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ABSTRACT

As part of our participation in the Cross Section
Evaluation Working Croup, the authors have generated, compiled,
and documented an extensive set of sensitivity coefficients
based upon ENDF/B-1IV for use in conjunction with the data
testing of the ENDF/B-V nuclear data file. The effort also
included the application and testing of a computer retrievable
sensitivity format (SENPRO) through the use of computer prozrams
for editing, mode changing, and folding with projected changes
to the nuclear data file.

: 235, ;235 £y s

Prenosed reductions to °Utv) and “°°U(n,f) in the fast
energy range have significant impact for uranium fueled fast
critical assemblies. The long~standing LMFBR 28¢/%%F calcu- !
lated overprediction is not resolved by proposed Version 5
cross section modifications for 238U(n,‘{) and 239Pu(n,f). The
upward evaluation for the 239Pu(n,f)/235U(n,f) ratio improves
criticality predictions for Pu fueled fast assemblies. For
thermal reactors, changes to the 238y resonance parameters
significantly reduce the long-standing 23 discrepancy. Redvced
resonance capture in the 1 eV 240Py resonance has significant
implications for LWR fuel cycle studies.
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INTRODUCTION

A8 parc oF our parcicipation in the Cross Section Evaluation Working
Group, the authiors have x;nelatcd.]'D compi’ed,l‘ll and documentedl? an
extensive set of sensitivity coefficients based upon ENDF/B-IV for use in
conjuncrion with the data testing of the ENDF/B-V nuclear data file. The
sensitivities ware generated for many of the measured reactor paramaters

(i.e. k. reaction rate ratios, central worths, etc.) in several of the fast

and thermal CSEWG benchmark assemblies. The efifort also included the
application and testing of a computer retrievable sensitivity format

( :EJPRO),l through the use of computar pregrams for editing,13 mode
Lhanglng 13 rolding with projected changes to the nuclear data file,13
and nuclear daca induced uncertaintw deternination.l4

After some vears of reeveluation, the preliminary ENDF/B-V file has

razzntly been asseminled and thase I review (checking of clerical errors,
inconsistencies, eote.) initiated. The purpose of this paper is to
degeribe the existing sensitivity ceefficient library and associated

r
c uter programs, and the use of this librarv to project calculated
reactor parametcrs for CSEWG benchmarks basad upon proposed Versiom IV/
icn V differences. Section I will describe the available sensitivity
ficients for fast reactors and Section TI will describe theose for
ormal reactors. The available computer software is described briefly in
ection III. Some of the important proposad data changes for U/Pu svstems
re described in Section IV. Finclly, Sections V and VI indicate the
ssessment of such changes with regard to ecalculation of CSEWG fast and
thernal reactor data testing bencomarxs. It is important to note that, at
this rtime. much of the ENDF/B-V file is still preliminary and subject to
chanze berfore general release in approximately the Fall of 1978. Also, due
to the broad scove of this effort, only illustrative examples are provided
terein., lore detailed documentation of this ongoing effort is plannad
prior to thL EXDF/B-V release, as approved by the CSEWG Data Testing

I. FAST REACTOR SENSITIVITY COEFFICIENTS

Cross section sensitivity coeff1C1 nts wera generated using ENDF/B-IV
for CSTNG fast reactor benchmarksl® zPR- 6/7, ZPR-5/6%, ZPR-3/43, ZPR-3/56B,
ZPR~3/11, ZPR-9/31, as well as the fast metal spheres, GODIVA and JEZEBEL.
The two prineisal codes used to generate these coefficients were FORsSL
and VARI-1D.iv

With this large volume of sensitivity data at hand, it is not practi-
cal teo present zraphs and tables of energy-dependent sensitivities for
everv assermblv/response/nuclide/reaction tvpe/Legendre momenk/incident
enernv/ard final enerzy. Yor have we found this to be necessarv! To
within a reasonable approximation, the energv-dependent sensitivities of
ZPR-6/7, ZPR-6/6A, ZPR-3/48, ZPR-3/56B8, ZPR-3/11, and ZPR-9/31 are similar
and tvpified b those illustrated for 7ZPR-6/7. The degrce of "reasonable-

