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Abstract: 

A review of f i i m  product yields and delayed neutrm data for Np237, Pu-242, Am-242m, 

Am-243.011-243 md Om-245 bas been amdataken. G a p  in undaslrndiog and in 

acisting data were identified md priority uus for further cxpaimartal, thurctial  md evaluation 

invatigatiaa detailed. 

Since 1982 it has kar rcapked tbat loag tam basic resurch into ulDiytioo d bigb level 

nuclcu waste by repontiao into individual actinides md f i i  products owld produce many 

benefits. It is cumatly planned that the actinides k disposed of in gedogial formations, 

nnscpamted from the fission  product^ However, they could, I separated. yield a marc efficient 

appro& to the utilization of the limited w d d  nuclear resowas md the reductioo d long-lived 

nudcu waste. Fissim products from the uranium md plutonium isotopes oaaventimuUy present 

in nuclear fuel d d  k a source of ooMe metals to k used 8s catalysts in industrial chemistry, 

and of rrdicmuclidcs f a  use in medicine md industry. ?he higha .ctinide~ on tbe otha hand, 

awld be introduced into reactors as fuel. This could have dual benefits; firstly by ocnrtriiting to 

the generation of heat, md n d l y  by reducing the quantities of thse nutairls through their 

being fiyianed. Tbus they would k present in lower c o ~ a n l r a t i ~  in the bigki4evel nuclear 

waste md, as the actinides arc longer lived than most of the fission products, it d d  reduce the 

time high level waste must k monitored. 



The Japanese govanmat has decided to fund nsarcb and development in this field, 

though a project entitled 'OMEGA': 'Options Making Extra Gains of Actinides md fision 

products generated in the nuclear fuel cycle: 

This repa was funded by the OMEGA project through the Nudur  b a g y  Agency (NEA). 

It nprrserrts a critical review of fission product yields and delayed n e u m  dab for actinides of 

interest to the OMEGA project The nuclides d d a e d  were the most impatrnt higher actinides 

Np237, Pu-242, Am-24% Am-243, On-243 and Cm-245. The objects d this study were the 

identjfikatia~ of gaps in understanding and i n ~ t c n c i e s  in existing data and also to identify 

pciaity uus for fmtha experimental, theoretical and evaluation efforts 

For rrsian products the open litemme and available computer readable databases (UNDA 

m d  EXFOR) ucre scanned for chain, cumulative, independent .nd tanuy yields Far data on 

delayed neutrons the quantities of interest mrr: total delayed neutron yields vd, the time 

d m -  of the oeutrcra activity, and the delayed neuvar rpectra. The same vwces d data 

were revched as f a  fission yields 

The search for data was restricted to neutron induced rdd spont.naous fission, with the 

enagy being specified as anc of the three following Jasses: 

(1) Thermal neutrars: Mutwcllirn distriiled neutrons with a meon arergy d 

1/40 tv. 

(2) Fast neutrons h a t  the definition is lm pmisc as a fast reactor a n  have a 

wide range of average energies f m  a few hundred Lev to rmrrl MeV, 

depending on the composition of the mctor. In practice, most fast reactor 

designs have a mean energy of about 400 keV. 

(3) High energy neutrons these .re formed uound 14-16 MeV by @ a t o r  

induced reactions, and if commercial fusion becomes viable would k produced 

by fusion reactors 



At the marnenr it is felt that charged particle and photon i n d u d  fission would not produce 

sufficiently great reaction rates botb from d d m t i o n  of the appro@* Q ~ ~ ~ - L C C ~ ~ Q L S  and due 

to the low Ihacs crmc~tly obuhable from .ecclcmtors. Also it is noted that within the data 

ucmctd thae nat no d t s  fnrm the use d mmoezlergetic neulron bums, except for thcse for 

the third class mentioned above 'IIigh Energy Neutrons'. 

In the medium tam d y  t h d  and fast redcurs ut avdhhle, bowever it should be 

noted that, if fusion W e s  ammooly aniiable, the mass and chugt distri'bution fran fission 

cm k greatly changad by chngiq the energy d the neutrons causing fissiars from thamal or 

fast to 14MeV. On me hand this may araMe, by wiation d n e u m  enegy, the minimhation of 

fisioa product activity in waste or the mucimisation d Ihe productiar d m e  r8dimuclides or of 

highly valuable stable nuclide& Seven] papers on aclinide burning ra.ctms nerr prrsented at the 

PffYSOR damce at Museillef FMce during May 1990, p m z d q s  d whicb ue to be 

published. 

Fa t h e d  md f a t  rerctas the delayed neutroo component d the ractor flux k of great 

impatrnce in the coatrd and daign of the macur. As. m the fuoPre. greater omceotn~tims of 

the higher actinides will be genmted both through w d rrcyckd fuels and rs rercta bumups 

arc inaused, thae will k in- need f a  their delayed na~uar data in ada to predict 

=lor kinetics. a procedure that had not, until recently. bcca attempted without the w d g r d y  

simplified models @rivatc rrmmuniatiao, MBrrdy, ORNL). In fusion rrrrtas. ar the otha 

bur& tbe differaxe in the typical cnagics d delayed neutrms and thorn from fusion, plus the 

need to place the actinides outside the ructar a r c  makc it onWLely that delayed neutrons f r m  

actinides would have m y  ma& effects 

(i) The independent yield, Yi(A,Z& is the yield of 8 particulu nuJide d mus A, charge Z and 

isaneric sute I produced diractly fran fissioa 

(ii) The cumulative yield Yc is the yield of a nuclide ( G I )  ova rll time, it. Yc is the 

independat yield for (&&I) plus dl the c<wtributions from (A'Z J') decaying into (A2.I) when 



multiplied by the appropriate decay branching fractions; these can k k t a  decays down the mass 

chain& hrt rlso the results of delayed neutron unission. Thus cumulative yields can k daivcd 

from indepedeot yidds by pu d the decay data branching ratiob and knowledge of the nature of 

thedcuys T<rrudr~ddtbcdmych in .wbaeYr(11zr ) i svayrrml l~anparedwi th  

Yc(&%I), the yield is d e d  the cbain yield. It should k noted however* that the mare correct 

definitim d the chain yield is the sum d rll Yc for rll stable nuclides of m a s  A; this takes 

recount of chains where there are intermediate stable nuclei 

(iii) Tbc third type of yield is the mnary yield; this is the cumulative yield of r light charged 

particle, cg. 4He. 3Ii. 14C etc. which is well below the main double peak distriibution. 

Fissim fragment yield mwuremcnu arc available in the litemturc but can only k used for 

p m c h l  purposes if the f i s h  fngmcnu arc summed wa ionic chrrge and frrgmcnt energy as 

thae a n  be amsiderrble structutt in thc ionic w e  and eaagy distriiticms 

The tm, mrin uses d fisioa product yields arc (i) the detaminrtiao d fissicm product 

inventories (in reactas a in qcnt fuel) for reproceYing a safety studies, and (3) the alculatiom 

of dscry heat @eta md gunmr activities as well as thamal emission) f a  dieldiog and ufety 

studies 

Th- ue 3 methods of teporting r i m  product yields: absdute. relative and h t i o  of 

ratio* (sanetimes hown as R-value). In the absolute method the yield is given as a fraction with 

mqect to the total number of riots For the relative method the yield is givm dative to the 

yield of anatha 'refam#* fissim product. Tbe 'ratio d ratio* method is marr canpiicated; here 

the ratio of the measured product to the rdacnce is divided by the same ratio d the musurrd 

product to nfenoce product but either in r diffacnt target matvial or in the same target at some 

diffacnt incident irradiation energy. In order to compare yields, data from the kst two types 

must be carverled to absdutc form using measured or estimated yields 

The primary source of references for this work was the CDJDA daub at the NEA Data 

Bank at Saclay, France. This was supplemented by the hch(1977).  Rider(1980) md Mills(1990) 

reference databases, and 8 preliminary v d o n  of Rider(1990). A h  a s u n  was made of the 

RCFOR databasc for appropriate data. 



For each fitsile nuclide of interest the reference is given in tabla 1-7 in the standard 

CINDA format References from a single experiments or a continuous strand of work are 

'blocked' togetha. a c b  block is assigned a refuence number used in this rrpan the reference 

abbreviations used in thir sqmt ue tbe standud notation from CINDA. except where otherwise 

stated 

For eacb fissioning system the data were first convened to absolute values. then the 

weighted ID- was d c u l a t d  dong with internal and a t a n a l  d t e n c y  arm a d  a 3 t a t  

applied to test for a normal disvibutioo of the data. If a set of mcrrsarements of r quantity are 

described by r set xi with exprimend variances oi2 and a total of n merammenu: then 

2 

w . ( x i - x )  with (n - .I)  degrees of freedom. 
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ND237 

Fa Np-237 tkrc exists data for thermal, fast and I4MeV neuvao induced fiyion. The 

rcfatrroes ue shown in uMe 1. 

YE09, Trtcy et 4 musund Kr and Xe isotopes relative to Kr-86 and Xe-132 using mrss 

tpectrametry. An A n t e  d Kr-86 and -132 wae  produced by intapdrtioo of YE45 chain 

yield musutanenIs, whicb were used to convert the dative measurmrents to a W u t e  d u e s .  

YE45, Jacobs et 4 measurad 32 chain yields and 2 fraction independeat yidds by gamma 

rpectranetry d catcher foils 

YE47. Wageman et 4 measured the absolute H e 4  yield by detecticm d the eaagetic H e 4  

particles from fissial. 

Fast 

YE07, Waldo et rl. measured delayed neutron activity .gainst time and by associating two 

of Ihe 6 groups with sole components from 1-137 and Br-87 calculated the cumulative yield from 

the Pn values. I have mannrlised the yields using the mare racart Lund and Rudstam NFL-60 

(1989) Pn evaluation and adding the arm in quadrature, It s h d d  k noted that other delayed 

neutrar emitters will add canparents to these 2 groups howcvu these should k ncgligiie for the 

Br-87 group. -For the El37 grwp this may not be negliglMc 

YE09. Tncy et 4 measurad cumulative yields of Xe and KT relative to -132 and Kr-86. 

these were carvtrted to aunulative yields using values of the standuds Iran the table, in 

Appendix A 

YE34. Nunboodiri et 4 measured 26 cumulative yields using rrdiocbanial techniques. 

YE35. Stella et rl, measured 18 cumulative yields relative to Ba-140 ( rsumed - 635 ); 

these were renarmalised using an updated estimate of 5.899 Wfiyiar from this work An earlier 

work by Karcoff ( Nucleonics 18, 201 [I9601 ) was used to carvat the ratio d ratio R-due 

mePsured to a simpler relative value. For ampleterrtu the relative values cur k car- back 

to the R-values ( which were not published ) and then reconverted using the ktest evaluation. 

YE36. Ramaswami et al. measured the fractioaal cumulative yield of 3 nuclides by 

rrdiochanicrl methods 



YE37, Petrzhak et 4 musurrd 4 Xe yields by IMS spectrometry. No urpaimu1tal 

uncertainties mrt given and. thus a 15% uncazainty was assumed. The yields were convened 

using the Xe-134 yield. 

m 1 ,  Gudkov et 4 musured 29 cumulative yields urd 2 fncW caunulative yields, by 

analysis of decay gamma specvr 

m 3 .  Dudley et 4 measured 3 fission product cumulative yieJds using musurrments of 

sunple gunme. spectra by 3 kbontaies of irradiared samples and taking the ~ v Q I % ~ .  

YE%, D'Hmdl et 4 musund the H e 4  tenrary fission yield by detectioo of He4 particles. 

YES2, Wesbsla and Mc Ilroy et 4 musurcd rbsdutely 2 standard yields: Ba-140 and 

-137 by r8diochemistry. As no txpuimentd uncertainties were given 15% was assumed, being a 

j u s W i  .cwrcy for the radiochanical techniques available in Ihe late 1960's m d  d y  1970's 

YESI. Chapman et 4 used isotope dilution mats spectrometry and gzunma specmanetry to 

memu& the Ba-140 cumulative yield. 

YES, Koch, used isotope dilution mrs rpecvanetry urd gunmr wtrometry  to measure 

YW9,~usedmtsspecurrmetrytomersure43chainyiel&in2neutraarpectro,~rith 

avengt mcrgies d 2SOkeV and 485 keV. As the differcntxs ue within 2 stuuiud deviations 

(most within 1) both datasets have bear included in the f a t  fissicm cumulative yield tables. 

YE63, Fad et 4 used dochemical methods to mersun ratio of ratio R d u e s  fa 14 

lhjm pmduur relative to U-235 thermal using Mo-99 as the standud. ' The values were 

amverted to absolute cumulative yields using data from the current UK cvrluation, UKFY2, for 

U-235 thamal values (referace 1). Nuclides with multiple delaminrtims wae mighted 

YE65, Oldham et 4 mePsured the Ba-140 cumulative yield using gamma ray spacvmetry 

of a radiochemically separated ~ m p l e .  

YE66, Gilliam et 4 measured by gamma ray spectrometry 5 fisian product cumulative 

yields 

YE67. Kelloge et 4 musuted 3 imporunt standard nuclides relative to Cb-137. these were 

amverted using the Cs-137 d u e  in Appendix A of this repart 

YE71. Cottone et 4 measured 12 cumulative yields by isotope dilutim mas specmetry  

md gamma ray spectrometry. 
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m 5 ,  -01 el d. reports the (=5-136 cumulative yield, this is .Iso the independent 

0-136 yield 8s thii nuclide is shielded. 

-3. Farieu reports 36 mulative yields measured by radiochemistry and gamma ray 

rpectrarneuy. As the aiginal rcfcrc~ct was mobtliplble the data was trken from the 1980 Rida 

database, from a copy hdd at the NEA databank Paris 

YE33, Cdemsn el 4 measured 19 fission p~oduct yields ndiochanidy.  

YE37. Petrzh.k et 4 u~uslPed the relative yields of 4 Xc ifotopes, using mass 

rpectrametry, atin to the -132 yield. I ~ ~ ~ v e r t e d  lhese to a M u t e  cumulative yields by 

usuming tbe To132 yield is about equal to the Xo132 yield becaw both are near the end of the 

132 rh.in. 

