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ABSTRACT 

The purpose of this document is to provide the committee with an overview of the 
experimental methods used to establish the Los Alamos National Laboratory 
(LANL) fission basis. A final comprehensive report will be submitted for 
committee review following the meeting. 

Previous reports have detailed the evolution of LANL fission quotation, focusing 
primarily on the changes in the fission basis as a function of improvements in 
technology and our understanding of the physics of fission itself [MacO?, 
MacO?Bl These reports span the period from the Trinity experiment [And45] to 
the cessation of nuclear testing in 1992, demonstrating LANL's painstaking effort 
to maintain the continuity and quality of the LANL fission basis. The present 
report will highlight the measurements required to establish, maintain, and 
update the LANL fission basis. Particular emphasis will be placed on the modern 
standardized measurements performed with the National Bureau of Standards 
(NBS, now NIST) -sponsored Inter-Laboratory Reaction Rate (ILRR) program 
and the subsequent LANL verification experiments. Elaboration of the methods 
will allow estimates of the uncertainties in the LANL experiments, providing an 
overall statement of the precision of LANL fission assessments. 
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History of 'ssian Basis 
- - - - - - . --
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Counters where fabricated to be identical 

Typical Counter Ratios Calibrated by Mo-99 to Counter 6 

Counter Number 

los Alamos 
NATIONAL LA BORATOR Y 

f 5T . 194 3 

2 
3 
4 
5 
6 
8 
9 

10 
12 
13 
14 
15 

Count Rate Ratio to 
Counter 6 

1.0191 
1.0183 
1.0100 
0.9993 
1.0000 
1.0108 
1.0055 
0.9922 
1.0041 
1.0022 
0.9838 
1.0018 

Browne evaluated the standard 
deviation of radiochemical analyses 
over the period 1955 through 1958 for 
fission product measurements using 
the thin window limited-proportional 
beta counters. He determined that the 
average standard deviation for 99Mo 
samples was u.~ti~ percent based on 
348 cases studied. The average 
standard deviation calculated by 
Browne included the uncertainties 
associated with the counters and the 
chemical processing of the samples. 

Operated by ttle Los Alamos National Securi ty, LLC for the DOE/NNSA 



Larkins counter design "new" counter #6 circa 1975 
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U N C L p. ~; S I F I 

Fission Yield Basis Experimentally Determined 
by Mo-99 K-factor Method at LANL 

2 
:::I 
C 

Mo-99 Decay Resolution 

100000

1 

~ '1 0000 +- ~ 
'E 
::l 
o 
(,) 

• Mo-99 

- Expon. (Mo-99) 

1000+:---------------,----------------,---------~ 

65 70 75 

Time (days) 

Beta counting technique used for first 
30 years of experiments at LANL 

80 

195~ experiments with 8alagna 
fission chamber used to define 
basis for entire experimental 
program (1951-1992) 

I(-factor results 
(105 fissionlMo-99 cpm on old counter #6) 

K-l 
K-2 
K-3 
K-4 
K-5 
K-6 
Ave 

U-235 
2.358 
2.340 
2.419 
2.363 
2.365 
2.369 
2.369± 1.10/0 

Pu-239 
2.451 
2.437 
2.426 
2.494 

2.452±1.2,}0 

• Thus the historic ratio of K-factors, i.e. Q49 th = 0.966, indicated , 

~ the FPY of Pu-239 was smaller then that of U-235 for Mo-99o 

Los Alamos 
NAT I ONA L LA BORAT ORY UN C L 
____ E5T.19~3 

• _r-Q'4il 
P.VA."~'4 



Reproducibility of count rate ratios demonstrated for Nd/Mo 
- =- - - - - - - - - ~ - --=- =- - -

