negligible. Cross sections for other capture processes,
e.g. (n,a), are only important at high neutron energies. The uncertainty
is about + 20%.

The inelastic scattering of oxigen occurs only above 6.5 MeV and has an

uncertainty of about + 30%.

39

hedebe The fission products of Pu2

For the fission products the KFK-SNEAK set still contains the ABH data.

For every fissionagble material one pseudo product is available.

At the Kernforschungszentrum Karlsruhe, Hakansson Z‘28_7 has determined
2 pseudo fission products for Pu239. The first one collects the fission
products with relative fast removal by decay or neutron capture while
the second one collects the other fission preducts. This division into
2 classes is made in order to be able to study the effect of "fission
product burn-up" being only significant for the first class. lioreover,

Hakansson has calculated his group constants with the help of the
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neutron energy spectrum both of a steam-codled and a sodiume-cooled fast

breeder reactor instead of the Fermi spectrum for the ABN set.

Table 4.8 shows the comparison of the ABN data with the data of Hakansson
combined in one pseudo fission product. Above 100 eV the data of
Hakansson are considerably smaller, below 100 eV much larger than the

ABN data.

The effect of fission product cross section uncertainties may be studied

by changing the ABN data by the Hakansson datas
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Table 4.1l: Data uncertginties of Pu

e - : - e
Energy Fission « 5c/§f Cgpture % : Inelastic:

Group| range B R R -5, SgETPETNe

1 1 6.5-10.50eV
4.0-6.5
2.5"4.0

1 20 20 20 20

4
2 20 20
7 20 20 20 20 2
2
2
2
1

H
H

2

2 ;20 20
2 120 20
S|
2

1

20 20 20 20
1.4-2.5 7 20 20 20 20
0.8-1.4 | 10 10 10 | 12 15 20 20
0.4-0.8 10 10 10 10 ; 15 15 20 20
0.2-0.4 10 10 10 10 | 15 15 ! 1 50 50
0.1-0.2 {15 10 10 10 20 15 | 150 50
46.5-100keV |, 20 7 15 15 | 25 20 | 50 50
21.5-46.5 | 20 7 3 0 | 40 10 50 50 |

20 20

N QR S R e

N
oo AR R bt T SR 7 S 13 AR i v 380w st ok

O @ N N Ut o N

et
(@)

11 | 10.0-21.5 . 10 10 . 80 o | 80 10 = | . 50 50
12 | 4.65-10.0 20 20 :100 o |10 20

2.15~-4.65 % 20 20 100 0 —+1I00 20
1.0-2.15 . 20 20 | 80 20 | 80 20
0.465-1.0 20 20 | 70 o | 75 20
215-465¢V 20 20 40 O | 45 20
100-215 20 20 25 O | 30 20 ;
46.5-100 20 20 20 20 . 30 30 . |
21.5-46.5 | 20 20 | 20 20 | 30 30 | | |
10.0-21.5 | 20 20 20 20 | 30 30 . | |
4.65-10.0 15 15 | 20 20 . 25 25
2.15-4.65 15 15 | 20 20 25 25
1.0-2.15 15 15 20 20 | 25 25 |
0.465-1.0 7 7 20 20 20 20
0.215-0.465 7 7 10 10 - 15 15 !
0.0252 2 2 3 3 1 1

e I I S SR
@ ~1 OV U B

P
R NN e
N O W

NN
LS, I R e

N
(&)
pS 1]
N
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Data uncertsinties of U2

38

%Group

;. Energy range

élgﬁéV;lO.SMeV
4-.0 "6.5
2.5 -4.0

i

o

ECapture

5

Fission
fﬁ ~7o

inelastic
scattering

%

_%

10
10
10

10

10

10

10 10

15
15
15

15
15
15

1

2
3
§ 4 1.4 -2.5 10 10 7 T 20 20
5 0.8 1.4 10 10 | 7 7 15 15
6 0u4  =0.8 10 10 7 T 15 15
. 0.2 =0.4 20 20 | 7T 7 15 15
: 0.1  =0.2 20 20 15 15
9 46.5keV-100keV | 20 20 15 15
|10 21.5  =46.5 20 20
I 11 10.0  -21.5 20 20
12 4.65 -10 20 20
.13 2,15 -4.65 20 20
14 1.0 =2.15 20 20
|15 0.465- 1.0 15 15
| 16 215eV-465eV ; |
| ar 100 -215 [
| 18 46.5 -100 L
19 21.5 -46.5 L
| 20 10.0 -21.5 Lo |
L2l 4.65 -10.0 | ;
22 2.15 -4.65 !
- 23 1.0 -2.15 15 15 |
24 0.465-1.0 §
. 25 0.215-0.465 1
| 26 0.0252
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Data uncertainties of Fe and Wi

Nickel

' Iren
i : Capture ;inelagstic

;Groupf Energy range

1
!
i
i
i

+%

..%

i scattering

*p/;

%

Capture

+%

Hom

i inelastic
i scattering

..7},

6.5HeV-10,5 MeV
4.0  -6.5
2.5 =4.0

15
15
15

15
15
15

1o
20

30

10
20
30

10
20
20

10 4

20

203

20
20
20

20
20
20 |

1
2
3 ;
4 1 1.4 =245 25 25 25 25 . 10 10| 20 20
5 0.8 -1.4 20 20 | 10 10 . 10 10 |
6 0.4 =048 15 15 15 15 !
LT 0.2 =0.4 15 15 15 15
L8 0.1 -0.2 15 15 30 30 |
| 9 | 46.5keV-100keV (100 70 100 40 |
10| 21.5  -46.5 100 70 150 10
1050 =245 40070 85—
12 4.65 -10.0 100 70 200 15
13 2.15  -4.65 100 70 100 40
141 1.0 -2.15 15 15 .20 20
15 | 0.465 =1.0 10 10 5 5

N NN NN NN - e s e
L2 S I A R o T No TR o o Rt R0 NN
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215 eV-4656V

