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1. INTRODUCTION 

In the first generation of Fast Power Reactors the fuel expansion coef­
ficient of the metallic fuel was the most important quantity correlating the 
neutron physics with the safety behaviour of the reactor. For the second ge­
neration of Fast Reactors fuelled with ceramic fuel, the Doppler reactivity 
feedback, characterized by the Doppler-coefficient (DC) of criticality, is 
the dominant nuclear quantity with regard to the safety and stability-beha­
viour of the reactor. For Steam-Cooled Fast Breeders the Steam-Density-Coef­
ficient (SDC) of criticality turns out to possess also a great influence on 
the stability behaviour, and there are other quantities to be considered in 
a reactor design which are equally related to changes in criticality result­
ing from changes in the coolant density. These quantities are shown in Fig.1. 

As reported elsewhere [ï] the Karlsruhe design of a Steam-Cooled 1,000 
MW(e) Breeder [2], the so called D1-Reactor, is in the vicinity of the bound­
ary which exists between the stable region and the unstable region. Taking 
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into account the uncertainties of the DC and the SDC it would be possible for 

the D1­Reactor to move into the unstable region (Fig, 2). This fact under­

lines the necessity to measure both coefficients precisely, a task which will 

be fulfilled by the SNEAK­facility. Furthermore, the influence of the design 

parameters on both coefficients and the other quantities shown in Fig, 1 

should be examined in order to get an idea of how important various design 

parameters are with regard to the nuclear quantities and find out the possi­

bilities of influencing these quantities in the desired direction by suitable 

changes in the design parameters. This will be done in this paper. 

2. THE DESIGN PARAMETERS AND THEIR VARIATIONS 

Starting from a reference point corresponding to the D1­reactor a very 

large number of design parameters has been varied which are listed in Table I. 

The values of the design parameters corresponding to the D1­reactor which 

are listed in Table II together with the resulting atom densities have been 

used as a reference point. 

2.1 Reasons explaining the variation of the parameters 

2.1.1 Large variations 

1. Besides the variation during burn­up the isotopie composition of plutonium 

depends on the origin of the plutonium and on the fuel management in the 

fast reactors : reprocessing the fuel elements of the core together with 

those of the blankets of a steam­cooled breeder results in the composition 

ß) of Table I; separate reprocessing and selling the excess plutonium of 

the blankets leads to composition γ) which shows a higher content of plu­

tonium 2U0 and is often called "dirty plutonium" . In order to get the 

other extreme, i.e. "clean plutonium", composition a) has been introduced. 

2. For metallurgical reasons there is only one cladding material available at 

present which probably could meet the requirements made on strength and 

creep behaviour at the high pressures and cladding temperatures for which 

the D1­reactor is designed. Nevertheless, it is interesting to take a look 

at the advantages shown by a cladding material which has been used in 

steam cycles and which is more favourable from the neutron physics point 

of view because of its lower neutron absorption probability. 



- 3 -

3. D?0 instead of the normal H?0 is an interesting coolant alternative be­
cause of its smaller moderation effect which leads to an increase of the 
mean neutron energy and, to a strong decrease of the low energy part of 
the neutron spectrum. Several ratios of D?0/HpO have been used in the 
study in order to see whether the interesting quantities show a linear de­
pendence on the D-0 content. The compensation of long-term changes in cri­
ticality by a variation of the D?0 content, as in the spectral shift re­
actors [β] , is another reason for studying this coolant alternative. 

U. The advantages of the fuel nitrides (UN, PuN) are a higher density and a 
lower moderation effect, as compared to the fuel oxides (UO , PuO?), the 
disadvantage being, however, the greater neutron absorption in one nitro­
gen atom, as compared even to that in two oxygen atoms. The fuel carbides 
which apparently offer remarkable advantages in sodium-cooled reactors 
β*] have not been studied because they cannot be used together with steam 
as a coolant. 