W2, Adamov el 4 measures the He4 yield relative to therma) U-235, which was 

amvaced lo absdute using the current UK evaluation. Uso the H-1 and H-3 yields whicb were 

measured relative to Re4 were coovattd using the this absolute H t 4  yield fnw Wue in 

lrppeodix A 

Np237 is the mart measured d the nuclides requested with, fa the m a  impaunt 

neutron energy ic fast fission, good cwarge of chain yields. Disaepancies &st for Kr-85. 

Sr-92. Sr-89. a-95, Ru-103. Sbl27, Tt-132, Xe-135, Xt131. Cc-141, -148. -144, 

Nd-147, Nd-149 md 1S4€bdn yield. These disucpancies do not SCUD to be due to any work 

king wholly aroocas rather. dngle musurements .re discqaut a have m d  Wues ovu r 

wide range of &a (much g r a t a  tbrn the s!ar~dard deviations w d d  suggest). 

Very little fdd cumulative and independent data exists, however. 



Pu-242 

There ue 8 reference blocks wilh data as shown in table 2 

Spoa-- 

YE17. Nobles, musured the long rrngt particles from fission, grater than 97% being He-4. 

using a multiple ioaisation cham&. 

YE.2, Garapathy and Kuroda. measured the cumulative yields of I isotopes rrlative to 

E131. As no rbddlltt measmawnu af 1-131 have b e -  measurul the data could not be converted 

without making rssumptio~ls .bout this yield. Thus as this yield is ~(pected to be rigniricantly ley 

than the cbrin yield, no attempt has been made to pmduce a nlue  in this repon 

YE07. Waldo et 4 using the same adjustment of Pn values .s r d d  to under Np237, 

detamined the cumulative yields of Br-87 rod 1-137. 

YE20. Gudlrov et 4 measured 29 cumulative yields by gunma n y  rpectnme~y. 

YES, c h r p ~ ~ ~  t t  4 measured the Ba-136 cumulative yield using c h d c a l  separation and 

isotope dilutiaa MS specoometry. 

YE58, Kocb el 4 masured 28 chain yields by isotape dilutioa mrts spdmnetry  and 

gunnu specrraneuy. As no atas uc given, 20% is assumed. 

YU9. M a e  measured 43 cham yields for a filtered neutron rpec~rum with a m a n  energy 

Ot 4OOkeV. 

High. 

YE18, WinLelmann et 4 measured 65 cumulative yields using 8 (dT) nentrcm #wee with 

a mun cnergy of 15.1 + 0.7 MeV. 43 of these cumulative yields ue close cnough to the end of 

the chains to be ryumed as cquivrleat lo chain yields. Radiochemical methods were used for Pd 

Ag, Cd, Sn. Sb and Ce. with /3- and gamma spacuometry. Otbers nuclides were measured by 

gunnu spac~ranetry done. 

Discussion: 

Again the ch.in yield distributiolr is well mapped out. although fu from wmplete. 

However* very little data exists to determine charge distribution and hence independent yields. 



Also there ue disaepaacies for the chain yields of masses 133 md 135. 

YE01 Weiahenda et 4 gives no usable data 

YE02 Gadkov et rl, musured 32 thaaul neutron induced cumulative yields d Am-242x0 

nktive to the 2 - 9 7  cumulative yield and 4 fractiaDal independat yields The data wrs taken 

Iran the EXFOR muy. A nlue of 45 + 03 !Mission was rssumed in the papa; this differs from 

the nlue in YE06, uhicb used an usumptioa fix the Ba-140 yield. As that uc no Ba-140 ix 

a 9 7  yields m d  I have not morrmlised these values, see YE06 f a  furtha d h u s h  Wow. 

YE03 Vaob'cn et 4 npat ternary yields relative to the alpha yield fa themd neutnn 

filsrioa T h e m ~ r n u w a e m a d e ~ a m a s s r p e c u a n e r e r .  ~mmcasurcd.1phayiddhas 

been npated in the litaature I have not amvated these to absdute Wues. 

YE05 Fad et 4 npat the frrctiooal independent yields of Xe-133 md Xe-135 isom- 

f a  the thamd induced fission. The rrdiochanid samples wae trdiochemicrlly separated before 

YE06 Wolfsbcrg et 4 measured the ratio of ratio R-value cumulative yield f a  36 fission 

poduct nuclides and 1 indepadent yield: Cs-136 (a shielded nuclide). The mewranents wen 

d e  by t.diochemiul procedures. The d u e s  were carwtcd to 8bsdute Wues using tbamal 

U-235 Wues fran Mills et rl (reference 1) and the Ba-140 values from YE02 The calculated 

Zr-97 value is 36 uhicb is significrntly different from the rsumed 45 + 03 Mission in YE02 

The values in YE02 Wues were measured relative ue lo the 2-97 Wue. Now the YE06 nlues 

used the Ba-140 value 8s 8 standard (whicb can be related to 2 - 9 7  from YE02's Ba-140/Zr-97 

ratio). Tbus the YE06 values ue inversely projmrtioslll to the nlue usumed for 2-97 in YE02 

Hence if the Zr-97 value assumed with the YE02 data is adjusted, the effect will be to alter the 

2 9 7  value predicted by YE06 This process can be continued until bolh 2 9 7  values coincide. 

Alternatively, the adjustment can be uranged so that a more global .greemat between the d u e s  

f a  several fission products from the two experiments is achieved. Howeva, it would k prefmble 

to have absolute m e a s m a i t s  of these two cumulative yield standards, as a simple 

rcoamrfisrtion must .ssume no systematic envrrs in the ucperimental mtlSUtQllent of the 2 

standards. Another method of rezrwmalisation would be to fit the two dausets to'. chain yield 



model (ie. the 5 Gaussian model). not COnStraining the summation of the 2 peaks to equal 200 

Wfission. Thm the values of the standards can be calculated which msures A nrmmaticm equal to 

200 Wfission, although again this assumes no systematic QTOR 

YE09. Tracy et 4 musrned the relative cumulative yields of Kr and Xe blopcs rcl~tive to 

Kr-84 and Xe-132 in thamrl neutron induced fission. To normrlise the values to absolute yields 

as Kr-84 and Xe-134 wen  not measured, the cumulative yields d Br-84 and 1-132 (0321 + 0.05 

and 5.11 + 0.4) were used b u s t  the independent yields of Kr-84 and &I32 are negligible 

canpared to the cumulative yields and thus approximately equal to the chain yield (dculating the 

fractional independent yields using 8 simple Zp model with 8 Gaussian width d 0.6 and rssuming 

the unchanged charge distriition to calculate the most probable Z value in the 2 mass chnins). 

YE38 R m  et 4 gives no data in this paper. 

YE72 Font& et 4 gives no useful r i m  product yield data in this papa. 

YM17 Waldo et rl, measured the delayed neutroa anisions after peum irrulirtion with 

frst n e u t r a ~ ,  removing thc thermal component with suf'ficient colnpletencss to avoid the effects of 

thamal neutron f iuia~ From the dependence of the neutron activity to the 6 group ~anpoppl 

model and asmmbg two groups as being from Br-87 and 1-137 aaly, the group strengths wac 

fitted and, by knowing the Pns (the delayed neutron b c h i n g  ratios), the cumulative yields were 

crlarlnted. The assumption thrt the two groups were dominated by single pscr~sas is probably 

CYXTCC~ to the uxwrcy quoted f a  Br-87. Jthougb this is ley clear for I-137. 

The Pns used to reaamalh the resulu ue those which have bear remaluted by Lund 

and Rudsum (NFLM), 1989). 

At the pnscnt time this reference, YEO7, is the only fast f i i m  measurcmeats availaMe. 

Am-24- fast neutron fissim has vay few musuremenu: only 2 cumulative yields. Thus 

to produce .cauate predictims m a t  measuremenu u e  required. 

Am-242m Lbermal neutron fission has cumulative yield measuranats for 705% d the total 

mas distribution, tenrary yields relative to the Jpha yield (but no rcnul alpha yield 

rneasu~emcats), and 10 f r ~ c t i d  independent yields. 

It would be desirable to hrve mcasurunenls of absolute cumuhstive yields of Ba-140, -7, 

Te132 and 1-135 in orda to resdve disuepcies. Also m a t  independcat yields ue needed in 

order to derive charge distriiticm pmmetus. 

11 



Am-243 

The references. shown in table 3. from CINDA show 5 reference blocks. 

nand 

YES Cdtucoli et 4 gives no data 

YE12 Asghar et 4 gives no wable fission product yields d y  statistid fission fragment 

data. 

YE78 DauytIer et 4 refer to measurements of H e 4  lanary yield but have yet to publish 

8 value. 

Fast. 

The work of Gusev in YK 1988 1 24 was unobtainable, but its CINDA rrmmmt suggests 

the work measures tenury yields of Li md Be betwear 1 md 10 MeV neuvan enagy. 

YE11 Dickms et 4 gives cumulative yields for s e v d  fission products in many fissioning 

systans, however problears in the experiment makes it inadvisable to use the data given in this 

npat directly. Dickurs published a paper in NSE % 8 whicb extracted usable data from 

ORNL6266 (for furlber details set the comments in Rider on reference 86DIC2). As Am243 was 

not included in the NSE p a p  these Am munvements should be ignored unless d o n s  a n  be 

applied. ( See under On-243 below ) 

Discussim.. 

As yet no reliable fission product yield data exists for Am-243. 



fhiw 
There u e  3 reference blocks for Cm-243 fission product yields, as sbown in table 4. 

T b e d  

YE10 Dickcns et J. m- 77 ~ ~ l ~ ~ n t t i v e  yields md 1 rhielded nuclide: -136 ( i  no 

percat decays to this daughter and thus the cumulative yield is equal to the iodepeod-t yield). 

The measuremmu were made using r 75ng sample d Cm-243 auiched lo ,9946; the yields were 

measured using the decay gammas from the fission psoducts (7 wae detamined by multiple 

g8mma lines). 

YE64 Mcrriman et 4 musures 12 fission product yields ( Tc-105 being musured by 2 

gamnu lines). fnmr thumrl fission by musuranenb of decay gamma rays from' a 77 ng srmpSe of 

(3m-243. 

YE11 Dickens ct d, see riots ao this reference under Am-243, aaly used yields published 

in NSE % 8 (1987). These 4 cumulative yields are measured ntt ive  to -137. but as no 

meammumu of this exist for Cm-243 fast r i m  the value estimated by m empirical 

itapdaticm model in NSE % 8 (1987) is oxd lo namrlise the yields to &solute vrlucs. 

NO renrvy yields have ktn musurd f a  neuvao r i m  d Cm-243. Only 1 Wepatdart 

yield has been measured, this being the shielded Cs-136 from thamJ f'.ilssiop Ounalrtive yields 

f a  thermal fission have bear the most mewred results, and only 4 fast musunemmu exist. 

Thae ue disaepaacies between YE10 m d  YE11 for Tc-105 and Tc-106, which requires further 

invcstig.tion. Far fast cumulative yields, the 4 messured fiyion product yields arc r dim dataset 

aa which to base models. It would k prefct.ble to have Cs-137 mer~urrarcnts m d  a more 

exteasive list of m d  yields. 



T h d  

YEU. Troutner md Bubour, measured 2 fractional cumulative yields, Te-132 and Tt134. 

by mdiochemical sqwati011 and grmmr rpsctramtl~y. 

YE24, Harbour et 4 measured the fmtiaoal indepcadent yield of %I35 and 21 

cumulative yields by gamma spctrometfy. 

YE25, Runsswami ct d, meawed ratio of ratio R - d u e s  These wert caaverted using the 

M&9 standard as 4.1076 + 0.02 fran other references in this work and cumulative yields of 

U-235 thermal. from the current UK evaluation (UKFY2). Tbe musunmarts were made by 

gamma qcctnmetry and gamma counting of radiochemical separated nuclides 

YE26, Runrswrmi measured 14 cumulative yields by deay  gunrru .pecQanetry, using 

lra& etching to detamine the number d fissi011~. 

YES, V m  Gunten et 4 musured the independent yield of 2 shielded nuclidks and 38 

cumulative yields (in 34 mass *), by diochmrical scpar8tion. beta canting and Nd gamma 

tpecnmretry. 

YE30. Dickam and McConnell measured 1 shielded nuclide (Cs-136) and 94 cumulative 

yield (using 105 gammr lines) by gunma ray spectrometry. Full data were given in the paper so 

that d o n s  to the gamma line data d d  be used to oomct the yields, if an improved set of 

gamma line data )rrrmcs available. 

YWl, Naik ct 4 musurrd the Mependent isoaneric ratio Yi(meta~(Yi(me~)+Yi(grou~d)) 

d 1-132 by t.diochanid separation and gunma my rpectranetry. 

YE80, Manohar ct 4 measured fractional cumulative yields of E135.1-140 and Me99 by 

g8mma spectnwc~y d catcher foils. 

Fast. 

YE07, Waldo ct 4 meawed the cumulative yields of Br-87 and 1-137. The adjustment 

dcscri'bed under NP237 was applied to this data. 

Discussian. 

As with 011-243 only a few cumulative yields have been measured for fast fission, although 

the thamal fiYion cumulative yields have been well mapped, although not completely. &ain very 

little data ar the independent yield distnition exists. 



For even the bes( maswed system m e  filling of gaps is required, particularly in the 

chrge (independent yield) d isoiboth  For the systems of interest these procedures are the only 

method d producing axnpletc &in and Wepeadent yield sets, due to the rparsity of the 

a d a b l e  data Fa the production of datwts  for use, independent yields are required 

(cumulative yields kiag crlculrled f m  the independent yield and d a y  data). Currently, there 

ue 2 acceptable models far fmctioaal i n d m d e a t  yields. these being Wrhlk Ap' and Zp models, 

d e s c n i  in dema 2 In this papa Wrhl d d b e s  the fitting d data f a  s c v d  important 

fisioaing be w d e d  this m reference 3 where he attanpled to find trends in the derived 

parametas to allow extrr,polatim to other systems. It should be noted that these mod& arc 

empirical, .Jsumiag distn'butions to be basidly hussian, with some physical castmints from 

0~1sc~v.t ion laws and carrection applied. 