100 -215

| 46.5 -100

 21.5 -46.5
10,0 -21.5
4.65 -10.0
2.15 -4.65
1.0 -2.15
0,465 =1.0

© 0.215 -0.465

- 0.0252
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Table 4.4: Data uncertainties of Mo and Cr
Molybdenum Chromium
Inelastic . Inelastic
Group Energy range Capture} scattering | Capture scattering
s % =% + o +hb -7 =t 50
1 6.5UeV-10.5e¥ | 30 30 25 10 | 30 30 10 10
2 4.0  =6.5 125 25 . 30 0O | 25 25 10 10
3 2.5  =4.0 0 40 30 10 | 25 25 10 10
4 1.4 =2,5 0 30, 25 25 25 25 20 20
5 0.8 1.4 120 20| 50 0 | 20 20 25 25
6 0.4 =0.8 20 20 ! 50 0 | 20 20 25 25
7 0.2 =04 120 20| 30 30 | 20 20
8 . 0.1 -0.2 20 25 | 20 20
9 46.5keV-100keV | 30 30 | 30 30
10 215 -46.5 50 0 30 30
T 10.0 =2T.5 60 0 30 30
12 4.65 =10.0 60 0 20 20
13 2,15 =465 50 0 | ' 20 20
14 1.0 ~2.15 4 0 | 20 20
15 0465 =1.0 15 15 20 20
16 2.15eV-4.65eV | § 7T T
17 100 =215 L § f o
18 46.5 -100 ' % |
19 21.5  -46.5 § |
20 10.0  =21.5 15 15 K u
21 4.65 =10.0 5 5 § =
22 2,15 -4.65 f L
23 1.0 -2.15 ! - .
24 0.465 -1.0 R |
25 0,215~ 0.465 I R |
26 0.0252 5 5 7 7 i }
‘ |
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Table 4,5: Data uncertainties of Ib

Inelastice
Group Energy range Capture | scattering
WG | 4f -
1 6.5MeV=10,5MeV 20 20 | 10 10
2 Lo0 6,5 20 20 | 10 10
3 2,5 4,0 20 20 | 10 10
[t 1.4 «2.5 20 20 | 30 0
5 0.8 =1.h 20 20 | 15 15
6 0.4 =0,8 10 25 | 15 15
7 0s2 =0,k 10 30 | 15 15
8 01  =0,2 10 Lo
9 46,5keVe100keV 10 25
10 21,5 U665 10 25
1 10,0  «21,5 10 10
12 4,65 =100 15 15
13 2,15 =k, 65
1 1.0 =2315
15 0ul65 =1,0
16 215eV =L65eV
17 100 =215
18 k6,5 =100
19 21.5 «=U6,.5 15 15
20 10,0 =2145 5 5
21 4,65 =1040
22 2,15 «b,65
23 1.0 «2415
2k 0465 1.0
25 0.215 =0,465
26 0,0215 5 >




Table 4,6: Data uncertainties of Pueho and R
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2kt

ok

Puzho ny
Capture Fission Capture | Fission
MAX MIN MAX MIV .

Group | Energy range (varn) | (varn) | (varn) | (varn)] +% | =%} +%| =%
1 | 6.5MeV=10.5MeV| 0.01 | 0.,005] 2.2 1e8 | 0.003b = | 50 | =
2 L,0 =6.5 0.02 0,01 1.6 1.1 = |501{30 -
3 2,5 =k.0 0.0L 0.02 1.6 1ol - |501}30 -
L 14 =245 0.09 0.05 146 1.l - | 50130 -
5 0.8 =1k 0.2k Ou1 1.6 1ok - {hol10}{ 10
6 Ot =0.8 0.26 0.1 0eT 0,5 | 100 | 10|20} 10
7 0.2 =0k 0¢3k 0.12 0.17 0.13] 50 | 10 10
8 Oa1 =042 O.k5 0.15 0.12 0,08] 50 | 10]10] 10
9 |46.5keV=100keV 0.65 0.26 0,09 0,07} 100 -] -] 20
10 21,5 <h6.5 U.90 0.2 0.12 0,091 80 -1 =1 30
11 {10,0  «=21.5 1.30 0.60 | 0411 0.09f{ 50 { 20| =| %40

12 4,65 =10.0 1480 0.85 0.12 0,08} 50 | 20| =| 30
13 2,15 «b,65 2.70 1.3 0420 0.0T| 30 |30} ={ 30

1h 1.0 =2,15 4,50 3.0 0430 0,06 15 | 15] = 20

15 465eV ~1000eV 6450 b5 0,140 0.06 151 15

16 215 k65 12,0 840

17 100 =215 18.0 12,0

18 46,5 =100 k9.0 33.0

19 21.5 =k6.5 k0 30.0

20 10,0 =21,5 28.0 19.0

21 4,65 =100 0.6 Ok

22 2415 =b.65 6.0 4,0 0.40 | 0.06

23 1.0 =2.15 1k250 10600 3.0 2.0

2k’ 0.465=1.0 1110 780 | 0.k 01

25 0.215=0.465 160 120 | 0,05 | 0.,02{ 15 | 15] 15} 15
- 26 040252 295 270 0,06 0.0k| 20 | 20| 3 3
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Table b : Data uncertainties of Pu?u2

Group | Energy range |  Capture | Fission
+% =% | +E =%
1 645MeV10,5MeV | 0,01 = | 60 =
2 Lo <6,5 . 30% 30%]|60 10
3 2.5 =b0 30 30 |60 =
i 1.4 «2.5 30 30 |50 w
5 0.8 =t.b - Lbo 10 {10 10
6 0.4 «0.8 70 10 |10 10
7 0.2 =0,k 50 10 | 10 10
8 Oel =042 Lo 20 {10 10
9 46,5keV=100keV 50 20 {10 10
10 2145 =h6.5 ] 100 = 10 10
11 10,0 =21.5 100 = 10 10
12 65 —=10:0 100 = 10— 10
13 2415 «=b.65 70 20
th 1.0 «2.,15 15 15
15 0,465 =1,0
16 215eV =L65eV
17 100 =215
18 46,5 =100
19 21,5 k6.5
20 10,0 =21.5
21 4,65 10,0
22 2,15 =h65
| 23 1.0 2,15
24 0,465 =1,0
25 04215 =065 | 15 15
26 0.0252 20 =
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Table h.8: Comparison of the data by Hakansson with the ABN data

for the fission products of Pu?gg

1

% maxansson /%% amx
|Group Energy range quT GY Gel Uin
1 645MeVe10,5MeV 07T | 0437 | 0s8% | 0.69
2 L,0 6.5 0s75 | 0,37 | 078 | 0,70
3 2.5 =h,0 0.79 | 0,37 | 0.86 | 0,67
L Tl =2.5 0.84 | 041 | 0,93 | 0.6L
5 0.8 =1.b 0,87 | 0,70 | 0495 | 0.50
6 0.t =0,8 0490 | 0,83 | 0495 | 0,37
1 062  «0uh 0,96 | 0,80 | 0,98 | 0.6
8 0e1  =0.2 0,99 | 0.89 | 0.98 | 0.51
9 L6 ,5keVa100keV 1,03 | 0,86 | 1.03
10 21.5 «=b6,5 1,01 | 0,96 | 1.01
11 10,0  =21,5 111 1 0490 | 1,12
i2 4465 «10.0 0.96 | 0.80 | 0.97
13 | 2415 =k.65 0.89 | 0.85 | 0.89
1k 1.0 =2.15 0.99 | 0495 | 1.00
15 0,465 «1,0 0.87 | 0495 | 0.85
16 215eV -465eV 0.9% | 0.93 | 0.9%
1T | 100 =215 0,72 | 1403 | 0.58
18 k6,5 =100 0.64 | 0,78 | 0.50
19 21,5 «=b6.5 1465 | 1.25 | 2,01
20 10,0 =21,5 1,00 | 1414 | 1.h9
21 4,65 «10.0 1.11 | 0,91 | 1.6k
22 2:.15 =k 65 1.12 | 1.24 | 1,01
23 140  =2,15 | 0,92 | 0,90 | 1,03
- oh 0465 =1.0 2,52 | 34T | 1.03
25 0,215 =0.465 1,93 | 2.81 | 1.0h
26 | 0.0252 15.4 119,75 | 1.22




..-"7)’0.‘.

