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PREFACE

The present progress report on Nuclear Drte Activities
in Tndia is the fourth in the current new series of progress
reports, the first of which was brought out in 19”1, This

report covers the period from July, B4 to December, 85,

It contains information about nucleer data measurements,
compilations, evaluations snd other relaeted works being carried
out at B.A.R.C,, Bombay and R.R.C., Kalpakkam, the two nuclear

and reactor research centres in this country.

This document containe information of e rrivate nature
and should not be quoted without prior permission from the

authors.

(S.S. ¥apoor)
Member, International Nucleer
Data Committee,
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MEASUREMENT OF THE FAST NEUTRON INDUCED FISSION
CROSS-SECTION OF TH-232 RELATIVE TO U.238

R.P.Anend,K.N,Iyengar,N,N.Ajitanand
Nuclear Physics Division, B.A.R.C., Bombay 400085, India.

o]
Neutron induced fiseion crnss-sections for “32Th are of interesat

in the energy region of fission neutrons as thev provide import-
ant Nuclear Datsa. Some measurements of thesa cross-sections have
been made in the past /1-4/ using thin targets. With s view to
carry - out measurements of low cross-sections in future, we have
employed thick targets to measure fission cross-sections.

BXPIRIMENTAL METHOD

As shown schematically in Fig,1, the method consiets of exposing
#a sandwich of 1 cm diameter, 100 mg/sq.cm. thick thorium and
depleted uranium (i.e. 99% U238) discs with a 100 um thick lexan
plastic in between, to neutrorns from a 1 Ci Tritium tsrget bomb-
arded by protons from a Van de Graaff accelerator. The distance
between the neutron source and the sandwich is 2.0 em. Irradia-
tions were carried out with typical proton besm currents of

one on target. The neutrcn energy srread at the target was
estimated to be about 100 keV. The lexan pieces were etched by a
standard procedure to reveal fission tracks on both surfaces of
the lexan /5/. The counting wes done to include only those tracks
which had diemetere lerger than a background discrimineting value.
The rrtio of cross sections was then given by the rstio of

track densities on the two surfaces of the lexens,

RESULTS AND DISCUSSION

The results of the present measurements are shown in teble I
along with those of the measurements of Blons /4/ averaped over
the energy resolution of the present experiment in converting the
ratios to 232Th cross-gections, the 238y cross-sections were
teken from a stendard detm file /5/. The statisticel error of
each messurement is about 10 percent., From the present results
it is seen thet the thick *arget method has an accuracy of sbout
30 percent. With this limitation it can well be used for measu-
rements of very low fiesion cross-sections.



REFERENCES

1) J. Blons, et al., Phys. Rev. Lett, 35 (1975) 1749
2) J.W. Behrens, et al., UCID-17442 (1977)

3) J.W. Merdows, Knoxville Conference, Tennessse (1979)
4) J. Blons et. 8l., Nucl. Phys, 4414 (1984) 1

5) N.N. Ajitensnd & K.¥. Iyenger, NI & M 176 (1980} 521

6) Report-INDC-36/LF (1981)

TABLE T
En & (n,1) 6(n,1)
present Blons /4/
(MeV) (barns) (berna)
1.38 0.046 0.057
1,52 0.088 0.085
1.59 0.123 0.097
1.65 0.127 0.092
1.7 0,105 0.073
1.85 0.121 0.091
1.95% 0.086 0,119
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MULTIPARTICLE REACTION CROSS -SECTIONS IN THE ENERGY RANGE
0F 10 TO0 50 MeVv

§.B.Garg
Neutron Physics Division
Bhabha Atomic Research (entre
Trombay,Bombay 400 085

Neutron induced multiparticle reaction cross-sections for several
elements such as V,Cr ,Mn,Fe Ni,Zr,Co,Nb,Pb and Bi in the energy range
of 10 MeV to 50 MeV are of direct interest to fusion,fission-fusion
and spallation based applications.The cross-section data sre also
needed to carry out the shielding and radiation damsge studies. The
important reactions in the above mentioned energy range are
{n,2n),(n,3n},In,4n),{n,npl},{n,npn},(n,2np),{(n,p),
{n,pn),tn,p2n),{n,a),{n,an}),{n,nal,(n,nan) and {n,a2n). ‘The measured
cross-sections on these reactions are generally sparse.To meet the
needs of the data users, the cross-cections are generated with severasl
appropriate nuclear moadels.

We have used the code ALICE/B85/300 /1/ based on the Geometry
Dependant Hybrid Model /2/ and the Weisskopf-Ewing Evaporation Model
/3/ to compute the cross-sections for the above listed reactione« and
nuclides.The energy spectra and angular distributions of the emi* d
neytrons and protons are also calculated.

A study of thase reactions based on the multistep Hauser- Feshhach
statistical model with the precompound corrections taken inte account
is also being carried out in order to understand the salient points of
agreement between these various apprnachas.

Roefereiicey

1. H.Blaan,Code ALICE/B5/300,UCID-20169 {19841).
2. M.blann,Phys.Rev.Lett.28,757 (1272).
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PRE-EQUILIBRIUM EFFECTS INW NEUTRON,PROJON AND ALPHA
EMISSION OF Nb-93 REACTION

$.8.6arg and Amar Sinha
Neutron Physics Division
Bhabha Atomic Research Centre
Trombay,Bombay 400 085

Pre-equilibrium emission of nucleons and alpha particles during
a nucleer reaction induced by nucleons of energy 10 MeV or more is
considered to be one of the main mechanisms of the interaction. Pre-
equilibrium theory with its closed form and master equation approaches
has been employed to explain the energy spectra and angular
distributins of the emitted particles,

In the present study we have used the multistep direct and
multistep compound mechanisms of Kalbach /1/ and modified exciton
model of Manzouranis et al /2,3/ to describe the proton,neutron and
alpha emigsion together with their spectra and angular distributions
in the ineraction of neutrons with Nb-93.The level density paramaters
obtained with the modified Gilbert-Cameron formulation have been used
for the target and other involved nuclides. The inverse reacticn
crass-sections for neutrons,protons and alpha particles have been
avaluated with appropriate optical model parsmeters using SCATZ2 /&/

code.
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MULTIGROUP CROSS-SECTIONS OF MINOR ACTINIDE ELEMENTS

S.B. Gary ang M.Sii1nivasan
Neutron Physics Division
Bhabha Atomic Research Centre
Trombay, Bombay 400 085 ,INDIA

Growing nuclear power programmes around the giobe have generated
a lot of interest in the isotopes of several minor actinide elements
such as Np, Am, Cm, Cf etc. The interest arises from the potential
application of some of these nuclides in fusion reacter blankets as
well as in studies pertaining to the transmutation of these long
lived nuclides to short lived ones in radioactive wastes generated 1in
nuclear reactors. The criticality aspects of some of these nuclides

are relevant from considerations of nuclear safety /1,2/ as well as
from safeguards /3/ point of view.

In order to carryout the criticality studies based on the odd-
neutron isotopes of the above mentioned elements 35-group cross-
sections with P _-anisotropic scattering matrices have been generated
from the recenrt basic point cross-section library ENDL /4/ wusing the
code MINX /5/ which has been modified for operation on COC-Cyber

computer.
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ADAPTATION OF MULTIGROUP CROSS-SECTIONS FOR NEUTRONICS
STUDIES IN NUCLEAR REACTURS

S.B. Garg
Neutron Physics Diviesion
Bhabha Atomic Research Centre
Trombay, Bombay 400 085,

Neutron multigroup cross-sections are the basic inputs to carry
out the neutronics studies of reactor systems. 35-group cross-sectiouns
for several :lements /1/ have been generated using the basic point
cross-section libraries ENDF/B-1V/2/ and recent ENDL /3/ using the
NINX /4/ code,

In order to make uge of the generated multigroup cross-sections
in neutron diffusion and transport theory based computations the
cross-sections have 1o be tranaformed into specially formatted tables,
To accomplish this task a code 12D /5/ has been modified for operation
on CDC-Cyber computer. Using this code 35~group cross—sections with Pa-
anisotropic scattering matrices have been converted into DTF4/8/ and
ANISN /7/ formats so that the data can be used in the reactor neutronics
and safety stulies,
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SENSITIVITY STUDIES QF NEUTRON HULT]PLICIT! SFECTRUM
IN THE SPALLATION OF LEAD TARGETS

Amar Sinha, S.B.Garg and M.Srinivasan
Neutron Physics Division
Bhabha Atomic Research Centre
Trombay,Bombay 400 085
INDIA

