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CHOICE OF SOME OPTIMUM CHARACTERISTICS IOR
THE REACTOR CONTROL SYSTEM,

V.V.0rlov, V.S.Andreyanov, E,I,Grishanin, L.,I,Isakova,
A.G.XKalashnikov, J.G.Pashkin, G.I.Toshinsky, V.V.Chekunov.

The control system compensating the excess reactivity
can essentially influence upon the physical and operating
reactor characteristics., This influence increases when com—
pensating big reactivity excess, That is why the problems
of choosing reactor control system optimum characteristics
along with the problems of principal reactor characteristics
optimization are of a great interest. In the rirst part of
this report some questions of optimum burnable poison cha-
racteristics choice are considered. The second part describes
the choice of an optimum resonance absorber mixture for cont-
rol rods,

A
PART I. BURNABLE POISONS.

In power reactors along with mechanical control devi-
ces for compensating reactivity excess burmable poisons are
widely used now (for instance see |1 :D. Some problexas of
the calculation theory and of the use of burnable poisoms
have been considered in [2 , 3, 4, 5]. These problems of
thermal reactors are discussed in [2][3}, some particular
problems for intermediate reactors being studied in [4].
The method of burmable poison calculation is discussed as

a more general case in [ 5 ].
The main purpose of the burnable poison application

1s to decrease the excess reactivity compensating

by the mechanical control devices. That is to say the cheice
of optimum burnable poison is the first of all the choice

of absorption materials and 2 means of distribution them

to provide the best agreement between the reactivity loss
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caused by fuel depletion and poison burn-up, Thereforsthe
residual poisoning caused by non burnt—out absorbers and

other isotopes which wefe present in the original material
and were also formed after burning out must be minimized,

To minimize the residual reactor poisoning due to
the non-burntup absorber at the end of the core lifetime
the poison burn-up rate must be much more than that of Puel
depletion,

If such @ poison can be chosen properly for the reactor
under consideration the homogeneous poison distribution
over the reactor results in the rapid poison burn—-up and the
premature reactivity release. In this case the heterogeneous
poison distribution turns out to be more effective because
of decreasing neutron flux (Belf—shielding effect) in the
absorber which results in decreasing the absorber burn-up
rate that in itsturn permits to reduce the reactivity mis-
match caused by different burn-up laws of poison and fuel,

If such poison can't be chosen properly for reactor
under consideration the heterogeneous distribution results
in greater reactivity loss caused by the big residual non
burni-up poison to the end of the core life-time and there-
fore homogeneous distribution may bty more expedient

A. Homogeneous poison distribution,

The homogeneous poison distridbution is considered in
detall in [5]. The plotis given there permit to define the
maximhm reactivity mismatch and residual poisoning due to
non burnt-up poison to the end of the core life-time if
poison and fuel life-time are known,

B, Heterogeneous poison distribution,
a)e Plate-type absorber, Heterogeneous poison distri -

bution in plane geometry is considered in [5] and some cri-
teria are found which permit to determine the poison cha-
354

- 2 -

Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110002-7



b

i Approve For Release 2009/08/26 : CIA-RDP88-00904R000100110002-7 oK

racteristics providing the maximum reduction of the number
of mechanical control devices (or their efficiency ).

According to the method given in [_5:( some calculations
were carried out to determine the regilon where the plate-
type absorbers are the most effective ones, The per’t\{‘bati—
on theory{G]is used for calculating the reactivity change due
to poison burn—up, fuel depletion and poisoning,. The approxi—
mate formula derived in Y_S Jto calculate reactivity change as
a8 function of these processes is

Pn(‘i)/j)n(o) = Z(q“)[l +2;fbo] /U 4'8[%2@4)](_[— 3;{1 (1.1)
Proun (49 /P = 4 (1-%.)/ (4 -%,) (1.2)

Definition of symbols:

and

P" C\J)- reactivity introduced by an absorber into the reactor

at tinme % .

Yy - dimensionless time expressed in endurance fractions
4=

‘t - reactor life—time scaled to rated power,

T - endurance,

ﬁ’o - optical width of absorber plate at +the beginning of
the reactor l:ia‘.’e--'time@0 - )& a

J‘(;‘LO}- absorber nucleus concentration in the plate at the be—
ginning of the reactor life—time,

61" - microscopic absorption cross section averaged over
the neutron spectrum.

A - thickness of absorber plate.

b/ - parameter giving +the best approximation of the plave
self-shielding factor dependence ;}( ) as a function
of its optical width, J () = 1/(1-=)p.