5. The Influence of the Data Uncertainties on the Reactor Parameters.

5.1 Macroscopic Cross Section ¥ariations

In order to obtain some general information about the influence of
cross section uncertainties on the reduced steam-density coefficient
(R+8.D.C.) and the Doppler coefficient (D.C.) the effect of 10% in-
crease of the macroscopic cross sections for capture and fission was
considered. Only, fundamental mode calculations were made and the
variations were performed in several energy regions. Table 5.1 shows
the effects calculated. Presented agre relative deviations determined
with the formula

P -1x

‘X normaﬂ

Y

%X _ ?;w { . 100% ; X = .Ak(T) (D.C.) (6.1)
normal ,LB..SQDOC

'%%‘ = +1% for the negative D.C. and R.S.D.C., means that the new cal~

culated value of |X| is 1% targers The D+C. and R.S5.D.C. are more

negative.

Variation Relative deviations determined with form, (6. tl}
in the zMaCrosc.capt.c“oss sect. +1Qﬁi Iacrosc.flss.cross sect. +10ﬂ
EXouP 'Y (%) !RSDO(%) i Ak(AT) (%) | Y(%) RSDC(%) 8 (8T) (0) '
1-9 0.7 g 9.1 2.9 1487 #1406 L 1l
5-9 =2.2 ? =9+5 E -2.5 45,6 +19.2 % +0.7
10 - 18 =5.8 1+431.9 -6.3 +5.8 ~27.5 1 +5.2
10 - 14 IO RO B D DV I
15 - 18 ~2.1 {430.3  -2.3 D23 =307 +43 |
18 - 26 -0.3 |+11.0 1.8 D403 =10.9 1 LT %
To- 26 ?8-5 43203 9.4 §€+15.2 -22.5 . +8.0 i

Table 5.1



From these calculations follows

a) The influence of group cross section variations is larger for

the R.S,D.C. than for the D.C.

b) The effects due to capture and fission cross section variations

are of the same order of magnitude. However, with opposite sign.

¢) The effect of variations of a cross section over the whole energy
region is in rather good agreement with the sum of the effects
of variations in parts of it (the effects are rather well additional
over the energy region).

d) Cross section variations at high and low energies have effects

with opposite sign on the ReS.DeCe. and with the same sign on
the Do CO

e) The influence on the R.5.D.C. of variations in the energy regions

50 eV to 1 keV {group 15 to 18) and 50 keV %o 1 ueV (group 5 to 9)

is remarkable.
In order to explain these effedts qualitatively we have to examine the
following aspects: ﬁ
a) The effects due to cross section variations.
b) The origin of the R.S.D.C. and the D.C. and the way the latter are

influenced by the effects due to cross section varigtions.

5¢l.le The effects due to cross section variations., The main effects

are:
a) Change of the quantity of fissile material required.
b) Changes in the flux and adjoint flux spectrum.

Since in this study mainly the influences of capture and fission cross
section variations are considered, here, only the effect of variations

of these cross sections is examined.
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If in a just critical reactor at some energy the capture cross section
increases or if the fission one decreases, the reactor will become sub-
critical because less neutrons are available for the multiplication
processe In order to keep the reactor critical the amount of'fiséile
material is increased (the ratio Y between fertile and fissile material
decreases)., For decreasing of the capture or increasing of the fission
cross section the effect is just inverse (increasing of y).

The flux ¢ (E) is a measure for the mean number of neutrons with energy E
in the reactor.

The adjoint flux @f(E) may be considered to be the number of daughter
neutrons of the neutron distribution due to a neutron put in the reactor
with energy E.

The flux and adjoint flux spectrum are influenced by 2 effects:

a) The initial variation of the cross sections

) The variation of v (%o keep the reactor critical) will influence

the spectra considered because the energy dependence of the

cross sections of the different fuel materials (e.g. 328 ana

Pu239) is not identical.

In a first approximation the flux in group i may be considered inverse
proportional to the removal cross section of this energy group and the
adjoint flux proportional to the number of fission neutrons per ab-

. . . o vapd
sorption in group i: ni = Zfl T3 3

Influence on the flux.

If the capture or fission cross section in group i increases the flux in
this group will decrease relatively. The same occurs in groups with
smaller energy because less neutrons come from group i. The relative
decreasing of the flux in the latter groups is smaller than in group i
because the hydrogen in the reactor enables "overscattering" (neutrons
of group J with energy larger than group i(j<i) may be scattered to
group j+k with j+k>i).
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Generally, variation of the cross section in group i mainly has influence
on the flux in this group i and in groups with energy smaller than the
energy in group i.

The dependence ofaghe flux spectrum on the varistion of Y may be showm

. rem , 3Y . . s . s
with the help of N A that 1s the relative variation of the removal
cross section with Y variation. TFigure 1
of EEEE% /-az for the D=1 design, With inerecasing Y, I decreases more
Zrem = Y h TESRETE T8 Cpem
for low energies than for the high ones, This means that for increasing Y

“
i

shows the energy dependence

the neutron flux spectrum will become softer,
Influence on_the_ adjoint flux,

If the capture cross section in groun i increases the adjoint flux in

this group will decrease (less daughber neutrons are produced by neutrons
put in the reactor with energies of groap i), Increasing of the fission
cross section has the opposite effect: more daughter neutrons and larger
adjoint flux in group i, These effecis dascribed are also noticesble in

the energy groups with larger energy than group 1 becsuse neutrons put

in the reactor with energies iarger then groun i result in a neutron
spectrum with neutrons in group i, In the energy groups with smaller
energies the adjoint flux is hardly influenced.

Anglyses of the dependence of n on the variation of Y did not show sig=
nificant energy dependence of dn/3Y, So, in a first approximation we may
assume that the adjoint flux spectrum is not influenced significantly

by the variations of Y,

5¢142¢ The origin of the D.C. and R,S.D.C. and the way the latter are
influenced by the effects due to cross section variations.