The number of neutrons produced per incident proton in the
spatlation of lead targets is of direct relevance to the design of
accelerator breeders.The nuclear cascade initiated by high energy
protons in spalliation targets is usually described by an IntraNuclear
Cascade Evaporation (INCE} /t/ model.Eventhough this model describes
various average nuclear properties of spallation targets fairly
well differential quantities such as energy spectra,angular spectra
etc. are not reproduced within the limits of experimental uncertainty
12/ .0ne of the reasons for this i1s the unceriainty in the magnitude of
parameters 1involved in the model,notably the level density parameter
B whose magnitude 15 quoted by different workers /1/ to be in the
range of 8 to 20 MeV.The accuracy of B  could be improved if we could
experimentally determine a quantity which is much more sensitive to ©
than the average neutron yield.In this paper we discuss one sucg
quantity namely the neutron Multiplicity Spectrum (MS). We compute MS
due to the spallation of lead targets of aifferent sizes at nton
enerygies af 1,5 GeV, 1.0 GeV, 0.59 GeV using the Monte Carlo code HETC
/3/. 1t 1is noticed that for the 1.5 Gev proton case the probebility
plv) for leakage of v neutraons in the range of 60 to 65 <changes by
about 70l when B is varied from 8 to 20 MeV.The corresponding change
in the average neutron yield 1s 1less than 207. It is therefore
suggested that an accurate measurement of MS can serve as s useful
tocl to narrow down the range of uncertainty in the B_ parameter. The
Multiplicity Spectrum (MS} of leakage neutrons can ge deduced from a
statistical analysis of the correlated coincidence counts /4/ using a
bank of high efficiency neutron detectors located arcund the
spallation target assembly.A similar approach has been suggested by
Srinivasan /%/ for the study of multiplication of 14 MeV neutrons in
Be assembly.
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ANAMCLOUS BEHAVIQUR CF SUB.COULOMB PRO™ON INDUCED
PISSION CROSS-.SECTION OF U-23% AND U-238

K.N, Iyenger, R,P, Anand, N.N. Ajitenend,
D.M. Kadkarni, A.K. Mohanty
Nucleer Physicse Division, B,A.R.C., Bombay 400 085.

Sub-coulomb fusion hes been studied extensi-
vely /1/ end it has been esteblished that for heavy
projectiles the cwoss-section 1s enhenced with res-
pect to the predictions based on & static barrier.
Such enhancement is sbsent in reactions with very
light projectiles /2/., With a view to investipgat-
ing the situetion existing st very low enerpgles wa
have carried out the present measurements.

EXPERIMENTAL METHOD

238 Targeta of 1.22 mgm em~2 2%y and 490 B e 2
U were used to make the measurements. As shown
schematic2lly in Fig.1, each target was bombarded
with the proton beem from a Van de Graaff accele-
rator and confronted with en snnulsar lexan detector
of thickness 75 o which detected fissicn fragments
due to fission induced by both, protons and back-
ground neutrons generated by the proton beam. The
beam was stopped in 2mm thick alumimium efter which
another target(uranium target)of similer dimensions,
faced by & similar annuler lexan detector, wes used
to measure the background fissicn due to the neut-
rons alone, The sssembly conteining the two tar-
gets slso served es the Fareday cup to measure the
total number of protons seen by the target, All the
lexan pieces were etched by a stendard procedure to
reveel fission tracks /3/. By appropriately sub-
tracting the track counts in the second lexen from
the first and dividing by the geometrical detection
efficiency, the total fissisns end hence the cross-
section due to proton induced fission was obtained.

RESULTS AND DISCUSSION

The results obtained are shown in Table 1.
It is clear from the optical model calculation of



the reaction cross-section 4/ thet fission follow-
ing proton capture cannot account for the lerge
observed cross-gection below 4 MeV, The distance of
closest approach is so lmrge (see table) that only
coulomb excitation of low lying levels in the target
is likely to take place. The coulomb excited states
have to face the fission barrier of 235U which is
known to be double humped and the bottom of the
pecond well is sbout 3 MeV above the ground state.
However, 1f the potential energy diagram were to
have an additional shallow pocket whose bottom is n
1ittle above the ground state, fiession would be
greatly entienced due to the coupling of siates in
the firet and third wella. OSome indication of this
i3 seen in the potential energy surfece calculsted
for some of the actinides /5/.
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______________________ TABLE T
Ep GR Opticel Model €t mensured closest
{MeV) (mb) (mb) apprcech
235, 238, (fm)

4.0 1.0 (107%)  &.6(10"°) 33
3.5 6.5 (10°%)  1.4(107%) 38
3.0 1.7 (1077y  8.0(107%) 3.5(10°°) 44
2.5 1.7 (1009 1.70107%) 1.0(107%) &3
=12y 450107 66

2.0 2.8 (10
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NEUTRON RADIATIVE CAPTURE CRMS SECTIMN OF Thw232
H&i. Jelin, Experimental Reactor Physics Section
3. Ksiles, S.K. Gupta, Nuclear Physics Divisiam,
Bhabha Atamic Research Centre, Bambgy - 400 085

The neutran cepture cross sectim of Th-232 wis calculated
by corputer code FISPRO-II in the energy range 0.2 to 1.6 MeV.
This code 18 based on the statisticsl model - Hauser-Feshbach(H.F.)
theory. We have made cglculationz using both Welsskopf?s md dxel's
prescriptions for the energy dependence of |—v and used the follow-
ing paraneters set :

T5(Ba) = 20 mev, a«28Mevl, 5. 1223
The optical model parasmeters set :
VR- L’FHBV; 'I = 5Hév; aR- ay = 0.60 fm H uR- RI = 1.25

We have investigated the sensitivity of the variaus parmeters to
the calculated cross section by varying them systematically. In
Fig.l we have campared the calculated values with the measured and
evgluat ed data.

200F
180 . CALCULATED
——~ EVALUATED
T 160"
ifa)
E 140
=
bc - & AN
120 Mackiin Halperln
{(1979-corrected datq) é
& Poenitz et al. (1978 ) \\
1001 0 Lindner et.al. (1975) ) N
#» Present data (1984) ~n
4] I ! 1 . I L 1 1
8 0 0.2 0.4 0.6 08 10 1.2 1.4 1.6
En(Mev) —
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Nuclear Data activities of Nuclear chemistry section

Naik H.,Guin R.,Das S.K. ,Nailr A.G6.C.,Singh R.J. ,Srivastava B.X.,
Chakravarty N. Rattan S$.S.,Goswami A. Datta V., Ramaswami A.,
Pange S$.P.,Sahakundu S.M. Manohar 5.8.,Satya Prakash. and
Ramaniah M.V.

Radiochemistry Division. BARC,

1. Nuclear Fission.
For charge distribution studies in spaontaneous,

neutron and helium ion induced fissioning systems, fractional
independent yield and fractional cumulative yields were determined
for certain fission products. The values are reported in Table 1. For
angular momentum of fission fragments, isomeric yield ratios were
determined for certain fission produclts in spontaneous, neutron and
helium ion induced fissions. The values are reported in Table 2. Mass
yields for certain '1“}?9 products were determined for 30 MeV helium

ion induced fission of Th are given in Table 3. Experimental cross
sections for the fo;wstion of certain fission products in helium jon
induced fission of Bi are reported in Table 4.

2. Helium ion induced reaction cross section measurements.

(rnss section moisyrements for the producs*on
8; Egrtaiyusgactsff products in helium ron 1nduced reactions on Al,
127 ¢u, "B, Cm are reported in lable % B,



Table 1.
neutron and Helium ion induced fissions.

Fractional and cumulative Yield measurments in spontaneous,

Sr.No. Fissioning Fission L O ¢ F.C.Y
Nucleus Product
239, (nth rlTTa'rc .0018+0.0012] 0.00182+0.0012
1024, .005340.0033) 0.008148.0035
i .030120.0131] 0.0382%0.0136
AR .067£0.0152 | 0.105240.0204
1054 .1358%0.0383 0.2410£0.0430
2 oyt ) "% Mo .49940.011
105 ¢ .92940.034
Mgr .967740.0009
g, .9212&0.0011
'3 10 .65540.016
3 232c¢sk) ' 0pa .998%0.002
42, .91540. 034
148 e .989%0.006
o Pt gt [P0 .76640. 02
138cg .813¢0.03
"0, .99140.00¢




Tahle 2. Isomevic yield Ratios of fission praducts

r Sr.No. Fissioning Fission Isomeric
Nucleus product yield
ratio
i _
1. 252 c o) Moy 0.586
£0.070
ey 0.732
1 0.08¢f
13Bey 0.582
*0.068
1
2. ZJJU(nth,f) 34 0.429
10.028
3. 235urnth,rt P34 0.412
£0.046
. 239Pu(nth.f) 134, 0.394
0,047
5. z"Pu(nth.f) S| 0.362
: 0.032
6. ZJZThlaJU Mev, £1]" " 1e 0.516
t 0.050
133, 0.593
to.060
7. 2321h(u‘n mev, £) | ve 0.506
to0.08619
13340 0.632
to.070




s 4

. k232
Table 3. Mass yields in Th (un MeV, f)

Sr.No. Nuclide Yield (%) Sr.No. Nuclide Yield (1)
,. T8 hs 0.225 s "3 4q 2.124
2. s 1.448 18. 150y V.78
3. 8 kr 2.341 19, ey 0.887
‘. 88 xr 2.794 20. 12378, 1.754
5. 8 rb 3.33 21. 275 2.550
6. Mgy 3.379 22. 1296y 3.256
7. I25p 3.412 23. 131 $.T43
8. Iy 4.335 24, 133, 5.706
9. 7y 3.97 25. 138 5.408

10. 3 Mo 4.52 26. 133pa §. 794

1. 10304 3.62 27. 0g, 5.082

12. 104 7¢ 3.00 28. e 3.877

13. 105 2h 2.711 29. "2, 2.240

14, 107 eh 1.832 30. e 2.371

5 111 g 1.294 1. "5t 0.375

16 | 11254 1.325 ——

* Precision of detertrmination: i:m to 15 1



Table &.Experimental ciraas secljun in wb fﬁé

: 15

products in the alpha induced fissiuva of

the farmat
Ri

1ron of fission

Fission
Product

BSmKr

g‘Sr

925r

95Zr

BTZr

99Mo

1D3Ru

49

Hev alpha
ey
s+ 158
+ T2
+ 150
+ 95
+ 170
+ 80
+ 67
+ b6
+ 17

44 .9 Mev alpha
385 + 38
497 + 35
653 + 95
483 + 68

g?blez?. Exper}mental cross sections (mbj for the proeduction of

Na, Na and
Sr.No. ta (Mev)
1. 44,3
2. £5.4
3. 8.6
4, 49.6

2
! Na

RN S

78.81
11,64

11
10

.88
.46

.38
.ne

40.
0.