5» It is well known that the geometric arrangement of the core has an impor­
tant influence upon the breeding and safety behaviour of the reactor; see, 
e.g., the pancake-shaped cylindrical core of GE [5], [6]. Therefore, the 
effect of a drastic increase in geometric buckling has been studied, 

6, Nearly all calculations have been made by using the well-known Russian 
group cross-section set of BONDARENKO et. al. which will be abbreviated 
in the following to read ABN-Set [7]. In order to get an insight into the 
influence of the group cross-sections used, two additional calculations 
have been made for the reference point with the two sets prepared at Karls­
ruhe,!^., the KFK-Set and the SNEAK-Set described in [8] and [9] respec­
tively. 

2,1,2 Small variations 

These variations will be studied since we are not quite sure with regard 
to some of the design parameters that the desired values are obtainable with 
the present or future technology (e.g., the fuel densitiy at a high burn-up) 
or because we will intend or are forced to change the parameters by a small 
amount to match other requirements or to get a more economical reactor. In 
case of an increase of the coolant volume fraction the volume fractions of 
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t h e c ladd ing and t h e fuel would change i n a c o n s i s t e n t manner keeping the 

r a t i o of c l a d d i n g ­ t o ­ f u e l volume c o n s t a n t . 

When changing t h e des ign parameters c r i t i c a l i t y a t normal steam dens i t y 

PL· was maintained by an a p p r o p r i a t e v a r i a t i o n of t h e enrichment (k f f(p N) » 

1.0 + 1 0 " 5 ) . 

3 . RESULTS 

All results of this study have been obtained from fundamental­mode dif­

fusion calculations for the homogeneous reactor. During the design of the 

D1­reactor a lot of one­ and two­dimensional diffusion calculations have been 

carried out yOJ» dealing partially with similar questions. However, due to 

the various design steps these calculations are not referring to the same re­

ference point. It can be concluded from these calculations that with respect 

to safety and stability behaviour the fundamental­mode calculations are suf­

ficiently accurate for a large reactor of the type chosen in the D1­aesign, 

even AkT is not influenced very much by the change in the buckling respective­

ly the corresponding savings which occurs when the steam density is reduced. 

The relative tendencies observed upon the variation of some parameters, in 

particular, are reproduced pretty well by the fundamental­mode results, with 

the possible exception of strongly changing the geometric form of the core. 

It goes without saying that for the determination of the power distribution 

or the total breeding ratio two­dimensional calculations are necessary, 

A number of interesting quantities have been determined from the nuclear 

calculations: as mentioned before, the Doppler­coefficient (DC) ■ dk/dT and 

the Doppler­constant (DK) = ­Tdk/dT respectively, as well as the Steam­Densi­

ty­Coefficient (SDC) = (dk/dp)N and the reduced Steam­Density­Coefficient 

(RSDC) ■ (dk/k)/(dp/p) respectively are the most important nuclear quanti­

ties related to the stability behaviour of the reactor. Apart from these, 

the other quantities shown in Fig. 1, Akj and AIL,, are reported which may 

influence to some degree the safety of the reactor; the quantity Ak has 

no special meaning for the cases studied in this paper, because in all cases, 

except for one, it is identical to Ak., the only exception occurring for 

"clean plutonium" for which Ak coincides with Ak_. For the sake of com­

max Γ 

pleteness some other quantities have also been included into the study: 
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(a) the atom­ratio AR of f i s s i l e to f e r t i l e material = (^„oog + ÏÏPUOUI^ f 

^NU2^8 + NPu2Uo^ w h ^ c h *·8 correlated in a simple manner to the enrichment 

E ■ AR / (HAR) and, therefore , provides a hint t o changes in fuel cycle 

cos t , fuel ra t ing and re la ted quan t i t i e s , e .g . the doubling t ime; (b) the 

conversion r a t i o CR as a measure of in te rna l breeding; (c) the diffusion 
2 

area M which characterizes the diffusion process and together with the geo­
2 

metric buckling Β , to some degree, the external breeding and (d) the prompt 

neutron generation time ï. which is important t o strong short­term perturbations 

of reactor c r i t i c a l i t y . As to the accuracy of the methods of calculat ion used 

for the determination of the quanti t ies s tudied, some remarks may be found in 

[10]. 