5:1:2¢1s The Doppler Coefficient D.C,

The Doppler effect is the reactivity effect caused by the temperature
dependent variations of the cross sections in the resonance region, The
DJC. is dependent on the ratio between the capture and fission cross
section variations and on the relative magnitude of the flux and adjoint

flux in the energy region vwhere the cross section temmerature dependence
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is significant., Since 728 as negative Doppler effect and Pu has
none or a small positive one the total effect is dependent on the ratio
between these materials {the ratio Y).
In table 5.1 the variation of Ak(@=900-£100) is identical with the wva-
riation ®f the D.C. We may observé that the D.C. variations have the
same sigh as the Y variations in all calculated casesi This means that
increasing of Y results in a more negative D.C. Dependent on othetr
influences due to the cross section variations, the change of the DiCe
is larger or smaller than the change in Y.
For variations in the energy region above 50 keV (group 1 to 9) the most
significant second effect ig the variation of the flux spectrﬁm. In-
eregsing of the capbture and fission cross sections in this energy region
causes a relative decreasing of the flux in the resonance region, result-
ing in a less negative D.C. Both for the capture and fission cross section
variations this effect may be observed.
For variations in the energy region below 50 eV (group 19 to 26) the most
significant second effect is the variation of the adjoint flux spectrum

~ in the resonance region. Incréasing of the capture crosssection below —
50 eV results in decreasing of the adjoint flux above 50 eV (also in
the important resonance region) and in a less negative D.C. Increasing
of the fission cross section results in increasing of the adjoint flux
in the resonance region and in a more negative.D.C. Both effects may
be observed.
In the energy region 50eV & <50keV both effects due to flux and adjoint
flux variations occur. A further significant effect in this region is
the influence of the cross section variation itself. In the calculation
method applied the temperature dependence of the self-ghielding factorsis
in.dependent of the group cross section variations. This means that
in the case of increasing of the capture cross section in the resonance
region the D.C. will be more negative due to the larger difference between
the cross sections at 900°K and 2100°K, The same holds for variations
of the fission cross sections in this region. However, now the D.C. will

be less negative.
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This effect may be observed in the case of variations in group 15 to 18,

5:14242. Reduced steamedensity coefficient- R.S.D.Cs

The ReS+D4Ce is a measure for the reactivity effect due to variation

of the steam=density. As for steam the absorption may be neglected
practically the R.S.D.C. is mainly caused by the variation in the
spectral distribution of the flux end adjoint flux due to the moderation
changeds It may be noticed that the R.S,D.C. would be zero in the case
of a constant adjoint flux over the vhole energy region. In this case
variation of the flux energy spectrum does not result in a reactivity
effect, ’

Increasing of the steamedensity has the consequence that the neutrons
are modersted stronger, In the case where the adjdint,flux decreases
with decreasing energy the reactivity effect is negative (less neutrons

are produced) while in the case of increasing adjoint flux with de-

creaging energy the reactivity effect will be positive., IHoreover, the
o

A good measure for the adjoint flux spectrum is the energy dependence
vIie

T +§ *
energy (for the D=1 design), For energies 10keV<E<10MeV n is decreasing

with decreasing energy. This means that in this region for increased

of n = In figure 12 n and ¢+ are plotted as a function of the

steamedensity a negative reactivity effect may be expected. In the
energy region 100eV<E<i0keVnincreases with decreasing energy., The
reactivity effect is expected to be inverse to the effect for energies
E>10keV, TFor energies below 100eV n is fluctuatinge--However, in this
region the flux has decreased considerably and the expected reactivity
effect will be small, These guantitative considerations are in good

agreement with results from perturbation calculations (see figure T).

The influence of cross section variations on the ReS.D.C. is dependent
on the way its negative and positive components are changing.

These components may be changed mainly bys

a) Hardening of the neutron spectrum:
The negative component gets more important and the

R4S«DeCy will become more negative.
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b) Variation of the course of the adjoint flux at energies
above 10 keV:
Flattening results in-a smaller-negative component. and the

ReSeDeCe will be less negative,

¢) Variation of the course of the adjoint flux at energies below
10 keV: :
"In this case flattening results in a smaller positive component

and the R.S.D.C. will become less positive (or more negative).

d) Variation of the relative difference of the adjoint flux at
energies above'ahd below 10 keV:
If this difference decreases the R.3.D.C. will become less negative
(or more positive). *
With the help of these considerations the effect of cross section va~
riations on the R.S.D.C. may be explained qualitatively. Significant

for the effects are the variations of the adjoint flux.

For one case the effect will be amalysed in more detail,

B S T . S e S i TS T Wt s o e e s Ty O o v o S ot T4 G W . e e

The following effects ocour:

a) Y decreases. The neutron flux spectrum becomes hardexr. The:R.S.D.C.

becomes more negative.

b) Due to the Zy variations ih the group 5 to 9 the neutron flux

spectrum becomes softer. The R.,S5.D.C. will become,less negative.

c) Due to the BV varistions the course of the adjoint flux in the
energy range above 10 keV will become steeper. The ReS.D.C. be-
comes more negative,

d) Due to the Zy variations the differences between the adjoint flux
below and above 10 keV decrease. This effect results in a less

negative R.S.D.C.

The points a) through d) show influences with opposite sign on the
ReB.D.Ce Hamely, a negative varigtion of the R.S5.D.C. due to the

points a) and c¢) and a positive variation due to the points b) and d).
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The calculations in table 5.1 give a positive change of the R.SeD.Cs Fur=
ther analyses of the influence of the points a) through d) show that the
main effect comes from the point d4): the variation of the difference

between the adjoint flux above and below 10 keV,

Some general remarks with respect to the influence of the cross secgtion

variations on the ReS.DeC.t

a) Variations of the capture and fission cross sections generally
have opposite influence because the effects of these variastions

on the adjoint flux are opposite.

b) Variations in the groups 10 to 14 only have small not well de-
fined influence for 2 reasonss
~The relative variations in the adjoint flux are not very large,
Moreover, both the positive and the negative components are '
influenced simultaneously. These effects eounterbalance each
other partly.
-ifore extensive investigations of this energy region for material
dependent cross section variations showed that changes in the
groups 10 to 42 have opposite effect with respect to variations

in the groups 13 and 14,

¢) Variations in the groups 5 to 9 have large influence since the
effect on the négative component of the ReSeD.C. due to the
changing difference between the adjoint flux above and below

10 keV is relatively large.

d) Variations in the groups 15 to 18 have large influence because
the effec¢t on the positive component of the ReS.D.C, due %o
the variation of the course of the adjoint flux below 10 keV

is relatively large.
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5.1+3. The maximum varistion of the R.S.D.C. obtained by 10% changes
of the mgoroscopic capture and fission cross sections.

Pinally, some group constants for capture and fission were changed by

10% in a way that

a) the variation of y was small

b) the R.S.D.C. became most positive and ‘most negative.