1Y
X

Mg by irradiation of alpha particles,

Cn .

4
2 Na

1.92
x0.0%

1.77
.05

1.73
.02

4.35

Hg

0.198
40 055

n.206
a0

0.310
.on

0.299
.003
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Table 6. experimental crossséegéions (mb) for production of reaction
»

products by irradiation of Cu with alpha particles of 47.0 MeVv.
Reaction Cross section (mb) for
- -
Products E]’ESCU Only sJCu Oonly SSCu
- —
Teo 1.738 2.51
£0.065 t0.09
8o "2.96 33,2
to0.25 +0.4
§lcu 57.66 83.4
t1.27 1.8
84 cu 98.08 318.1
27.57 +24.6
GSZﬂ 1.987 6.45
%0.023 x0.07
56 Ga 83.96 212.0
£0.34 *1.d
87 5a 26. 08 87.2
Yo.e¢ 42.7
Iagle T. Egpﬁrimental cross sections (mb)ogor production of 2uBAt.
At d At by alpha irradiation of Bi
Sr.No. Ex (MeV) 208 4, 209 ¢ 210,4¢
1. §4.9 D.628 891 408
%78 % ia
2. 49.1 68.9 968 197
+3.2 4122 135
Table 8. Crass section for 2“'Cm {a,2n) z‘scf
Sr.No. Ex (MeV) Cross Section (mb)
1. 33.2 8.4 0.6
2. 44 .4 7.1% 0.5
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HALF LIFE OF 2%4lpy

S.K. Agparwal, S.A., Chitambar. A.R. Parab and H.C. Jain

Fuel Chemistry Divieion, Bhabha Atomic Research Centre
Trombay, Bombay - 400 085, India.

Beta decay half-life of 241py i5 of great importance in
nuclear technology. 1In view of large variation in the values
(13-15 yr) reported till 1974 in literature, efforts have been
made in different international laboratories to determine thisg
half-life with high precision and accuracy. In our 1laboratory,
it has been determined by different mef-ods which may be
classified 1in two categories viz. (1) Parent decay method and
(i1) Daughter growth method. In the parent decay method, change
in isotope ratios 2z‘lPu/239Pu, 2l'lPu/ZL’OPu and
241py/242py was studied periodically by a thermal ionisation
mass spectrometer. Single as well as double ratio method was
used to calculate the half-life. In the daughter growth method,
the half-life was obtained in four independent 4aye, by
determining the 1Ingrowth of 241 pp, These were (i) Alpha
spectrometry taking 239Pu and 242Pu separately as reference
isotopes and studying periodically the increase in alpha activity
ratios: (238Pu + 241Am) / (239Pu + 240Pu) and (238Pu +
(241Am) / 242Pu (i1) Alpha proportional counting for
observing periodically the change in total alpha activity (ii{)
Isotope dilution alpha spectrometry using 243pm ag a splke and
measuring 2l'lAm/?'l'?’Am alpha activity ratios (iv) Isotope
dilution mass spectrometry using 243pm as a spike and
determining 241p/243pam atom ratios. In these methods,
synthetic mixtures were prepared for achieving high precision and
accuracy 1in different measurements. In the alpha spectrometric
work, the synthetic mixtures were prepared with an objiective of
obtaining 100% change in the alpha activity ratio after a period
of about 30 days. Further, the tail contribution at low energy
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peaks, (239Pu + 240Pu) and 242Pu. due to energy degradation

of high energy peak (238Pu + 241Am) was accounted for by
using a method based on the g=ometric progression decrease for
the far tail of the spectrum. In mass spectrometry, isotope
ratios were determined with high precision (better than 0.1%) and
the double ratio m:thod takes care of 1isotope fractionation
effects which can lead to variable systematic error.

Based on the s8ix independent measurements from this
laboratory from 1980-84, a mean value of 14.42 + 0.07 yr is
obtained. The Advisory Group on Transactinium Isotope Decay Data
in IAEA has.recommended values of 14.7 +0.4 yr in 1979 and
14.4 + 0.2 yr in 1983, The data obtained on the half-11fe
values have been published at various times and are given in the
Table.



S.No. Reference Half-life (yr)

1. Seaborg et al, The Transuraium elements, 10

McGraw~Hi1l, 1949 p.22.1Div.1V, Vol.14B
2. Thompson et al, Phys.Rev.,80,1108 (1950) 15.37
3. Mackenzie et al,Phys.Rev.,90,327 (1953) 14.2+40.2
4., Rose et al, J.Nucl.Enerpy,2,264 (1956) 13.87+0.28
5. Brown et al, J.Inorg.Nucl.Chem.,13,192(1960) 14.12+0.24
6. Smith, J.Incrg.Nucl.Chem.,17, 178 (1961) 13.3+0.3
7. French et al, WCAP-6082 (1966) 13.59+40.46
8. Nisle and Stepan, Nucl.Sci.Eng.,39,257 (1970) 14.63+0.27
9. Shields, NBS Tech.Note 546, 25 (1970) 14.6+0.4
10. Whitehead et al, AERE-PR/NP 18 (1972) 14.9640.15
11. Zeigler and Ferris, J.Inorg.Nucl.Chem,,

35,3417 (1973) 14.89+40.11
12. Strobm and Jordan, Trans.Am.Nucl.Soc.,

18,185 (1974) 14.355+0.00
13. Wilkins, AERE-R 7906 (1974) 15.02+0.10
14, Whitehead, UKNDC (76) P86, 41 (1977) 14,.56+0.10
15. Crouch, UKNDC (78) P88, 97 (1978) 14.24-14.53
16. Garner, Trans.Am.Nucl.Soc, 33,3 (1979) 14.38+0,07
17. Vaninbroukx, Int.Conf. Neutron Phys. and 14.30+40.14

Nucl., Data for Reactors, OCDE Nucl. 14.60+0.10

Energy Agency,Paris, 235 (1978)
18. Aggarwal and Jain,Phys.Rev.,C21,2033 (1980) 14.42+40.09
19. Marsh et al,Int.J.Appl.Rad.Isot.,31,629(1980) 14.32+14.43

20. Aggarwal et al, Phys.Rev.C23, 1748 (1981) 14.37+0.09
: 14.50+0.08
21. Aggarwal et al, Radiochim.Acta, 29,65 (1981) 14.52+0.08
22. Aggarwal et al, Radiochem.Radioanal.let .. 14.32+0.11
54, 83 (1982)
23, Takashi, PNCT~N-831-82-01 (1982) 14,29+0.15
24, DeBievre et al, Int.J.Mass Spectrom.
Ion Phys., 51, 111 (1983) 14.,33+0.02

25; Aggarwal et al, Phys.Rev.,C31, 1885 (1985) 14.43+0.08
14.38+0.02
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FISSION YIELDS IN THE THERMAIL NEUTRON INDUCED FISSION
OF 233U, 235U, 239p,, aAND 241py,
H.C. Jain, S.A, Chitambar and M.V. Ramaniah
Fuel Chemistry Division
Bhabha Atomic Research Centre

Trombay, Bombay -400 085, India

Fission yields in the thermal neutron fission of 239Pu

Fission yields for 27 mass numbers were determined in the
therma! reutron fission of 239py using high resolution gamma
ray spectrometry and radiochemical method. 1In the radiochemical
method, the total number of fissions were calculated without
considering the neutron temperature correction to the 239%y
fission cross-section. A recalculation of the fission yeild data
of 239y Incorporating thc (g+rs) correction for the neutron
tempersiure was carried out. This has resulted in resolving the
difference between the earlier published high values for 990
fission yield in 239py (which was used as a reference nuclide)
and other recently reported values. Details of these calculations
and the .esults obtained along with the comparison with the
experimentally determined values and with the yields given in two
recent compilations are published in Radiochim. Acta, Vol.37,

pP.63(1984).



Fission yields in the thermal neutron fission of 233U,235U.

239Pu and 241py,

The fission yields for 40 mass numbers in each of the

fissioning systems 233U(nth,f), 235U(“th'f)'
239Pu(nth,f)land 241Pu(nth,f) were determined employing

mass spectrometric, radiochemical and gamma spectrometric
methods.