1 . . - » . .
nesc"” of this approximation is such that energv-dependent sensitivities



for differenc assemblies but iden:ical responses, and comparable cross
sections agree in many cases to within » 30Z for sensitivities whose
absolute magnitudes are relatively largze (> 0.1), and within a factor of

3 rfor relatively small maesnitudes (< 0.01). One must examlnw the principal

= 1c

fissile specics (.., “°“Pu and -

°U) and moderator (c.g., 1%y and léC
when comparing sensitivities of assemblies with sharply different constii-
tuents. The similitude of sensitivity shapes can be used for applying
available sensitivities of GODIVA to JEZEREL by associating 2250 with
239py, 238y with “%%Pu, etc. Tt should he noted that this approximate
similarigy of the energy-dependent sensitivity coeifficicents for gifferent
assemblies, which has been employed here for convenience, has several
glaring exceptions, notably the¢ worth sensitivities (e.g., central Na
worth) and sensitivities of some of the threshold reactions (e.g., 238y
inelastic and fission).

As a specific example we consider ZPR-6/7, which is a large (
liter} plutonium oxide Luulbu fast eritical assembly vith a seoft sy

ard other chivactey

’UL..I
O
o

taric rd'l“i‘_\aL"l:flEL‘.’(_’ o mixed 1U;L, LursRr duSl'."

’J
o

;
Table ! summarizes intowrﬁl sensitivities of weveral measurad res;

ne

the important reaction types. Onlvy those integral sensitivities are listed
whosc absolute magnitude exceeds .02. The integral sensitvivity coefficient
is the percent change in the prrformance parameter resulting from a uniform
percent change in the cross section over all cnergy. The calculated and
calculation/experiment valucg given in Table 1 are nominal results (based
on ENDF/B-IV, without requiring criticality) intended only to give the
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roader an overall sense of whether the integral response parameter is
currentiv well CﬂLLUlltLd (sLL for example the v 97 caleulated overproe-
diccion of the central - v LJ‘Luzg/"gPu fission racio).

hosensitivicies to the ~° Pu(n,f) and
tions. The sensitivity to a eross section that appears
I a particular ratio response is also high (e.g., the
tion in the (£3f/%%F) ratio). This is a result of the
contribution associated with a cross section which
‘a:io response definition. Wote should also be made of the

: but non-negligible sensitivities (v 0.1) for iron, oxygen, and
sodium., These sensitivity coefficients are the result of indirect flux
effect terms only, and are therefore smaller than the direct-effect compo-
nna: nevercheless, they are important.

he expectod Lid

fb(n..) cross se

*ore devailed information can be obtained about the sensitivity of
T j‘r.\r.a;_: parameters to cross section data by looking ac the energy-
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Ratio in assembly ZPR-6/7 to the 2°%Pu Fission Cross Section.



sensitivicy per unit lethargy of the Eentral 233y capture/zagPu fission
ratio in ZPR-6/7 with respect to the 23%y fission cross section. The
librarv of fast reactor cnerzy dependent sensitivity coefficicnts descriped
in Refercnce 12 is available in a documented computer retrievable formac+
throush the Radiation Shielding Information Center at ORNL and the Natlonal
Nuclear Data Center at BNL.

II. THERMAL REACTOR SENSITIVITY COEFFICIENTS

15
Cross section sensitivities are currently available for TRX-1 ard 2

-~
MIT-1,15 and UL-21218 (the latter is currently being considered for bench-
mark status). The TRX criticals are rod lattices of 1.37% (235U) enriched
uranium metal rods in water, MIT-1 is a natural uranium metal rod lattice
in heavy water, and UL-212 is a mixed oxide lattice in water.