Eowcver, Whl's models do require mrtr yields to carvat the fmctiad independeat yields 

to u s d i e  absdutc yields Thad= even with the thamrl fission ot U-235. predictions have to 

be nutic f a  mising cbrin yields1 Them arc four prediction methods applied'to chrin yields The 

f i i  is interpolation and extr~pdatioo of the graph of la (Chin yield) vs mrs, usually by using 

rvright lines betwear poinu and r amstant dape 81 the urtrenres of the distribtioe The sacond 

is interpolation and urvlgdation of the la (Chaio yield) vs fiioning IMSS (mrss of compound 

nuclw); this gives good 8greanent far some masts and allows extrrpd.tion to ryslans uhae no 

musuranents ue available a practical to makc However, it does not give good agreement for all 

required muses The third method is the 5 Gaussian model of Musgrove t t  al ( dema 4): hert 

the dauble-humped may distri'butioll is approximrted by 5 Gaussiurs (2 f a  u c h  puL plus r 

central Cirussirn to fill in the vrlley region).' The requimnmts of amscnmtioa laws which am be 

applied to the model. reduce from 15 to 8 the number of parameters required. Mills et d 

(Wrshiogton 1989, refema 5) attanpled fitting for the most populous systems, and extrapolation 

d trends in these to produa r general predictive technique for all systems with insufficient 

mclsurcments to fit to the model. More recently they have suggested a m ~ t i o 1 1  technique 

to facc the model predictions to be amstminted to the utpcrimmtrl dau; this work is to k 

published rs r UK Atomic Energy Authority report during 1990 (reference 1). 



The evaluation of expaimenral data and production of computu Mdable fision product 

data l i i  suned in tbe 1960's. Howevu; the 3 a m a t  evaluations uc thase of the Japanese. 

the United Kingdom. md the United States ( cumznrly JENDL-3, UKMZ a d  ENDM [ expected 

lare 1990)). Thac are riso evaluation dfons in Franc. China and the USSR The f&cming 

systems arrrartly available are : 

Data available ( T-thermal, F fast, H- High energy. S - Spontaneous ) 

0 are f'iaoing systans funded by the JapaaNS Actinides APg.m. ruppated in put by 
JAERL 

It is planned &at the UK evaluations will be compared with the US a d  otha available files 

at the end of 1990 (when ENDF-6 is fd i sed)  .under the UK's cornat data d u a t i o n  program 

( d m  1). 



myed neutrans are produced fdlowing B- decay d fmian products. whar a nudeus is 

ieft with arfficitnr QEitath c~ttgy to throw off iu mast loosely bound aa~m this p m c e ~  

removes a f& of the decay dong the initial B- decay chin and instad feeds the A-1 decay 

chaia This effect is small in most mass chains for most fdoning systeax Despite this 

coomition being snall relative to the overall neutron -my of 8 thamal or fast reactor, it is 

an imponurt stabilising influence becausc'it causes the effective neutron lifetime to k increased 

vay significantly. 

As the delayed neutron emission is governed purely by the decay of nuclides it depends 

upon the f i i o n  yields m d  the decay data (branching ratias and half-lives). It is possible to 

calcukte the total delayed neutron activity, vd. the behaviour of neutron activity with time md 

(using the spectra of delayed neutrons from individual precursors) the total delayed neutron 

spectnrm. The vd k calculated fran the summation uf the Cumulative yield multiplied by the 

delayed brcmching ratio. Pn. for cacb nuclide produced. 'Lhe bebaviocp of neutron activity with 

time is more complicated as the rate of decay of uch nuclide must k multiplied by the Pn values; 

this enuils doing a inventory calculation of the T i o n  products, and the results will depend on the 

system and the time of irradiation A simplification of Lhis i s  the Keepin 6 group model. This 

assumes that an infiitely short irradiation will lead to delayed neutron mission rqrcsend by 

the summation of 6 exponential decays. This crude model has not been amended significantly since 

1956. rlthougb attanpu 81 0th- numbers of exponential decays have been tried. From these 6 

group parameters the reactor kinetics parameter B a  can k calculated Until recently no attempt 

was made to alcuLu &ff from the f i i o n  yields md decay data because of the lack of basic data 

m d  the complexity of the alcnhtion. however a simpie GODIVA cae has now been modelled 

(reference 6). However, the delayed neuvon reactor kinetics parameters have not yet beur 

calculated (believably) from the basic data for more complicated cores and reactor historits 'The 

delayed neutron spectrum. which is not r fWon spectrum. could affect the kinetic khrviour and 

f i i o n  rate of a reactor, although this bas ye1 to k quantified 'Lhe vd values have been 

calculated by several groups in France, Japan. Sweden md the UK However. the calculation of 

vd, neutron emission with time, and spectra has only beur calculated by MBrady ( Oak Ridge. 

ORNL ) for the nuclides of interest to this repon. 

As well as direct calculation, empirical models have been used in the past md are still used 

to estimate the vd for f i s h i n g  s y s t e ~  The most recently published evaluation by Tuttle 

(reference 7 m d  8) fitted In (vd) against ( A C - ~ ~ O ~ / Z  whue Ac is Ihe mass d the compound 

nucleus). 



NEl. Waldo et .1, measured the vd and the 6 group model parametas fa fast fission, using 

l highly f i l l e d  neutron b m .  The work measured Np237. Pu242, Am242m and -5. 

Howeva the 400ms delay ktweeo irradiation and counting made detamjnation of the shortu 

lived goups imprrcticrl. as is shown by the Lager percentage uncertainties and the need to ryume 

ntuefatbc6thgnnrpd#ryama~r~ 

NE2, k w c s j u ~  et 4 measured Np237 delayed neutmos using manoaragetic neutrons 

between 0.4 d 12 MeV in 0.1 MeV rtepr Tbe K q i i  d a y  constants ue .ssumed md the 

p u p  strengths ue m d  relative to gaup 1. The 6 scamd delay betwear hdiat ion and 

counting M d e  detamhutian of group 5 and 6 unrealistic. 

NU. &nedetti ct 4 musured Np237 fast delayed neutrcm activity (vd and 6 group 

puunetw).  The 60011s imdirticm to measurement Lime made group 6 musuranent undhble 

fa alarlr t iar  of group 6 parametas. 

NU, Krick and Evans musund the vd value at 4 neutrorr amgies between 0.64 and 125 

MeV f a  Pu242 Tbe technique used hrd 8 1- delay ktweur imdirtim and counting. 8 SOms 

counting paid and 8 40 ms imdiatioa As all the measuranmts t y  within the standard 

devktiaas of uch othu the 8vcnge of 15 + 05 per 100 fissions was assumed 8s the fast neutron 

fissioo value. 

NE6, East et 4 measured the delayed neutron activity with time for Pu242 usuming the 6 

goup model whar using high arergy neutrons from an derator.  Both the namrlised gronp 

yields and decay coastants were measured. but the vd value was not musured. 

NE7. Gudkov et 4 musund Np237 witb a fast neutron rpewum. The time from 

inrdirtim to camling was 0.8s. No uncertainties were estimated ar the d a y  caautmts. The 6th 

group was calculated as the delay before counting made mCISUrtment d this group unrulistic 

As shown in table 7 refercoces for delayed neutron data in the systems d interest ue 

sparse, mostly being Np237. '2he experimental vd values ue shown in table 8. Cornparism of the 

6 group plrunttas is difficult, as this is an anp i r id  model with no thcoretid justifiution (the 

d y  uue model would have 1 group for eacb delayed neutron pmsmr). T h d a e .  axnparison 

is oniy passible if the o r i g i i  decay witb time is published with anu bars or the full wwiance 

matrix and f of the fitting is giw. allowing ca lcu~ion  of the m o r  tars ~lthough it is p o n i  

to produce graphs of delayed neutron emission with time rfia a fissioo pulse f a  the different sets 

d paruneta's, witbout corresponding information 0x1 the uncertainties the rignUicu~ce of 

discrepancies cannot k .ssessed. 



As rrlmmaticm alcuktims dqad u p ~ ~  f i i o n  yields. Pn ~dues ,  and half-lives only the 

mast mxat data Iran pllWcations is canpared frmr the dierent  groups. It rbwld k noted that 

the uak d Brady d Eogland in the US ue the most complete md carrent d t s  including vd, 

6 group paru~e~as and delayed neutron spactra. 

NC1. Brady and Eagland, have used a poJiminary version of ENDM with Brady's 

database of 271 Pn values, hall-life values and prccurwr spectra Gaps have been filled by models. 

wha~neas~ry . to~~~6grouppsrunercn.anddclapdneutro l l rp tc tn~  Resultsue 

8v3rbk fa N p 2 3 7 0 .  At-2420. Am-242m0. Am-2430 and Cm-24YT); a m t  addition 

to the fission yields in ENDM will add Np-2370. P u - 2 4 m )  md C m - 2 4 3 0  in the near 

future. 

NQ Tachibuu et 4 used the Japanese nudear data d t t e e  file d m  2 f a  fission 

yields and Pn values fran scwd rounxs to calculate the vd value (witbout mcertainties), 

thexdctrc mcertdnties d 05 per 100 friars was assumed in this report. I include in this report 

aolythtcalalh~osiqgthtJNDG2Pns 

N U ,  Rudstrm used ENDFLS and his own half-iife and Pn values f a  67 prcarxm to 

parte vd and 6 goup puunetaa. It should k noted that f a  U-235 he also calculated the 

dclayed neutron SpcCtrA 

NC4, J u n a  et 4 calculated vd values far N p - 2 3 7 0 ,  Pu-2420, A m - 2 4 2 ~ 1 0 ,  

Am-243CTi;). C m - 2 4 3 0  and Cm-24YTF). The Pn values were ukm from Pn cvrlution of 

Lnnd md Rudsum (1989) NE.Zr60, with gaps filled by a private cammuniation from Klapdor 

(1989. Much) and the 1986 Maan evaluation published in the p c d h g s  d the Birmingham 

meeting in the UK (1986). 

The nsnlts f a  vd ue shown in table 9 with the weighted muns of the ocpaim~~ul results 

from table 8. It rbwld k noted th.1 the summation results still d b p c  with cxpaiments even 

f a  urme d the marc rrmmm nuclides, cg U-238. and thus t h e  results &odd be used with cue 

Howeva. the mast ncent NCOl and N004 results do tend to follow the expaimartd results. 



deviations. For summation calculations, I would recommend the NCOl and NC04 d t s  u they 

ue the most recent md use the two mast campkte fiIsion yield evaluations to &k. However. 

comparison of NCOl md Na)4 rhows definite differences rod neither of tbsc 2 sets of nsults 

arc systmutidy closer lo the u p a i m ~ t a l  values than.the other. 

For the time dcpcndena of tbe neutron activity. there arc s e v d  referaas in table 7. 

However, in mast of these the group decay constants and svengths are fitted with amstraints, 

either the decay consunts sn assumed (usually to the Keepin values) or .snrmptians ue made for 

the shorter lived group tueagths. The mast complete fitling of the six group pis bps bear that in 

NCO1. which employed the nsults from inventory calculationg md made no rsmnptions about 

my of the group parunetas In practice, if no uncosisuained 6 group parameters &st. the Bmly 

rod England NCOl results should k wd, until better data becanes av~ilablt. Faa delayed 

neutron spectra the d y  publishtd nsul ts  for the nuclides under study ue the pradiaiars of Brady 

and England made for ENDFl6 and these should k used until kttu data becomes available. 



Fission yields. 

The &wets for Np237F. Pu-242F. Am-242mTV Cm-243T and Cm-24ST have r good 

arwgh coverage of chain yields rtrat the predictive models. forapd.tiOas .nd artrapal.ticms 

de5cn'bed above will give r good estimate of d u e s  in the rrmrining gaps in the total chain yield 

distriition. Of the ranaining rc~cticms amdastudy, vane hrve no experimental results at dl, 

while the nst  are only poorly defirred Appmdix A lists crses uhae thae uc at lust some data. 

but LYS~QLLS which hrve no published chain yicld dur ue not -timed in the tables. Clearly 

filling d gap a estimating d the whde chain yield dktni t im is much las calrin thrn if thae 

is good covarge from cxpaimental d t s .  

Thae is need f a  new measuranents d chrin yields both to d i r m  previous d t s  and to 

fill gap in the unmeasured regions New wak should rmnntnte oa rhac nuclides uh- T i o n  

rates arc highest for u h t  arc & d a d  -Me estimrles of typical fuel compasitim in 

nraas d intaest. 

Thae is little &la available for f r m h a l  independent yields d the nuclides unda study. 

H-, if it is required that amplete yield sets be poducul, lhar it is desirrble to have same 

acpaimeatal values so as to be able to determine the appropiate model pa runem Thus. if hge 

arough samples d these materials can be produced, the relrtivdy new mrss reprnrtas would k 

rdvurtrgaous for new musurements b u s e  they Jlow the measwaneat d mrny independent 

yields without cunpliated m d  lime cmsuming chemical separations Examples d these mast 

~ t a S u e I a h ~ 8 n d B i r w 8 t h r  

Until now, d y  cmplrial models have kar osed f a  the modellirrg d r i  yields; it 

would be useful to investigate whetha n u b  &sics lheay d r i m  an provide 8 deeper 

insight into the pocescs invdvtd and hence the foem d apticms uhich might be used ro 

represalt fission product emissiaa 

Delayed neutron data. 

Delayed neutron m"ufanents ut difficult to make uxwatdy, and cmsidaing the Qnall 

dwdmce (Illowins dl parunelas to ~y and using 8 full owuknce dys is ) .  md 

measutanent of spcctra. 

However, in the short and medium  am, improvements in fisJiar yields and decay data for 

the summation methods would in my opinion produce r grater improvement in t8e data This 

would h.vt to be followed up by experimental muswmmts, howeva. to @irmethe results, 
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be+use at present, the charge distributions for fission in thesc nuclides u e  produced by 

extrapolation from the charge distnition model parametas for k t w  chncterised systems. 

Thus the predicted charge distributions ue uncertain and hence. as thesc distriitiars a n  very 

important in determining the delayed neutron precursor formation. so u e  the delayed neutron 
. . anissial- 
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TABLE 1 
Refbrences for Up237 timaion yields ( from CINDA ) .  