113Ag and

In 233U(nth,f). fisgion yields for
123g, were determined for the firat time. These yields along
with those for lllAg, 112Ag, ]15Cd, }ZISn and 1255n
determined in the present work have 1ied to sharp dips at mass
numbers 112 and 123 in the symmetric region of the mass yield
curve resulting in the appearance of a third peak.

In 239Pu(nth,f),fission yields for 98Mo and 1OOMO
were found to be 10-127% higher than the only one experimental
datz reported in literature. Fission ylelds for these nuclides
and that for 103ru are seen as spikes in the light wing of the

mass yield curve.

In 241Pu(nth,f), fission ylelds of 98Mo, IOOMO, 1215n

and 123sn were determined for the first time. A peak to
valley ratio of 600 was obtained compared to a value of 230
arrived at from estimated values of fiassfion yields in the

symmetric region reported in literature.
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Adequacy of Indian Crosg-section Libraries
in the Beactivity Prediction of Thorium Sygtem

by

Kamala Bal akrishnan
Reactor Fngineering Divieion
Bhabha Atomic Repearch Centre

Bunbay

Introduction
Reactor physice design in India is normally done

with the help of crose~section libraries acquired from
advanced countrisas. Thess libraries, created by processing
ENDF/D date, terd to emphasize the requirements of uranium
gysteng. Thia makes them gomewhat less desirable for thorium
gystems; .more 80 in the rmgolved resonmnce energy rangs. The
od mquacy of theae librarieg for thorium systemas has been
aggegsed by using them for predicting the effactive multi-
plication factor of experimantally measured lattices.

The reactor physice design methods used here 1
Ind ia are on three differsnt level 1 the two group, the few
group, and thea miltigroup treatments. One representative cole

from each level has bean used for the present analysis.

Dumlae - This code uses Wegtcott corss-sections in the
thermal region, Hellptrani's measured resonance integrals in
the resomance region, end crose-~sections integrated over the

fission spectrum in the fest region.

Rhea =~ This is a few group code which uses Ombrellarc
crogs—pecti ans in the fast mnge and Ainster corss-sections

in the thermal mrgs.

Hyges - This mltigroup code mmkes use of the Muft cross-
gection pet in the fast region ard the Thermas library in the

thermal region.



NMeasurements and Calculations

Literature survey for thorium DyO syvatems, where the
primary interest of India lieg, ravenled gpome lattice meagure~
ments corducted at ATCL and gomes at BNL.

The result ar~ summarised in the following table.
Keff valueg as calculated

Pitch (cms) DUMLAC RH™A HYG=A

APCL Pxperiments D0 cooled. (ThO, + 1.5% U235 0,)

22.0 0. 185 0.9%
24.0 0,987 0.997
28.0 0.988 0.9%
BNL Pxperiments (Th, 12%3)0, 2.5% U233
2.17 1.111 0.973 1.005
3.76 0.9% 0.9% 0.997
4,34 0.9% 1.000 0.99%
5.74 0.%5 1,003 0.988
6.51 0.988 0.9% 0.993
7.82 0.973 1.006 0.981
9.46 0.975 1.016 0.985
11.48 0.971 0.9% 0.980
ARCL Fxperiments (Th, U233) Ho0 cooled 1,5% U233
22.0 1.004
24.0 1.007
28.0 1.008
32.0 1.010
Conclugiong

It would apnear that at least as far as reactivity
predictions go, these libraries are accantable. For thorium
reactors however, the mosgt important as well ms the most
gensitive gquantity is the conversion ratio. Dus to the
pavcity of experimental information, it has not yet been
vosgible to svaluate the adequancy of our libraries for this
quantity. Efforts are beirg male t0 acquire relevant data in
this regard.
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KALPAK KAM MULTIGROUP CROSS SECTION SET FOR FAST REACTCR

APPLICATIONS -~ STATUS AND PERFORMANCE

M.M. Ramanadhan and V., Gopalakrishnan

Reactor Physics Section, Reactor Group, Reactor
Research Centre, Kalpakkam-‘éoj 102, Temil Nadu

The newly generated Kalpakkam multigroup set was used
te predict integral quantities such as keff' central
reaction rates, central reactivity worths1 for three fast
eritical assemblies viz. ZPR-3-48, ZPR-3=56B and ZPR--G--'?2
using the ENDF/B-IV as the basic file,

The ratios of calculated tn experimental values were
compared for the ENDF/B~IV based American multigroup set%
JENDL based Japanese multigroup setﬁ ENDF/B-IV based
Japanese rultigroup set and the adjusted French cross sec—~
tion setS.

The values of calculated Keff's for the three

assemblies are summarised below

Assembly -9 ZPR-3-48 ZPR-3~56B ZPR-6=7

JENDL -1 1.0005 0.0057 0.,9983

JFs-2 1,0031 0,9967 1.0033

ENDF/B-IV JEARI 0.9885 0.9768 0.9810

ENDF/B-IV 1.0015 0,9882 0,9917

Hlardie ot al.

ENDF/B=IV 0.9946 0,9979 0.9867

Kalpakkam ’

French set 1.0069 1.0164 1.0049
§ x* pxor .0130 .0211 .0107

* Maximum spreads on Keff calculated by different sets all

based on ENDF/B-JIV only.
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The results obtained for central reactivity worths for
naQ
235u, 238U, ”B“Pn, Fe, Cr, Ni and Na and those rormalisged

239Pu, ratio of capture reaction rate of 238U to the

238U’ 240

to

o
fission rates of L39Pu and Pn to the fission rate

of 235U are given in Ref.6,

References

1. M.M. Ramanadhan, V.Gopalakrishnan and $.Ganesan Indian
Journal of Physics, Vol.58A Number 6 (Nov,. 198&5.

2. Cross Section evaluatcd working group Benchmark Specifi-
cation BNL 19302, ENDF-202,

3. N.V.Hardie, et al., Nucl, Sci. Eng. 9, 57 222-238 (1975).

by Yasuyuki Kikuchi et al.,Benchmark Tests of JENDL-1, JEART
1275, 1982,

5. Jo.Ravier and T.M.Chaumont, Presentation of the Multi~
group cross section set prepared at Cadarache, Proceed-
ings of the Conference on Fast Critical Experiments and
their analysis, USAEC report ANL-7320, 1966,

6. M.M,Ramanadhan et al,to be published (1985).
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MULTTIGROUP CROSS SECTICNS FOR ALKALI ISOTOPES
AND ACTINIDES
V. Gopalakrishnan and M.M. Ramanadhan

Reactor Physics Section, Reactor Group, Reactor
Research Centre, Kalpakkam - 603 102, Tamil Nadu.

Average cross sections of all available neutron induced
nuclear reaction processes were calculated in the SETR 25
group structure from available basic data files in the ENDF/B
Format obtained from TARA Nuclear Data Section for the alkali

isotopes and actinides given in Table 1. The basic data was

preprocessed by LINEAR1, resonance reconstructed by RECENT2

and mul tigrouped by REX13. Only infinite dilution cross
sections were obtained, using a typical fast reactor spectrum,
The multigroup cross sections and collapsed one-group cross

sections for alkalil metalsh were generated on a request from

the Radio Chemisgtry Programme of our Centre, and for actin:ldes5

on a request from Shielding Group of our Section.

1., D.E. Cullen, 'Program LINFAR', UCRL-50400, Vol. 17,
Part A, Lawrence Livermore Laboratory (1979),

2, D.E. Cullen, 'Program RECENT', TICRL-50400, Vol., 17,
Part A, Lawrence Livermore Laboratory (1979),

3. V. Gopalakrishnan and S, Gancsan, 'A Note on the
Program REX?,....', Internal Note REDG/RP-243 (1983),

k, V. Gopalakrishnan and M.,M. Ramanadhan, 'Multirroup
data for alkali Metals', Internal Note REDG/RP~
267 (198%4).

5. V. Gopalakrishnan and M.M. Ramanadhan, 'Multigroup
?ata §or Actinides', Internal Note to be published

1985}.



Table 1

ISOTWPES PROCESSED AND TIE BASTIC DATA FILES FROM WHERL
THEY WERE CHOSEN.

- 1 — o -

Nuclides Basic Data Flle

- - —— - S o - -——

Li-6, Li-7, Na-23, K(nat), Cs-133,

Th-232, U-233, U-234, U-235, ENDF/B=-1V

U-236, U-238, Np=237, Pu-238, General purpose.

Pu-239, Pu-240, Pu-24t, Pu-242,

Cm-244,

Rb-85. ENDF/B-TV
Fission Products,

U-237, Np=-238, Pu-243, Am-241, ENDF /B-V

Am=242, Am-242 Am-243, Actinides.

Cm-242, Cm~-243,
Np-239. JENDL~1

U-239 IENDL=-78.