Xr - dimensionless fuel life-time Xp = 1/T S G (u) d.(u)du

6" - fuel microscopic absorption cross section,

CD.OJ}- neutron flux in the reactor at the beginning of the re--

actor life-time, also normalized to the rated power,
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?ﬂwn(ﬂ)—- reactivity excess to compensate fuel depletion and
poisoning at time Y .

@&m -~ initial reactivity excess to compensate fuel depleti-
on and poisoning,

Z(Y) - relative concentration of absorber muclei A = J\C\(‘d)/f(‘n(o)

Nn(_q)— the absorber nucleus concentration averaged over pla-
te thinemess at time Y .

Z('J)— was detemined from equation [5] (see also (4D

zedpel-2) (A-%)% (1.3)

Xn - dimensionless absorber life-time Xn= 1/‘1‘ 362(”)‘*’0(“)‘:’“

Formulae (1.1), (1.2), (1.3) are obtained with the some assum -

ptions which essentialy simplify these calculations:

-~ Neutron £lux and importance donft depend on the coor -
dinates and are equal to the values averaged over the reactor.

~ Neutron spectrum don't vary with time CD(U-‘J)= Sy @.,(u)
vhere O (V) = -‘1/(1—%,,)

~ The initial fuel and poison distribution over the core
does mnot depend on coordinates,

- The fuel is distributed homogeneously (or in case of
heterogeneous fuel distribution the self-shielding factor is
time-independaet ),

- New fissionable isotopes are not generated in the
reactor.

-~ The absorber sample size is small in comparison with
the transport free paxrth of surrounding medium so that the
external self-shielding effect can be neglected,

~ The exact expression for the self-shielding factor is
approximated with furiction {(p) = 4/(1+7p)

- The cross sectlon as a function of le thar&y 1is repre-
sented by © (u) = const at UXWand Ge(u)=0o ducue

Expressions for determinating the reactivity mismatch
and the residual poisoning as a result of no burnadble poison
residue at the end of the core life-time can be obtained

from the equation (1,1) and (4.2)
354
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o L - Pn(."‘)/[’n(o) _
Pn(‘é)/?nwn Ty C ?"(H/in)m Pf‘.wn@)/ﬁ.& (1.8)

Pn (1) /Or‘um = m "(H/P”M (1.5)

- Palt )/ Pnlo)
° where t = [?nQO) —Pn(iﬂ/g o ~ the ration of reactivity
released by burnable poison at the end of the core life-
time to initial reactivity excess comensating the fuel dep-
' letion and poisouning.
N

Pp(\a)— reactivity mismatch at time Y,
?n(i}- residual poisoning at the end o2 the ¢oie life-time,

In {5 the wmarimum reduction of wmachsnioal covirol de-
Tlces is shown o take place at aucn velues c¢f the piate op-
tleal nidbh Do waen maxlmua sismaten (Pa(8) /0% wn | uds a
fraction of luislal ceactivity exceas for fuel deplztion and
poisonliug i -:) wiaich are compensated by the mechamical cop-
trol desvices. In thils cede the rezctivity wisnatch hazs to
vapigh sace during the oore life-tlae,

tha <aleulations #are mi. ..m: Xp = 2,76 ani o (the
frastion P Puel depletion Ls 'xp 0,36 332 9) witbim Xa O 20,3
This roags novers the most {at2res%ipng praciical ¢sses when
tha olakbo~tyne adsordber asy h2 2cc2pted, The initial optilcal
¥idth §boo£ the abaorber plate providipg the maximum reduc—
tlon of mechanical control devices is plotted as s function
of absorber life-tlme Xo In FPlg.!, Fig.? shows the maximum
L reantiylty mismatcoh and nop burnavle reslousl peigcuing
' calculated ag a function of absorter 1ife-time for ™. valves
determined abovs,

i The range where %he nze af She L A-frpy sbsorber bee
comes more effective la shom da 77
D, EJ} The residual polsonins suecoames voblarse when Xar0.25--
0,30, and the raximwm reesctivity wmizaniot sialng very quiokly
_— —
up to 1/(’?%“]—-%{’ ) at Knm 0 mhan X4 0,052 0416

. . o i~ ,
S0 w0 DA wliiria X QJ«.1 -

The se oFf %0¢ large croes saestisu absorbers ( ¥n<< h )
providas thelr cszplets yurmp-up bt 4P the sbgorhsrx is =
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distributed as plates the big reactivity mismatch is observ—
ed. The mismatch can be decreased by using the combination
of different optiocal width plates.