Ref... albment Q lab cou A blk serial U W Emin Emax rbtbrencb date commbntm 

YE33 P - 9 3  I P  237 I?Y ALD UK 2 150 638025 3 E 1.5+7 J JIN 14 8 6000 Coleman+ HAS9 TLD CURVE OIVEN 

YE65 P 93 NP 237 NrY AUL USA 1 772 325375 5 E FAST P AUL-7879 7205 tarson+ YLD 14OBA. 
YE65 [Ridbr 72LAR1 1 

~ ~ 4 3  P 93 NP 237 N ~ Y  AIL USA 1 775 325757 3 E FAST J IT 25 294 7502 ~ u d e y +  ILRR RISULTS. enc, cuu ~ L D S .  
YE43 (Rider 75DUDl 1 

YE04 U 93 NP 237 I?T HHQ USA 1 784 311323 5 t 1.4+7 1 DOE-IDC-33 126 8404 Agrawal+ ??. AM0 DIST. UDG. 
YE04 U 93 IP 237 N?T AIL USA 1 781 303752 5 E 2.6+S 9.6+5 ? DOE-UDC-24 101 8104 Orady+ANL,HRQ LABS.TBD.UDO. 
YE04 U 93 NP 237 NFY HHO USA 1 780 301563 5 E NDO p DOE-NDC-19 109 8005 Orady+AIISOTROPY HEAS TBD.NDG. 

YE8 P 93 IP 237 U?Y ORE FR 2 153 767860 1 E 2.5-2 C 85SAITA 1 333 8505 C@itucoli+ ORPH, YLD. 
YE8 P 93 IP 237 NFY BOR ?R 2 150 759729 3 S UAXW P IEANDC(L)-242 8300 Caitucoli+EVEI-ODD AND SHELL EFFECT 

YE68 P 93 NP 237 N?Y BOR ?R 2 151 759737 3 L 5.0+5 6.0+6 ? IEANDC(E)-242 8300 Doan+ LNERQT CORRELATION STUDY 

YE69 P 93 IP 237 NFY BOR ?R 2 152 759739 3 E 1.0+6 P NLANDC(E)-242 8300 Bbnfoughal+FINE STRUCTURE STUDY 

YE48 P 93 UP 237 N?Y ?EI CCP 4 001 374643 3 E HAXW 1.6+7 C 69VIENNA 923 6907 Vorobeevs+PPR133. FRAO YLD+L(UEUT-E) 

YE40 U 93 IP 237 N?Y FEI CCP 4 002 574175 2 E 7.0+5 5.4+6 J F 11 297 7002 Kur*minov+ YIELD(?RAQ-A)GRPH AT 8 ES 
YE40 P 93 UP 237 NPY ?EI CCP 4 002 574178 3 E 7.0+5 5.4t6 J SUP 11 166 7008 .TRAASLATU.*NO 2 
YE40 P 93 UP 237 UFY ?EI CCP 4 002 636592 6 E 8.0+5 2.2+6 4 L~F0R40172. 7311 .5 SUBENT FOR 5 ES,EACH 41 LIMES 

1 ~ 4 1  u 93 IP 237 UFY CEI CCP 4 482 760782 3 D FAST J YK 1/50 48 8303 Oudkov+ CunUL YLD FOR 30 FISPROD,TBL 
PE4l P 93 NP 237 N?Y ?EX CCP 4 482 768569 6 S FAST 4 LXFOR40677.002 8403 30 PTS,CUH YIELDS 

Y ~ 4 2  P 93 IP 237 urr rt1 CCP 4 001 574463 3 t 1.4+7 
1 ~ 4 2  u s3 IP 237 urx ?TI CCP 4 001 728298 3 E L . J + ~  
YE42 P 93 UP 237 NFY ?TI CCP 4 001 728297 4 E 1.4+7 

C 69VIEIIA 900 6907 Adamov+PDR146.LOUG-RANGE-YLD VAL OVN 
J YF 9 732 6904 Adasov+ PROTOI,T,D AND ALIA YLD GIVN 
J SIP 9 424 6910 . EUOL OF T? 9 732 

YE76 P 93 NP 237 UFY GRE tR 2 150 715081 3 E HAXW P CEA-A-2015 7700 Asghar+TABLE OF HEAR PARAHETERS 

YE75 P 93 UP 237 AFT ORE ?R 2 151 735294 3 E 1.0+0 P CEA-N-2074 7900 Blachot+E?FECT OF EVEN-ODD PROTON,?P 

YE83 U 93 NP 237 U?Y GRL FR FAST 
YE83 P 93 IP 237 IFY GRE FR FAST 
YE83 1 Ridbr 77BLA2, data taken from Ridbr 1980 fi1e.l 

YE53 P 93 RP 237 NFT GRE FR 2 152 739681 3 E l.O+6 
YE53 P 93 UP 237 I?Y GRE IR 2 152 749851 3 E 1.0+6 

YE72 P 93 IP 237 NFY GRE ?R 2 154 772955 3 E NDO 

YE67 P 93 UP 237 N?Y HED USA 1 777 325758 3 8 ?AST 
YE67 [Rider 77KEL1 I 
YE67 U 93 IP 237 N?Y UED USA 1 777 325759 3 E FAST 

YE81 U 93 UP 137 U?Y HED USA 1 784 311320 5 L FAST 

YE12 P 93 NP 237 N?T ILL ?R 2 150 742176 1 8 UAXW 
YE12 U 
YE12 P 
YE12 U 

C 77PETTEN 1 7700 
W Ridbr 77BLA2 7700 

Blachot+RAD.CHEH.CUH TLDS. 
Blachot+RAD.CHEH.CUH YLDS. 

Hamelin+ P/V-RATIO, TBL. 
Blachot+ ODD-EVEN E??ECT,CS-136.NDG 

Brissot+FISS OF NP239,DOUBLE CAPTURE 

Kellog+VOL3,P1307.TBL.TLDS REL 137CS 

Kbllog+ VoLi,P27. YLDS RIL 137CS. 

Itawlins+ 13 ?PROD. UDQ. 

2PTS.HASS OF LIGHT+lEAVY ?RAGS. 
Asghar+P. P48, ABSTR, UDG. 
Asqhar+ FROM RP/A 292.CFD 0TH NUCLEI 
Asghar+EVEN-EVENOODD-ODD E??ECT,TBL 





YE63 [Rider 561011 1 

YE50 P 93 UP 237 UTY LAS USA 1 002 022179 

YE82 U 93 UP 237 UTY LAS USA 1 003 022180 

YE49 P 93 UP 237 UTY LAS USA 1 004 033595 

YE3 U 93 UP 237 UrY LIU CCP 4 477 749547 
YE3 U 93 NP 237 NTY LIN CCP 4 477 749546 

7 P 93 UP 237 UTY LRL USA 1 781 314344 
YE7 V 
YE7 P 

YE9 P 93 UP 237 UTY PICPI CAN 1 150 624297 
YE9 [Rider 73TRA1 1 
YE9 U 93 IP 237 NrY HCn CAN 1 150 634434 
 YE^ P 93 UP 237 urr ncn cAa 1 150 325668 

YE66 P 93 UP 237 UFY NBS USA 1 701 325760 
YE66 [Rider 779111 1 
YE66 U 

YE35 P 93 UP 237 UTY PAV ITY 2 001 575487 

9.0+6 

l.2+7 

FISS 

1.4+7 
1.4+7 

TISS 

HAXW 

MAXW 
HAXW 

PAST 

FAST J SIN 35 2639 8909 

FAST P EANDC(CAU)-40 6909 
FAST 4 EXTOR13315. 8909 

PILE J JIU 31 3739 6912 
YE35 [Rider 69ste1, extension of 67ste(1,2,3) in Ricera Scientifa RIC. SCI 37 ~347-359 
YE35 P 

YE38 U 93 UP 237 UrY PRA IUD 3 407 731421 3 D MAXW 

7 93 UP 237 UTY RI CCP 4 001 556582 3 1 1.4+7 

YE37 U 93 UP 237 UTY RI CCP 4 473 669097 3 E PILE 
YE37 [ Rider 72pet2 I 
YE37 P 93 NP 237 RFY RI CCP 4 473 669098 4 E PILE 
YE37 P 
YE37 P 93 UP 237 N?Y TIL CCP 4 478 751946 3 E FAST 
YE37 U 93 UP 237 UFY TIL CCP 4 478 751947 3 E FAST 
YE37 P 93 NP 237 UrY TIL CCP 4 478 751948 4 L TAST 
YE37 P 93 UP 237 UTY TIL CCP 4 478 755417 6 E FAST 

YE32 P 93 UP 237 UTY TRPl IUD 3 414 900161 3 R PILE 

YE34 P 93 NP 237 RTY TRH IUD 3 468 638263 3 E PILE 
YE34 [Rider' 6 8 U M 1  1 
YE34 P 93 UP 237 UFY TRM IRD 3 001 552804 3 E PISS 
YE34 [Rider 651YEl 1 Preliminary study reported 

7 93 NP 237 CRO 
U 93 UP 237 CHO 

7 93' UP 237 UTY 

P 93 UP 237 UrY 
P 93 UP 237 UrY 

P 93 IP 237 RrY 

P 93 UP 237 UTY 
[Rider 70MCE1 
A 93 UP 237 UrY 
IRider 68wecl 
P 

TRH IUD 3 478 764321 
TRM IUD 3 478 764322 

TRH IUD 3 484 900275 

TRU IUD 3 485 902442 
TRM IUD 3 485 903438 

TUE GER 2 150 749853 

WAD USA 1 770 325145 
1 

ORL USA 1 768 325109 
1 

3 L MAXW 
5 E lAXW 

3 E PILE 

3 E PILE 
6 E PILE 

3 E  5.0+5 

3 E FAST 

5 E TISS 

4 EXTOR21412. 

C 77PUUE 2 253 

C 68RIOA 19 6 

J Y 15 860 

J SUP 15 482 
4 EXrOR40019.002 

1.4+7 C 8OKIEV 3 171 
1 . 4  J YT 29 293 
1.4+7 J SUP 29 144 
1.4+7 4 EXTOR40545. 

J PRll 24 137 

J JIU 30 2305 

C 65SALZBU 1 439 
Later as JIN 30 2305. 

C 79MADRAS 2 228 
P BARC-1114 74 

C 85JAIPUR 2 28 

J RCA 41 9 
4 EXTOR30765. 

5.6+6 79JUELICI F34 

J AUS 13 868 

W WECRSLER 

4 EXTOR13239.002 

Leachman+ RLTV AUGDIST TISS-TRAO. 

No Up237 data. ENOLISR, OT BCDL-6 11 
Kondurov+ TERUARY YIELDS.TABLE,GRAPR 

Waldo+ TILS.87BR,1371 YLDS. 
Ueyer+BR-87,I-137 YLDS-TIP PR/C. 
.2 PTS. CUR YLD, 87-81, 137-1. 

thode+ n A s s - s P c c , ~ ~ ~  cun KR+XE GIVEN 
12 PTS. REL cun YLD, rR,xg ISOT. 

Oilliam+TISS YLDS.TBL.TP RL GVU. 

Stella+ TISS YLD 0T 17 MASS BETWEEN 
(1967) 3 articles.] 

34PTS. CU?l.YLDS 

Rae. ABST,NDO.A=131-136 TINE STRUCT 

Adamov+ AIST,LONO-RANGE PARTICLES YL 

Petrzhak+ TBL REL XE YLDS,EPI-CD 

. EUOL OF If 15 860 
4 PTS,REL YLDS XE-131,132,134,136 
Teplykh+ RASS-SPEC.TBL REL RE-YIELDS 
Teplykh+ REL XE YLDS CTD,TABLE,ORAPH 
.ENGLISH OF YE' 29 293. 
REL YLDS TOR XE-131,132,134,136. 

Ramaniah. BARC EXPTS.SURVEY TBL,GRPR 

Uamboodini+ YLD Or 20 UUCLIDE 

1yer.YLD OF VARIOUS ISOTOPS,TBL,GRPR 

nanohar+ 1135,BA140 TRACT CVMUL,TBL 
nanohar+ 1135,BA140 TCY,TBD,NDG 

Reddy+ A=131-135 TE+I REL YLDS.TBL 

Ramswami+ EPI-CD.3 FP:FRACT CVU YLD 
FRACT CUXUL YLDS OF TE134,1135,XE138 

Uc Elcoy+ PRELIU YLD 137CS. 

.I PT. cun YLD t r o a ~ .  





TABLE 2 
Rotrroncor tor Pu242 tirrion yields ( tror CIUDA ) .  

Rot... oloront Q lab cou A blk 

YE16 P 94 PU 242 UFY AUL USA 1 001 
YE16 U 94 PU 242 UFY ARL USA 1 001 

YE22 P 94 PU 242 UFY ARK USA 1 768 
u 94 PU 242 ICY ARK USA 1 768 

YE22 [Ridor 68ganl 1 
YE22 U 94 PV 242 UFY ARK USA 1 768 
YE22 U 94 PV 242 UFY ARK USA 1 768 
YE22 P 94 PU 242 RFY ARK USA 1 768 

YE74 P 94 PU 242 1FY BRC FR 2 150 

YE21 U 94 PU 242 UFY FEI CCP 4 476 
YE21 P 94 PU 242 NFY FEI CCP 4 476 
YE21 U 94 PU 242 UFY FEZ CCP 4 150 
YE21 U 94 PU 242 UFY FEI CCP 4 150 
YE21 U 94 PU 242 111 PEI CCP 4 150 
YE21 P 94 PU 242 UFY FEI CCP 4 150 
YE21 P 94 PU 242 UFY PC1 CCP 4 150 

YE13 P 94 PU 242 UFY FEI CCP 4 473 
YE13 P 94 PU 242 UFY FEI CCP 4 473 
YE13 P 94 PU 242 NFY PSI CCP 4 473 

YE14 P 94 PU 242 UFY GEL ZZZ 2 150 
w YE14 P 94 PU 242 UFY GEL ZZZ 2 150 
0 YE14 U 94 PU 242 UFY GEL ZZZ 2 150 

YE14 P 94 PU 242 NFY GEL ZZZ 2 150 

YE73 P 94 PU 242 UFY GEL 222 2 151 
YE73 P 94 PU 242 UFY GEL 222 2 151 

YE15 P 94 PU 242 UFY GRT ILG 2 150 
YE15 P 94 PU 242 RFY GUT BLG 2 150 

YE59 U 94 PU 242 UFY IUL USA 1 777 
YE59 1Rid.r 79UAEl 1 
YE59 P 94 PU 242 UFY IUL USA 1 777 
YE59 P 94 PU 242 UFY IUL USA 1 777 

YE57 P 94 PU 242 OFT IUL USA 1 783 
YE57 V 94 PU 242 UFY IUL USA 1 783 
1657 P 94'PU 242 1FY IUL USA 1 783 

YE58 P 94 PU 242 UFY ITU tZX 2 150 
YE58 U 94 PU 242 UFY ITU 222 2 150 
YE58 U 94 PU 242 UFY KFK GER 2 150 
ye58 P 94 PU 242 urr KFK  GER 2 151 

? 94 PU 242 UFY KUR CCP 4 408 

YE17 P 94 PU 242 H?Y LAS USA 1 001 

YE19 P 94 PU 242 OFT LAS USA 1 002 

YE3 U 94 PU 242 UFY LIU CCP 4 477 
YE3 U 94 PU 242 NFY LIR CCP 4 477 

Erin 

SPOU 
SPO. 

