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CAROLINE I
A CALCULATION METHOD FOR NON IRRADIATED
ORGANIC LIQUID HEAVY WATER LATTICES

SUMMARY

The main lines of the non-irradiated lattice calculations in
ORGEL type reactors are set out below. This method (called
CAROLINE I) is based on the French correlation for heavy water
moderated and cooled lattices and takes due account of the diffe-

rences arising out of the presence of organic in the fuel element.

The method has been compared with the results of critical
experiments carried out on natural uranium oxide, heavy water,
organic lattices and a fairly satisfactory agreement has been

found.

Ammex I illustrates the criteria used to determine the effec-—
tive resonance integral constants of the uranium carbide lattices

for which no experimental values are available.

CAROLINE I has been programmed on IBM 7090. Annex II shows

the arrangement of the code input and output data.



1.

Introduction

The aim of this report is to illustrate the calculation method of

organic-liguid cooled, heavy water moderated lattices within the

v framework of the ORGHL resactor skudies.

This method of calculation, which relates to non-irradiated hot
lattices; is based on thc results of the French corrzlation for hecavy
water moderated and cooled lattices (Ref. 1).

This correlation; for whioh we are indebted to lMr. Naudet and his
aséociates, was obtainsd as the rssult of a long sariss of cold lattice
buckling measurements made at Saclay on sQUILON, a h:.avy water, natural
uranium critical asscembly,

Thebparameters adjusted in this corrclation ara :

- 1 (thérmal fission factor),

- the constanrts A and B of the effective resonance integral.

We have assumed the fundamental hypothesis that thceso three cons-—

tants remainod idenfical for the CRGIL lattices,

Thoe fact of having accepted theso valuss requircs. conformity with
Naudet's calculation method as regards the magnitudes which, in thc
corrclation, ars assigncd to calculation, as wecll as with the valuas
put forward by him for the nuclear constants which entor into‘thc cal-—
culations,

In ordor to makc allowance for thc characteristics for which tho
studiod lattices differ from thosc on which thz Frecnch corrclation was
based, particularly the prescnce of organic liquid instcad of hcavy
water in the fucl cloment, appropriatc modifications to Mr. Naudet's
calculation mathod have boen introducced.

This procoduro may bo considorad all the morc corrcct as the
cvaiuation of tho'foQcts pzeculiar to organic liquid cooled lattices

is morc thorough.

Lattice calculations

e @Egrmal utilization

——— o et e e e e e e e i e et WP

For thc calculation of th: lattice thormal utilization, wo

have adoptod tho hypothesis (which,; according to Mr. Rossi's stu-

dics (Ref. 2), socms a rcasonablc onc) that tho spzctrum hardoning
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due to absorption in the fuel element and the heating effect due to the
interaction of the neutrons with the hot coolant are, ar least in a
first approximation, independent of each other.

In view of the fact that in the French correlation of the heavy
water lattices we use, the spectrum hardening due to absorption is not
calculated theoretically but directly incorporated in the adjusted cons-
tants (Ref. 3), we have, in the thermal utilization calculation, only
taken account of the spectrum effects connected with the heating of the
organic liquid.

In this regard, use is made of the results of the "Termidor" pro-
gram (Ref. 4) in which, by means of a thermal neutron two-group model,
the thermal cross sections of the various lattice materials are calcu-

lated.

On the basis of these data, the thermal utilization factor is cal-
culated with reference to the following cell geometry :

a) homogenized cylindrical region obtained by linking each fuel rod
with its own cladding and the same gquantity of coolant and, if
needed, of filler ("elementary cell" method);

b) cylindrical ring between the homogenized rod surface a) and the
pressure tube internal radius (organic liquid homogenization, with
filler if appropriate);

c) cylindrical rings including pressure tube, thermal insulation layer
and calandria tubej

d) heavy water cylindrical ring.