b). Rod-type absorbers,

The simplest solution is to distribute the large cross
sectlion absorbers as cylindrical rods™ with optical width
S’.)o >>1 that allows simultaneously to get small residual poi-
soning and small reactivity mismateh,

In this case the rod will be burnt up only within a nar-
row surface layers., The diameter of rod "blackness" and
hence the releasing reactivity will vary according to the law
which is similar to that one required for compensating fuel
depletion and poisoning and the contradiction between the
reactivity mismatch and the residual poisoning vanishes with
burn—-up taking place practically completely at very large
oross seotions. The absorbers with surface burn-up in cont-
rast to the absorbers with temperate self-ghielding may be
figuratively called burnt around absorbers.

To find out physical features of tée burnt-around absor -
bers it 1s usefull to consider the liniting case of absor-
ber with the very large absorption cross section & Tepre 36n—
ted as 6‘::003.1; u > Uo and O =0 at u<Uoe ,
Thus the neutrons will be absorbed in infinite thin layers.
The law of rod "blackness™ radius change as a function of
time ocan be established on the basis of the following comsi-
derations , The number of neutrons absorbed daring time dt
is equal %o <§_(t)zrrrdt , where P (t) is integrated neut-
ron flux within energy range where the absorption cross sec-
tion differs from zero, rr — rod "blackness®™ radius. On the

*  The cylinder cross sectlion may have a convex poligonal
form where circle can be inscribed,
Here and below the assumptions made above are used.

354
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other hand the corresponding change of the rod volume due
to burn-up at the rod surface 1is equal to 2iirdr . Thus the
following relation can be written

C%(’s)gmdt = 2nrNpdr (1.6)

After integrating the relation (1.6) in the correspondi::
limits we obtain

)t « 4RN](1-%)
The rod "blac}c;ess" radius as well as its absorption capacity
is seen to decrease approximately as a linear function of
time giving a small reactivity mismatch., let us evaluate
the reactivity mismatch arising due to uncomplete correspon—
dence beiween fuel and poison burn-—up laws, With P () =
S® fgb(u)&u (where S(t)= 1/(1-———)) and the requirement of
the comp'lete absorber burn up to time 5 Y, 0f the core life-—
time the exrzession of rod radius change can be written as

1—-r(q)/g en (4 - )/(’_n(i e ) (1.7)

Xr Pni ‘__ 90
the initial rod optical width being Ho =- 2 Va Z e
it is here convenient to take the absorber cross :1-";:-:..",’cion as
finite one.

Using the expression (1.7) we obtain the rclation for
reactivity release during buming aroun'i of a rod.

= B sk =40k R (R0

at Lj g

n(“)) . { <.LSL
and 1__?.?."_?5) = 4 at Yo <Y

From the relations (i.8) apd (§.2) we find %be erpres—
sion for reactivity nismatch under comndition of “he bdumt
around absorber compensating (at the twginn-im- ol ecommg 1ife—
time) the fractiom m of total reactivity ci-ess for burn

vp and gmsonmg . , ,
i (‘JJ/ u La(i-% /&l( LN S AL IRV A
ﬂ /P =m U n(. ﬂf‘)/ K;‘- K /I _-:\E }} - ‘L "“‘4‘)3/ ij—’ _;3;1! '/, i -C}>

l
w
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Setting equal to zero theg derivative from the expres-
sion (1.9) we obtain the relation for the maximum reactivity
mismatch within the range

PP(HM‘)/P:w.:(Xr‘hm) i«*[éﬁ—#n -3 }xwmfn ("%er (1.10a)

Xn+~|
\jm\.‘ = r L\ - e ([-—}-’ggp)_. "'m}
When 1d=3o the reactivity mismatch is

E%%:) = m - Hl’ (‘- -)‘.(—P)/(‘—\Jfr (1010b)
and at the énd of core life-time (g =1)
PO/ Pry = = (1=m) (1.100)

The maximum reactivity mismatch can be easily shown from
(1.10a) as being always negative., This means that at the be-
g&inning of the core life-time the burnable poison can compen-
sate not the total reactivity excess for burn up and poisoning
but only its fraotion ™M ., The residual part of the reacti-
vity excess (1-M) must be evidently compensated by mechani-
cal control devices and (1-m) has not to be smaller than
maximum reactivity mismatch., With the aim of reducing the
use of mechanical control devices it should be make 1-m=
- ’PP(Hmax)/P:wn and the following equation connecting
Yo and M results K=l +M

| = - e—_):nt(l“ﬂfv) m @n(l-%,,) (1.11)