Little r for N d 

Date cpm Nd/cpm Mo 
8121/1962 0.03101 
1/24/1963 0.03083 
8/16/1963 0.03018 

9/4/1963 0.03054 
9/19/1963 0.03064 
1/13/1964 0.03034 

0.0306 1.00% 0.33% 
9/1811964 0.03073 
7/19/1965 0.03064 
6/11/1966 0.03145 

average 0.03071 1.21 % 0.40% 

Change in precipitate thickness correction 

5/8/1967 0.02942 
1/4/1968 0.02932 
6/7/1968 0.02992 
1/3/1969 0.02982 

11/12/1968 0.0307 
4/24/1970 0.02999 

6/1/1970 0.03107 
10/1/1970 0.03038 

Los Alamos 
NAT IONA L LA BORATO RY average 0.03008 2.010/0 0.67% 

[ 5T.1 943 

Operated by the Los Alamos National Security, LLC for the DOE/NNSA 



Los Alamos measured R-values for Zr-95 fast 

Los Alamos 
N AT I O NAL LABORATORY 

Date 

4/1/1971 
11116/1971 
10/23/1973 

1/17/1974 
10/17/1974 
9/17/1974 

6/711976 

Date 

4/1/1971 
11116/1971 
10/23/1973 
10/17/1974 

6/711976 

U-235 fast Zr-95 R-values 

0.9871 
0.9542 
0.9527 
0.9607 
0.9704 
0.9865 
0.9922 

std point std mean 
average 0.9720 1.710/0 0.650/0 

Pu-239 fast R-values 

0.747 
0.7181 
0.7251 
0.6983 
0.7286 

EST 19 43 average 
0.6953 std point std mean 
0.7187 2.450/0 0.93% 

Operated by the Los Alamos National Security, LLC for the DOE/NNSA 



Los Alamos measured R-values for Nd-147 fast 

U-235 fast Nd-147 R-values Pu-239 fast Nd R-values 

Date 

1/25/1962 0.999 0.925 
4/23/1962 0.986 0.894 

8/5/1963 0.974 
0.981 
0.963 
0.966 
0.977 
0.994 

4/19/1971 0.9740 0.902 
0.967 0.916 
0.962 0.902 
0.977 0.923 
0.954 0.915 
0.965 0.900 
0.972 0.904 

0.97 0.895 
0.979 

11/16/1971 0.977 0.974 
10/23/1973 0.981 0.934 

1/17/1974 0.965 
1/22/1974 0.9400 0.913 

Los Alamos 
7/9/1974 0.968 0.889 

average 0.9723 0.9133 
NAT I ON AL LA BORATORY 

EST. 19 43 std ~oint 1.310/0 2.39% 
Operated by the Los Alamos National Security, LLC for thefcf INNSA 0.28% 0.510/0 ~ s mean 



Counter cross calibration for New Counter 6 

Mo-99 cross counter calibration 
cpm ratio to 15 

Date 8/20/1969 2/24/1970 

Counter 
2 

old 6 1 

new 6 

9 
10 

13 
15 
16 
17 
19 

21 
24 
26 

1.033 

0.993 

1.025 

1 

1.003 

1.035 

0.985 

0.979 

Los Alamos 
NAT IO NA L L A BOR AT O RY 

EST.1943 

average of 3 std 

1.031 0 .19% 

1.054 

1.034 

0.989 

1.028 

1 

1.023 

1.030 

1.023 

0.985 

0.979 

0.30% 

0.20% 

0.23% 

0.06% 

0.00% 

0.30% 

0.26% 

0.10% 

0.06% 

Operated by the Los Alamos National Security, LLC for the DOE/NNSA KA •.• ~{/~, 
///I V ~"~ii 
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1970 K-factor results with uncertainties 
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K-factor Summary in 1970 Knobeloch Memo 
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:.~, , 
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Date LiLO rj.ete rmlnn tic:In. 

.Tr-Ul 1:),,1} "} I" '-',-~ 
""' • • b.'_ X lG--:I b 

JWl 1955 .2 r,: .... , 
• • .1 ..... X ]C 5 l 

J ",,:o. ).I~~I .. ~~, .... "r: "" ~ 
,,;: I .;u .-i x 1~~ 6 

t~llr+ ] ~j'·6 " _.J 2 ' .. 10 • .;I., X 105 4 
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:<: 1 l)~ 3 
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. .. • J"; .' 2 

'/,1'('11 1961 ? .. 3~/B x lO!:;j 3 

~ep-l; 1963 ~.349 K 105 P) 
IL. 

Jun·. ~ 74-''-' • • .J 
!j 

~tfd Av~. 2.3'l~ 
... .13 2.1 

Los Alamos 
NATIO N A L LABORATORY 

~ T. 194 3 
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Mo K-factor Summary 1970 counting conditions 

Counter # 19 U-235 U-238 Pu-239 

Historic K-factor 2.440E+05 2.372E+05 2.526E+05 

Counter # 6 U-235 U-238 Pu-239 

Historic K-factor 2.497E+05 2.427E+05 2.585E+05 

Los Alamos 
NAT I ONA L LA BORATOR Y 

EST.19 4J 

Operated by the Los Alamos National Securi ty, LLC for the DOE/NNSA • • ~~I 
It 1 V &.' ~::'" 