As regards the materials contained in the region a), the absorp-
tion of the canning and organic liquid around the fuel rods in the clus-
ter is calculated by adopting the same disadvantage factor, which is
given by the expression of the Amouyal and Benoist theory relating to
the rod (Ref. 5). The ratios between the average fluxes in the various
rings b), ¢), d) and the average flux in the homogenized central region
are calculated by the Amouyal and Benoist method extended to cover the

case of a cell containing any number of concentric media (Ref. 6).

b. Fast fission factor

The fast fission factor is calculated with the formulae and

constants used by Naudet (Ref. 7), as adjusted to the well-known
article by Spinrad (Ref. 8). Owing to the presence of hydrogen
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in tho organioc liquid, ono introduces into the "inclastic" soction
a contribution duo to tho olastic collisions with the H nucloi, as
e consoquonco of which tho noutron is below tho fission throshold

in U238 .

¢. Diffusion arca

Tho diffusion arca is calculatod by avoraging (on tho volumos
and tho fluxos) tho transport cross scctions inside tho fuol clomont
and tho moan froo paths by passing from tho clcmont to tho coll.

In tho abscnce of substantial anisotropy offocts, it has bcocon pos-
8iblo to vorify that this proccduro gives vory closc rosults to

thoso obtaincd by tho Bonoist mothod (Rof. 9).

Slowigg:down_gggg

The slowing-down arca is calculatod by tho convontional formu~
la, which brings into promincenco tho ago of thc noutrons in tho
purc modorator. In covaluating this lattcer factor, account is takon
of thoe noutrons which hagin to slow down beyond an onorgy lowor than
tho avorago fission oncrgy as a rcsult of tho inolastic colligions
with tho U nuclui and clastic collisions with tho H nuoloei of tho

organic liquid insidec tho criginal fucl clomont.

Resonanco oscapc probability

et . b . it s e S e S e e bt . e A e ety e e S o s B Sy

Tho rosonanco oscapo probability is calculated by tho convon-—

tional formula : } Ioff .
Vm
P = 0O (E:;zs)m_\f;

by introducing a corrcctive factor so as to takc into account the
non-uniform distribution of tho slowing-down donsity at tho cnorgy
ER of the U238 rosonancos (Rof. 10) : tho detcrmination of this
factor doponds on tho choico of ER’ which is rolatively arbitrary
in viow of tho oxtont of tho rosonanco rogion. In koeping with tho

rosults of tho Canadian correlation (Rof. 11), ER has boon choson

equal to 30 oV,

As rogards tho offoctive resonance integral
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Naudotts rocommondations havo boon compliod with (Rof. 3 ). Thay

can bo summarized as follows @

a) tho constants A and B aro provided by corrolation, with two dif=

foront valuos for tho motal and tho oxidog

b) tho offoctivo surface S is

oxprossod in thoe form :

S = Se + a Si

S0 is defined in fig. 1

Si is thec diffcronco bstwoon
Stot and S0

¢) tho factor is calculated by
tho formula

o = 1-233(22"1%)

in which ngls is tho rosonance scattering cross soction for tho
lorganic insidc the cluster; r is the hydraulic radius of tho orgaw
nic liquid of cach fuecl rod, boing dofincd in a somowhat difforoent

mannor from tho usual oney i.0. :

2 x volumo of organic conncctcd with oach rod
fucl surfaco of onoc rod

It should bs notod that the Fronch oorrclation doos not give tho
valuos of thc constants A and B for tho caso of uranium carbido, as
no buckling moasurcmonts woro carriod out on AQUILON for this typo
of fuol.

It was thoroforo nocossary to dotcrminc tho valucs of thc cons-
tants which fall within thc offoctive rcsonanco intogral, on tho ono
hand by using Vernon's thoorotical studios (Rcf. 25) and on tho
other hand by taking as a basis thoe corrolatod valuos for tho oxido
and tho mectal. Tho genoral oritoria adoptod and the further calcu-
lations made in ordor to arrive at an offcctivo resonance intogral
valuo of tho carbide in lino with the soloctod coryclation, aro

doscribod in Annecx I.