For all the changes in the design parameters the results for the inter­

esting quantities DK, RSDC, AkT , Ak_, AR, CR, W% ί, are given numerically in 
Table III and graphically in Figures 3 - 6 , 

We will now discuss the influences which the changes in the design para­
meters exert on the quantities studied. 

3.1.. Plutonium-composition 100:0:0:0 

2U1 It is known that the multiplication factor of Pu is superior to that 
239 2U0 

of Pu, whilst the multiplication factor of Pu is superior to that of 
OOÛ 0Ι1Π 

U, the l a t t e r being due t o the lower fastrfission threshold in £ Pu. There­

fore , with the use of "clean plutonium", AR has to be increased. The same 

effect of a reduction in fas t ­ f i s s ion processes causes a considerable decrease 
in RSDC and AV which favourably influences the s tabi l i ty­behaviour . Because 

2U0 
of the absence of Pu with i t s low­energy resonance at about 1 eV, Ak„ shows 

a tremendous increase , an effect which has been already described in [ l | . The 

influence of the resonance self ­shielding causes (a) a reduction of the ef­

fective cross section of the fuel , especial ly of the f e r t i l e mate r ia l , and 

(b) an increase of the low­energy part of the neutron spectrum (softer spec­

trum) giving r i s e to a decrease in CR and an increase in DK, W and & , the 

increase of DK also influencing the s t a b i l i t y behaviour in the favourable 

d i rec t ion . 

3 .2 . Plutpnium­compos i t i on 63,7130,5:3 Λ : 2 . k 

In a l l cases the influence of "dir ty plutonium" is opposite to t ha t d i s ­

cussed in 3.1. for "clean plutonium" and can be explained by similar arguments. 
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3.3 Incoloy 800 

Due to the smaller parasitic absorption of Incoloy 800 as compared to 
Inconel 625 (with its high nickel content and the "neutron poisons" molyb­
denum and niobium) AR is decreased by a considerable amount which causes an 
increase in CR, A reduction of the total absorption and transport cross sec­
tion and a softening of the neutron spectrum are further consequences of the 
change in the structure and cladding material which cause the changes in DK, 
M and % , The changes in RSDC and Ak which are quite remarkable and the 

l i 

slight change in Ak„ are due to the energy dependence of the absorption cross 
section of the structure and cladding materials considered, 

3 Λ D20 
The criticality difference resulting from the use of D^O instead of H?0 

in a reactor, the other conditions of which remain unchanged, is small. There­
fore, the change in AR or in enrichment which is necessary to preserve criti-

2 cality, is also small. The influences on most quantities (DK, Δk , CR, M , l) 
are caused by the smaller cross section and the smaller moderation of D?0 com­
pared to H O leading to a harder neutron spectrum and an increased leakage 
rate. The change in the leakage rate following a reduction in the steam densi­
ty is always smaller than with H.0, but for Ak the effect of the expected and 
considerably smaller difference in k - the multiplication factor of an infi­
nitely large reactor of the same composition - is dominating, thus producing 
a lower value of Ak . As to RSDC, the corresponding difference in k^ is a lit­
tle larger for the reasons explained below, so that together with the smaller 
difference in the leakage rate RSDC adopts a more negative value. For small 
steam densities the criticality depends almost linearly on the steam density 
when the coolant is D O ; however, when it is H?0, the slope of the curve 
k f-f(p) becomes flatter (less negative) with increasing steam density. This 
is due to the fact that for the same density and with H O as a coolant much 
more neutrons have a chance to be slowed down into the low energy (thermal 
and epithermal) region of high neutron importance than with D_0. This effect 
causes the larger difference in k^ for D_0 which is responsible for the more 
negative RSDC mentioned above. 