SPOU 
SPOU 

SPOI 
SPOU 
SPOU 

S Pol 

7.O+5 
7.O+5 
SPOU 
SPOU 
SPOU 
SPO. 
SPOU 

1.0+6 
SPOU 
7.O+5 

SPOU 
SPO. 
SPOU 
SPOU 

S POW 
SPOU 

SPOU 
SPOU 

FAST 

PAST 
3.9+5 

FAST 
FAST 
FAST 

FAST 
FAST 
FAST 
FAST 

SPOU 

SPOR 

6 . 5 + 5  

SPOR 
SPOH 

rotoronce date cormontr 

J PR 106 779 5705 Smith+,UASS-EUCROY DISTR CFD XPT+TR 
IAP 1 81 5606 .ADST. B10 

J Earth and Planot Sci.lot.3 1967/7/25 p89 in Ridor 67Gan2 
DA/B 29 319 6807 Ganapathy.RADIOCREU,I131 132 133 135 

R 010-3235-11 
P ORO-3235-7 
4 tXFOR13229.002 

P CEA-I-2214 

J tF 23 269 
J SUP 23 141 
R IUDC(CCP)-48 
R YFI-17 3 
J YF 17 696 
J SUP 17 362 
4 EXFOR40194.002 

C 73KIEV 3 270 
C 73KIEV 3 270 
4 EXFOR40284. 

C 82AUTWtR 737 
J UP/A 380 1 61 
P IEAUDC(E)-242U 
4 EXFOR21788.006 

P IUDC(EUR)-2028 
P IHDC(EUR)19 40 

J P R / C  29 498 
4 SXFOR21915.003 

R ICP-1050-IV 

C 77NBS 146 
4 EXFOR10845. 

9 BUL-51778 133 
R EUICO-10016 
4 EXFOR10974.008 

J RCA 29 2 61 
R EUR-6738 
R AERE-R-8753 
4 EXFOR21155.010 

R YK- 2(29) 70 

J P R  126 1508 

J PR/B 137 809 

R BCDL-6 11 
R IUDC(CCP)-162 

Ornapathy+,PIASS TLD DISTR A=131-135 
Ganapathy.1131 132 133 134YLD TBP PR 
.4 PTS. CUU YLDS 132-1331 REL 1311. 

Yohia+SPON AID TR COUPARED,ORAPAS 

D*yachonko+ GRAPR.PRA0 DISTR . EUGL OF Yr 23 269 . EUGLISA O? YFI-17 3 
Deyachonko+ TLD(FRA0 kASS),TBL 
D*yaehonko+ MASS-YLD+YLD(KIU-E),aRPR 
.EUGLIIR OF YF 17 696 
42 PTS,FF-YLDS VS ??-MASS 

Vorob*ova+ FRAGU MASS-DISTR,GRAPH 
V o r o b 9 ~ v a +  FRAGU-UASS DISTR,GRAPR 
.PRIMARY FISS-FRAQ YIELD AT 3U-E GVU 

Allaort+ (+UOL) ?RAG UASS+BUERG DIST 
Allaort+COUPARED TO PU241 TAERU FISS 
Allaort+ 

1PUT.FISSIOR FRAOS AVERAGE UASS 

Wagemans+ 
Schilloboockx+PREUEUTROU PRAGU IASS 

Thiorons+ GRAPHS 
1PUT.FISSIOU ?RAG AVERAGE RASS 

Uaock+UASS SPEC.TBLS PIS9 YLDS. 

PIrock.UASS SPEC YLDS NEAS TBD. . 66 PTS.FISS YLDS. 

Chapman+ 1361A,136CS TBL CFD EUDF. 
Chapran+TBL.cUU.YLD.A=136,CFD END? 
.1 PT. CUU YLD. 136-BA. 

Koch. CUUULATIVE, MASS 125-152,TBL 
Koch+CUUUL FISS YIELDS A-125-152 
Koch+ TBL UASS YLDS GIVEN P 46. 

28 PTS UASS-125-152 

Lbov. TCRH.ALF YLDS COUPILED,TABLE 

Uobles. YIELD OF LOUG RAUGE FFRGU 

Sirrons+REL ANG DIST TISS FRAQ 

Kondurov+ TERUARY YIELDS.TABLE,GRAPH 
lo Pu242 data. EHGLISR OF BCDL-6 11 



YS7 P 94 PU 242 ltY LRL USA 1 781 314340 
YE7 U 94 PU 242 1?1 LRL USA 1 781 303675 
YE7 P 94 PU 242 l?Y LRL USA 1 781 319251 

YE20 U 94 PU 242 l?Y HIT CCP 4 481 764515 
1 ~ 2 0  P 94 PU 242 W Y  nIt CCP 4 481 764516 
rEzo P 94 PU 242 1r1 nxr CCP 4 481 768602 

YE60 P 94 PU 242 l?Y HOL BLO 2 150 774428 
1 ~ 6 0  u 94 PU 242 wry not BLO 2 150 774429 
YE60 P 94 PU 242 l?Y HOL BLG 2 150 756003 
YESO P 94 PU 242 mtr not m a  2 151 774431 
YE60 P 94 PU 242 l?Y HOL BLO 2 151 774430 

Kay: P-copy obtained. 

PAST 
CAST 
FAST 

SPOl 
SPOl 
PILL 
soon 
SPOl 

J A b  54 404 8306 
J SJA 4 414 8312 
4 EX?0140678.002 8402 

Gudkov+ GE-L1,TBL 29 YLDS A-85-149 
.SIOLISH or AS 54 404 
29 PTS ,YIELDS 

Wagamanr+ 
Schillababckx+ 
Db Raadt+ (+OIL) CRAIl YLDS. 

1 PT 
Wagemans+ 

2 1.5+7 J PI/C 30 934 8409 Winkalmann+ CUHUL,CUl YIELDS 
6 1  1.5+7 4 ~ ~ ~ 0 1 2 1 9 8 3 .  8602 145PTS CUnUL,CHR YIELDS 

U-unraan, but baliavbd unnacbaracy 7-unobtainabla. 



TABLE 3 
Roforoncos for Am243 fission yields ( from CIIDA 1 .  

o f . .  olamont Q lab cou A blk serial B W Lmin Emax roforonco date 

Y E  P 95 AH 243 NFY ORE FR 2 150 767746 1 L 2.5-2 C 85SANTA 1 333 8505 

YE12 P 95 AH 243 NFY ILL FR 2 150 739674 1 L HAXW J IP/A 334 2 327 8002 
P 95 AH 243 IFY ILL r~ 2 150 764239 3 E n ~ x w  c 79juaLIC 2 81 7905 

YE12 P 95 AH 243 NFY ILL FR 2 150 742147 6 L HAXW 4 LXFOR21545. 8102 
YE12 P 95 AH 243 AFT ILL FR 2 151 744436 3 L HAXW J NP/A 341 3 388 8006 

~ ~ 7 8  P 95 AH 243 m y  ILL FR 2 152 773931 5 E HAXW P BLO-597 138 8703 
YE78 U 95 AH 243 NFY ~ O L  @.LO 2 150 773513 5 L HAXW P BLO-584 148 8604 

commontr 

Caitucoli+ NDO. HASS-EREROT CORREL. 

Arghar+FP ENERGY CORRELATIOI,ORAPAS 
Arghar+ ?RON UP/A 334.CFD OTA UUCLEI 

2PTS.LIOAT AIVD HEAVY HASSES,AP 
Asghar+FAR-OUT ASPHHETRIC MASS 

7 95 AH 243 NFY LIN CCP 4 418 408954 3 1 +6 +7 J TK 9 1 24 8803 Ousov+ TLD LI,BE,CALC CFD EXPT,GRPR 

1111 u 95 AH 243  IF^ ORL USA 1 7 8 6  321042 3 FAST R ORNL-6266 8604 Dickons+ JOINT US/UI EXPT.DOUNREAT 
YE11 V 95 AH 243 NFY ORL USA 1 786 321694 5 L FAST R DOE-NDC-43 145 8704 Dickans.UDO.SEE ORNL-6266. 
YE11 U 95 AH 243 NFY ORL USA 1 786 318022 5 E PAST R DOE-IDC-38 141 8605 Dickons+ IDO. 
YE11 P [lb Problems with raportod yields Dickans givas thoso ot use in *P* NSg 96 8 8705 io NO AH-243 data saa ridar 86DIC2 1 .  

Kay: P-Copy of rotoronea. V-unsaon, but baliovad unnocaaaary. ?-unobtainable. 



N 
0 
P 

r . m  
.a 
m v 
E  \ . (I( 
m a .  
a .m 
* o n  
w n d  
+ 4 "  
m a r  
c c 3  
0.V 
Y  Y  
u u c  
4 4 -  
n o .  

0 -0  
0 0 0 
W P P  
a 0 0 

N W N  
N - 0  
e rl 0 

m  N 
-0  - 1 . 4  

m v m  
n rl 
1 a 

0 1 0  
\ m  L. 
OLOU 
a n w  

- a -  

t t t 
4 4 4 x r z 

u w m  

m n w  

N N m  
m  m  m  
m m w  
O r l N  
N N N  
m m m  

0 0 0 
0 0 0  
P P P  

rl.4rl  

444 
m m w  
3 3 3  

d d d  
a 0; * 
a0 0 

C  C  C  
& L C  
1 1 a  
m m m  
r r c  
N N N  

5 5 5  
w  w  w  
m a  m  

a 3 a  
0 0 0 
44.4 
w m b l  
C C C  

orr ' .r 
' 3 3 0 0  

E V V C I O d  

2,,442 
n * m  

Clw w w m  
t m  .a -1 
u . w  W '  
o o n * . a o  
-n.;.mn 

+ 4 + : t 4  
a a a b . a a  
c c e  c e  
0 0 . 0 0 .  
Y Y Y  O Y Y  
u u u a o u  
4 4 4  4 4  
0 0 0  Pn 

m  
0 
t- 

. C r n a m r  
0 0 0  0 0  
W P W  PP 
0 0 0 0 0 0  

w r m t  r 
W l I  W I  
N U V *  m u  
w n n a  n 
t e a r  a 
d l  l I 
1 m m c w m  
* 0 0 4 m o  
o n n  a n  

0  
a a a a m *  

a 

NNNNN 
I I I I I *  

m m m m m u  . . . . . . !  

m n m i i n m  
0  
4 
n 

m m m  m r  
r m m  a m m  
O P 0 ' 8 r l P  
r ( r l O r l N . 4  
NN.4 O N N  
m m m 4 m m  

w w w  
000 '800  
m m P  .PP 

4 4 4 4 4 4 
m  w m  m  m  m  
3 3 3 3 3 3  

ddd.l.ad 
o ~ a a a ~ ; ~ ~ :  
0 0 0 0 0 0 

C C C C C C  
C L C L . L . L  
t t a a c e  
m m m m m m  
r r rrrr  
N N r v N N N  

5 5 5 5 5 5  
w w w w w w  
m m m m m m  

a a o 3 3 3  
r r r r r -  
w w w w w w  
u w w m w m  
C C C C C C  

m m m d m m  
r r w a q r  
N N N  O N N  



TABLE 5 
Roforoncoa tor Am242m fission yioldm ( from CIRDA ) .  

Ref... olomont Q lab eou A blk social 8 W Emin Emax rotoroneo date eommontr 

YE6 P 95 AU 242 NFY LAS USA 1 001 054858 3 L PILL 
YE6 U 95 An 242 NFY LAS USA 1 001 325126 5 E PILE 
YE6 P 95 AU 242 NFY LAS USA 1 001 325618 6 E PILE 
YE6 P 95 An 242 NFY LAS USA 1 001 325619 6 E PILE 
YE6 P 95 AU 242 NFY LAS USA 1 001 325620 6 E PILE 

J PR/C 3 1333 7103 Wolfsborg+ 35 CHN YLbS, XE+KR CUnULT 
R LA-DC-12142 7006 Wolfaborg+ 
4 EXrOR13295.002 8908 .36 PTS. R-VAL REL 235U + CUU YLDS. 
4 EXFOR13295.003 8908 . l  PT. R-VAL REL 235U + IND YLD 
4 EXFOR13295.004 8908 .11 PTS. FRACT CUH YLDS, KR,XE ISOT. 

Y E  P 95 AH 242 NFY LAS USA 1 701 312314 3 E 2.5-2 J PR/C 30 195 8407 Ford+IND.YLD.(133U.Q),(135U,G)XE 
YE5 P 95 An 242 NFY LAS USA 1 701 325566 6 E 2.5-2 4 EXFORl2895.011 8409 .6 PTS. FR IND YLDS, 133,135XE. 