3. Choico of nuclear constants

As rogards tho data on tho offeotive fuel sections, tho valuos
adoptod were; as statad above, thoso proposod by Mr., Nauvdet and co=-
workors., Tho ovaluation of tho uranium thormal absorptioﬁ cross'sece.
tion was carriod out with tho Westcott factors ga5 and gf5 (Rof, 26).
By using thec data proposcd in this report, a satisfactory agroomont
is obtainod in tho cold state with tho offoctive uranium section valuo

usqd in the Fronch corrclation,

Tho SAP (Sintcred Aluminium Powdor) nuclecar constants werc calou-
lated on the basis of a 230 mb 2200 m/s microscopic aluminium cross
scction valuo (Rof. 14). This valuc is about 10~% lower than tho_ono'
usod by the Fronch in ovaluating the AQUILON hcavy wator lattico cxpe=-

rimonts, a valuo deduced aftor oscillation moasuromonts (Ref. 1).

This differonco may bo duc eithor to tho proscnce of impurities
in tho aluminium usod in {ho'AQUILON oxperiments, or to thas moasuring
mothod. In this connecfion; it should bo noted that in Supplemont
No. 1 of BNL 325 a British valuo (Harwoll) is rocordod for the 241 mb
2200 m/s aluminium cross-soction, which is thus somcwhorc botwoon what

wo use and the Fronch valug. .

Wo havo given proference to tho 230 mb value because it makoes it
possible to obtain a bottor agroomoent with tho first cxpoerimental

rosults (soe § 4).

The nucloar constants of the organic liquid havo boen cevaluatod

"~ for diphenyl and triphonyl.

a) thormal soctions : uso has beon made of the Ref. 12-valuocs, and in
particular of the diffusion dnd.traﬁsport microscopic section cur-
vos of hydrogen bound in an organic moleculo. These curvos arc
doduced from thé results of moasurdments made by Molkonian for
various hydrocarbons (Rof. 13). The butadicnse curve was adopted
bocause it ropresents an averago valuc. It.must, howovor, be
pointed out- that tho difforonces may reach 14 %, which givos an
idoa of thc uncertainty of these véluos.

On the basis of thoe diffusion and transport scotion chuves of
tho bound hydrogcn, the offectivo diffusion sections and tho trans-
port moan frec path of thoe organic liquid have beoon avoragod ovor

a Maxwellian distribution at noutron temporaturo.
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@) opithermal scctions s the chemical binding offects were disregar-
ded. '

c) soctions averagod over the fission spectrum : tho averagos wero
ovaluated numorically by roferring to tho BNL 325 curvoes (Rof. 14)
and to tho ANL 5800 roport data (Rof. 15) with rospoct to tho fis~

sion spoctrum.

Comparison with oxporimonts

A first comparison botwoeen the buckling valuos calculated by the
CAROLINE I mothod and tho oxperimontal wvaluos was mado, usihg the ro-
sﬁlts of critical experimonts conducted at Saclay by Euratom and at
Chalk Riveor by the Canadians of tho AECL.

Tho first sorios of moasuromonts was carriod out on the AQUILON II
pilo at Saclay (France); tho progrossive replacomont mothod (Ref. 16)
was uscd to dotorminc tho bucklings of 9 naturdl uranium hcavy wator
organic liquid latticos (Rof. 17). During tho oxperimonts, throo typos

of fuol cloemont wore usod, namoly :

a) clustor of 19 magnosium-clad uranium oxide rods 12 mm in diamctor,
immersod in an organic liquid containod in an hoxagonal aluminium
tube; the distanco botwoeon the boundaries of two adjacent rods was
1 mm (A0-12-1)3

b) the same fuel olomont, but with adjacont rods in contact (AO—12—O);

c) clustor of 19 uranium oxido rods 16.2 mm in diamotor, with a dis-

tanco of 1 mm between rods, arrangod as in tho provious casos
(40-16-1).