Table 5.2 shows the variatiions performed. The calculated parameters

with the variations of table 5.2. shows table 5.3.

Group . 5-9 : 10-14 | 15-18 |
§ i :
Nost A o I PP |
positive “y % +10% | | 10% j
ReS.DeCo 2;.‘ ~10% +10% : +10% |-
WMoOsSy 3 % : : A ;
Y
Table 5.2
i 8. (. ' §_RSDC 7 k(e o
€ v ( O) . RSDC (/0) k(“T) (/0)
Nost ; %
poSltlve i +0.44 ’ ""91 .6 ! +307
ReSeDaCe f 5
i ! :
jMost v ; i 1
megative : -0 37 i +88.0 : -4 i
Table éa 5

The influence appeared to be rather well additional.

Already from these calculations follows that the R.S5.D.C. is very sensi-

tive to cross section uncertainties and may vary over a wide range.
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52, The influence of the data uncertainties of the reactor materiasls,

As described in chapter 2 the parameters considered are Dela, ReS<Dalsy
Aki, ¥ and C.Re

The investigations of the influence of macroscopic cross section
variations (chapter 5.1.) showed that the ReS,D.Ce is very sensitive
tb eross section variations in the energy range where the D0ppler‘
effect is dominant. Thersfore, the temperature dependence of the
ReSeDsCe and the AkL is investigated too. The values calculated at
900°K and 2100°K with the KFK~SNEAK set are given in table 5.4.

T K R.SO‘DDCC L:kL,
900 | -~2.14+1072 | 3,6384+1072
2100 1-2.584107% | 4.3842+1072

Evidently, the differencesare rather large. The reason that the ReS.D.Ce
becomes more negétive with increasing temperature may be explained by
the influence of a tempgrature‘change on the adjoint flux spectrum. In-
creasing of the temperature causes increasing of the effective cross
.sections fgr capture and fission in the resonance enérgy range. -Since
the DeCs is negative the increasing of the effective capture cross section
is dominant. This means that in this energy region the adjoint flux de-
creases, resulting in a smaller positive component of the R.S.D.C. (see
chapter 5.1.2.2.). At the time where the investigations of the influence
of the data uncertainties were started the preparatibn of the KFK-SNBAK
set was not yet completed entirely. The self-shielding factors of Pu2§9
were still taken from the ABN set. That is why most influences of group
constant variations are calculated with respect to the KFK-SHZAK set with
old f-factors for Pu259.
In tsble 5.5 the parameters calculated with the old and new f-factors

239

for Pu are given.
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- e T 2 - ‘ay

: ; ’ P&k g = 1 ReSeDeC.s102 -
KFK~-SNEAK ; .R. | , —y -
KEE-STBAK set X 2B T =5009K] T=2100°K [T=500°K [T=21000K.
01d f-factors | | g é . ?' ‘

Efor Pu239 §7_-40758 0.9952{412,96 [ +14.55 =~2.52 =2.74 . =1.0662
New f-factorsé - % k E z o ‘
&or Pu239 i7+39310 10,9857 {+11.30 +13.61 -2.14 1-2.58 -1.3857

H
{

1

-_§~7

. 2
A 10

H

Table 5'5

%) 4 g = 0.00%22

aﬁE)AD is the Doppler ﬁonstant, assuming the temperature
dependence D.C., = 52«

For the important perameters the differences are remarkable,
Since not all calculations could be done with the help -of the final KFK-
SNEAK set the results will be presented as absolute parameter variationse.

C T ) AN
nl deviagtion __L: is givems—

for the ratio ¥ the relat

P
<
(6]

The uncertainties of the most important crosé;sections of the reactor
materials are collected in the tables 4.1 to 4.8,

In the cases the upper and lower limits have the same deviation from the
data of the KFK ~SNEAK set uéually only the effect of the'ﬁpper limit is
calculated. ; '

Some comparison calculations showed that the aBsolute value of the effects
due to-equai positive and negafive variations of the group constants are
not the same exactly. However, the differences observed are relatively
small, ) ' | '

For the inelastic cross section only the total value Waé varied. The

tranfer probabilitiesrwere kept constant, This means that with

1 Sz

Z = .
IN . i
i
that
.1 g 5 : :
zIN and “i‘j were varied in the same way.
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238 is investigated

The influence of the data uncertainties of Pu239 and U
most extensively because the latter have the largest atom density of the
materials Wifh considerable data uncertainties. ‘
The variations of the parameters D.C: and R.S.D.C. due ﬁo the data uncer-~
tainties show the same hehaviour as thHe effects_dge t¢ the macroscopic

cross section variations described in chapter 5.1.

5.2e1. Puld’

259 are collected

The variations caused by the data uncertaintieé of Pu
in table 5.8, These deviations may be ecompared with the parameters of
table 5.5.

The main influence on thé parameters considered is due to the fission

and capture cross section uncertainties in the energy range 50 eV 1o

10 keV. It also may be ohbserved that the measurements of Schomberg et

ale /207 influence the C.R. and the R.S.D.C. very unfavourably (see also

chapter 6). The influence of the inelastic scattering uncertainties is

small, Since the R.5.D«C. is important for the stability and the dynamic

behaviour of the reactor and also very sensitive to cross section variations

the maximal expected influence on this parameter due to the data uncer-

tainties of Pu?2” is ealoulated (table 5.6).

. Variations of j - § .2
. oy and Op of ; : sky # | BSDGr10 : »
Pu239 . & C.R. : - | Ape10
in a way that | | T=900°K | T=21009K| T=900°K | T=2100°K
rspc Rost §7 3366750‘9707 - 3,65 |- 1,00 | +1.365 | +0.86 §—1.6697
positive ; * (M L2000 = 1eW . | . 7
most | ‘
RSDC negative |7.33477 0.8931 | +31.57 |+33.39 -6.455 |-6.82  =1.0704
? | j - é

Table 5.6
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5.202. U238

Table 5.9 gives the variations due to the data uncertainties of U238. The

largest influences come from the capture cross section uncertainties in
the groups 5 to 9 and 15 to 18« It may bé observed that for the wvariation
in thebgroups 15 to 18 the influence on the D.C. by the varigtion of the
ratio ¥ is overcompensated by the increasing of the capture cross section
in the resonance region of g2 38 (compare with chapter 5.1.2.7.).

Phe influence of the inelastic cross-section uncertainties of U258 is

small; For the other reactor materiasls the influence of the inelastic

cross section uncertainties will not be calculated,

. } e 238 .
The most negative R.S.D.C. caused by the data uncertainties of U 5 is

given in table 5.7,

$ . RSDC*10<
O0OK T=21000K T=9000K T=21000K,

2

kAD'1O‘

T o ok : ‘ M=
Variastion : ) M=

8 5

Min Gr. 1t 1117.44384 | 0.9857 +18.14 420,67 -3.36 =3.76  =1.5053
Max Gr.12 to 26 § | ! | ~ ,

i
!
B H i
H i
i

Table 5.7

5:2+% The higher Pu isotopes

For the higher Pu isotopes less calculations are performed.