YE3 P 95 AU 242 NFY LIN CCP 4 473 763469 4 t 
YE3 U 95 AH 242 NFY LIN CCP 4 473 763468 3 E 
YE3 U 95 AU 242 RFY LIN CCP 4 473 636928 3 L 
YE3 P 95 AH 242 RFY LIN CCP 4 473 763467 3 L 
YE3 U 95 AX 242 NFY LIN CCP 4 477 749346 4 D 
YE3 P 95 AH 242 NFY LIN CCP 4 477 763470 6 E 
YE3 U 95 AU 242 NFY LIN CCP 4 477 749345 3 D 
 YE^ P 95 AU 242 nry LIN ccp 4 477 703843 3 D 

PILE 
PILE 
UAXW 
PILE 
UAXW 
UAXW 
UAXW 
UAXW 

SNP 20 248 
YF 20 461 
73UUNICU 1 716 
73KIEV 3 298 
INDC(CCP)-162 
EXFOR40503.005 
BCDL-6 11 
77KIEV 3 258 

.ENGLISH OF YF 20 461 
Vorob'ov+ TOF,UAG-SPEC,YLD 292-8,TBL 
Voeobwov+ UETA. 291-8 UASS-SPEC,NDG 
Vorob'ov+ YLDS FOR 8-3 TO C-14,TABLE 
.ENGLISH,EXCERPT TRANSL OF BCDL-6 11 
TERNARY YLDS,LITERAT DATA RENORKALZD 
Kondurov+ TERNARY YLDS,TABLES,GRAPUS 
Kondutov+ LIGHT PART YLDS,GRAPHS 

187 P 95 AU 242 NFY LRL USA 1 781 319255 6 L FISS 4 EXFOR12926.028 8602 - 2  PTS. AU242H. CUU YLDw87-BR, 137-1 
YE7 U 95 AH 242 NFY LRL USA 1 781 303677 5 E NDQ P DOE-NDC-24 69 8104 Uoyor+BR-87,I-137 YLDS.TBP PR/C. 
YE7 P 95 AM 242 NFY LRL USA 1 781 314338 3 E FISS J PR/C 23 1113 8103 Waldo+ TBLS.87BR,1371 YLDS. 

YE9 P 95 AU 242 NFY UCU CAN 1 773 325675 6 E PILE 
9 P 95 AM 242 AFT ncn cAn r 773 709119 3 E PILE 
YE9 U 95 AU 242 NFY UCn CAN 1 773 709120 5 E UAXW 

4 EXFOR13315. 8909 .6 PTS. REL CUU YLD, KRwXE ISOT 
J JIN 35 82639 7308 ~ r a e y +  cunuL KR + XE YIELDS 
P EANDC(CAN)-32 6701 Thodo+ YLDS OF STABLE KR+XE ISOTOPES 

YE2 P 95 AU 242 RFY HI? CCP 4 484 400195 6 L UAXW 4 EXFOR40869. 8509 32 PTS CUR PIS Y L D , ~  PTS IND ?IS YLD 
YE2 U 95 AU 242 N?Y UIF CCP 4 484 768729 3 E UAXW J YF 41 573 8503 Qudkov+ FISS PROD YIELDS FOR AH242U 
YE2 P 95 An 242 NFY UIF CCP 4 484 400001 4 E UAXW J SNP 41 365 8503 .ENGLISH OF YF 41 573. 

YE1 P 95 AM 242 NFY HUN GER 2 001 574719 3 E UAXW C 69VIENNA 951 6907 Woinlaondor.PPR72. UETA AU242,YLD(A) 

1 ~ 3 8  u 95 AU 242 m y  PRA IUD 3 407 731427 3 D UAXW C 71PUNE 2 253 7712 Rao. ABST,NDG.A=131-136 FINE STRUCT 

YE77 U 95 AU 242 N?Y USP BZL 3 473 637010 3 L UAXW C 73UUNICR 1 588 7308 Fontenla+ PROUPT+ISOU AVO FROU-UASS 

fay: P-Copy obtainod. U-unseen, but boliovod unnocossary. 



TABLE 8 

Reference8 for Cm24S fi88ian yield0 ( from CIUDA 1 .  

Ref... olomont Q lab cou A blk serial R W Emin Emar reforonce dote commonts 

YE28 P 96 CU 245 UFY AUL USA 1 001 041691 
YE28 [Rider 670UUl 1 
YE28 P 
YE28 P 

3 E PILE Von dunten+ YIELD VS UASS CURVE 

.37 PTS. CUU YLDS. 

.2 PTS. IUD YLDS 86RB. 136CS. 

Unik+ PROHPT YLDS,UASS DISTRIB,GRPUS 
Unik+. CURVE OF' FRAO UASS DIST OIVEN 
Unik+. lASS+?lASS/E CORRELATS. UDQ 

Asghar+ QRPU UASS-DIST.SUELL EFFECTS 

Rocson+ ORPU CFD OTUER EXPT. 

Waldo+ TBLS.87BR,1371 YLDS. 
U0y0t+BR-87,1-137 YLDS.TBP PR/C. 
- 2  PTS. CVU YLD, 87-BR, 137-1. 

Do Raedt+ (+GEL) CHAIR YLDS. 

Dickons+CUnUL,CUAIU PIS9 YLDS.CFD. 
Dabbs+UDQ.SEE PR/C 23 P.331. 
Dickons+ABST.SEE PR/C 23 P.331 1/81. 
Dabbs+QREATER TUAU 80 ISOTOPES.ND0 
.EQUIVALENT T O  DOE-UDC-19 MAY,1980. 
.97 PTS. CUR YLD. 
.l PT. IUD YLD CS136. 
.66 PTS. CUU YLD. 

R.0. ABST,UDO.A-131-136 FINE STRUCT 

Chattorjoe+ UD0.DOUBL-CORE CFD SPORT 
Chattorjoe+ ABSTRACT,UDO 

Troutnor+.TE132,134 F'RACT CUnUL YLDS 

.z PTS. PRACT cun YLDS, 1 3 2 , 1 3 4 ~ ~ .  

Uarbqur+ YLD OF 21 UASS CRAIUS 

Uarbour+ XE135 YIELD,TBL,ORPU. 

Harbour+. XE135 FRACTIL IIDIPEUD YLD 
.1 PT. FRACT IUD YLD, 135XE. 
.21 PTs. CUI•÷/CUAIR YLD, 135XE. 

Ramaniah. BARC EXPTS.SURVEY TBL,GRPU 

Ramarwami+ R-VALUE (0-235).TBL,GRAPU 

Ramasuami+ 17UASS YLDS,CFD.TBL+QRPR 
Ramaswami+ PRELIM-RESULTS 
.19 FISS-PROD R-VALUES AND YIELDS 

D&tta+ PRACT CUU YLD ZR95,BAl4O,TBL 
Datta+ FRACT YLDS 1135,BAl4O,ZP.TBLS 
nanohar+ 1135,BA140 F'RACT CUM,ZP,TBL 
nanohar+ FRAC CUM YLD U099.BA140.TBL 

YE27 P 96 CM 245 UFY AIL USA 1 150 629572 
YE27 U 96 CM 245 UFY AUL USA 1 150 670025 
YE27 P 96 CU 245 UF'Y AIL USA 1 150 670026 

3 I PILE 
5 E UAXW 
5 E naxw 

3 E UAXW 

1 E 2.5-2 

3 8 FISS 
S t  UDO 
6 E ?ISS 

3 E PILE 

3 E MAX* 

C 7 3 R O C R  2 19 
P USUDC-9 3 0 

BAP 18 627 

YE55 P 96 C I  245 UFY ILL FR 2 150 749813 

YE29 P 96 CU 245 UFY ILL FR 2 151 767789 

YE7 P 96 CU 24.5 UFY LRL USA 1 781 314337 
YE7 U 96 CU 245 UFY LRL USA 1 781 303678 
YE7 P 96 CU 245 UF'Y LRL USA 1 781 319253 

3 D UAXW 

YE79 P 96 CR 245 UF'Y SAU IUD 3 408 720186 
YE79 U 96 CU 245 UF'Y SAU IUD 3 408 731447 

5 T UAXW 
5 T RAXW 

YE23 P 96 CM 245 UFY SRL USA 1 001 057621 
YE23 [Ridor 71TR02 -1 
YE23 P 

3 E  PILE 

YE24 P 96 CU- 245 UF'Y SRL USA 1 150 617752 
YE24 (Rider 72RAR2 1 
YE24 P 
YE24 [Rider 74UARl I 
YE24 U 
YE24 P 
YE24 P 

3 E UAXW 

YE32 P 96 CU 245 UFY TRU IUD 3 414 *900118 3 R PILE 

3 E UAXW YE25 P 96 CU 245 I?Y TRU IUD 3 474 737855 
YE25 1 Rider 79RAH2 1 
YE25 U 
YE25 U 
YE25 P 

YE80 U 96 CU 245 CUO TRH IUD 3 477 763849 
YE80 P 96 CU 245 CUQ TRn IUD 3 477 743547 
Y E ~ O  u 96 cn 24s cuo TRU IAD 3 477 763848 
YE80 U 96 CU 245 CHQ TRn IUD 3 477 731844 



~ ~ 8 0  u 96 CH 245 c.0 T R ~  IUD 3 477 733587 3 t MXW c ~ I P U N E  2 249 7712 Singh+ TRAC CUU T P I O ~ ~ , I ~ ~ S . D A T A + T I O  
YE80 U 96 CX 243 CAO TRH IND 3 477 751640 S L UAXW P BARC-1126 8 8106 Dattr+ 113S,BA140,OAUSS'U WID GIVEN 
YEIO u 96 cn 245 CRG TRR IUD 3 477 736527 s t UAXW P B A R C - 9 9 0 1 1  7809 D l t t l + A B S t l R D 0 . A ~ 9 9 , ~ 3 ~ C H A R O E D I S T  
YE80 P 96 CM 245 CHO TRH IUD 3 477 736286 6 E nAXW 4 EXTOR30516.003 7909 .TRACT CUnUL YLD XO-99,I-135 

YE26 P 96 CI 245 UTY TRX IUD 3 480 758782 3 E M X W  
YE26 U 96 CX 245 UTY TRn IUD 3 480 731642 5 E UAXW 
1 ~ 2 6  P 96 cn 24s urr rnn IrD 3 480 760792 6 L nAxw 

J RCA 30 11 8200 Ramasvaai+ ABSOL XLDS 14 ?ISPIOD,TlL 
P BARC-1126 10 8106 Iyor+ EXPT COXPLETED.XASS YLDS.TBL 
4 EXFOR30631. 8211 ABSOLUTE YIELDS OF 14 TISS PRODUCTS 

Roy: P-Copy of referonco U-unroon, but boliovod unnocosrrry 



TABLE 7 

Delayed neutron references for experlment and summatlon calculations. 

KEY: r e f  ereneces NC are  ca l cu la ted  b y  sumnat 1 on, NE are experlmental . 
p-photocopled. X-seen. U-unseen, be1 leved  unlmportant . I -  unobtalnable. 

NC1 P 95 AM 242 NUD LAS USA 1 701 325696 3 D 2.5-2 R LA-UR-88-4118 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
NC1 P 95 AM 242 NUD LAS USA 1 701 325696 3 D 2.5-2 3 NSE 103 129 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
NC1 X 95 AM 242 NUD LAS USA 1 701 324945 3 D 2.5-2 R LA- 11534 8904 Brady.CALC BEH.. . Thesls. 
NC1 P 95 AM 242 NUD LAS USA 1 700 324847 3 D 2.5-2 C 88JACKHO 3 229 8809 Englandt TBL. 6 GROUP PARAMETERS. 
NC1 P 95 AM 242 NUD LAS USA 1 700 311837 3 D 2.5-2 S BNL-51778 33 8405 Englandt TBL. 2 4 2 4  TARGET. 

NE1 P 95 AM 242 NUD LRL USA 1 780 319238 6 E FISS 4 EXFORl2962.013 8602 .6 PTS. AM-242M.PARTL D/DE.6 HL GRPS 
NE1 P 95 AM 242 NUD LRL USA 1 780 305372 3 E NDG ANS 39 1 879 811 1 Wal dotGRPH YLD VS FCN 2, A OF CN 
NE1 U 95 AM 242 NUD LRL USA 1 780 303174 3 M NDG ' DA/B 41 41471 8010 WaldotEMISSION YLD MEAS AND CALC.NDG 

w NE1 P 95 AM 242 NUD LRL USA 1 780 314331 1 M FISS 3 PR/C 23 1113 8103 Wal dotGRPHS,T BLS NEUT .GROUPS 
" NE1 U 95 AM 242 NUD LRL USA 1 780 301296 5 M NDG P DOE-NDC-19 101 8005 Wal dotBETA-DELAY YLDS MEAS, CALC.TBL. 

NE1 U 95 AM 242 NUD LRL USA 1 780 301297 5 M NDG PUCID-18577 19 8003 .EQUIVALENT TODOE-NDC-19 MAY,1980. 

NC1 P 95 AM 243 NUD LAS USA 1 701 325697 3 D FAST 3 NSE 103 129 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
NC1 P 95 AM 243 NUD LAS USA 1 701 325696 3 D 2.5-2 R LA-UR-88-4118 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
NCl X 95 AM 243 NUD LAS USA 1 701 324946 3 D FAST R LA- 11534 8904 Brady.CALC BEHAVIOR FROM PRECURSORS. 
NC1 P 95 AM 243 NUD LAS USA 1 700 324848 3 D FAST C 883ACKHO 3 229 8809 Englandt TBL. 6 GROUP PARAMETERS. 
NC1 P 95 AM 243 NUD LAS USA 1 700 311839 3 D FAST S BNL-51778 33 8405 Englandt TBL. 



NCI 
NCI 
NCI 
NCI 
NCI 
NEI 
NEI 
NE1 
NEI 
NEI 
NE1 

! P 96 CM 245 NU0 LAS USA 1 701 325696 
I P 96 CM 245 NUD LAS USA 1 701 325702 
! X 96 CM 245 NUD LAS USA 1 701 324951 
. P 96 CM 245 NUD LAS USA 1 700 324854 
I P 96 CM 245 NUD LAS USA 1 700 311877 
! P 96 CM 245 NUD LRL USA 1 780 319239 
. P 96 CM 245 NUD LRL USA 1 780 305377 
, P 96 CM 245 NUD LRL USA 1 780 314332 
. U 96 CM 245 NUD LRL USA 1 780 303176 
. U 96 CM 245 NUD LRL USA 1 780 301389 
. U 96 CM 245 NUD LRL USA 1 780 301390 

2.5-2 
2.5-2 
2.5-2 
2.5-2 
2.5-2 
FISS 
NDG 
FISS 
NDG 
NDG 
NDG 

R LA-UR-88-4118 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
J NSE 103 129 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
R LA- 11534 8904 Brady.CALC BEHAVIOR FROM PRECURSORS. 
C 88JACKHO 3 229 8809 Engl and+ TBL. 6 GROUP PARAMETERS. 
S BNL-51778 33 8405 Englandt TBL. 
4 EXFOR12962.014 8602 .6 PTS. PARTL D/DE. 6 HL GRPS. 