The reactivity mismatoh atgﬂjo may be positive, negati-
ve or equal to zero depending on the value of parameter Yo
(1.10b). Optimum case can be shown as a cas® when the mis-
match at iaﬂjo is equal to zero, From there we obtain the se-
cond equation connecting the values go and M ,

m - yo (4~ ';<'r> /("%%) (1.12)

From (1,11) and (1.12) the equation to determine the

optimum value m is got
X
a&\a-_—i = |+ ev\(ac+r’\)+ C"aci-& (1.13)
where
m
m

¥Xe=1+m -

a':'_Tn_’"* » M:—-—

384
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The results of calculations plotted in Fig.3 show the
maximum reactivity mismatch (1-m) to be considerably smaller
in case when the burnable poison with the large absorption
cross section 1s distributed in form of rods than when it is
distributed in form of plates. So the use of burnable poisons
with the infinite absorption cross section results in mini-
mun number of necessary mechanical control devices without
reactivity loss due to non burnt up poison residue. The tran-
sition from ideal model to practical absorbers sets some
additional problems., We shall discuss the following ones,

1). To clear up the burn up kinetics of absorbes with
finite oross section 6: we shall consider the problems of
determining the absorber distribution over the semi-infinite
medium; the neutron flux incident at ity surface 15 ] i’%—ﬁ%g'?-
If the initial absorber distribution was uniform so by time

t it will be L

et o
Na(xt) = xNe [L+(4- o ° )ex?@cat—eﬂnx)lmn

With the use of this formula the absorption capacity ocan be
shown to decorease slowly during time t < T =1 /36 . At

time t~Uthe N(x Jaistribution front of the width AX ~ Amg
has formed and it is moving with the constant rate %—E = _3_\(, o
inside the absorbersee Fig.-4) "

)]

Since the value © being finite it could be expected the
deviation from limear dependence L (t) during time T ~ ’2L3‘6 E
at the first operation period (the incident flux being iso-
tropic the front width decreases two times as ocompared to
the normal incident flux. Thereby = %} This deviation from
formula (1.7) will also take place at the final stage of
burn up, the optical rod width having decreased up to the
value fb'\ i , and consequently, the burnm up rate will increase.
The summery time turns out to be equal to ~T = 3‘—6- and
so that it would not exceed for example 10% of the core life- —
time it 18 necessary that T£0.1T, or 3 = %%n . This
estimation shows that the isotopes of G > 45" oan be used

354
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as burnt-around poisons.

The cross sections greatly exceeding cross sections of
fisslonable isotopes exist only in the thermal region when
the energy of one of the resonances is near to zero, That
is why the burnt-around poisons in practice can be used only
for thermal reactors, of stable isotopes only Cd”j, Smmg,
Gd155 and Gd1 57 satisfying the above condition.

2). The volume absorber burn up due to neutron absorp—
tlon in energy region where the cross sections are not large
leads also to the change of the burn up low. In the thermal
region very large absorption cross sectiong caused by low -
lying resonances decrease with the energy increase according
to the Brieght-Wigner formila (6;~E’;/—;13w). If the spectrum
of neutron incident onto the rod isP(F) the number of
neutrons absorbed by this rod at the energy E>£17° (their
free path being 1 (£) >A = 2R) is oo 3 ,

Ar = 5 PN 6 (E)dE = VN6, (Evp) L, (5] lE=2IG (E,)ELT0)
and  © NS6.(Ep)=F%  so that finally

AV:%E?P ?(E:p)='/% @r %
The spectrum is assumed here to be Fermi spect + The number
of neutrons absorbed as the surface is %*—‘;;E 3pCP(é‘)ciE
therefore the volume absorption fraction is °,4,,/,4>5 ﬁf ;2:;:
that usually constitutes in the thermal reactors the value
< 0.1,

The value A must be supplemented with the absorption of
resopance regicn which 1s small for the isotopes mentioned
above. The volume absorption effect leads to some increase of
reactivity release rate with burning up.

3). Neutron flux depression near the rod (external shi-~
elding) leads to decreasing of burn-up rate at the beginning
of core life-time, This effect becomes negligible with using
of small diameter rodse.