ILRR Big Ten Irradiatio 

• Collaborative effort led by NBS involving 
several laboratory engaged in reactor rue 
burn-up measurements 

• Establish highly accurate fission reaction 
rates for interlaboratory calibration 

• Produced consensus fission product yields 
as measured by high-resolution gamma 
spectroscopy at participating laboratories 

Los Alamos 
NATIONAL LABO RATORY 

EST. 194] 

Operated by the Los Alamos National Security , LLC for the DOE/NNSA v~'SI#~ 



Test: BIG-10 Fission Foil Set (Test 74- 14, 8th Quarterly; Test C, A~ril 1974 Test Pl an Letterl 

HEDL Capsule No. : L.4SL 74 ·14 

Conta i ner Ident. : 74-1 4 Set Ident.: See attached Figure 2 By: WN McEl roy, GE Shook 

Isotopic 
Enrichmen t 
(Elementa"l Samp le 

r~ateri al Comp o~ i ti on) Source (ORNL) Number 

235-U 99 . 89% U- 235-264-CM U5 -7 (99.44%) 

237-Np 99. 99j~ Np-237-NP21M N7-1 2 (97. 50% )* 

238-U 99. 998% U-238-ES-ZM U8-1 0 (99.48%) 

239-Pu 99 . 11% Pu-239-453BM P9-11) (98.25%) 

Final Measured Capsule Dimensions:** 

Materi a 1 

Weight Dia. Thick. Oi a . 
~ llifhl lrr!ihl llifhl 

277. 972 0.5 5. 1 

46 7.431 0.5 9.1- 9. 2 

304 .007 0. 5 5. 2 

267. 977 0.5 5.7 

Total Weight = 2.43839 ~m. 
Diameter = 0.75-0 . 76" 
Thickness = 0.10-0.11" 

0.75 

0.75 

0.75 

0.75 

En caQsul ated Foi l 

ORN L 
Thick. \~e i,gh t 
lrr!ihl " (Irig ) 

21 .5 530 .28 

22 .7 72 5.99 

21. 5 557. 7 

21.0 522 . 12 

" Date 
Comp le t ed: 5/ 23/74 

HEDL 
\'Jei ght 

(m0 ) 

530. 29 

726 .05 

557.55 

52 2. l 3 

-:: ORNL result based on two foil samples, HEDL obtai ned a res ult of 99.70% on a si ngl e foil sample; f urthe r samples 
will be analyzed to reso l ve the difference between the ORNL and HEDL results . 

** The nominal weights of the '\.0.75" diameter Al fo il ho lder bottom and top are '\.0.0445 gm and '\.0.0152 gm, res j.)ectively. 
Al foil spacers were used to separate each of the four fission foils. These spacers were made the same as the foil 
ho 1 der top. The th i ckness of the A 1 fOl l was "'0.8 mil s for a 11 of these items. 



NBS Reactions Rates for Big Ten Experiments 

N A T ION A L LAB O RATORY 

EST.19 4 3 

Operated by the Los Alamos 

TAjlE. NBS-20 
FISSION RATE PER ATOM IN oIG-10· 

1-

Rurs- to- run NO ' ~la 1 i za t 1 on 
Lr r'or 

T ee; f- /4 -15- 10 (-iNC 
fi ssion 

~t·s t 7~-"it; 

C -M~L 
per sec.ono 
p~r a tom 

Tpst. 74 13 
C-H[OL of 

pr lf C l ~cJ 1 
Test 14-17 

C-t~GL 
isotope 

Te~ t 74- '1~ 

C" L/\S' 

Jf'ifltlpal 

I J -t J ~; 

. 9Sfli 
~ . 25 ,:.~ 

r .. 
• , • . ,J , 

O. 3~~ 

Il L I;? 

~ 1 I. J I 

n ~. 3? 

11 U. 2D 

11 J . 35 

1;-/J2, 

1 . aGO 
". .25;· 

1 . g,{. 

{J. 3 ~:~ 

~ . i 7l.'0 

4. 1 694 

4.1776 

4.160D 

~ , )':'1 U 

P· .. -2:;'9 

_39J 
+ _ 2l./ ;: 

l.r:. 

O. 3~, 

113.3J 

1:1 3 24 

j 33 r) 1 

132.97 

13l.34 

r'~" -23 l 

1 . :jC 
.. . ? :~ .. 