ANS 39 1 879 81 11 Wal dotGRPH YLD VS FCN Z, A OF CN 
J PR/C 23 1113 8103 WaldotGRPHS, TBLS NEUT.GROUPS 
' DA/B 41 41471 8010 WaldotEMISSION YLD MEAS AND CALC.NDG 
P DOE-NDC- 19 101 8005 Wal dotBETA-DELAY YLDS MEAS, CALC.TBL. 
P UCID-18577 19 8003 .EQUIVALENT TO DOE-NDC-19 MAY,1980, 

NC4 P 96 CM 245 NUD WIN UK MAXM FAST WPrivComnM.F.James C a l u l a t i o n o f  t o t a l  dn. 

NE2 P 93 NP 237 NUD FEI CCP 4 473 407915 6 E 4.0t5 1.2t6 4 EXFOR40353.002 8312 9 DATA LINES,YLDS OF DEL NS 
NE2 P 93 NP 237 NU0 FEI CCP 4 473 689118 6 E 4.0+5 1.2t6 4 EXFOR40303. 7602 .DATA AT 9 ES GVN 
NE2 U 93 NP 237 NUD FEI CCP 4 473 727241 3 E 4.0t5 5.1t6 R INDC(CCP)-51 7500 Maksyutenkot 10H-L GROUPS,YLD(E) TBL 
NE2 U 93 NP 237 NUD FEI CCP 4 473 645462 5 E 4.0t5 l . 2 t 6  R INDC(CCP)-65 7412 .PI. ENGL OF YFI-19,3 

W 
NE2 U 93 NP 237 NUD FEI CCP 4 473 645463 5 E 4.0t5 1.2t6 R YFI-19 3 7412 Maksyutenkot REL GROUP-YLDS(N-E),TBL 
NE2 P 93 NP 237 NUD FEI CCP 4 473 638133 4 E 4,0+5 1 A 6  J SNP 19 380 7410 . ENGLISH OF YF 19  748 
NE2 U 93 NP 237 NUD FEI CCP 4 473 639870 3 E 4.0t5 1.2t6 J YF 19 748 7404 Maksyutenkot REL GROUP-YLDS,TBLtGRPH 

NC1 
NC1 
NC1 
NC1 
NC1 
NCI 
NC1 
NC1 
NCI 
NC1 

. P 93 NP 237 NUD LAS USA 1 701 325696 

. P 93 NP 237 NUD LAS USA 1 703 325706 

. X 93 NP 237 NUD LAS USA 1 703 324955 

. P 93 NP 237 NUD LAS USA 1 700 324863 

. P 93. NP 237 NUD BNW USA 1 700 314239 

. P 93 NP ,237 NUD LAS USA 1 700 311893 

. P 93 NP 237 NUD LAS USA 1 700 310191 

. P 93 NP 237 NUD LAS USA 1 700 306517 
I P 93 NP 237 NUD LAS USA 1 778 301125 
I P 9 3 ~ ~  237 NUD OKL USA 1 150 708845 

2.5-2 R LA-UR-88-4118 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
FAST 1.4t7 J NSE 103 129 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
FAST 1.4t7 R LA- 11534 8904 Brady.CALC BEHAVIOR FROM PRECURSORS. 
FAST C 88JACKHO 3 229 8809 Englandt TBL. 6 GROUP PARAMETERS. 
FISS J NSE 87 181 8406 ReedertTBL . CFD ENDF/B, EVALS. 
FAST S BNL-51778 33 8405 Englandt TBL. 
FAST J NSE . 85 139 8310 Engl andtDELAY ED Y LDS, AVG SPECTRA E' S 
FAST ANS 41 567 8206 EnglandtTBL.6 DECAY GP. FRACTIONS 
1 .Ot6 C 79KNOX 800 7910 Engl andtCALC CFD EVAL , EXPTS. TBL. 
FAST 1.4t7 ' ANS 28 750 7806 LlawtNUD CALC.TBL.CFD. 



NE1 P 93  NP 237 NUD LRL USA 1 780 319232 6 E FISS 4 EXFOR12962 .007 8602 U a l  dot.6 PTS. PARTL D/DE. 6 HL GRPS. 
NE1 P 93  NP 237 NUD LRL USA 1 780 314325 1 M FISS J PR/C 23 1113 8103 UaldotGRPHS,TBLS NEUT.GROUPS 
NEl  U 93  NP 237 NUD LRL USA 1 780 303169 3 M NDG ' DA/B 4 1  41471 8010 WaldotEMISSION YLD MEAS AND CALC.NDG 

NE7 P 93  NP 237 NUD MIF CCP 4 488 410788 3 E FAST J AE 66  100 8902 Gudkov t  REAC,YLD OF 6 N-GROUPS,TBL 
NE7 ? 93  NP 237 NUD MIF CCP 4 487 410787 3 E FAST 1.5t7 R MIF-058-88 8809 Gudkov t  REAC,DELAY N-PRECURS YLDVTBL 

NE3 P 93  NP 237 NUD H IP  ITY 2 150 753757 3 E FAST J NSE 8 0  3 379 8203 Benedet  t l  t TBL, GRPH, CFD EXPT, GPS .TO 
NE3 U 93  NP 237 NUD MIL  ITY 2 150 745238 5 E FAST W CESANA 8010 Cesanat  TABLE. (Withln E x f o r )  
NE3 P 93  NP 237 NUD MIL  ITY 2 150 743875 6 E FAST 4 EXFOR21644 .003 8008 1 PNT . TOTAL NUD. 
NE3 P 93 NP 237 NUD MIL  ITY 2 150 743874 1 E FAST P INDC(NDS) - 113 8006 Cesanat  LONGCOUNTERtGELI . 
NC3 P 93 NP 237 NUD SWR SWD 2 150 753766 3 T 5.0t5 J NSE 8 0  2 238 8202 Rudstam. GP. AVG. FROM NUCL .DATA 

NC2 P 93 NP 237 NUD WDA JPN 2 150 775679 3 T FAST C88MITO 8858805  Tach1banat.GROSSTH.DN-YIELDINTBL 

",C4 P 93  NP 237 NUD WIN UK MAXM FAST W P r l v  Connn M.F. James C a l u l a t l  on o f  t o t a l  dn. 
m ~ m m m ~ m ~ m m m m m m ~ m m m m m m m m m ~ m m m m m m m m m m m ~ ~ m m m m m m m m m m m m m m m m m m m m m e m m e v e e m m m m m m m v m e m m m m m m m m m e m m ~ m m m m m m m m m m m m m m m m m m m m m m m e m m m m m m m m m m m m  

? 94  PU 242 NUD FEI  CCP 4 409 749642 3 R FAST R YK- 38(3)  29 8000 S l  uchevskaya t  RELtABS YLD, ESPEC, TBLS 

NE5 P 94  PU 242 NUD LAS USA 1 002 653563 6 E 6.4t5 1 A t 6  4 EXFOR10117.009 7407 4PTS. 
NE5 P 9 4  PU 242 NUD LAS USA 1 150 636650 3 R 1.0t5 1.5t7 S IAEA-169 3 377 7400 Evans. TBL YLD,AT 3 EStFAST FISSION 
NE5 P 9 4  PU 242 NUD LAS USA 1 002 653562 1 E 6.4t5 1 .3 t6  J NSE 5 0  8 0  7301 EvanstREVISED NUD DATA.TBLS. 
NE5 P 9 4  PU 242 NUD LAS USA 1 002 062816 3 E 7.0t5 1.3t6 J NSE 47 311 7203 Kr1cktSPRSDD.DATA REVISED. 

NC1 
NCI 
NCI 
N C ~  
NC 1 
NCI 
NCI 
NC1 
NCI 

, P 94  PU 242 NUD LAS USA 1 701  3,25696 
, P 94  PU 242 NUD LAS USA 1 701  325717 
, X 9 4  PU 242 NUD LAS USA 1 701  324966 
. P 94  PU 242 NUD LAS USA 1 700 324883 
, P 94  PU 242 NUD LAS USA 1 700 316231 
, P 94  PU 242 NUD BNW USA 1 700 314236 
, P 94  PU 242 NUD LAS USA 1 700 311920 
, P 94 PU 242 NUD LAS USA 1 700 310196 
, P 94  PU 242 NUD LAS USA 1 700 306516 

3 D 2.5-2 
3 D FAST 
3 D FAST 
3 D FAST 
1 D FAST 
3 D FISS 
3 D FAST 
3 D FAST 
3 D FAST 

R LA-UR-88-4118 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
J NSE 103 129 8910 BradytCALC BEHAVIOR FROM PRECURSORS. 
R LA- 11534 8904 Brady.CALC BEHAVIOR FROM PRECURSORS. 
C 88JACKHO 3 229 8809 E n g l a n d t  T EL. 6 GROUP PARAMETERS. 
C 85SANTA 1 739 8505 E n g l a n d t  TBL. CFD ENDF-5, OTHR EVAL. 
J NSE 8 7  181 8406 ReedertTBL.CFD ENDF/B, EVALS. 
S BNL-51778 33 8405 E n g l a n d t  TBL.CFD ENDF/B-V. 
J NSE 85 139 8310 EnglandtDELAYED YLDS, AVG SPECTRA E' S 

ANS 4 1  567 8206 Eng l  andtTBL.6 DECAY GP.FRACTIONS 



NC1 P 94 PU 242 NUD LAS USA 1 778 301127 3 T 1.0t6 C 79KNOX 800 7910 Engl andtCALC CFD EVAL , EXPTS .T BL . 
NC1 P 94 PU 242 NUD OKL USA 1 150 708849 3 T FAST ' ANS 28 750 7806 L l  awtNUD CALCJBL .CFD. 

NE6 P 94 PU 242 NUD LAS USA 1 707 069152 

NE1 P 94 PU 242 NUD LRL USA 1 780 319236 
NE1 P 94 PU 242 NUD LRL USA 1 780 305371 
NEl P 94 PU 242 NUD LRL USA 1 780 314329 
NEl U 94 PU 242 NUD LRL USA 1 780 303173 

NE7 ? 94 PU 242 NUD MIF CCP 4 487 410888 

NC3 P 94 PU 242 NUD SWR SWD 2 150 753770 

NC2 P 94 PU 242 NUD UDA JPN 2 150 775741 

1.5t7 

FISS 
NDG 
FISS 
NDG 

1.5t7 

5.0t5 

FAST 

' ANS 13 760 701 1 E a s t t  .NEUT ABUNDANCEStHALF-LIVES. 

4 EXFOR12962.011 8602 .6 PTS. PARTL D/DE. 6 HL GRPS. 
ANS 39 1 879 811 1 Wal dotGRPH YLD VS FCN 2, A OF CN 

3 PRlC 23 1113 8103 Wal dotGRPHS, TBLS NEUT.GROUPS 
' DA/B 41 41471 8010 WaldotEMISSION YLD MEAS AND CALC.NDG 

R MIF-058-88 8809 Gudkovt C-W ,DELAY N-PRECURS YLDS, TBL 

3 NSE 80 2 238 8202 Rudstam.GP.AVG.FROM NUCL.DATA 

C 88MITO 885 8805 Tachlbanat.GROSS TH.DN-YIELD I N  TBL 

NC4 P 94 CM 242 NUD WIN UK FAST W P r l v  Comn M.F.James C a l u l a t l o n  o f  t o t a l  dn. 



Table 8 

Experimental y,j values ( per 100 f lsslons ). 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 m 1 ~ 1 1 1 I ~ I I I 1 m 1 1 ~ ~ ~ 1 1 1 1 1 1 1 ~ ~ ~ 1 1 m 1 ~ ~ ~ 1 ~ 1 ~ m ~ ~ ~ 1 1 1 ~ ~ 1 m 1 1 ~ ~ ~ ~ 1 ~ 1 1 1 ~ ~ 1 1 ~ 1 ~ ~ 1 1 1 m ~ 1 1 1 1 ~ 1 1 ~ 1 1 1 1 1 1 1  

242-PU-94F NE05 1.5000Et00 t/- 5.0000E-01 1.8879Et00 2.0895E-01 1.7844E-01 39.31 
NEOl 1.9700Et00 +/- 2.3000E-01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
242-AM-95T NEOl 6.8800E-01 t/- 4.5000E-02 

1 ~ 1 1 1 1 1 1 ~ ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 m 1 1 1 1 1 1 1 1 1 m 1 m 1 1 1 1 1 1 1 1 1 1 m 1 1 1 1 1 1 ~ ~ 1 ~ 1 ~ 1 1 ~ 1 ~ 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ m  

245-CM-96T NEOl 5.9200E-01 t/- 3.9000E-02 
1 1 1 1 1 1 1 1 1 1 1 ~ ~ ~ 1 1 1 1 1 I 1 I I m 1 1 1 I 1 1 m m m ~ 1 I 1 I 1 I 1 1 m 1 m 1 ~ 1 1 ~ ~ ~ ~ ~ 1 1 1 1 ~ 1 1 m 1 1 1 1 1 1 1 1 ~ 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 ~ ~ m m  



Table 9 

vd values from summat i on cal  cul  a t  i ons ( per 100 f i ss ions  ) . 
Nucl i de Ref. Val ue from summat i on. W t  . mean from experiments. 
1111111111 1-11 I ~ t ~ l ~ ~ ~ l l - 1 ~ l ~ ~ ~ ~ ~ ~ I I 1 ~  ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~ ~ ~ - - ~ ~ ~ I  

242-AM-95F NC04 5.6540E-01 +/- 9.2000E-02 
............................................... 

242-AM-95T NCOl 7.8000E-01 +/- 9.0000E-02 0.688 +/- 0.05 
NC04 601210E-01 +/- 8.3000E-02 

243-AM-95F NCOl 8.0000E-01 +/- 9.0000E-02 
NC04 8.6610E-01 +/- 1.1800E-01 ............................................... 