The commonly measured intasgral parameters are (for a U235-U238
svstem):

R

235 = ratio of epithermal-to-thermal U238 captures

255 = ratio of epitherual-to-thermal U235 fissions

233 = ratie of U238 fissions to U235 fissions

Cc= = ratio of U233 captures to U235 fissions (modified conversion
ratio)

keff = effective multiplication factor

(Thermal cut energy = .625 eV)

In addition to the detailed perturbation theory upproach,S’19 several
studies*»5>9 in which specific data variations were made provide valuable
information for physics characterization of these assemblies. This infeor-
mition deseribes the sensitivities of lattice performance parameters to
238U, 235U, 239Pu, 2L+DPu, H, 0, and Al cross sections and resonance para-
meters. The work of Hardy4 demonstrated clearly the large sensitivitcies
for the “35¢ caprure and 235y fission integrals, particularly the
unshielded components of the caprure.

Rothcnstein,g Finch8 and Tomlinson5 have computed sensitivities to
resonance parameters. As an example, Finch® has obtained the sensitivicy
of integral parameters in TRX-Z to the variation of T and I', for the first
seven resonances of 238U. These are listed below in Table 21

Finally, an extensive sect of cnergy dependent cocefficients have been
computed for TRX-27 and UL-21219 respectively. In TR¥-2, for exuample,
Sensitivities were obtained in 131 energy groups for k, 8p, 253, 285 and

C# with respect to the following nuclear paramerers: Sgs Tl T and v
§ c ¢
aac --
of =<°

Ly 7, 7, Ter Vo 04 (by level), and individual resonance parameters
v

I T . R . N
of Vs 7 and 7 for U, = _ and 7 for *°0, and 5 and 3 for Al. Table 3
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lists sroup sensitivities (collapsed to four groups for casce of reading)

for ~*p as computed by Tomlinson?.

.. e
Table 2. TRN-2 Scnsitivity Coulziciun[b'iv
% 39; :5‘5 283 C#
Caleulated Calculated Calenlated Calenlated Calculated
L9884 0.367 0.061) L0bY 0.6438
SRR Resonance  Calcularion/  Caleulation/  Calculation/  Caleulation/  Caleulation/
Resonanee Parameter  Experinment Experiment Experiment Experiment Fxperiment
Faeray (ev) Varivd LM 1.03n 1.4980 0.990 1.002
-2 -1 -3 =2 - A
on7 . -1.7<10 ~ 1.18-10 8.310 3.539-10 5.3310
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3 -2 -3 -2 -2
T 72010 G.ud<li 4.9<10 2.8¢10 1.8«10
! - - . I = =2
h6H.15 o =220 3 2.0-10 3 1.0=10 ° 2.8410 7 3 <10 *
n -3 -3 -1 -2 -3
r -3.0-10 R.H 10 9.0-10 2.9-10 7 J.1-10 °
!
X R . -3 . -3 -2 -3
30.7% ;"q ~3.0-10 =-9.& <10 B.7<10 2.7.10 -5.0.10
A ~; ®: - -2 -3
T -h..int ~i.110 3.7.077 2.7.10 -4.1.10
! - _1 - _a _1
192.3 " Sgan™d ploap0? §.7-107" 2.8<107" -1.0+10
: . _ _ a .
5 =gt 5,910 K g.0-10 } 2,910 7 3.4010 3
- - - -2 -3
L1n.3 . -1.4g«10 } -8.4 <10 3 3.710 3 2.7-10 =4 440
n - E .
-3 =3 . -3 -2 -3
' -1 %10 -2.0-10 A.0<10 2.8-10 =2 040
f

ITI. MANIPULATION AND HANDLING TECHNIQUES
FOR SENSITIVITY COLEFFICIENTS

pr“DIHL3 and SE“TI‘\IEL13 are two codes written to help assess the
effects of auclear data changes. SENDIN is used to coonvert unformatted
(birary) sensitivity files in SENPRO formagls13 to card image form and vice
versa.  This is particularly useful for transferring scusitivity files from
one installation to another. SESNTINEL is used to calouliate the percent
chanpe in a specificd respouse due to given percent changes in specified
reaczion cross seertions over sclected energy regious. An odited list of
the most significant individual contributions to the response change is
also provided.  COVERTLY and CAVALIER'™ are two additional codes written
for estimaring uncertainties in reactor performance parameters using SEXNPRO
sensivitity and COVERX covariance files. All codes are available from the