For the Pu24o the parameters are calculated for 3% casese.

a) With the data recommended by Yiftah /718 7
b) With the minimum expected capture cross sections
¢) With the data recommended by Pitterle / 19_7 (MOD-INDF/B)

With the data of Yiftah the DsCs and R«S.D.C. become slightly more un-
favourable, Due to the smaller capture cross sections the data of

Pitterle give parameters considerably more favourables

For Pu241 the influences on the parasmeters are still considerably smaller.
In some energy regions the influence of the largest data uncertainties is

calculated. The same was done for Pu242.

The resulits are collected in table 5.10,.

TN
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5.2,4, The structural materials, the fission products and oxigen.,

The influence of the data wncertainties of Ni is examined in detail, TFor the
other materials only one calculation is made., The influences observed are
small, The results are collected in table 5,11,




iAkL g =) §RSDC*10°  #)
Variations ayly (™| sc.r.o10? ®) [T000% | T=2100°K | T=00%K | T=2100°K sape10? ®)
o, MAX ALL GROUPS ~T+36 «6.,98 +64 16 +6,00 1417 =115 +0, 1846
oY MAX GR 1=k «0.01 «0.01 0.0 +0,09 0.0 =0,01 0.0
Y MAX GR 5= 9 ~0,38 =097 =040 w0425 +0, 045 +0,05 +0. 0049
o, MAX GR 10=1k why12 «10,39 +2,07 +2,01 «0,155 ~0416 +0,1019
o, MAX GR 10-11 -1,05 2,96 «0,32 -0432 +0,075 +0,07 +0.0185
o, MAX GR 12«1k =3.11 w7475 +2,434 +2,29 =0,225 -0.23 +0,0840
o, MAX GR 15«18 -2,65 -5 43k +3,93 +3,83 =0,87 «0,86 +0,0692
oY MAX GR 19=26 =0,28 =0,63 +0 47 +0, 45 ~04205 =0,19 +04 0099
o, MIN GR 12-18 +2, 14 +4,86 =267 2,61 +04575 +0,59 ~0,0517
cy MIN GR 5«11 +0.49 +1.33 +0,27 +0,28 ‘=04055 =0,05 -0,0071
0, MAX ALL GROUPS +5,08 +4,27 «3456 =3437 +0,91 +0,88 =0, 1621
0p MAX GR 1= L +0, 7T +0,23 ~0s13 «0,13 +0,02 +0,02 «0,0018
0p MAX GR 5= 9 +6,89 41,44 +3,85 +3,87 =06735 «0sT3 =0.0082
9. MAX CR 10=1k +5.91 +1,36 «0,56 =0s5T =0, 14 =0413 «0,0161
o, MAX GR 10-12 +3.35 +0,72 +1,29 +1429 =04 285 =0428 =0, 0043
0p MAX GR 13=1k +2,56 +0,50 «1.89 w1490 +0, 145 40,15 ~0,0120
of MAX GR 1518 +4,15 +1.32 w6407 =595 +1,43 +0,24 «0,07T9
0. MAX GR 1926 +0,51 +0,05 =0,86 =0,81 +0,375 +0,36 ~0,0232
0. MIN GR 5=12 -6 400 -1437 =2,90C -2,92 +04575 +0,58 - +0,0092
Ory MAX GR  1=11 =04 16 =012 =0, 05 =0 05 +0,01 +0,01 =0,0011
%) For the values of the parameters see table 6,5
Influence of cross—section uncertainties of Pu239

1



Table 2.9
shK, § %) sRSDCs 102 ¥
Variation ay/y (87| 3c.Re+102 ¥ [72500% | T=2700°% | T=500°k | T=2100°K 8A,*10° *)

o, WAX GR 1= T +1,73 #1047 R =0.31 +0,06 +0,05 ~0,00k1

o, MAX ALL GROUPS -8432 +7416 +1.71 +1.75 =029 =043k +0,0285

o, MAX GR 1= 4 =0, 10 +0,03 +0, 01 +0, 01 0.0 0.0 +04.0009

o, MAX GR 1= 9 2,68 +1,hh «1458 w1463 +0,285 +0,28 +0,0383

o, MAX GR 5= 9 2,60 +1.82 =1459 -1,63 +0,29 +0,28 +0,0375

o, MAX CR 10=1k b 72 +1,63 +1,30 +1,32 0,055 -0, 07 +0,0260

o, MAX GR 15«18 w127 +1,1h +1487 +1,99 0,115 =04 46 ~0,0762

o, MAX GR 19«26 0,13 +0,18 +0,29 +0,28 ~0,125 «0,23 +0,0032

| Opy MAX GR 1w L 1,48 -0,86 +0,16 +0,16 0,015 «0402 =04 0021

Opy MAX GR 1= 9 1479 0,94 w0422 0,22 40,05 +0,05 =0y 0069
®)

For the values of the parameters see table 645

Influenee of crosse~section uncertainties of U23

(o]




Table § 410

| sok, ¢ sBEDC*10° ) sA+107 )
Material | Variatien ayly (%)“) 3CJR,+10° %) P=900" K P=2100"K | T=900°K P=2100°K
) DATA BY YIFTAH +1,18 +0499 +0,11 +0,12 =04 035 =04 Ol 00093
Pua'o GY MIN ALL GROUPS +3415 2,56 -1419 wle13 +0,29 +0429 w0y 0663
MOD,ENDF/B ]
by Pitterle +5430 =CaTT ~1.32 -1,23 +04295 +0430 -0,0856
GR 1= ‘
gi% 10.-269 i«% =115 =0.l2 +0,83 +0,78 “0415 «0,13 +0,0316
6p GR 1= 5 MAX 40,10 0.0 «0,02 -0y 02 =0,01 0,0 ()4 0001
o, GR 610 MIN «w0eh2 0,10 =0,33 «0433 +0,055 40,06 +0,0006
Pu2h1 ge GR 111l MIN w0, Th w0420 +0,1h +0, 14 w0415 «=0,19 +0,0034
9. GR 15=18 MAX +0420 +0,07 «=0,30 «0,28 40,065 +0,07 -0, OL5T
o, GR 1=26 MAX -0,.38 «0,93 +0.143 +0.37 w0, 175 =04 1h +0,0237
o, GR 6w11 MAX 0408 =0e21 0,05 «0,05 +0,01 +0,01 +0,0010
°Y GR 12-26 MAX 0,430 0,36 +0,48 +0. 145 -0,18 0,16 +0,0238
) °Y GR 1=11 MAX w0, 04 0,0k «0,02 0,02 +0,005 040 +0,0007
r>u2'1 o, GR 1226 MAY 0,0l «0,03 +0,0b +0,0k «0,005 0.0 +0.0016
0p GR 1w 6 MAX +0,06 +0,05 w0401 «0,01 0,0 +0,01 =0,0001
%) For the values of the parameters see table 6.5

Influence of the cross=section uncertainties of the highen

Pu isctopes.
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For the values of the parameters see table 6,5

Influence of the sross~section uncertainties of the structuﬂal

materials, the fission products (F.P.) and oxigen.