3.. 5, Nitride 

Due to the higher density of the fuel n i t r ides (UN, PuN), as compared t o 
2 

the oxides (U0 , Pu0_), the diffusion area M is considerably smaller and the 
same applies t o the neutron-leakage out of the core. Consequently, AR is r e -
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duced which results in an increase of CR. The larger macroscopic capture and 

fission cross sections of the fuel, giving rise to a hardening of the neutron 

spectrum and, therefore, to a reduction of DK, also causes a reduction of I 

and a slight decrease of Ak„, The variation of RSDC and AkT may be explained 

easily, when we take into account that both quantities depend on (a) changes 

in the leakage rate, and (b) changes in k , which are produced by a variation 

of the steam density» Both, the leakage rate and k become larger when the 

steam density is reduced; thus they have opposite influences on k __. With 

the use of nitride the differences in the leakage rate following a reduction 

of the steam density are smaller than with oxides» The reason is mentioned 

above; on the other hand the differences in k following a reduction of the 
CO 

steam density show a small increase, so that IRSDC| and Ak become larger than 

with oxides· 

2 

3.6. . Β . doubled 

2 
A doubling of the geometric buckling Β requires an increased value of 

AR and, therefore, reduces CR, Because of the higher enrichment and the har­

dened neutron spectrum, DK decreases (ï. too), but RSDC increases by a larger 

amount so that the stability behaviour is more favourable. The effect on AkT 

2
 L 

and Ak­, is the expected one, since an increase in Β decreases criticality, 

the more so, the smaller the coolant density will be (keeping the enrichment 

at a constant level in this case), 

3.7 . KFK­Set and SNEAK­Set 
I.H ■ ■ !■ Il II» .11.1 1 É t II ■ i . .1 I '■ ' '■ m ί I ■ ■ II' 

The group cross section set can, of course, not be regarded as a real 

design parameter. It is changed in our study in order to see how the uncer­

tainties in the nuclear data finally give rise to uncertainties in the inter­

esting quantities. The results show that besides the enrichment (characte­

rized by AR) RSDC and AkT are changed by a considerable amount in the unfa­

vourable direction. It is the same for DK, though by a much smaller amount. 

The stability behaviour would be much worse than with the ABN­Set, especial­

ly with the use of the KFK­Set, which is, of course, not very suitable for the 

calculation of steam­cooled reactors. But even with the probably more suitable 

SNEAK­Set the changes in RSDC, Ak. and Ak„ are quite large. Although the en­

richment has to be drastically increased, CR shows a small increase, indicat­

ing a better internal breeding; however, M is reduced to a very low value. 
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Thus, the leakage rate and probably the external breeding is reduced. £ de­

creases because of the increase in AR. 

3.8. Varying D­0 content 

As may be seen from Figures 5 and 6 all quantities show a good linear de­

pendence on the DpO content of steam as long as the content is small. For con­

tents of 50 % or more the loss of moderation comes into operation more strong­

ly causing deviations from the linear behaviour» This is especially true for 

the quantities depending on the variations of the steam density. The reasons 

are the same as those given in section 3.^. for the change from H?0 to D?0, 

For the normal steam density chosen the absolute value of the change in k,» 
2 

corresponding to a small variation of the steam density (i.e. RSDC for Β =0) 

would even show a maximum for a D 0­content of 70 ­ 80 #, Thus, the partial 

compensation of changes in k,,, and in the leakage rate are responsible for the 

special dependence of RSDC shown in Fig. 5. 