243-AM-95T NC04 8.7010E-01 +/- 1 .4300E-01 

245-CH-96T NCOl 6.4000E-01 +/- 9.0000E-02 0.592 +/- 0.04 
NC04 4.7650E-01 +/- 8.3000E-02 



APPENDIX A: 

Data tables of fission product ylelds. 

TABLE 

Al.1 
A1 2 
A1.3 
A1.4 
A1.5 
A1.6 
A1.7 
A1.8 
A1.9 
A2.1 
A22 
A2.3 
A2.4 
A3.1 
A 3 2  
A3.3 
A3.4 
A4.1 
A 4 2  
A5.1 
A52  
A 5 3  
A5.4 
A5.5 

Neutron Energy, Yield type. 

Fast, cumulatlve ylelds. 
Hlgh, ctonulatlve ylelds. 
Thermal, cumulatlve ylelds. 
Fast, fractlonal cumulative yields. 
Thermal, fractlonal lndependent yields. 
Fast, fractional lndependent ylelds. 
Fast, ternary yields. 
Hlgh, ternary yields. 
Thermal, ternary ylelds. 
Fast, cumulatlve ylelds. 
Hlgh, cumulatlve yields. 
Spontaneous, curnulatkre yields. 
Spontaneous, cumulatlve ylelds relative to 
Thermal, fractlonal lndependent yields. 
Thermal, ternary ylelds relatlve to He-4. 
Fast, cumulative ylelds. 
Thermal, cumulatlve ylelds. 
Fast, cumulative ylelds. 
Thermal, cumulative yields. 
Fast, cumulatlve ylelds. 
Thermal, cumulatlve ylelds. 
Thermal, fractlonal cumulatlve ylelds. 
Thermal, fractlonal lndependent ylelds. 
Thermal, lndependent Isomeric spllttlng ratlo 

In the tables chaln ylelds are shown as, for example, '101-CH-0' for the chaln yield of 
mass 101. 

Welghted averages are only shown where 2 or more experimental measurements 
exlst. Where only one measurement exists, the slngle measurement Itself Is recommended. 
It Is stressed that for global calculations where many flsslon ylelds values are to be used, a 
dataset whlch has been adjusted for conservation laws is recommended, eg as in UKFY2. 
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Cumulativa Yiald data tabla far Np237 Thatma1 nautran tirrion. 

Nuclida net. Cumulative Yiald and Weighted. internal O X  .tarn. 
error 
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Practionrl Independent Yield data table for lp237.Theraal neutron fisrion. 



c o i  1 0 1 0  
. * I 1 0 1 0  
W Y I  I 0 1 0  
r r m  m o a n  - - 

Z Z . 8 .  
a c l n  I - 1 4  
. r a n  I 
W U I I l I l  
C C I  I \ # \  
U . I l + l +  

8 I I  I 
4 - 4 1  I d # -  
a * 1 1 0 1 0  
C . I  I l l l 
O ~ I I W I W  
. . I Y I I O I O  
U . I I 0 1 0  
U I # O I O  
m w  I I -  a m  
Y C I I  - I  
L ~ I  a m n o  

I I 





Ternary  y i e l d  d a t a  t a b l e  t o r  Up237 t o t  n i g h  e n e r g y  f i s s i o n .  

U u c l i d e  R O C .  Ternary  y i e l d  and Weighted .  i n t e r n a l  e x t e r n a l  Chi- 
e x p e r i n e n t a l  e r r o r .  Uean. r  ro  r  e r r o r  t e s t  

1111111111 111- ===-=======m====-==I===== l = = = ~ m m - = =  111111111 1111111111 111111 

= - - - = = ~ = = = = = = = - - = = = = . I I I I I I I I I I I ~ I I I I I I I I = = = ~ ~ = ~ ~ = = = = ~ = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~ - ~ ~ ~ ~ ~ = = ~ ~ ~ ~ = = ~ ~ ~ ~ ~ ~ ~ ~ ~ = ~ = ~ ~ = = = = ~ ~ = ~ ~ ~ ~ = =  
4-RE- 2  YE42 2.4470E-01 +/- 1.9OOOE-02 

1 r r r r r r r q r r r = = r = = t = 1 - 1 1 1 1 = 1 1 1 1 1 = 1 1 1 . 1 1 1 1 1 = m = ~ = = g = = = - = = - ~ g = g m g = g = = = = - = - = = = = = - - = = = - g = - = * ~ m ~ m = = = m = = = = a = m m = m = 1 9 1  

1-R - 1  YE42 1.9510E-02 +/- 5.0000E-03 
m 1 1 1 - - 1 - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 ~ 1 1 ~ I 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 m 1 1 1 1 1 1 1 1 1 1 1 . 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ ~ 1 1 1 1 1 1 1 1 ~ * 1 1 1 1 1 1 1 1 = s 1 1 = 1  

. 3-R - 1  YE42 3.4260E-02 +/- 7.0000E-03 
1 1 1 ~ 1 1 1 1 1 w 1 1 = 1 1 1 1 1 m 1 ~ 1 1 1 * I 1 1 1 I m . 1 1 1 1 I 1 1 I 1 1 1 1 ~ m 1 m m 1 1 1 1 - ~ 1 ~ 1 1 1 1 1 1 1 = * ~ 1 ~ 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 m 1 1 1 ~ ~ 1 1 a - 1 1 w * a a 1 1 1 =  
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Cumulative field data table tor Pu242 Nigh energy neutron firrion. 
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lativ. yield data tablo for Pu242 tor Spontaneous tirsion,tolativo to 1-131. 



Fractional indopondant yiold data tablo for An242r Thermal fission. 
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Cumulative Yield data table tor Cm245 Thermal neutron firsion. 

nuclide Ref. Cumulative Yield and Weighted. internal external Chi- 
experimental error. Mean. error error test 

1111111111 1911 1111111111111111191II==I.)I 1.1==11=111 11111=1911 11=11=19111 1=1199 

=1=1*11111====111=1II99=999=IIIII'I9I9II9=9=========~==~9======9999=9========9====9~====9======9======~====9 

77-AS-33 YE28 5.0000E-03 +/- 1.2000E-03 
=======919==19=~=119I=I=I~I=I=..I99=*===.)============9=========99==========9============9=========-======•÷== 

83-BR-35 YE28 2.30001-01 +/- 5.0OOOE-02 
= = = = = = = = = = = = = = = = = = = ~ = ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = = ~ = ~ ~ . ~ = ~ ~ = = a a m m = = = m m = ~ = = = = = = = m m m m = = ~ m = ~ m = = = = = m m m = m m m m m = m = = m = m m = a m m = ~ = = = = = = = m  

84-BR-35 YE30 2.90OOE-01 +/- 9.OOOOE-02 
===m==9111======99=199=I9=I9=9I=1I==I=m========9==========*=========9============mm======m==========a====== 

85-KR-361 YE24 2.9000E-01 +/- 2.0000E-02 
=9===11911==19=111~9a9 I=====~t======99=1=====~==============m==============9===9==-===========m===========9  

87-KR-36 YE30 5.0000E-01 +/- 4.0000E-02 
9=====m==m==a-=-===~~~.1====1===111111====-a========m==========================mmm=~=====9============a==-== 

88-KR-36 YE24 6.1000E-01 +/- 4.OOOOE-02 6.0077E-01 3.3282E-02 1.3846E-02 67.74 
YE30 5.80001-01 +/- 6.0000E-02 

=========~=======~~I=I~I=IIIIIIIIII=IIII~~=========~=~==~~=~==~======~~=======================~=~======~=== 
89-RB-37 YE30 8.2OOOE-01 +/- 9.00OOE-02 ................................................... 
89-SR-38 YE25 8.309OE-01 +/- 8.OOOOE-02 8.3835E-01 6.2470E-02 9.3171E-03 88. 14 

Y E 2 8 8.50001-01 +/- 1.0000E-01 
==~======~====~====~IIIII~II==II==IIIII==~=~========================~=~===========~===~=======~========~==~ 

90-KR-36 YE30 8.3000E-01 +/- 2.1000E-01 ................................................... 
90-SR-38 YE28 1.0800E+00 +/- 1.50066-01 

1 = = 1 = = = 1 1 1 = = 1 = 1 1 1 9 9 ~ I m I I = I I = 9 = 9 I I I = = I I I 9 = = = = = ~ = = = = = = ~ m = m ~ = = = 9 9 = = = = = = m = ~ = = m = = = = = = = = = = = = * = = 9 = = = = = 9 = = = = = = • ÷ a = = =  

91-SR-38 YE24 1.1100E+00 +/- 2.0000E-02 1.1104E+00 1.8606E-02 3.88156-02 22.59 
0, 

C 
YE25 9.4570E-01 +/- 9.5000E-02 
YE30 1.18OOE+OO +/- 6.OOOOE-02 
YE26 9.8000E-01 +/- 6.9000E+00 ................................................... 

91-Y -39 YE28 1.2700E+00 +/- 3.0000E-01 6.8941E-01 2.2933E-02 4.4512E-02 5.23 
YE30 6.86OOE-01 +/- 2.30001-02 

= = = = = m = = = = = m = m ~ = a = = = a ~ a a t ~ ~ ~ ~ = ~ ~ ~ ~ ~ = = ~ = ~ = ~ = = = = = = = = = = = = = - = = = = = = = = = = = = = m m = m = = = = = = = = = m = = = = = = = = = = = = = = = = = a a a a a = =  

92-SR-38 YE24 1.250OE+OO +/- 1.100OE-01 1.2745E+00 6.9026E-02 2.2697E-02 94.74 
YE30 1.3100E+00 +/- 1.5000E-01 
YE26 1.28OOE+OO +/- 1.099OE-01 

9=1==111111=1=11111=I9I==IIII~~=II.III=I..==~==~9===========9==9==============9•÷9=9===1=============9=aaI===s 

93-SR-38 YE30 9.3OOOE-01 +/- 2.OOOOE-61 ................................................... 
93-1 -39 YE24 1.7500~+00 +/- 1.100OE-01 1.7952~+00 9.5197E-02 7.805OE-02 41.23 

YE30 1.9300E+OO +/- 1.9000E-01 
m r = r m = r m ~ m r m r ~ = m = m r m m m m ~ = = ~ = ~ ~ m m m ~ ~ ~ m m m ~ m m m m m m m m m m m m m m m ~ m m m m m m m m m m m ~ m m m m ~ ~ = ~ ~ ~ ~ s ~ ~ ~ m ~ = ~ = = = m = = = = = = = = = = ~ ~ = = ~ ~  

94-SR-38 YE30 1.52OOE+OO +/- 1.400OE-01 ................................................... 
94-Y -39 YE30 1.6100E+O0 +/- 1.1000E-01 

=======1=1=====~====~9-==II=I9a9IIIIIII..9===9=~=-=9999===9=99==99=====-9==========9========9-9=1====9=9=991 

95-ZR-40 YE24 2.3600E+00 +/- 6.0000E-02 2.3533E+00 5.4722E-02 3.1928E-02 95.23 
YE25 2.2211E+00 +/- 2.400OE-01 
Y E 2 8  2.40OOE+OO +/- 3.OOOOE-01 
YE30 2.3500E+00 +/- 1.9000E-01 ................................................... 

9 5 - 4 1  YE30 2.2800t+00 +/- 7.0000E-02 
119119119a==11=1==~=•÷5aI==•÷=ta1•÷=====9=9~====9~===a===~===9=======99==9============9==a========9=======9=== 

97-ZR-40 YE24 3.0000E+00 +/- 6.0000E-02 2.9282E+00 4.1468E-02 1.6303E-01 0.86 
YE25 2.9760E+00 +/- 1.5000E-01 
YE28 3.1000E+00 +/- 3.5000E-01 
Y E ~ O  2.040oe+00 +/- 1.1000~-01 
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?ractional Cumulative Yield data table for Cm245 Thermal neutron fission. 

Nuclide Ref. ?ractional Cumulative Yield Weighted. internal external Chi- 
and experimental error. Mean. error error test 

1111111111 1111 1111111111111111111111111 1111111111 HIaII11I 1111111111 S ~ P P P I  

99-M0-42 YE80 9.6900E-01 +/- 8.0000E-03 
~ = ~ ~ ~ ~ ~ = = = = ~ ~ = = = = ~ ~ I I I I I I I = I I I I = I I I = = I = I I I ~ = = ~ = = ~ = = = ~ = ~ ~ ~ = = ~ ~ ~ ~ = - ~ ~ ~ ~ ~ = ~ = ~ ~ ~ ~ = = ~ = ~ = ~ - ~ = = = = = = = ~ = = ~ = = = = = = = ~ = = ~ =  

132-TE-52 YE23 9.4000E-01 +/- 1.0000E-02 
- = a a ~ ~ ~ ~ ~ ~ m ~ ~ 1 ~ ~ = ~ ~ 1 1 ~ 1 1 1 ~ 1 a ~ 1 . r m 1 m ~ ~ m ~ 1 1 m ~ ~ = = s ~ ~ ~ ~ m m m m m m ~ ~ m ~ ~ ~ m ~ m m ~ ~ ~ ~ m ~ ~ ~ m ~ m m ~ m ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ m ~ ~ ~ = = a m m ~ ~ = a = ~ ~  

134-TE-52 YE23 5.600OE-01 +/- 8.0000E-02 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 m 1 1 1 1 1 1 1 1 1 1 1 1 1 = 1 1 ~ 1 = 1 1 1 1  

135-1 -53 YE80 9.5100E-01 +/- 1.4000E-02 
~ = = ~ ~ ~ = = = ~ ~ = ~ = = = = ~ ~ ~ . I = ~ = I I I I = ~ I I I I = I I I I ~ = = = = ~ = = = = = = ~ = = = = = ~ ~ = ~ ~ = = = ~ ~ ~ = ~ ~ = = = ~ = ~ = ~ ~ = = ~ ~ = ~ = = = = = = ~ = # = = ~ = = ~ = = = = ~ =  

140-BA-56 YE80 9.6900E-01 +/- 6.OOOOE-03 
11111111111=~111111111I11111111111a1111311111111~1111111m1111111111*111~1=*a1111111111111=1=11~==~=a=a==a== 
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