Tho results aro shown in figuros 1, 2 andb3. As will bo soon, tha
trond of tho curvos calculated is in fairly satisfactory agrooment with
the oxporimental results. As rogards tho absoluto values, theso aro
soon to have beon kept for thse most part within the oxporimontal orror
margin, oxcept in casc A0-12-1 whore a slight dogroc of optimism is

obsorvaod,

Tho socond sories of moasuromonts used was carriod out on ZED-2 at
Chalk Rivor (Canada). In those experimoents, tho fuol olcments woro clum-
tors of 7 aluminium-clad uranium oxido rods 24.4 mm in diamctor, immor=-

sod in an organic liquid (HB-40) containod in a circular aluminium tubo.
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Measurements were made at 5 different hexagonal pitches and the re-

sults are shown in fig. 4 (Ref. 18).

Here the trend of the theoretical curve is slightly different
from the one of the experimental curve. However, taking account of
the fact that the range of the considered pitches is very with (19
to 28 cm) and that the points calculated generally stand within the

. experimental margins, it may be said that in this case too there is

-quite a satisfactory measure of agreement. In particular, it can

be noted that the theoretical calculations are slightly pessimistic
in the pitch region with which we are directly oconcerned for the

purpose of the project (between 22 and 26 cm).

Since in the case of 19 rods the opposite phenomenon was ob-
served, there is reason to believe that in our formula due account
is not taken of some effects connected with the element geometry,

i.e. of the fact that the cluster consists of 7 or 19 rods.

Remarks on the calculation method development

The formulae, as outlined above, were devised at the start of
the ORGEL studies, when no experimental results were available on
organic liquid heavy water lattices.

Referring to a correlation for heavy water moderated and
cooled lattices offered the advantage of making it necessary to
work out the differential effects due to the presence of the orga-—
nic liquid rather than to make absolute evaluations for the neu-
tron balance of out type of lattice.

Furthermore, as the French calculation method is expressed
very synthetically, we have been able to develop an instrument
that was fairly easy to handle, being thoroughly suitable for
orientation calculations and not requiring the use of big compu-

ters.
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As the experimental results on organic liquid, hoavy water latti-
ces are becoming usable, and as remarkable data processing facilities
arsc now available af Ispra, tho opportunity arises of devising a new
sot of formulaa for this typse of lattices.

However, the fact that on the ons hand the set of formulae has fo
be used continually for tho ORGEL project calculations, and that on the
othor hand there is a fairly satisfactory agréement with the first ex-
perimental results, has justified programming the formule on the IBM
7090 computer. o

.The .CARCLINE I code as drawn up in fhié form is described in

broad outline in Annex II.

The following itoms show the main respocts in which we belioveo the
present mothod of calculation can be improved in order to establish a °

now set of formulae morc in keoping with the physicel roality.

a) Bffocts related to thormal neutron spectrum

As we said at tho start, the present set of formulae does not
calculatoe the hardeﬁing gffect due to thermal absorption in theo
fuol,; which practically remains within the constants , A and B

deduced from the oxporiments.

Considoring that this effect is proportionatc to the lattice
pitch and to the goometry of the fuel clement, it would be more
conveniont to entrust it to theoretical calculation than to leavo
it to correlation, 4

A study on this subject is now in progress at Euratom; tho
roforonce adoptod is E,U. Vaughan's method (Rof. 19), which is
applled to a cylindrical rod, and due account is taken of tho pro-
sonco of a modorator such &s organic 11qu1d in the contral homo-
gonized rod of tho ORGEL lattices. The initial comparisons of this
mothod with tho rosults of tho Canadian exporiments seom to bo sa-
tisfactory (Ref. 20). |

It can also be sgon that thc‘presont calculation method is not
suitable for the opithermal effects. This point, like the provious
ono, is more generally related to the problam of ropresonting tho
spoctrum in a woll-modoratod reactor as in tho casc of ORGELj; it
will furthormoroc be possible to resolve it accuratoly, cither by
solecting a satisfactory spoctrum model in the roactor (e.g., tho
Westcott or the Horowitz and Tretiakoff modol) (Rof. 21), or by
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calculating tho thormal and epithormal utilization factor by a
sovoral onorgy group mothod. In this conncction, a study is

shortly going to bc started for utilizing tho Sn methoed.