60K, #) SREDC*10°  m) GAD‘102 *)
Material | Variation ayly (%)“) 3C.Res102 ¥ T=900°K T=2100°K | T=000°K =100k
o MAX GR 1=18 -1,68 -1e52 +0, 0l +0,02 +0,02 +0,02 +0, 0279
oY MAX GR 1= L w0456 «0, 46 +0,06 +0,05 «0,015 04,0 +0, 0046
Ni 9y MAX GR 5= 9 ~0435 =043k ~0,25 0,26 40,045 +0,05 +0, 0047
o MAX GR 10=1k 077 -0,72 +0,21 +0,20 =04 05 -0 01 +0.0175
o, MAX GR 1518 «0, 02 «0,01 +0,02 40,02 +0,01 0.0 +0,0011
Wb o, MAX GR 1-17 w0l -0436 +0,28 +0,27 40,0k +0, O +0,0148
Cr o, MAX GR 1=18 0,15 0o 1l +0,02 +0,02 0.0 0.0 +0, 0036
Fe o, MAX GR 1=18 «010 w0409 =002 w0,02 +0,005 | . +0,01 +0,0019
Mo 0. MIN GR 1=10 .
Y MAX GR 1120 069 w0e 56 +0,Th +0,T0 -0,12 =0411 +0,0292
FoPs DATA OF HAKANSSON  +0,75 40,55 -0a1T «0,16 0,0 0.0 0,014k
0 o MAXGR 1= 3
”I§ MAX GR 1 0,16 ~0,16 +0,02 +0,02 «0,01 0,0 +0, 0008
%)
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6., The Influence of the Dat® Uncertainties on the Safety, Stability and
Dynamic Behaviour of the D=1 Design

At the Kernforschungszentrum Karlsruhe several extensive studies on the
safety, stability and dynamic behaviour of the D=1 design are performed
/729,30,31,32,33,34,35,36_7,

Here the influence of the data uncertainties on the following subjects will

be considered:
a) Safety

b) Stability of the reactor core
¢) Stability of the reactor plant
d) The dynamic behaviour of the core after a large disturbance in the

cooling circuit,

The uncertainty of the most important parameters
_—

6.1¢1s The uncertainty of the R.S«D.C. and K

The investigations have shown that the influence of the data uncertainties
on these parameters is very large. The outside values caused by the une
239 and U

the other materials is relatively small.

‘certainties of Pu 238 are given in table 6.,1. The influence of

Variation of n
PuR39 + y238 e ? ~ RSDCs*10

data in a - - ~ — )
way that Y CvRe |T=900 K|T=2100"K| T=000 K|T=2100"K AD'1O
RSDC most

positive Te62523 | 0,9529 |=11,90 | =9¢37 | +34555 | +2.65 145192
RSDC most 4 _
negative 7438024 | 0,895k |+38,70 |+ho Lk T.80 8411 1,0509

Table 6.1
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The difference between fundamental mode and more detailed calculations

is small, E.g. the difference between the R.S.D.C. determined at 900°%k
with a fundemental mode calculation and with a 1~dimensional multiegroup
calculation taking into account the axial variation of the steam=density

is considerably smaller than the difference between the ReS.D4C. calculated
at 900°K and 2100°K with fundamental mode calculations,

6.1.2s The uncertainties of the D,C.

The D¢Cs is not very sensitive to the nuclear data uncertainties. The
influences observed are smaller than 25%,

However, the uncertainty of the D.Cs caused by the discrepancy between
the different calculation methods is important too.

Comparison calculations showed that the method of Froelich systematically
gives a D,Cy about 157 more negative than the method of successive kmcalw

culation,

6.2, The influence on the safety

Some preliminary calculations for the D=1 design showed a nearly inverse
proportionality between the sbsoclute value of the Dopplerconstand AD=T %%
and the energy released in a reactor excursion [‘37_7.

As may be observed in fig. 17 the v alue of the R.S.D.C.(and_AkL) strongly
influences the reactivity ramp after a large disturbance in the cooling
rcuit., Therefore, particularly the uncertainty of the RsS.D4Ce and

i fety of the D=1 design,

a 1 o
ol ¥ N ol Sorals o pied §

6.3, The stability of the core

The core stability of a steam cooled fast power reactor is examined extensive=
1y by Frisch /29 7. A significant criterion for the core stability is the
power coefficient of the core., A computer code was developed to calculate

the relative power coefficient A taking into account most non=linearities.
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Sk
A= = o 8 (6.41)
/P
ékf feedback reactivify
AP . s s
B B relative power variation
B fraction of delayed neutrons,

Note: A relative power coefficient A = « 1 ¢ means that for a relative power

variation.ég = 0.01 a negative feedback reactivity ¢k_ = = 0,01 ¢ will arise,

P b

Tn table 6.2 the relative power coefficient A is calculated for some cases,

The relative pover variation for the calculation was %2 = 0,01,
Description A9
KFK=SNEAK SET 14253
0, of Puiiz MAX in GR, 5= O =0,770

|0p of Pu239 MAX in GR, 15=18 -2.385
cY of Pu239 MAX in GRs 5= 9 -1287
o, of P;38 MAX in GR. 15=18 ~0:516
o, of U238 MAX in GRe 5= 9 - =1,k01
o, of U 23gAX in GR, 15=18 =1,083
DATA of Pu FAVOURABLE -l 4307
DATA of Pu®>” UNFAVOURABLE +1,858
DATA of US3° FAVOURABLE -2,086
DATA of U230  UNFAVOURABLE =017
ror Pu2*0 10D, ENDF/B DATA -1.638
FOR Pu”3° DATA OF SCHOMBERG =0,163

Table 6,2
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A strongly depends on the Doppler coefficient and on the steam density
coefficient, Therefore, Frisch £:29”7has determined the boundary for
A=0 dependent on the R,S.D,C. and the D.C, This boundary for A=0 slightly

AT
v
The regions for inherent stability of the D=1 core as determined by

depends on the relative powervariation <= and on the powerlevel P.