-—san
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INTEGRAL VALIDATION OF (N, 2N) CROSS SECTIONS OF TH-232
BY ANALYSES OF MEASURED CENTRAL REACTION RATE RATIOS IN
THOR_ASSEMBLY

S. Ganesan and V, Gopalakrishnan

Reactor Physics Section, Reactor Group, Reactor
Research Centre, Kalpakkam - 603 102, Tamil Nadu,

The (n, 2n) cross sectilons of Th-232 plays an important
role in predicting the production of U-232 which leads to hard
gamma rays in thorium cycle. The present work attempts to
intercompare and validate in an integral sense the (n, 2n)
cross sections of various available basic data libraries for
Th=232,

Experimental values of spectral ratios given are as

follows :

{On, 2n (u-238))/{0r(v-238))
{6y (m-232)>/{65(v-238)"
{On, 2n (Th-232)) AOn, 2n (U-238)) = 1.04 4+ 0.03

it

0.053 + 0,003

0.26 + 0,01

The direct interference from (n, 2n) and fission cross sections
of U=238 while interpreting the effects of changes in cross
sections for Th-232 is eliminated as follows. We cross multiply
and eliminate the cross sections of U-238 énd obtain the ratio
of experimental valuoc of effective one group (n. 2n) cross
section to one group effective fission cross section for Th-232

at the centre of THOR assembly as:

<6;, 2n> }
<8ty JExP.

This ratio is calculated using various data files and fluxes

0.212 + 0.0157 = &

at core centre of THOR assembly using
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{60, 20 (B, =), 7,
<6r) CALC. *5:1 5re 7e
=

it

where g is thie energy group index., The fluxes ag are calculated
using one dimensional transport theory code DTF-IV and the group
cross soctions 6}h2n and af are deri-ed from various basic
nuclear data files.,

The error in "C" is teken as 4% as the uncertainties in
cross sections of Pu-239 and those of Th-232 influence "C" by &8s
much as 47, on the avernge, through corresponding uncertainty in
calculated neutron energy spectrum., This coupled with the errox
in"E" of 7.4% gives a net error of 8.4% in C/E. The results are

given below :

Calculated a 1 &5, 2n)

File {Sn, 20> Diﬁr . <§o‘ni 2n) E'é’r(’J;;NDL-z )3
S ik = _§;&E-__-_f£flirf’::ﬂ?______121:595_:-192-..
ENDF/B-TV 0.233 1.335 0.257 1.21
ENDF /B-V 0.255 1.202 0.243 1.15
JENDL~2 0.225 1,063 0,225 1.06
ENDL-84 0.259 1.221 0.257 1.21
TNDTAN 0.258 1.22 0.247 1.17
JINDL/A-83 0,270 1.275 0,250 1.18

ST B D S P T S NP e S g SO D D Vb o b G D G e M A B o > A G R A e e G N e e G e S e e SR e W0 A

Except JENDL-2 file all other data files overestimate the
<5h,2n>/<6}> ratio. The entire (n, 2n) contribution comes only
from the first group in our present study. From the results
presented in the above table we find that JECNDL-2 is consistent
within the interpretetional error bar and the other files show
an overprediction of (n, 2n) cross section by about 5 to 11%
gutside the interpretational uncertainty which is assessed

to be about 107 for the last column,
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AN ATTEMPT OF JNTEGRAL VALIDATION OF U-233 FISSTON AND CAPTURE

€ROSS SECTIONS IN KEV-MCV ENERGY REGION USING JRRADIATION IN

RAPSODIE FORTISSIMA FAST TEST REACTOR

V., Gopalakrishnan and S. Ganesan

Raactor Physlics Section, Reactor Group, Remctor Research
Centre, Kalpakkam 603 102, Temil Nadu

RAPSCDIE FORTISSIMA reactor at Cadarache has been used to
irradiatie gome of the actinides and fission products with a view
te determine the iniegral neutron croas sections of the irradia-
ted nuciides and fisgion ylelds of the actinides in a fast
reractor. This experiment was known as TACO (TAUX de COMBUSTION)
experiment, in which the irradiation took place from February 1971
te June 1072 giwing a total irradiation equivalent to 263.5 days
ot full power.

Cricchio ot ai? have analysed the above experiment and have
aglenls ad thae intogral capture end fission cross sections for
U233, Wnw-277, Am-241, Am-243 and a few fission products. They
have clap compnre&sthese (experimental) values with those
calculeird from the basilc cross section data library KEDAK. The
multigrous otracturs they have used is the SETR structure which
is extensively used in RRC., This gives us an opportunity for
comparing and validating the integral cross sectionsa calculated
from various data libraries., Presently we restrict our
calculstions to U-233 which is of interest to us for the RRCe
TAPA Co-ordinated Research Programme (CRP)2 on integral valida-
tior of actinide nuclear data. The following data sources are

corsiderod; (1) BNDF/B-IV, (2) JENDL-2, (3) CADARACHE,
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(4) ENDL 84/v and (5) MEADOWS>. Of these the Cadarache nuclear

dete are already in multigroup form in the SETR structure. The
basic data were multigroyped by REX1 and then collapsed to one
group using the experimental RAPSODIE spectra1. Table 1 gives
a comparispn of the integral cross sections calculated using
data from KEDAK1, Cedarache and ENDF/B-~IV with the experimental
values for fission and capture processes. Calculations are
under way for the cother data libraries. The assessment of

errors and interpretaticns are in progress although the C/E

values given in Table 1 would give an indication of the

extent of agreement,

1. A. Cricchio et al., The TACO experiment for the Determina-
tion of Integral Neutron Cross Sections in a Fast Reactor,
Nuclear Data for Science and Technology, D.Reidel Publish-
ing Company (1983), page 175.

2. S.Ganesan, Status Report on RRC-JAEA Co-ordinated Research
Programme on Validation and Benchmark Testing of Actinides
Nuclear Date presented at the Second Resrarch Co-ordination
Meeting held in Varna, Nulgaria during 14-16, October 1985,

3. J.W.Meadows, The Fisgion Cross Sections of Some Thorium,
Uranium, Neptunium and Plutonium Isotopes Relative to U-235,

ANL/NDM-83 (1983).

Table 1 Comparison of Integral Cross Sections for U=233

Process Experimental _Calculated Valugs_(g) _____ -
(RAPfg?IE) KEDAK CADARACHE  ENDF/B-IV
FISSION 2.31 + 6% 2,12 2,28 2.11
(o 918) (0.987) (0.913)
CAPTURE 0,155 + 0.2% ;5 0.182 0.15%6
(1.174) (1.006)

The values in paranthesis give C/E values,
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GENEFRATION OF DISPLACEMENT DAMAGE CROSS SECTIONS FOR VARIOUS
LOCATIONS I} A FAST TEST REACTOR

M.M. Ramanadhan and S. Ganesan

Reactor Physics Sectién, Reactor Group, Reactor
Research Centre, Kalpaklkam-$03 102, Tamil Nadu

A programme of obtaining the map of dpa/sec for any
given material as a function of position in FBTR has been
taken up. The code RECOIL1 vhich generates displacement
damage cross sections in 105 fine groups was successfully
commissioned and testedz. The usefulness of RECOJL and
ite data base is not restricted to just FBTR needs. By
using the calculational method oncd data base of RECOIL
damage effects of structural meterials like gas production,
nuclear displacements etc. can be simulated, studied,
evaluated and corrected ad correlsted in different necutron
environments. The mathematicwl formulee are avai}ablr in Ref.1.
Table 1 gives the displacement damage cross section
calculated in 25 groups for £S~316 stainless steel by collap~
ging the fine gro'p values prodrced by RECOIL code. The
wvalues of Oa in Table 1 were utilised to obtain the effective
dpa/sec in the central core location of FBTR-65. The fluxes
in 25 groups obtained by two dimensional diffusion theory
calculations were supplied to us by Reddyh. Table 2 compares
this displacement rate with thosé reported for e typical fast
reactor like EDK-Ii in the literuturez’a. Case 3 differs from
Case 1 in the methods of calculation of dpa.

1., T.A.Gabriel et al., ORNL/TM-5160 (1976)

2, M.,M,Ramanadhan and S.Ganesan, 'Adaptation of Code RECOIL
System', RRC-64, p.13 (198%4).