--J • C·-·-·~~ 

0, 3'.': 

35 - t1 91 

35.'-ic.Y 

35 .J1U 

35.39b 

3r., 2C::~ 

* The fiss ,son ~'atc$ gi ven inc 1 ude cal ct. 'a tad fl UJ(. pert.:J rt:d. tior l ~ so t h a t these 
values represent the u\teragc flu x seen by tne fic;>ion dctlva4-i on fc ~ . . 

he uncc.tJ l oty in t he fi~sion rate cue to " ncer-ta int)! i n the t::her- i ca l pu'~ it.y 
of t hp activa tion foils has been lncludec in the (;OnJL:,jtH~d E:'rrot''i q i ven herf'. 
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Comparison of NBS and LASL Reactions Rates 
for Big Ten Exgeriments 

Test 74-14 C-LASL 
Fission Rate per Atom 

Principle Isotope 

U-235 U-238 Pu-239 Np-237 

NBS 1.104E-13 4.141E-15 1.323E-13 3.523E-14 
LASL 1.127E-13 4.212E-15 1.420E-13 3.526E-14 

LASUNBS 1.021 1.017 1.073 1.001 

LANL historic K-factor is 7% higher than NBS fission chamber results 

los Alamos 
NAT IONAL LABO RA T O RY 

ES T.1 943 

Operated by the Los Alamos National Security, LLC for the DOE/NNSA '1111 • • •• r"fA~~ 
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S II FI E 

ission basis using gamma-ray measurements tied to 
0-99 K-factor method throuah thermal calibrations 

1 0 6 , 

1 0~ 

063 071 ,0 6 

Tc~9m 
· 1···· 

. ~-.' 

1 0 4 ,~~~~~~~~--~~~~~~--~~~~~--~~~~~ 
1 50 200 2 5 0 30 0 

Early LANL gamma-ray 
measurements were converted 
using K-factor method 

"Lo~ Alamos 

350 

Analysis of measurement is a 
count rate. Still need a K-factor 
to determine fissions. 

• After adopting common gamma 
analysis practice, thermal FP yields 
were defined to maintain consistency 
with Mo-99 K-factor method 

Historic FPY 25 th , 

Mo-99 0.0595 
Nd-147 0.0219 

Modern FPY 25 ,th 

0.0606 
0.0223 

NATIONA L LABO RAT ORY _____ . ____ _ 
__ EST.1943 ________________________________________________ _ 



LANL Experimental Determination of 
Therll1~J._Fi_§_~lgJ1_ 9hai~ .yields 

Calibration Mo-99 Nd-147 Zr-95 Ba-140 Ce-141 Ce-143 

2468 0.0597 
2693 0.0619 
7512 0.0597 
7625 0.0597 
8004 0.0615 0.0221 0.0642 0.0627 0.0582 0.0602 
8105 0.0646 0.0228 0.0655 0.0646 0.0612 0.0638 
8202 0.0641 0.0227 0.0656 0.0641 0.0608 0.0641 
8391 0.0631 0.0223 0.0642 0.0628 0.0594 0.0612 
8S01 0.0623 0.0224 0.0632 0.0627 0.0588 0.0609 
8606 0.0608 0.0223 0.0643 0.0633 0.0596 0.0612 
8606 0.0600 0.0227 0.0652 0.0638 
8801 0.OS87 0.0219 0.0628 0.0618 0.0582 0.0594 
9001 0.0602 0.0217 0.0635 0.0622 0.0583 0.0598 
9207 0.0599 0.0225 0.0664 0.0601 0.0601 0.0621 

Average 0.0606 0.0223 0.0645 0.0631 0.0594 0.0614 
std point 2.15% 1.61% 1.800/0 1.4S% 1.90% 2.690/0 
std mean 0.60% 0.49% 0.540/0 0.460/0 0.60% 0.8S% 

(. 1 -; 
Los Alamos 
NAT IO N A L LABORA TORY 

EST.1 943 

Operated by the Los Alamos National Security, LLC for the DOE/NNSA h' ••• ~~~l 
IIIIV&~4 



Comparison of Los Alamos and Livermore 
Nd-147 atoms using gamma spectroscopy 

14-, Nd atoms/ 

Los Alamos 
NATIO NA L LAB O RAT ORY 

EST. ! 94 3 

LlNL, LAN L 

8004 2.341E+12 2.311IE+12 
t 105 1, 167E+12 1, 145~+ 12 
8202 1. 101E+12 1.074E+12 
b391 1.044E+12 
8501 9.823E+11 9.735E+1 