3.9», Increase of a burn­up 

A higher burn­up requires a higher value of AR to compensate for the higher 

2 
parasitic absorption of the fission products Consequently, CR and M slightly 

decrease. The decrease of DK and I is caused chiefly by the harder neutron spec­

trum. Due to the fact that the absorption cross section of the fission products 

increases rapidly with decreasing neutron energy, RSDCl, Ak. , and |AkJ become 

larger. Increasing the average burn­up from 2,75 to 5 atom­percent gives rise 

to the following changes, as reported in [10], which may be verified qualita­

tively by the present results: 6DK: ­12.k % , 6|RSDC|: +1+2 % , ÓAkL: +0.013 , 

6AkF: ­0.021* , 6AR: +3.3 % , 6CR: ­0.03U . δΜ
2
: 2.1 [cm

2
] , 6fc: ­0,03 [ysec]. 

Going from 5 to 0 atom­percent, i.e. completely disregarding the fission pro­

ducts, would change criticality in the flooded stage by about 5 % the value 

of Ak. by 0,03 and cause a change of sign for SDC (see [io]), 

3,10, Decrease of fuel density 

At a lower fuel density a higher value for the enrichment has to be cho­

sen (larger AR) which causes a reduction of CR and DK and a slight increase 

of Ak.. and Ak̂ ,, A natural consequence of the lower fuel density (lower macrosco­

pic capture and fission cross sections) is the increase of £ and the consider­

2 

able increase of Μ , the higher leakage rate being the reason for the small in­

crease of RSDC, 
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3.11... . Decrease of steam density 

A reduction of the mean steam density reduces the moderation effect of 

the coolant and results in a harder neutron spectrum, which is the reason for 

the reduction of AR, DK, AkL and I and for the increase of JAk_| and CR. The 

harder spectrum together with the lower coolant density gives rise to an in­

2 . . 

crease of M . The small increase in RSDC is not caused by this increase of 

2 

M , but simply by the smaller steam density itself; the SDC becomes more ne­

gative; this means a steeper slope of the curve k _~(p), as mentioned before 

in section 3.1+. 

3.12. Increase of coolant volume fraction 

A first consequence of this change is a softer neutron spectrum. This 

is the reason for the increase in DK and ï, which are not so much influenced 

by the higher enrichment (larger AR) required by the softer spectrum and the 

lower fuel volume fraction. The two effects, which have just been mentioned, 

are responsible for the reduction of CR. The reduction of the fuel volume 

2 
fraction has a stronger influence on M than the softer spectrum and, there­

2 . . . 

fore, M increases causing a small increase in RSDC. 

3..1.3­». Increase of buckling 

This change has been included for completeness only, in order to demon­

strate the influence of a small change in the geometric configuration to­

gether with the influences of other small changes in the design parameters. 

The variations of the determined quantities and the reasons for these vari­

ations are analogous to those described in section 3.6. 

1». CONCLUSIONS 

U. 1 ,n Large variations 

It can be easily seen from Fig« 3 that all changes in the design parame­

ters, except for the cases where"clean plutonium" and Incoloy 800 are used, 

result in a decrease of the Doppler constant DK = ­Tdk/dT. Since the two ex­

ceptions show also a more favourable value of the reduced steam density co­

efficient RSDC = (dk/k)/(dp/p)N, the stability behaviour would be much better. 

2 

Doubling the geometric buckling Β has also a favourable influence on the sta­

bility behaviour because of the considerable reduction of RSDC, whereas nitride 
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and DpO, in particular, would make it much worse. The most important parameters 