Frisch are given in figure 13. In this R¢S¢D.C,=D,C, plane some
significent results of the present study are plotted. It is assumed

that the other reactivity effects are not influenced by the data uncer-
teintiess In figure 13 also are plotted the uncertainties of the D.C,
caused by the discrepany vetwecen the celeulation methods and the variastion
of the ReSeDeCs caused by a temperature change of T=900°K to T=2100°K,

With the nuclear dets of the KFK=SNEAK set the reactor is inherent stable.
The new ommessurements for Puo-’ by Schomberg et als / 20_7 are very
unfavourable for the stability,

\]
The most recent evalustion of the data for Pu240 (the mod, ENDF/B data

by Pitterle 451997 has a favourszble influence on the stebility,

Due to the possible data uncertainties of Pu239 and U238

become so far negative that the reactor is unstable, The R.S.DsCe also
may become positive. In this case the reactor plant will be wnstable withe

the R¢S«DsCs nay

out a control system. However, it may be expected that the R.S.DsCs will
not become so much positive that oseillatory instability of the core will

occur. (See /7307)

6.4, The stebility of the plant

In /729 7 it is shown that it is impossible to obtain a steble reactor
plant with an unstable core and that the ReS.Ds.C, has to be negative,

For a reactor plant with a stable core the stability strongly depends on the

delay times in the cooling cireuwit /735 7, 1In 4"33_7 it is pointed out

that power oscillations are prevented i

™
-0
L

Kk ) oLp dp ttE ot Tu < Acrit (6.2)



K =-=g— ¢ reactivity gain. After a reactivity disturbance &k, the

power level increases from P to P+AP

o steam=density coefficient

0 steam=density

P steam=pressure

y ratio of the quantity of superheated steamflowing to -

the evaporators to the total quantity of steam flowing
through the core,

C energy storage capacity of the coolant system
4 delay time

Acri 4 depends on the composition of the delay time T, and has a minimum
of -g- under the assumption of a pure dead time, In the case of 2 de=
lay times of equal length A ., becomes be In /7357 it is showm that
in the case of several time constants of the same order of magnitude
(as in the D=1 design) A,y lies between:

Zen .. <k - (643)

2  erit

The left hand side compinent of formula (6.2)

= s . 9'2- [ P [}
B=K % ' & z'C_' Ty (64h)

may be calculated with the help of a digital computer code.
For 3 cases of an inherent stable core the value B of formula (6.4) is

calculated (table 6,3), The following realistic quantities for the
D=1 design are used:

y = 0,6k
P = 2500 MWth
- MWs
C =500 ata
T,= h,2 sec (Tuis composed by a dead time 047 sec, a delay

time of 1.5 sec for the heating of the structure
material and the pipes and a delay time of 2 sec for
the heat exchange between the fuel and the coolant).




Case | Descrintion N ‘
S (form.6.51| Comzent

1 | KFK-SNEAX SET 0+629 <A_s.

2 | MOD, ENDF/E DATA for Pu~ 0 0,640 <AL
. LS g )

3 o, of pu>3? DATA by Schomberg | 4.64%0 > A .

Table 6,2

T PG TRV

In the cases 1 and 2 the behaviour of ths plant will be satigfactory,
However, in the case 3 after a reactivily disturbancy powar oscillations

will arise.

6.5, The dynamic behaviour of the core

The influence of the uncertaintiass on the dynamic behavour of the reactor
core after the most severe credible failure of the D=1 design (the rupture
of a sigle main coolant pipe in the regicn of the reactor inlet £m30“7)
was exemined with the help of a digital computer program developed by
Hornyik 1-36_7. The transients were calculated for the 3 cases of

table 6.k, '

Case | Description ae10° RSDCs10°
a KFK=SNEAK SET =1.386 w21k
b FAVOURABLE DATA Pu°>” ~1,55 +1,365
o, DATA SCHOUBERG «1420 =3.55

Table 6,k

g

In figure 14 the maximal fuel and can temperstures of the hot chennel,
the thermal power and the feedback reactivity as a function of the time
after the pipe rupture are plotted.

The figures 15 o 17 show the differences for these quantities for the

cases a, b and ¢ of table 6.4,
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For the positive Ru«S.D.Cs no danger for the core occurs immediately after
the failure, The can temperature increases slightly due to the fact

‘that the cooling becomes worse,

For the data by Schomberg the fuel melting already occurs after 0,33 sec
instead of 0475 sec for the parameters calculated with the KFK-SNEAK set,
For the case where the R.S.DiC, is infliénce¢d most unfavourably by the

239 it was examined if aserem could save the

data uncertainties of Pu
core from damage if a main pipe rupture near the reactor inlet occurs,

It is assumed that the scram begins 0.1 sec after that where the power
level has increased 25%, In figure 18 the reactivity effects are plotted
and in figure 19 the can and fuel temperatures in the hot channel,

In this case the core will be destored after the failure described,

T+ Conclusions

~ The investigstions of this study may be summarized with the following

conclusions:

1) The Doppler coefficient D.C. is not very sensitive to the nuclear
data uncertainties of the reactor materials. (The variations:-of the
D.C, are smaller than 25%,) An important part of the variations of
the D.C, due to group constant variations comes from the change of

the ratioc Y (fertile to fissile material).

2) The reduced steam=density coefficient R.S.D.C. and AkL are very sensitive
to the uncertainties of the capture and fission cross-sections and may
vary over a wide range. The dependence of the R.S,D.Cs on the cross-

section variagtions may be explained qualitatively mainly with the in=
fluence of these crossesection variations on the adjoint flux

(chapter 5.:142424)

. s — . 239
3) The uncertainties of the capture and fission cross-sections of Pu 39

and 0238 have most influence on the parameters considered, The in=
fluence of the data uncertainties of the higher Pu isotopes is con—

siderable. The other materials only have small effects.




4)

5)
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Since the RiS.DsCs may vary over a wide range the stability, safety

"and dynamic behaviour of the D=1 design is influenced strongly by

the nuclear data uncertainties,
With the data of the KFK=SNEAK set the D=1 design is inherent stable,
The most recent data for Puzho by Pitterle [‘19_7 have a favourable
effect on the D,C. and the ReS.D.Cs
On the other hand these parameters Di«Cs and ReS.DeCe are influenced
unfavoursbly by the recent measurements by Schomberg et als / 20 7 for
a = SJ— of Pu239. |

O
The uncertainty of the D.C. and the R¢S.D.C,s of the D=1 design may
be reduced significantly if:

a) The discrepancy between the different calculation methods for

the D,C, is removed,

b) The uncertainties of the capture and fission cross=sections

6)

of PuZ3? ana 1P would be reduced, particularly in the energy
ranges 50 eV to 1 keV and 10 keV to 1 MeV,

Very probably the investigation of the dynamic behaviour will be
improved if the dependence of the steam=density coefficient on the
fuel temperature will be considered. Particularly, in the cases

the fuel temperature varies considerably.
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