3. G.L.,Kulecinski, D.G.Doran and M.A.Adou UWFDM, University
of Wisconsin 1197h).

4, C.P.Reddy, Private Cormunication (1984}).
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Table_ 1
Calculated Displacement Damare Cross Secctions for Stainless
Steel Type 316

Grp Tlpper Displnce Grp Upper Displecement
No. Inergy ment No. Enorgy cross

(in ev) cross (in ev) section (in
. e e e section_ _ _ _ _ _ _ _ ___ barms) _ _ _
1 .14500F 08% ,19887EFE Oh 14 .91300% Oh .36590E 02
2 .36800C 07 .14393E Ot 15 « 55400 O4 .19128% 02
3 . 22300 07 .10037E o4 16 «33600E 0O; .85325E 01
L .13500% 07 .G1400 03 17 «20400E O4 .59907% Ot
5 .82213% 06 L6065 03 18 .124L00E 04 .59030E O1
6 L9868 06 .370828 03 19 .74968FE 03 .15222:% 01

.30245% 06  .25254% 03 20  J45h71E 03 .27158% 00
L1834hE 06 ,19500% 03 21 «27579% 03 371405 00
9 .111267 06 .15791C 03 22 .10146% 03 .798855 00
10 L67480E 05  ,801D1E 02 23 . 22640 02  .67911E 00
11 ,h0930% 05 .14236% 07 24 305008 01 .17891L 01
12 .2/4830C 05  .34056G 01 25  .h1LOOE 00  ,10584%T 02
13 156008 05 32288 02

* Read as 145 x 105

» 2

Table 2

Calculated DPA rate/sec x 107 for T-pa 316 Stainless Steel

- eem M @ e e e e e = v o ome e e Ee Ge PP me EE e o M e me em e em e

SleNo._  _ _ _ _ _ _ Facdlity _ _ _ _ _ _ _ _ dgn(s_x_197_ -
1 EBR TIJ Row 2 (62.5 MWth) {(Ref.3) 14,00
2 F3TR-65 (50,0 NMUth) core centre

(axially averared flux) 15.26

3 EBN-I1 Row 2 (62.5 tWth) (Ref,1) 16,00
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STATUS OF ACTIVITIES UNDER JAEA's CO-ORDINATED RESEARCH PROGRAMME

ON VALIDATION AND BUENCIIMARK TESTING OF ACTINIDE NUCLEAR DATA

S. Ganesan, V. Gonalakrishnan, M,M. Ramanadhan and R,S.Keshavamurthy
Reactor Physics Section, Reactor Grour, Reactor Research Centre
Kalpaklkam 603 102, Tamil Nadu
The programme of work agreed by RRC within the scope of
TAEA-CRP, to be carried out at RPC, as stated in the Research
Contract (No.3690/R1/RB), is as follows:
{a) Continuation of nrroducing best evaluated data files for
Th-232 end U-233 in E¥DF/B format
(b) Detailed validation of these data files, including inter-
comparisons with similar data files from different origins
and analysis of the discrepancies encountered.
(c) Compilation of related data from integral experiments and

review of uncertainties for benchmark testings purposes!

The period of the research contract was commenced on 1st March
1985 and will ¢over period upto 28th February 1986 precently.
1)
The summary presented at the recent CR§ meetings in Bulparia in

October 1985 is given below:

- The capture cross sections evoluated in Trombay by Jain and Mehta
(1983) along with Meadows (1983) fission cross sections for Th-232
are consistent with the integral value of alpha deduced from
measurements of spectrol indices measured at core center of TIIOR
assembly. JLENDL-2 file for Th-232 is, in itself, also consistent
in the same way.

- Discrepancies in inelestic cross sections for Th-232 need tco be
resolved.

- The discrepancies in lleff by themselves for THOR assembly do not

help to validate any data set in a conclusive manner.
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- The ratio of (n,2n) to Tission cross sections scenm to be 0O.K.
only in JiMDL=-2 file as per preliminary studies for Th-232,

-~ The CFDMF assembly {or which the central core flux with
egsociated error matrix is siven will be taliten un for analysis

- The suitability of wusing JEZRNBYL-13, a hare sphere of U-233
(98.13") metal will be assessed by analysis.

-~ The analysis of KUR-RP1 experiment for spectra in TIIORJA and
the LLL pulsed thorium sphere may be taken up only after the
relevant nentronic codecs are developed {0 the required sophis-
tication, at Kalpalkkam.

- Concerning; the Th-~-232 and 7=233 data files, thc energy range below
50 KeV will be bhorrowed from JuMDL-2 file. The inelnstic cross
sections will be critically examined. The purpose is to identify
the best data and create new files for i1n=232 and U-=233 in
ENDF/B format only *f the availaoble existing recent evaluated
files like JSNDL-2 show sufficient deficiency to warrant such
a creation of new date file. I!lovever, the partial data evalua-
ted in India by itself has also heen coded already in EYDF/B
format for possible dissemination by JTABRA, after scrutiny.

- Further critical evaluation and compilation of benchmarks for

data testing purposes for Th=2722 and U-233 will be continued.

1. S.Ganesan, Status Neport on RRC=JAFLA Co-ordinated Resonrch
Progranme on Validation and Behnchmark Testing of Actinide
Muclear Data' presented st the second Research Coordinntion

Meetins held in Varna, Dulraria durinrs 14-16, October 1985 .
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INTEGRAL VALIDATION OF NEUTRON INDUCED CAPTURE AND
FISSION CROSS SECTIONSFR TH-232 IN FISSTON SOURCE
ENERGY RANGE

S. Ganesan, V. Gopalakrishnan, M.M. Ramanadhan and
R.S. Keshavamurthy,

Reactor Physics Section, Reactor Group, Reactor
Research Centre, Kalpakkam - 603 102, Tamil Nadu.

As part of the IALA-NDS sponsored Co-crdinated Research
Programme on the intercomparison of evaluations of Actinide
Neutron Nuclear Data, a programme1 is in progress at RRC for
Th-232 and U-233., Ve obtained2 interesting results highlighting
the extent to which evaluntions in JENDL~2, TMDIAN, LNDF/B-V,
ENDL~£4, FRENCT SRT (1969), INDL/A-83 (RUMANTAN), ENDF/B-IV and
JENDL~1 files are consiastent with the measured value of d@@ for
Th-232 at the center of THON eritical assembly which emphasizes
transport of noutrons in the fisgssion source energy range. THOR
assembls, in equivalent snpherical model has a core of 5,310 cm
radius centered in a reflector of 29.8f cm outer rodius. Experi-
mental values cf Of(v-238)/ 0f(v-235), Of(Tn-232/ 6¢(U-238),
Or(u-238)/ Or(U-235) andOp(TH-232)/ Op(U-23€) have beon published
alongwith the agsociated uncertainties., Ve deduced1 the value
of alpha from these rntios a~ 1,9645 + 0.14G6 for Th-232 at core

center of THOR asscmbly,

Showvn in Fifure 1 are our results for "C/E" (calculated to
experimental ratio) of the value of alpha at the conter of THOR
assembly. The error in "C" is taken as 4% as the uncertainties
in cross sections of Pu-239 and those of Th-232 influence "C"
by as much as 4%, on the average, through correspending
uncertainty in calculated neutron energy spectrum. It 1s clearly

seen that the evaiuvations in ENDF/B-IV, INDL/A-83 (RUMANIAN),
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JENDL-1 and the FRENCH set overpredict alpha for Th-232 by

25 to 6%, The relative error (in C/E) of 8.43% (4% in ncC"
and 7.43% in "E") could be as large as 11.43% if we treat the
error in "C" as systematic, Then INDIAN and JENDL-2 files are
consistent and ENDL-84 and ENDF/B-V would appear, w.thin 5%,
consistent with intersral measurement of alpha at core center

of THOR assembly.

The uncertainty in §f for Th~232 in recent files introduce
an uncertalnty of about 5% in the interpretations of "C/E" for
alpha. The use of recent data of Meadowss for 0f of Th-232
brings the C/E value to 1,08 for INDIAN file. We therefore
conclude’ that the TNDIAN evaluation by Jain and Mehtah for e
with 0f from Meadow55 and the JENDL-2 for Oc and 9T are
consistent with the integral wvalue of dck, deduced by us from
the measured values of gpectral indices at tho core cet ~r of
THOR mssembly. Since JENDL~2 uses Lindner's data6 for Ge
our analysis validates integrally Lindner's data. New and
accurate measurements of ©c are needed to reduce further the
existing discrepancies seen in Figure 2, Further details are

given in R.f,7.

JENDL -1
ENOF[B-1V — —
INOL/A-83{RUMANIAN L —
FRENCHU969) .+

—_—_——— ENDL-84

—————+— — ENDF|B-~V
———— INDIAN
———pm——e JENDL - 2

atan favg g bga g bty v e el ga Voot oggg
o8 09 10 1 12 19 1 E'A 15 1%

FIGURE 1 Calculated to LExperimental ratio for
Alpha fTor Th-232 at core centrec of TIOR

Assembly
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FIGURE 2 JENDL-2 file is compared with INDIAN file in
fission source energy range for c¢ of Th-232,

S. Ganesan ot al,, Paper C.14 in TACA-TECDOC-336 (1985).
Fast Reactor Benchmark No.25 in BNL 19302 (ENDF-202) (1983).

S,Ganesan et al., 'A Programme of Evaluation, Processing
and Testing of Nuclear Data for Th-232 and U-233' Paper
presented in the Int#rnational Conference on Nuclear Data
for Basic and Applied Science during May 12-17, 1985 Santa
Fe Now Mexico, U.S.A. {to appear in RADTATION EFFRCTS).

H.M.Jain and M.K.Mehta, in Nnclear Data for Science and
Technology, Edited by K.N. Bockho » Reilde u ng

Company, 1983) pp.657-660.
I.W.Mradows, ANL-NDM-83 (1983).
M.Lindner et al., RRC=L43 (1981),

Status Report on RRC~TAEA Co~ordinated
Resenrch Programme on Validation and Benchmark Tesating
of Actinide Nuclear Data' presented at the second
Research Co~ordination Meeting held in Varna, Bulgaria
during 14-16, October 1985).