influencing Ak_, the change in criticality following a loss of coolant, are 

Incoloy and, as has been expected, "clean plutonium" as well as the doubling 
2 

of Β , Αν , the criticality change upon flooding the reactor, is very sen­

21+0 
sitive to the Pu­content of the fuel and to the coolant used. Besides the 

239 2U1 
expected changes in AR­ the atom ratio of fissile­( Pu+ Pu) to fertile­

Γ U+ Pu) material ­ which come about if we use nitride or double Β , the 

use of Incoloy 800 instead of Inconel 625 gives rise to the largest reduction 

in AR. Cooling with D„0­steam and the use of nitrides as a fuel or Incoloy 800 

as a structure and cladding material would produce a considerable increase in 

internal breeding, characterized by the conversion ratio CR whilst the doubl­
2 

ing of Β and the use of clean plutonium would have the opposite effect· The 

most important changes in the diffusion area M^ are caused by D_0 and nitride 

and, to a smaller extent, by Incoloy 800. Together with "clean plutonium" the 

same design parameters lead to the largest variations in the prompt neutron 

generation time £, 

U.2. Small variations 

All changes, except for an increase in the coolant volume fraction, cause 

a reduction of DK, the decrease in the steam density being the most important 

one. An increase in burn­up decreases RSDC, whereas an increase of the buckling 

increases RSDC bringing about a better stability behaviour in spite of the 

accompanying reduction of DK, The most pronounced improvement of stability be­

haviour is caused by an increase of the coolant volume fraction, since both 

important quantities, DK and RSDC, change in the desired direction» Increasing 

the burn­up or the coolant volume fraction causes an increase of Ak., whilst 

the decrease of the mean steam density shows the opposite tendency, as it has 

been expected. An increase in burn­up naturally leads to a lower value of Ak_; 

an increase in the coolant volume fraction or a decrease in the fuel density 

has an influence which goes the opposite direction. Among all of these varia­

tions the decrease of the fuel density requires that the enrichment (charac­

terized by AR)has to be raised to the largest extent; to a smaller extent an 

increase of the coolant volume fraction will yield the same effect. The corre­

sponding tendencies are shown by CR, M and ¿, This underlines the fact that 

with regard to stability behaviour the determination of burn­up is the most 

important factor, whereas from the point of view of economics the determination 
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of the fuel density will be of the greatest importance. 
The influence of the different cross section sets illustrates the uncertain­
ties which exist in the determination of the interesting quantities and which 
are caused by uncertainties in the nuclear data; it, consequently, demonstrates 
the necessity to check the theoretical results by appropriate experiments, as 
it will be done,e.g., in the SNEAK-facility. 
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TABLE I 

List of varied parameters 

A) Large variations (Step changes) 

1. Plutonium isotopie composition 

a) 

ß) 

γ ) 

239 
°*Pu 

100 

71* 

63.7 

^ P u 

0 

22.7 

30.5 

2 l l P u 

0 

2 .3 

3.U 

Pu 

0 

1.0 

2.1* 

2. Cladding and structure material 

a) 

ß) 

Ma te r i a l 

Inconel 625 

Incoloy 800 

Densi ty 

Ig/cm | 

8.1*1* 

8.01 

Weight­percent of 

CR 

22 

20 

FE 

3 

1*8 

MO 

9 

0 

NB 

1* 

0 

NI 

62 

32 

3 . DpO­content i n t h e normal H?0 

steam coolant 

H20 

D20 

a) ' 

1 . 

0 . 

ß) 

0.9 

0.1 

γ) 

0.5 

0.5 

δ) 

0.1 

0.9 

ε ) 

0. 

1 . 

1*. Type of ceramic fuel 

a) Oxide 

β) N i t r i d e 

5 . Magnitude of geometric buckl ing 

α) B2 

β) Β
2 

5.69 · 10 cm 
­1* ­2 

11.38 · 10 cm 

6. Set of group c ross s e c t i o n s used 

a) ABN­Set 

g) KFK­Set 

γ) SNEAK­Set 

B) Small v a r i a t i o n s (quas i ­con t inuous changes) 

7 . Burn­up 

8 . Fuel d e n s i t y 

9 . Steam d e n s i t y 

10, Coolant volume f r a c t i o n 

11. Buckling 

increased by 10% 

decreased by 10# 

decreased by "\0% 

increased by 10% 

increased by 10% 

ι 
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TABLE I I 
Design parameters for t h e r e fe rence po in t 