The absorber distribution over a core,

The above mentiomed comsideration permit to choose coni-

- 10 -
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rol rods (their number, diameter and absorber demsity) pro-
viding a small change of the neutron multiplication factor
in some reactor volume if the fuel burn-up reached in this
volume to the end of the core life-time is known. As power
distribution over the reactor depends in its turn on the
rod distribution the nonlinear problem arise and they can
be solved by the iterative method,

In ideal case we can reduce thls problems to following
nonlinear equation. Suppose that a) the absorber provides
constant multiplication factor K. as a function of time in
every point over the reactor; b) the absorption probability
at point™ of a meutron born in point ¥~ is P(F ,#') and does
not vary during the core life-time (for instance it takes
place in thermal water-moderated reactors where 12 <1
Then the neutron source density Q(ﬁ(or power density proporti-—

onal to it) is described by the following equation
QEF) = Keo %) {Q0F) P(F, 7'y di (1.15)

The value K jnay be expressed in term of fuel burn-up
reached at pointA® 31(;-(?"‘) ~ Q) at the end of the core
life-time, So we obtain the nonlinear equation for Q(V¥)

Q(F) = ke @), 7) ( Q(Fy PO, 7Y AT (1.16)

Expanding Q(¥) at point ' and taking into account only
three terms of this expansion we have at P=P(|W-+'|)

viQ - K=l Pl 6 -0 (1.47)

here Mz - (Pe#Fyréde /fPerridr

Boundary conditions for Q can be written with the help
of reflector albedo, With known power distribution Q and
with burn-up distribution proportional to it the law of
absorber distribution over the core which provides constant
"E" at every point r may be easily found. This distribution
provides not only constant reactivity during the whole reac-
tor life-time but 2lso uniform power distribution over the

354
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reactor *  with its simultaneous flattening (compared to
uniform control rod distribution),

Il. Resonance absorbers for control rods,

The absorption cross section energy dependence of the
materials is especialy important for control rods. The use
of resonance absorbers permits within some limits to get
the most profitable absorption oross section energy depen—
dence for the reactor under consideration with Tegard as
to increasingof the effeciency so to deoreasing of neutron
flux depression near the rod., The latter is the nost impor-
tant for thermal reactors.

To increase the rod efficiency or to decrease neutron
flux depression near the rod it is of great interest to use
8 mixture of different resonance absorbers. In this case +the
total resonance absorption can be more than the absorption
of a component with the greatest resonance integral due to
the reduction of every component resonance self—-shielding.
For instance if there are "n" absorbers of narrow ami strong
Tresonances every one of which differs from one snother
only by resonance energy the maximum value of mixture reso-
nance integral will be Vh' times more +than resonance integ-
ral of a single absorber. The practical absorbers differ from
one another by nucleus density, resonamce energy, resonance
parameters and so on. Furthermore the absorption by weak re-
sonances and by "smooth" part of the absorption cross sec— N
tion constitutes the considerable part of the total absorp-
tion. That is why the optimum mixture composition depends —
not only on the properties of chosen absorbers but also
on the fdi*cm of neutron spectrum, temperature and so on.

* The problems of control system providing the flat
time-independent distribution over the reactor was set —
and solved by Sharapov V,N,. —

354
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As Determination of _ optimum resonance absorber

composition to obtain the maximum rod efficiency,

According to the perturbation theory ( ©] the rod ef-
ficiency 1s

P = U,HDSA"gd“W(“ i.N‘G w{.(d ﬁ‘nGc(u)l (2.1)

vhere W (U) - product o:f neutron flux with energy "u" and
the importance of these neutrons, & - self-shlelding factor
of its element absorption cross section which depends on

all the values of G~ and N ; UHD- importance of fission
neutrons;d — rod dismeter;n - a number of mirture compo—
nents.

To obtain the maximum efficiency of the rod of given
slze which is made of the resonance absorber mixture it is
necessary to determine the maximum of : expression (2.1) with
2_: Ui =1 (V; - a volune part of i~-th component). This problem
is the conventional extremum one and is solved by means of
vnderfined Lagrangian multipliers method, According to this
method the absolute extremun of function F = P+l , where L=Z Uil
and-}is an indefined mltiplier must be found. Necessary condi—
tions of the functiom F extremum

aF AF
o = O y 2% = L =0 (2.2)

give us the system of (n+1) differential equations with un-
known quantities J‘Qand X . On this system we obtain a volume
part of every component. In general case the system (2.,2) is
solved by the iterative method, When caloculating the self-—-
shielding faotor it is necessary to take into account the
muiual resonance shielding of different muclei, the resonance
self-shielding by "smooth®™ part of cxross section and Doppler
effect for resolved and unresolved levels,

Pig.5 shows the sample efficiency (diameter 10cm) in the
reactor [1P-4 as a function of content for Re +&u,0 mixture.