Tabilee . Sensitivaties tor o7, dn the

Thi=. Thermal Latticoe

el he Tten teenn 1 Gronp .fh Groop 1 o ‘l"
H a, - R4 -0,115 ~0.445 0.010
SR J[ 0.00002 0.00002 0.009 0.540
H 3. 0.0 0.0 0.005 0.094
Sy h 0.0 0.0 y.002 .17
HModerator DR 0.4a1 0.001 0.110 0.017
S 1 n.102 0.114 0.5673 -0,807
0 , ~0.00 ~0.001 -0, 008 0.0009
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0 . 0.9 0.0 n.o 0.000%
Fite ", -0.0000] 0.1 ~0.00°M) 0.0000%
SRR v ~03,.000072 0.0 0.0 0.0
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Radiation Shiclding Ialormacion Center (RSIC) at Oak Ridee National
Laboratory.

For those cases in which sensitivities are avallable with respect to
spreific resonance parameters (sce for exauple Table 2), assessment of
proposed changes to the pavameters is a relatively simple multiplication
process which, to date, has been done by hand.  Ghdifications to the
SESPRO format to include sensitivities to rveseondance parameters are under
consideration.)  lowever, in general, sensicivities are available in a
Laree number of groups and for many reaction types, integral parametoer.:
and asscemblics.,  Thus, it was important to generate computer programs
to racilitate the handling of this data,



[V, SNTTOTRATID NPUTRON CROSS SECTHCH MODTEFICATIONS
PO PRANLEM AND PLUTONTUN SYSTEMS

The cross section woditfications for all fast and thermal reactor
mat-orials are too numerons Lo opresent heres Instead, proposed modifica-
tions for specific reactions in 7380 and “3%u will be discussed.  Table 4
lists proposcd changes [(Version 5 = Version Z;)/Vux »mn 4} in percent
based upon precessoed cross sections from I\H)l/li—[V“ and from an carly
version (pre-proliminary) of Version 5 data,

Table 4. Possible Cross Sccetion Modifications
from ENDF/DB-4 to ENDF/B-

GRW D BUER FARLGY mp AN g ) Lima 3 loagk ) vy Halk g iw e 3B 1t ign) Liag AS(taygh ) LIVERCY YR LY
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. . "o . . I . .
Vinatle, 1O - D97 reductions to o the o 2 th capture eross scection in the

foase reactor caerey range are hoeine proposed.

For thersal reactor svstem:, a most important proposed chanse is the
reduction of the capture widths of the first three Tevels of 7790 (by about
17, and increased neatron widths tor the 2009 aod 5o oV Towcls (0 100).
Farthersere, the "'“,)l’u(n."() resonance at oeV ois beine reduced, and the
Sy representation is being chanpged Trom encergy independent to

roo

L= 000 inereanes boelow L3 oV and W20 deerease above,

Voo BApacr or v UMV OBATA O CSIENG

TAST REACTOR BENCHMARKS

Projected modifications to ENBE/B-1V (soe Table 4) have been folded
wilh sensitivity cocfficients o estimate the impact on CSEWG Last reastor
Lenehmari performance parametors.  Some of this work bas, in fact, been
done cartier!™ 3 o provide initial puidinee and feodback o the evialu-
ators. Feticates were verifioed by recalealation o the problem with the
new cross section e,
R """l'(v) cxperimental data cnu;‘)l}.-d with renormal ization
of =2CH(F) for EMDF/B-V leads to a veduction in 225%0(9) of the order of

Reevaluation ot ¢




1-27 above 1 MeV, and .3-17 between 300 keV and 1 MeV. This factor com-
bined with proposed 2-3% reductions to the fast <3°U(n,f) cross section,
and iﬁnoriv" other changes, has siznificant consequences for uranium fueled
fast assexblices as shown in Tablie 5.

Table 5. The Impact of Proposed Changes to 23°U Fission
and ¥ is Substantial for Fast Reactor Calculations.