Fuel 
Cladding + structure 
Coolant 
Follower 

Type of m a t e r i a l 

u o 2 - Pu02 

Inconel 625 
H?0 -
A1203 

steam 

Maximum core-averaged burn-up before 
r e load ing 1/3 of t h e core elements 

Fuel d e n s i t y 

Plutonium i s o t o p i e composit ion 

Normal mean steam d e n s i t y 

Core he igh t 
Core diameter 

150 cm 
26O cm 

Volume f r a c t i o n 

0.1*51* 
O.206 
0.32 
0.02 

3.0653 atom-percent 

87 % of t h e o r e t i c a l 

7 l* :22 .7 :2 .3 :1 .0 

0,0706 g/cm3 « 170 a t a « 26OO p s i 

Λ 2 s -1* - 2 
«* Β = 5.69 · 10 cm 

Thickness of a x i a l and r a d i a l b l a n k e t s 35 cm 

—2I* 3 
Atom d e n s i t i e s · 10 pe r cm of co re volume (AD) fo r each i so tope or element 

( I or E) 

I or E 

AD 

I or E 

AD 

I or E 

AD 

Al 
7.3lf10"U 

Ni 
1.106·10"2 

Cr 
1*.1*3·10~3 

0 
2.127·10"2 

2 3 8U 

8.10235*1 O**3 
pairs 0 

Fe 
5.62.IO"1* 

Η 
1.1*98»10"3 

239pu 

9.701*1*. 1 ο"1* 

21*0^ Pu 

2.977·10 H 

f fission products 

2.977·1O"4 

Mo 
-1* 9.82*10 

2lH. Pu 

3.016.10~5 

Nb 
1*.51»10"U 

2U2Pu 

1.3V10"5 



TABLE I I I 

The influence of changes in the design parameters on DK = ­Œdk/dT, RSDC = (dk/k)/(dp/p) , 

AkL ' t . t t b - O ^ t t b J ' AkF " k f f(P = 1e /cm 3 ) ­k e f f (p N ) . AR = (Np u 2 3 9+Np u 2 U l) /(N I J 2 3 e +Hp u 2 U o) 

CR ■ in terna l conversion r a t i o , VT » diffusion area , £ = neutron generation time 

Change 

Nr. 

0 

1 

2 

3 

1* 

5 

6 

7 

8 

9 

10 

11 

12 

13 

11* 

15 

16 

Parameter changed 

Reference 

Pu 100 

Pu 63,7 

Incoloy 800 

D20 

Nitride 

2 

Β doubled 
KFK­SET 

SNEAK­SET 

H20:D20=0»9:0.1 

H20:D20=0.5:0.5 

H20:D20=0.1:0.9 

Burn­up increased 

Fuel dens, decreased 

Steam dens, decreased 

Cool. vol. fract. incr. 

Buckling increased 

DK 

.10
2 

1.69022 

1.88161 

1.681*10 

2.10583 

0.97267 

1.531*06 

1.39856 

1.675^0 

1.6U679 

1.61*730 

1.1*2217 

I.O8168 

I.66165 

1.61*696 

1.63217 

I.728I6 

1.65895 

RSDC 

.10
2 

­1.81*098 

­0.2155 

­2.1615 

­O.7U8U9 

­2.606 

­2.602975 

­1.072005 

­3.085 

­2.3965 

­1.921*5 

­2.293 

­2.5885 

­1.9525 

­1.8185 

­1.8180 

­I.796O 

­1.7575 

Ak,. 