5,Ganesan,
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INTERPRETATION OF DOPPLTR EXPLRIMENTS USING THE NEWLY

GENFRATED KALPAKKAM MULTYGROUP CROSS SECTIOM SET

M.M. Ramanadhan

Reactor Physies Section, Reactor Group, Reactor
Research Centre, Kalpakltam-603 102, Tamil Nadu

The problem of interpretation of Doppler effect measurements
is 2 chaollenge from research point of view and provides, a method
for integral test of resonance cross section data and Doppler

broadening technlques in resolved end unresolved resonance

regions.

(1) SEFOR : The Wonpler effect calculations for SEFOR(1'2)

reactor which was mainly constructed for studying the Doppler

effect in faast resactors, were performed usins the newly generated

Kalpakkam multigroup crosgss section ect(J), ond the 1969 Cadarache

multigroup set available with us,
The diffusion calculations were performed in one dimension
[
using the code 'mrnm(z‘), while the code 'EFFCROSS'(J) was used for

generating comvosition and temperature dependent group cross

gsections,

The rull core configuration, the atom densities of materials

and she material volume fractions in 2 dimensions are given in a

report by Harris and Nelson(z), and in a DNL repor‘G).

The temperature rise A T was assumed to be the same throughout

the core. Thus the temperature gradiént and its effect were not

considered explicitly., It was however cleanr that the value of the

Doppler coefficient obtained by running a two K calculation
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corresnpondin~ to a. uniform rise in temperature thronghout the

core will slishtly nrderesiimate the noymitnde of the statie
Doppler Coefflicient. The {emmerature derivative of the
effective multiplication factor AN/ A T varies npproximately

as the inverse of temperature with the result that T

is nearly a constant,

The calculated (€) to experimental’ ;) ratio C/. for the
Doppler coefficient is found to he 0.85 for Cadarache set

avallable with us and 0.79 ior Halpakkam set,

The U=-233 TNoppler Experiment : The one Noppler experiment for

which data exists to permit a2 re-~analysis is the central doppler

7(6) agsembly. The

reactivity worth measurements in ZPR-G-

Doppler sample was of 1 inch diameter and 12 inch long cylinder
)

at the centre of the ZPR-G-SGassembly. The sammle commeonition

was Umw23%:785.8% 11, U=23h:0,47 gm, U=238:3.4 gm and 0:138.15 gm.

No analyses of this experiment has ever DBeen reported for
=233 Doppler worth using ENDF/B~1IV or more modern cross section
files,

The calculations usins French (1969) and ENDF/B=-JTV based
Kalpekkam set (1985) gives almost zero Donpler coefficient
showing the complete abisence of temperature dependence, of cross
section of U=233 isotope arising from ahsence of unresolved
resonance data in these sets. The calculations using JENDL-2
and Kalpakkam cross section sets 2re under nrogress for this

=233 Doppler experiment.
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R.A .Meyer et al, 'Design and Analysis of SEFOR Core 1!
GEAP 13398 (1970),

R.A.llarris and J.V.Nelson 'SEFOR~Core I Doppler constant
Analysis' HEDL-TME 72-78 (1972).

H.M.,Ramanadhan and V.Gopalakrishnan, 'Kalpakkam Multigroup
Croas Section set - Status and Performance (RRC Report to be

published).

T.M.John, MUDE:A 1 D Diffusion Theory Code : Note No.FRG/
01100/RP-60 (1975).

Damjens, J and Ravier, J. '"Programme SETR 512 Ixploitation des
Constantes Multigroupe, SETR Cadarache, PMNR/67/746.

ENDF-202!Cross Section Zvaluation Working Group Denchmark
Specifications BNL report USA.
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EFFECT OF INTERPOLATION ERROR IN PRE~PROCESSING CODES
ON CALCULATIONS OF SELF SHILCLDING FACTORS AND TIEIR
TEMPERATURE DERIVATIVES

5., Ganesan, V, Gopalakrishnan, and M.M. Ramanadhan.

Reactor Physics Section, Reactor Group, Reactor
Research Centre, Kalpakkam - 603 102, Tamll Nadu.

The Doppler coefficient in fast reactors should be predic~
ted to + 10% accuracy and the portion of the error arising from
interpolation error used in pre-processing codes should be less
than 1%, Because of limitations in computer time, generally
these codes are run only with relaxed error criteria, In addition,
problems occur due to improper represcntation of evaluated data
in resolved resonance region. We investigated the effect of
interpolation error in pre-processing codes LINEAR, RECENT and
SIGMA1 on calculations of self shielding factors ancd their
temperature derivatives, VWe consider 2.0347 to 3.3546 1.c¢vV
energy region for U-238 cepture, which is the NEACRP benchmark
exercise on unresolved parameters, The calculated values of
temperature derivatives of self shielding factors is significantly
affected by interpolation error as shown in Table 1. The source
of problems in both evaluated data and codes were identified by
Cullen1 and eliminated2 in 1985 version of these codes. Our
paper1 heips to (1) inform code users to only use 1985 versions
of LINEAR, RECENT and STGMA1 and (2) inform desirmers of other
code systems where they may have problems and wvhat to do to

eliminate their problem41).

1. S. Ganesan, V, Gopalakrishnan, M.M, Ramanadhan and D.E,.
Cullen, "Effect of Interpolation Error in Pre-processing
On Self Shielding Factors and Their Tempcrature Derivatives"
Paper presented in the International Conference on Nuclear
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Data for Basic nnd Applied Science during May 13-17, 1985
Santa Fe, New Mexico, U.S.A. (To appear in Radiation

Effects).
2, D.E. Cullen, Private Communication (1985),
Table 1

Results with 1984 and previous versions of codes

LINEAR/RECENT/SIGMA1
= & AG;
Dilution Gatﬁ- 1?_ /j/~
(vbarns) OCia Oip A
0.0 1.027 1.063 1.159
1.0 1.021 1,061 1.180
10.0 1.020 1.052 1.167
100,0 1.012 1.037 1.218
1300,0 1.008 1.031 1.912
10000,0 1.007 1.031 11.323
G&y = Self shielded cross section for case xy
ATy =2 G - Oxa a : J00K; " b: 2100K

Case 1a = LINEAR (0.1%) - RECENT (0.1%) ~ SIGMAT (0.0%;
300K); Error 1 0.141%,

Case 1b = LINEAR (0,1%) - RECENT (0.1%) ~ STGMAt (0.0%,
2100K); Error : O.141%,

Case 2a = LINEAR (0.1%) - RECENT (0.1%) - LINEAR (1.0%) -
sTaMAtl (0.2%, 300K); Error : 1,03%.

Case 2b = LINEAR (0,1%) - RECENT (0.1%) - LINEAR (1,0%) -
sTeMa1 (0,2%, 300K) - SIGMA1 (0.0%, 2100K);
Error : 1.03%

ENDF/B-IV; NEACRP Benchmark energy region : 2,0347 to

3.3546 keV; Capture; U=238,
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DEVELOPMENT AND ADAPTATIO!N OF COMPUTER CODES RELATED TO
EVALUATION AXD PROCESSING OF NUCLEAR DATA

M.M. Ramanadhar and V. Gopalakrishnan

Reac tor Physics Section, Reactor Group, Reactor
Research Centrr, Kalpakkam - 603 102, Temil Nadu

The details of work done in the field of development and
adaptation of computer codes related to nuclear data research
at Kalpakkam are given below:

LINEAR-85 : This code replaces the 1984 version of LINEAR,
This code processes the energy cross section
table having any interpolntion scheme and provides
a table with linear-lincar interpolation. In
this new version all energies are treated in

DOUBLE PRZTCISION. Renort UCRL-50400, Vol.17,

Part A (1979).

RECENT-85 : This code replaces the192L4 version of RECENT.
This code reconstructs the cross sections given
in the form of resonance parameters into linearly
interpolable point data table. In this new
version all energies are treated in DOUBLE

PRECISICN. Report UCRL-50400, Vol.17, Part C

(1979).

FIXUP~-85 : This code that can do useful consistency echecks,
deletion of one or more sections of the data, re-
definition of a section as summation over other
specified sections etc. has been adapted during
thiaperiod.

SIGMA1-85 : This version replaces the 1984 version of
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SIGMA1. This code nrovides cross sections at a
specified higher temperature by broadening the
point cross sections at a lower temperature
using kernel broadening method, Apart from the
treatment of all energies in DCUBLE PRECISION
the major revision in this code is & better 1i-

nearization procedure. PReport UCRL-50400 Vol.17

Part B (1979).

REX2-85 : This code written at Kalpaklkam calculates the
shielding factors for various dilutions. The
improvement in this version is more appropriate
integration procedures for greater accuracy and
better programming for significant reduction in

computing time.

EVGRP : This code is to process the photonic cross section
data. Originally written for CDC, has been
modified for HONEYWELL computer. Originally written
to take input from RISEND ocutput has bveen modified
for taking data from RECENT output. These two
aspects requiring many changes to be made, the
adaptation is in the ;ast stafes of completion.

SCAT2 is a code written in Fortran langauge for spherical
optical model calculations. This was recently
commissioned in our inhouse computer.

Ref.@livier Bersillon, SCAT2: A Programme of the
optical Spherical model CEA-N =222 (1984)

RECOIL ¢ This is a code for studies relating to radiastion

damage effects in materials, displacement rates,

gas production rates in fission and fusion
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reactors., The code uses & heavy charged particle
RECOIL Yata base derived from ENDF/B data.