W TI0N PERCENT OUANGT L PERFOIMANCE

EXPER MEUT S (nL ) RO
GOV
% 1.7530 - .97 - .83
Shig 1.1} .92 - LA
EVERY: PR 1.%n -
R L2 Lot U3
ML AR
A L3353 -1.03 -3
TReg s 1.023 2,69 -
SRR L903 1,21 -
Ao
' e - .02 - \
R A -2 -

Criticalitv predictions for CODIVA and ZPR-6/6A (fast and LMFBR uranium
assemblies) are significantly lowered ra2sulting in discrepancics with
intezral data. The direct impact on plutonium-fueled assemblies (e.g.

N

ZPR-9/31) is c¢learly less glaring. However, the reductions to 2350(n, £)
- . - nlE
impact directly the measured reaction rate ratios relative to -2SU(nL 1)

alleviarine discrapancies in some cases, and further aggravating them in
others. The 2%f/"“f ratio in ZPR—9/31, already ™~ 47 low, becomes 67 luw

Cunder these zonditions, some 3-5 standord da:viations away in terms of the
integral experiment uncertainty.

The result of proposed changes to 238(n,y) and < 'Tu(n,r) ave pre-

N in o Tabis L. TNl Yengectaniing dizerepaney for the overprediction of
/“’t (sce Table 1) is not helped by cnrrently proposnd changes to Version
5 dura. The upward evaluation for the 23 qlu(n,()J Uinlf) ravio ilmproves
criticality pruedictions for Pu fueled fast assemblies.
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Table ©.

10

23%py(n,f) Cross Section Chanses
st Reactor Calculations,

n,y) and
Impact

.
1

ENPERIMLNT

TI%pu(n, 0)

CODIVA
% 1.3040 -
Cirsox 1.033 - .93
feSe L9252 ~3.1%5
k LON2D 1
, L3 0o
BURRES 913 .07
.
e
k S -.10 .30
e by 1.00 L4l -.52
A L7l L1y ~.30
The <% U total iwelastic scattering cross scction for Version 3 is
sionifleantls lavser than thut of Version 4 over wide cneroy ranges fHow-
ever, tie newer cvaluation actually leads to smaller cnergy transiors due
primarilo o reiacclicns dn the ccn:f“ulm senttoring Sruss ktt‘\n‘l (2reoss
sections for lower lying levels were increased). Assessment of such change
via sensicivity coeflicients was nol undertaken since the evaluation had

chanzed in form (differen
spectrun was alse changed

t number of levels, etc.). The shape

trum resulting in more ncutrons at intermediate encergies and fewer neutrons
. - .22 . -

at. low and high cnergics. Kujawski<® has determined the sensitivity of k
in ZP2-2/7 o the change in the fission spectrunm siape ta be v .37,

10t 1 e K ,2 s . -l R el DT, \ . -

FimalTe, Ma¥niih s shown that the e v =Tl ) ross
seetlon are such as to increase the CLgenvaluc fnr 233pLV 2 fast systons
(ra 750Y Lo LR and to reduce the predicted hreeding ratio Ly o 110,
Fhese resulis are cenusiderably alleviated by the necessary reduction of the

S i nnit L deeeiny whicih is roguired to keep the reactor criticnl.
VI, TNPACT COF WIDNSION ¥V ODATA ON CStUG
THERMAL REACTOR BENCISIARKS

The impact of the reductlon of the capture widths of the first three
S=rga Ve ' N s 23A : - . -
s-wave levels of U. and the incrcased neutron widths of the levels at

of the fission
from a Max.ellian to an encrgy-dependent Watt spec-—
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20.9 eV and 36.3 eV are given below in Table 7. These changes by them-
selvas would anpear to remove much of the existing discrepancy for 23,
However, it is important to recall that final projections for the integral
quantity nust include other changes (other resonances, fission spectrum,

changes to the inelastic cross sections).