+3.73U9 

+2.2217 

+1*.0693 

+2.0399 

+3.01*19 

+!*.!* 1*89 

+2.5202 

+5.0207 

+1*.0027 

+3.7162 

+3.5669 

+3.1950 

+3.8762 

+3.8215 

+3.5156 

+3.9236 

+3.6025 

•10
¿ 

­1+.6U63 

+iU.i*7i* 

­7.7078 

­3.3267 

­10.731* 

­6.1*918 

­2.751 

­10.8771 

­7.3327 

­5.0968 

­6.8223 

­9.2061* 

­l*»97l*6 

­1*.1*266 

­1*.7U32 

­1*.1685 

­1*.1*566 

AR 

O.II9II8 

O.I21568 

0.11651*2 

O.IO752O 

O.II758I 

O.IO3127 

0.11*0696 

O.I299II 

O.I39273 

0,119073 

0.11871*3 

O.II7919 

O.I2OO87 

O.I27OI5 

O.II8629 

O.I23OI6 

0.121163 

CR 

O.98O565 

0.883021* 

I.O26592 

1.051*990 

1.087751 

I.O8II65 

0.81*1*599 

0.98097 

1.00261* 

O.98895 

1.02711 

1.071*31 

0.97l*82l* 

O.926155 

O.991698 

OM3757 

O.965875 

M [cm ] 

.io"
2 

1.1*7213 

I.52U07 

1.1*51
1
*0 

1.591*01* 

1.68866 

1.26323 

1.1*1*561 

1.331*21 

1.32505 

1.1*8951 

1.56702 

1.6611*6 

1.1*6918 

1.671*1*6 

1.501*85 

1.57010 

1.1*6959 

ι 

[μ sec] 

0.1*1*1*721 

Ο.551552 

0.1*2221*1 

Ο.525653 

0.335977 

0.301*060 

0.38301*1* 

0.1*39911 

0.1+1*1*1*75 

0.1+351*28 

0.395119 

0.31*8715 

0.1*1*0291* 

O.U82096 

0.1*3311*1 

0.1*79779 

0.1*38058 

I 





Ρ [g/cm3] 

0.99 

Fig. 1 Influence of coolant density on cri t ical i ty 

Fig. 2 Region of core stabi l i ty 



Fig. 3 Influen« 

Parameter 
changed 

Reference 
Pu 100 
Pu 63.7 
Incoloy 800 
D20 
Nitride 
B2 doubled 
KFK - Set 
SNEAK-Set 

Reference 
Burn-up incr. 
Fuel dens.decr 
Steam dens, dec 

ze of Various De 

DK=-T dk/dT 

MO"2 1.5-10"2 2-10* 
1 1 1 1 1 1 1 1 1 1 1 

1.65 1.7 
1 1 I 1 1 I I I 

Cool vol.fract.incr 
Buckling incr. 

sign Parameters 

RSDc=(w-)N 
-0.01 -0.02 -0.03 

1 , 1 1 

-0.018 -0.019 
ι ι 

on Read 

AkL · 

ivity Coefficients 

102 AkF · 102 

2 3 4 5 

3.6 3.8 

-10 -5 0 5 10 15 

-4.8 -4.6 -4.4 -4.2 



Fig. 4 Influence of Various Design Parameters on Several Nuclear Quantities 

CR M2 [cm2] 
(conversion ratio) 

Parameter 
changed AR = Pu 239+ Pu 241 

U 238 + Pu 240 (diffusion area) 
l tøsec] 

(generation time) 
0.11 0.12 0.13 0.14 0.9 0.95 1.0 1.05 130 140 150 160 0.3 0.4 0.5 0.6 

SNEAK-Set 

0.119 0.121 0.123 0.125 0.127 0.94 0.955 0.97 0.985 150 160 0.44 0.45 0.46 0.47 0.4ÍI 

Reference 
Burn-up incr. 
Fuel dens. deer. 
Steam dens.decr 
Cool vol.fract.incr. 
Buckling incr. 



Fig.5:lnfluence of D20-content on reactivity 
coefficients 

1.9-. 2 
DK-102 RSDC-102 

0.5 

D20-content 
AKF ·102 

io 
_ j 

D20-content D20-content 



Fig.6:Influence of D20-content on several nuclear 
an95 « .r, quantities 

^|-?-PU239+Pu241 
U238 + PU 240 

D20-content D20-content 
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