Ref. J.A.Gabriel, J.D.Amburge N.H.Greene, Radiaton

Damage Calculations, Primary Recoil Spectra, Displace-

ment Rates and Gas Production Rates, Report ORNL-TM=

5160 (1976).



AN OVENVIEW OF PLONLEMS AND EXPERIENCES IN NUCLEAR
DATA PROCLSSING IN DEVISLOPING COURTRIES

S. Ganesan, V. Gopalakrishnan and M.M. Ramanadhan

Reactor Physics Section, Reactor Group, Reactor
Research Centre, Kalpakkam - 603 102, Tamil Nadu.

An overview has been published1 on the details concern-
ing our experiences during last one decade in nuclear data

processing for fast reactor applications.

The preparation of multigroup cross section set from
a basic data library such as LUNDF/B is tending to be an art
and involves selection of various algorithms corresponding
to the nature of anplications for which the multirgroup cross
section set is intended. Dependin~ on the nature of the
computing facility available in the laboratory, the processing
procedures may vary widely to suit the memory, cpu ti: and
accuracy restrictions. As is the case with many pre-pirocessing
and prcecessing codes, the user input is indeed very simple but
the snccessful processing of the data for certain materials is
very difficult, This state of affairs is mainly becnuse of the
vast amount of commuting time, input-output operations, large

core memory needed for storage and handling of the data and

the resulting complexities, For these straight-forwoard reasons,
a novice is cautioned a"ainst use of such processings codes

without a thorough knowledge of their inherent complexitios.

We also recommcnd1 extension of code Verification
ProJectz’%o cover all modules of processing to help resolve
e;iating discrepancies in the generation and use of multi-
group constant sets by covering also the physical approxi-

mations in processing methods.
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S. Ganesean, V. Gopalekrishnan, M.M. Ramanadhan,
"Problems and Experiences in Nuclear Data Processing
in Developing Countries®, Progress in Nucl. Enerxgy,

Vol. 14, No. 3 (1984).
D.E. Cullen et al., INDC(NDS) - 134/G (1982), Vienna.

D.E.Cullen, Report on the TIAFA Cross Section Proceasing

Code Verification Project, INDC(NDS)=170/NT (1985).



REMARKS ON EXYSTING ENDF/B_FORMATS AND PROCEDURES

S. Ganesan

Reactor Physics Section, Reactor Group, Reactor
Research Centre, Kalpakkam - 603 102, Tamil Nadu.

On a suggestion from JAEA nuclear data section, a

contribution was made to JAEA's Consultants Meeting on the

'Format' for exchange of evaluated neutron nuclear datme held

during 2-4 April 1984, The following remarks were made,

based on our limited experience with processing of ENDF/B data

and the writing of our processing code system RAMBHA1.

1.

We are convinced2 that the representation of cross mections
in the unresolved resonance region is presently not
scientifically founded and the present ENDF/B convention

of deriving the first moment and the distribution functions
for resonance parameters halve:,"5 large uncertainties. This
makes the accurate prediction of self shielding factors

and their temperature derivatives quite Iimpossible at
presentj's. The reader is referred to the overview2 for

the actual impact of these uncertainties on some fast

reactor parameterse

The use of J* method of Hwang6 and the use of Cullen's
codes7 in the resolved resonance region givesB different
gelf shielding factors at low dilutions for 239Pu and
235U. We recommend abandoning the use of J* method in
processing resolved resonance rerion assuming that the
interpolation error in Cullen's codes LRSG7 can be mini=-
mized within reasonable computing time, However the

present method of using resonance parameters and floor
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corrcclions will have fo be retnined becnuse of memory
constraints.

We shonld woit till the first few rounds of testing in
s . . . a9

TARA Code Verifieotion I'roject” on processing codes are

comnle ted, hefore freezin: TUDF/B formats and procedures,

Tt 4s very 1il'ely that more surmpestions, some cven

concrete, comn out resarding formats and procedures as a

result of present and future rounds of the TAUA Code

VeriTication Project covering all areas of processing
modules,

A surrestion Tfor a small changre in the ENDF/B/IV format

for the beginning of o section was also made .

S. Ganesan et al. 'Development of a New Fast Reactor
Processing Code RAMBIIA nt RRC' in Procecedings of the Workshop
on Nuclear Nata Evaluation, Procesain~ and Testing INDC(IND)-
30 (1981), JA%A, Vienna,

S. Ganesan, 'On the Need for Changing the INDF/B Convention
for the Representation of Cross Sections in the Unresolved
Resonence resion of Fertile and Fissile Nuclei', Annals of

Nuclear bLnerpy @, W81-487 (1002),

S. Ganesan, Atomkermenrrrie 27, th-16 (1077),

S. Ganesan, Nucl.Phy. ond Solid &tate Phys. 23D, 1&2-1&5(1980).
S. Ganesan, Nuecl. Sci. ©ne., 78, 49 (1980).

R.N. Nwang, Nucl. Sci. “nr., 52, 157 (1973).

D.E. Cullen, UCRL 50400 Series 20, 157 (1973).

S. Ganesan, M.M., Rampnadhian and V. Gopalakrishnan, 'Comperison
of Calculated Self Shieldins Factors with Measured Values for
23%pu, 235y, Fe and Na', pp. 32-35 in Nuclear Data for Science
and Technology, D. Reddel I'ublishing Cormany (1983).

D.%, Cullen, W.L. Zijp and R.E, MacFarlanc, 'Verification of
Nuclear Cross Section Processing Codes', aNnc(xps)-134/G
(May 1982). See also INDC(NDS)-170/NI. juc.)

S. Ganesan, Note distributed at TARZA Consnlivants Meeting on
'Forma® for Exchange of Evaluated Neutron Nuclcar Data'

2-4 April, 1984, JAFA, Vienna.
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Dats and Data needs for Status of XRP and PIXE
based element analysis,

5.5. Kapoor and R.K. Choudhury
Nucleer Physics Division, B.A.R.C.
Trombay, Bombay 400 085,

For quantitative elemental analysis of samples,
by XRF and PIXE methods, knowledge of a number of
fundemental quantities such a8 the ionisation cross-
sections, fluorescence yields, relative line intensity
ratios, x-rey attenuation coefficients, detector
response functions, matrix correction factors, etec.,
are required. There hLave been many measurements of
these quentities and compilations of these are availa-
ble in literature. The eccuracies in these quantities
affect directly the esccurecy in the quentitative
analysis of ssmples. Apart from the practicel impor-
tance of these date from the point of elementel
enalysis, gsome of them 2re quite useful in order to
test the predictions of various theoretical modele. A
review has been cerried out on the date releted to XRF
and PIXE snalysis in order to identify arcas where more
pccurate and detailed information are required to be
obtained.

In both XRF and PIXE methods, the x-revs of
elements present in the somple nAre excited which are
then measured by the energy dispersive method using a
high resolution Si(Li) detector. The energy of ench
x-ray peak is associated with the presence of a parti-
cular element and the intensity of the pesk 18 relnted
to the elemental concentration.For quantitative analysie
of the samples, the observed intenslity of the various
peeks is transformed to the concentretion of the corr-
esponding elements and this transformation involves many
physicel quantities as mentioned above. In many appli-
cationsymethods involving the use of standesrds have been
developed for accurate quantitative analysis to minimise
errorg in the results due to uncertainties in the funda-
mentel x~ray releted data or in the quantities dependent
on a particular experimental arrangement. However,. since
usally the celibretion of the experimentel set up is done
with only a few element standards, errors in the knowledge
of the various physicel quantities still affects the
accurecy of analysis,

In many trace element analysis using the PIXE
method, one is quite often interested not only in the
accuracy of the analysis but alsc in its sensitivity as
determined by the minimum detectable limit (MDL) of an
element. The MDL depends on the relative yields of the
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fluorescent x~rays and the beckground x-rays in the region
of interest. The deta related to background continuum and
its anguler distribution and dependence on the particle
beam energy are Quite importent.

Recently there have Yeen evidences of the influence
of the chemical states of the elements on the x-ray cross-
sections and intensity ratios of the K and L lines. The
l1imit on the accuracy in the trsce eclement analysis invo-
lving sample preparation will therefore be ultimeately
governed by these chemical effects. More syatematic data
on these are required in order to understand the magnitude
and importance of these effects.

Since the elemental analysis is csarried out using both
the thin and thick samples, data relasted to the matrix
correction factors such as absorption and enhancement of
x-rays end slowing down of the charged particles in the
sample metrix are quite importent. While analysing thick
gamples, these metrix correctiona are usually done by
computer calculations and accurecies achieved in such
calculations have been reported in the literature to be
between 10 to 15 percent for some typical semples. The
accuracy in the analysis of thick samples depends on the
extent of corrections applied to the datm and system - o
investigatione in these linee are needed to be carried out.

The report therefore aims at reviewing the status of
the data and enumerating the sreas where more experimental
data are required with regard to improving the accuracy in
PIXE and XRF analysis and alsc understanding the various

theoretical models for explaining these data.
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