Theormal uti}ization factgg calculgtion

Tho homogonization critoria of the contral rod in tho calcul-
ation of tho disadvantage flux factors on tho lattice aro rathor

arbitrary. It will bo possible to improve this calculation by di-

-viding tHc fucl clustor (and tho matorials that can bo connccted

to'it) into scvoral cylindriecal layors corrcsponding to the various
crowns which mako up the cluster.

This substitution of sovoral cylindrical rogions for the homo-
gonizod ccntral rod will also improve tho accuracy of tho rcesults
obtained by tho Amouyal and Bénoist mcthod, This mothod is bascd
on tho hyponthosis that in cach concentric rcgion tho collision pro-
bability is the ono which correosponds to a distribution of ‘tho
uniform sourcos aftor tho first (or sccond) collision. It will be
possiblo to fulfil this condition morc ocasily by incrcasihg tho

(=)

number of thosc rogions.

Caleulation of the rosonance cscape probability p

et o s o et it « 1A it

The usc of a vory simplo rolation for the ovaluation of p

involvos tho risk of croating difficultiesy; cvon if tho I cons—

tants aro adjustod to tho oxporimont, ospccially on accougifof tho
proscnco of an important modcrator insidc tho rody; such as organic
liquid,

It is thoroforo planned to improve thoe presont formulation by
making the scvoral neutron group calculation in tho rosonancc ro-
gion by moans of tho calemlating method dovelopod by Brooks and

othors (Ref. 22),

(£) In viow of tho importance which theso offocts will assumo in tho

caso of ORGYL typo fuel cloments, a sories of fine structuro ox-
perimonts of the ncutron donsity to be conducted at Saclay on
A%ULLON has boon programmcd in the currcnt yoar.
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d, Calculation of &

A rovision of tho initial data for tho calculation of & is
in progross. In particular, tho fast vy uscd (2.51) sooms to bo
much too low in reolation to tho values obtainod from the latost

oxporiments (2.83).

Organioc liguid nucloar constants

Tho diffusion scction of thc bound proton in tho organic mo-
locule has been moasurcd by Meolkonian in 1949. Wo havo tomporarily
used his curve, disrogarding tho fact that Moikonian's measuroments
rofer to hydrocarbons with a low hydrogen concontration. Wo con-
templato using more rocont moasuromonts.(Rof. 23), while at the
samo timc an cxporimcntal program has also bgon launched at Ispra

in this connocction.







" ANNEX I

Effective raosonance intogral for uranium carbide

As stated at the boginningy, in tho Fronch corrolation for heavy
wator latticos tho resonance absorption is dotbrminod by adjusting tho
numerical cocfficionts of the effoctivo intogral to a sorics of mate—
rial buockling moasurcmonts. Tho‘offoctivo intogral Ieff thus detormi-
nod is fictitious : it is only wvalid as part of thc exprossion of the

lattice k and often diffoers approciably from tha truec offoétive’into-

gral .

The lack of buckling measuroments for hcavy wator uranium carbide
lattices, and of information on the rosonanco absorption measuremonts
of those lattices, has inducod us to make a briocf ostimate of tho offec-

tivo intogral in accordance with the following considerations :

1. Tho resonance absorption theory (Ref. 24) shows that the effoctivo
integral for uranium rods mixod with diffusing materials mainly

dopoends on tho paramctor :

in which :

S and V arc the surface and tho volume of tho rod

3

is tho atom numbor per cm”of uranium 238

is the uranium potentisl cross-soction
is tho diffusion cross—section of tho diffusing matcrials

is the atom numbor in the diffusing materials por cm3

Elz EOI C:"C'.z

The equality betweon the rosonance intograls of two rods con-
taining differont diffusing materials, loads to tho oquality betwoen

tho respective valuoes of Z.