The results of caloulations point at the maxlimum efflolency
value to exist which exceeds the effloclency of samples made

354
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of a single ocomponent. To obtain the subsequent encrease of
control rod efficiency the optimum mixture of three or more
components has to be used.

B.Qptimum composition of resonance sbsorber

mixture to obtain the minimum depression of
energy release field in thermal reactor.

The absorption cross section energy dependence is very
important not only for the rod efficiency but also for a
neutron flux depression near the rod. Neutron flux depression
can be reduced not only by means every rod abisorption decrease
due to increase of the rod number but 2lso by using the
resonance absorbers as an absorption material which permit
to vary the correlation between the absorption in thermal am
epithermal regions. In fact the more neutron will be obsorv-
ed by a rod in the epithermal region the less absorption
wlll take place in the thermal region at the fixed rod effi-
clency and therefore the neutron flux depression will be
smaller in the thermal region, where the greatest part of
fission take place, The least energy release shield depres—
sion will be in the limiting case when the total absorption
takes place only in the thermal region,.

As an example we consider the absorption in the plate -
type rods., Using the expression J=a+ Q/W as a resonance
integral (a and b consta.nt,N- nucleus density, d - plate
width) and assuming the constant "a" generally to depend on _
the absorption due to 1/v-oross section the total resonance
absorption in the plate can be written

T=0(p2VE/Ey ~ &EVE ] (2.3)

where (’, -plate surface for & anit volume of a2 core, ha@é’ﬁnd
plate optical width for the ngutron of energy B=0,0253 ev,
Erp~ the energy on the boundary between Haxwellien spect—
rum and mederated neulron spectrum, It is olezr from (2,3)
that the absorpition contribution caused vy strong resonances

*% %) ‘e c ()\ - .
can be sultaebly describded with the value ihe G:%"‘oa This value
354 < '
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does not depend on the nucleus concentration and on the rea~
ctor spectrum but it is function of resonance parameters,
Among all the resonance absorbers hafnium (E=1.56) tanta~-
lun & =1,4) indium €=1.04), antiniony €=1.07), europium
(¢x=1.02), Thenium (6=0,92) are those which have the best
correlation between absorption in the thermal and in the
Tesonance regions. For 1/v-cross section this characteris~
tic 1is equal to zero, Cadmium and &adolinium have the

worst energy-dependence for the absorption cross section,
the "smooth" part of their absorption cross sections decre—
asing more quickly than 1/v-absorption. The contribution of
thelr epicadmium resonances is neglected and as a result

the value & for these element should be written ag negative
one,

In Fig.6 the plate optical width Do for neutron energy
E,=0.025ev is plotted as a function of value § which has to
compensate the water reactor (ration of hydrogen nuclei to
%% nuclei 1s sbout 200, the square lattice pitch is 10cm).
The dependence of the thermal neutron flux max-average ra-
tio "K" for elementary cell is shown in this figure too.

Using the optimum composition mixtures we can achieve
the value b considerably exceeding that one for a single ele-
ment, In this case the optimum composition : is found so as
to provide the maximum resonance absorption in the plate
T ’%It under extra conditioanfggs ps

If the element resonance levels are agsumed to be over -
lapped and non-shielding absorption to be caused only by 1/v-
eross section (%"{_ = const, i=1,2,.,.,n) this problem can
be solved analytically by Lagrengian undefined multipliers
method. The optimum weight content of i-th element (atomic
weight A, and thermal cross section 6.) will be described

the sio 2
by expression & Ay /6

and maximum total resonance absor;jtion is

Imax =L[p2B 4 Gpax o]  bpau-ZEE (2.5
p

354 - 15 - -
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The optimum compositions and values Smax for mixture
of some resonance absorbers are given in the table below.

Material In-Ag Hf-Ta Hf-Ta-W Hf-Ta~Eu

Pi% 37 63 2643 73.7| 9141 59.1 49.8 |27 73 0.2

&L 1608 0578 (1457 114 | 1,57 1,14 0464 | 1,57 1414 1,02

& max 1,30 1:94 2,04 2418
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optical width providing the
maximum reduction of the use
of mechanical control devi-
ces as8 a function of the ab-
sorber lifetime Xa.
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The maximum reactivity mismatoh
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Pig. 3. The marimum reactivity mismatch for absorbers of
infinite oross section in plane (1) and vylindriocal
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