Widths of the First Three Levels of <350 (v 157) and

the 2009 and oo oV Levels ¢ 107) Are Dnportant tor

B

w

13 5 5 & C#
Caleulated Calculated Calenlated Carculated Caleulated
L0395 0,367 0.,uk0 L0609 0.648
RN Zesanance  Caleaiation/  Coleniation/  Coleutatvion/ Calcularion/ Calaulation/
Desunance Paraneter Exporioent Experinent Experiment Expuerivwent Frnperiment
Doy o) Variad R 1.0%n 0.9-9 0.9¢0 1,002
ALhT Tn -0,0121 0.0u0s 0.3027 0.06037 0.0462
y Tl -l - —-y,27 EDTE NI
09 i -0.1250 1,027 =0,45100 n,1330 D,4650
. 9,112 ~0.YLl74 0.09¢7 -0.1231 =0, 3104
3n.43 n =0,05.2 0.4972 ~U.M141 0.0637 0.21350
T J.ut0s =i niy) 0.lin -0,G526 =0, 50603
1
L2 -1.7% - .03 - .23 ~ .32

. = D -_ -
Introduction of proposed enerzy dependence for 23%Pu (3) increases
the e¢ivenvalue in UL-212 by ~ 17 In additinsn.

changes to the 1 eV
rescnance capture in 2%<Pu reduces the “9¢/°°F ratio in UL-212 by ~ 27,
It currently appears that the shape of the cross section between 0223
and .3 eV does not agree with the Version 5 resonance parameters: the
cross section should actually be higher. Since this inconsistency could
have important implications for thermal reactor fuel cycle analvsis a
pronused revisicn is being suggested for consideration by the Data Test-
imz Subcommitcee.



12

COXCLUSTONS

The extensive effort made to generate, compile, and decument
sensitivity coerfiicients for rast and thermal reactor CSEWG benchmarks
:1v valuable in providing rapid feedback to the data

computer software and the library developed in
effort are available from RSIC and NNDC.

Based upon an early version of ENDY/B~; {pre-prelin

nd

-

ey owe il
that proposed reductions to 2350(7) and 235Y(n,f) in the fast energy
ranze have significant import for uranium fueled fast critical assemblies.
The lonn-standing LMFER 2°¢/"2f calculated overprediction is not resolved
by proposed Versicn 5 cross section modificarions for 238y(n,y) and 23%pu
(n,f). The upward evaluation for the 239pu(n, £)/235u(n, f) ratio improves .
criticality predicticns for Pu fueled fast assemblies. Changes to the
ZELTn(n,,) cross section are such as to increase the eigenvalue for
S33p--33Th fast systems (no “37U) bv v 4,87 and to reduce the predicted
Brosdine rafio be o 117, Thase chaneas are considerably dimindsiiad b

13

2

the neeessary reduction of the <<°U fissile inventory which is required to
o o ro

i v . .
= ?-U resonance parameters signi-
. . 2 .

ficontly reduce the long-standing 23, discrepancy. The shape of the 2%0py
capture cross section between .0233 and .5 eV does not agree with the newlwy

evaiuated resonance parameters; the cross section should actually be higher.

o
Since such an inconsistency could have significant implications for fuel

cycle studivcs, a propesed revision is being sugrested for consideration bv
-1 Ny T :
1993 LERNNOI ¥ S5 S

For thermal reactors, changes to the

3
Testing Subcemmitie

= oMU
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contributions: J. E. White obtained cross sections from Version 5 and
made plots of the percent differences from Version 4, M. A, Bjerke com-
putzd tiwe perceat differences, and R. Q. Wrichr perfarned the SENTIMEL
runs. J D. Drischler and J. L. Lu‘ius cempiled the sensitivity coerfi-

! srarv.  D. G. Caouci ceoord “h 3f this erffort and made
sure results were available on a tilel) basis. Lee Stewart, Mulki Bhat,
: Teston graciously confirmed the projected multigroup cross

rences. R W, Peelle and G. de Saussure both reviewed this
ered valusble comments and suggestions.  Finalle, %7 vaner

. Rl

waied T

}

section di
wors and o

Lo
wouild not oxist without the careful typing and editing provided by Barbara
bueem and Bettr Schuessler.
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