This oquality makoes it possible to link up tho % (or~§) values

of the two rods.,

2. Vornon (Ref. 29%) has adjusted tho numorical coefficionts of this
relation in the caso of uranium carbido (UC) with regard to motal

and to oxide, by using Hollstrand's oxperimontal rosults.



The following oxpressions wore found

Sy = 0.952 (B - 0.046 (1)
S S
(E)Uc_ = 1.08 ('M)Uoz +0.027 | (2)

3. It was confirmed that theso two relations, with tho samo coofficionts,
aro also valid (at loast in a cortain fiold) for the intograls deri-
ved from tho French correlation and, on tho basis of these rclations,

the carbide integral was finally calculatcd.
The details of tho calculations arc as follows :

Tho cxprossions of the IOff ag correlated in line with our set of
formulac ars, for tho oxide and the metal respoectively ( boing the

fuol density) :

. P v 510

IOff = 10 [ 0.133 + 0,088 J.V 5 ] (3)
- _B__ §.l§;2

Ioff = 165 [ 0.101 +_0.195w/'V 0 ] (4)

The samge, when oxp ossod as a function of %, takoc thoe following

form
I = -f-[o 133'+o'278»f§-] | | (5)
off = 10-7° . M
I - [0.101 + 0.847VE ] ' (6)
off ~ 18.9°-°° . M

The microscopic offoctive integrals are in both ocasecs

. . S
1ep = 2412+ 178175 (1)
. S

ipg = 5496 + 12,4715 (8)

If the roelations (1) and (2) arc introduced in (7) and (8), the

following two expressions are obtained for uranium carbide 3
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2.12 + 18.1%/% + 0,046 : (9)

[¥H
|

off
ipp = 5.96+ 12.0}% - 0,027 (10)

By plotting a graph of thse two functions, it can casily bo
vorified that they coincido almost perfectly in tho case of %

ranging botween 0.05 and 0.2,

This means that the correlatod integrals of metal and oxidoe

arc in fact interlinked by the relations given by Vornon,

In conclusion, an cxprossion adapted to (9) and (10) is assu-

med as the i of the carbide and has the following value :

off

i = 19, 664~/-—- +0.1155 (11)

eff

By making on (11) the opposite transformations to those por-

formod in the casos of the oxide and the motal, we obtain

Ipe = [O. 171J 2+ 1.5 195

which is the valuc used in our calculation msthod.






ANNEX II

The calculation method which we have just outlined has been programmed
on IBM 7090. The program was written in FORTRAN language by Mr. Dorpema
of the CETIS at Ispra.

The code consists of a main program, which calculates the lattice
parameters, and a number of sub-programs for calculating the effective

cross-sections and the geometrical data of the various media.

The program is written for the following fuel element geometries (with

and without outer fillers) :

T-rod hexagonal

— 19-rod hexagonal

19+~rod circular
- 22-rod, with three types of rods of different radius
4-element (with central filling tube)

single rod.

The lattice cell is divided into the regions shown in the following
table (which contains the option number, the possible materials for each

region and the number of options for these materials) :

Name of region Materials

Fuel . URO(2), URC(3), URM(1)

Canning SAP(8), STEEL(9)

Coolant SAN(1), DIPH(2)

Outer coolant as 3 with filling(1) or without (0)
Pressure tube SAP(8), STEEL(9) ,

Insulation SAN(1), DIPHE(2), M203(3), $10,(4)

Calandria SAP(8), STEEL(9)

The key to the various symbols is as follows 3

% UR0O = wuranium oxide
URC = wuranium carbide

- URM = wuranium metal
SAP = pgintered aluminium powder
SAN = Santowax

DIPH = diphenyl



DATA ARRANGEMENT

The input data for the program are set out on 5 punch-cards, as shown
in the attached sheet.

1. Card of Materials

The options relating to the selected materials are to be introduced in
columns 1, 6, 11, 16, 21,.26 and 31 of the first card. The remaining co-
lumns (up to 55) are filled in with the values of the spectral constants of
the various media (numbers must be filled in on the extreme right). These
latter constants Tni are defined by the following expressions :

T

1 . ) 2
- =~ materials : T = 7 /J\i

in which J\i is defined in Ref. 3 and represents a Termidor program result,

1 . .
- non —- materials : Tni is obtained by solving the equation :
LLESS
g (Tns) N77.0 = 8w
ni

in which 8y MV represents a Termidor result.

2. General data

The second card contains the following data :

. . . t .
b'd U235 enrichment relating to value of U235 in na ural uranium
Sf fuel density relative to reference density (UC = 13, UM = 18.9,
UO2 = 10 gr/cm3)
Sg filling density (graphite) relative to reference density (1.65 gr/cm3)
weight percentage of A1203 in SAP
. . 3
eSAP SAP density (in gr/cm”)

HBR(%) percentage of high boiling residues in SANTOWAX in %

Z%l effective absorption section (averaged over a Maxwellian flux at fuel

temperature Tn) due to alloys contained in the fuel

t grade (0 to 1) of heavy water
iy additional heavy water absorption section due to impurities other
than light water (value at 2200 m/s)
z%k(SAP) extra absorption in SAP due to impurities x 109 (value at 2200 m/sec)

Name place (12 columns) for characterizing the calculation (which may be
expressed by numbers or letters)



3, Geometrical data cards

These cards contain the geometrical data relating to the various types

of fuel considered.

For the geometrical lay-outs, we have for Hex 7, Hex 19, Cir 19 :

CARD 3

s fuel rod radius
84 clad rod radius
a internal radius of pressure tube
a external radius of pressure tube
internal radius of calandria tube

a3 external radius of calandria tube.

For the other cases, the following symbols must be used :

4 rod case :

r external radius of central filling tube

r-dr internal radius of filling tube

22 rod case :

s1 radius of central rod

s radius of second-ring rods

2
s3 radius of third-ring rods.

*Single rod case

S rod radius
S1 cladding inner radius

82 cladding outer radius

Column 51 : type of geometry :

geometry symbol option number
T-rod hexagonal Hex 7 1
19~rod hexagonal Hex 19 2
19-rod circular Cir 19 3
22-rod . Bun 22 4
4~rod Bun 4 5
single rod single 6



CARD 4

d axial distance from rods in hexagonal geometry

4-rod case 3

d distance of other rods from centre of element

22-rod case

d  distance of centre of external ring of rods from centre of element
d1 cladding thickness of central rods

d2 cladding thickness of rods in first ring

d3 cladding thickness of rods in second ring

For all geometries :

Vr total volume of filling
vrif volume of filling inside homogenized central rod for f calculation
vri do. for & calculation
V.. do. for p calculation
rip
vm
T ‘moderator-{heavy water fuel volume ratio)
P .

Code 1 without intermediate results

QO with intermediate results

CARD 5
Number of regions : numnber of regions for £ calculatioﬁ
(00000006 must be introduced)
Iteration factor : relative difference between last two values of f

iteration calculation (preferred value 0.00001)
Intermediate results : intermediate results for f calculation (print-

out if # 0)

Second flight corr. : correction factor to make allowance for non-
uniformity of neutron density after first col-

lision.



RESULTS OF PROGRAM

a)

The machine gives the following results

Thermal utilization

For each region i (designated with a serial number beginning with

the innermost), the thermal flux relating to the value of the first

region is obtained.

Next oome the thermal utilization factor and the averaged absorp-

tion cross-section, followed by the main lattice data

FAST FISSION FACTOR
SLOWING DOWN AREA

SLOWING DOWN CROSS SECTION
FAST DIFFUSION COEFFICIENT
INFINITE MULT., FACTOR

PS. MATERTAL BUCKLING

TAU MODERATOR

RESONANCE INTEGRAL
RESONANCE ESCAPE PROB.
DIFFUSION AREA

THERMAL DIFFUSION COEFFICIENT
THERMAL FISSION FACTOR
NEGATIVE MATERIAL BUCKLING
CELL S.D. AREA RES. EN.
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