606 5,199E+11 5.1 41 E+1 
8801 6.576E+11 6.371 E+11 
9001 6.398E+11 
9207 4.301E+11 4.160E+11 

Operated by the Los Alamos National Security, LLC for the DOE/NNSA 

average 
"tdev 

Af'JL/LLNL 

.872E-01 

. 11 E-01 
9.755E-01 

9.910E-01 
9.A88E-01 

-01 

9.t'72E-O 
9.800E-01 

O.99~·tQ 

911 V A.~S-~. 
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History of Mo K-factors at LAN 

Y~fI'- Exp #-
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k· i 
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Kftv4o) 

2 .3r~+05 
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2.403El ;)5 
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Holy Counter 6 and Summary of Mo K-factors 
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Unclassifi 

The "Modernization" Experiments of 1974-197 

A Look at the Methods, Materials, and Results 

From LANL Radiochemistry's Efforts 

Post-ILR 

Hugh D. Selby 

Scientist, C-NR 

Los Alamos 
NATIONAL LABORATORY Unclassified 

EST 1943 
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----- - -----

Definition of Terms 

The K-factor 

K. =FIA. 
I I 

The Relationship to FPY 

A. == N.B.A. == FY&.A. 
1 111 III 

K. == F / FYB.A. == 1 / Y&.A. 
1 111 111 

Q-value Construction 
from K-factors 

Q. =: K~ / K? == Y p / y* 
l 1 1 l 1 

Los Alamos 
NATIONAL LABORATORY 

EST 1 g.) 

Operated by the Los Alamos National Security, LLC for the DOE/NNSA 

Unclassified 

FPY interconversion 
with Q-values 

yP == Q.Y* 
111 

The R-value 

R
j 

= Af'e / A(,e 
A~ / * J~ 

r!,e 
} 

* r . 
} 

Interconversion and Scaling 
of K· and Q. I l )f 

K!,e = K99,e 
) r ~ R!,e 

) } 

K* 
Q!',e = R!,e . 99 = R!,eg/,e 

} J K / ,e } 99 
99 

• •• ~(hS~ 
VA.~~itJ. 
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The K-factor Measurement Process 
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radiation: Facilities 

Dowdy et aL CENTRAL NEUTRON SPECTRUM 

Haterogencous region of enriched 

(93% ~) 8 nonnol uronium 10 
UnuIot. 10"- enrlchmenl 
(fuel pults) 
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Big Ten Fast Critical Assembly 
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Thermal Column in OWR* 
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Chnmber Manifold 

F issioncble Deposits 
On Platinum 

plutonium depleted uranium 

Chamber Head and Assembly Pieces 
(S 9 1'.I, I.Sg Pt.1.3g Teflon) 
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NBS (Grundl-type) Dual Fission Chamber 
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Unclassified 

Standard Aliquot Chemical Separation Scheme 

Sample 
Dissolution 

___ ..... "A" Solution 5 mL ... a.1. Gamma Count 0.1 mL • a.2. Gross Alpha 

Dilution, 0.1 mL 

High Activity Sample 
Aliquots 

"8" Solution 

Fission products, actinides and 
activation products 

Los Alamos 

--...... ICP-AES ---- ..... a.3. Total U 

Several Aliquots for 99Mo 

Several Aliquots for 147Nd 

One Aliquot @ for others 

a.l +a.2 + a.3 = 
Clean Room MS 

Dilution 

~ 
Pu-239, 240, 241, 242 
U-234,235,236, 238 
Np-237 
Am-241 

NATIONAL LABORATO RY Unclassified 
ES T 1943 ~~~----------------------------------------------------------------------------------------------------------------------------~:_~~::::~::~ 
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Example Chemical Mount Forms for Beta Counting 

Los Alamos 
N AT IONA L LABORATORY 

HT 1943 

Operated by the Los Alamos National Securi ty, LLC for the DOE/NNSA 

Unclassified 

99Mo Mounts on AI 
Planchettes 

147Nd Mounts on AI 
Planchettes 



Unclassifi 

"Holy" Counter #6 and Counter #19 

NAT IONA L LABORATORY Unclassified 
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Unclassified 

Evaluation of Post-ILRR Big Ten Verification 
xperiments: "Houston, we have a problem" 

Counter # 6 235U 238U 239pU 

Historic K-factors 2.497E+05 2.427E+05 2.585E+05 

U = fissions/mg; Pu = fissions/alpha 

235U 238U 239pU 

Experiment # 2547 2571 2554 

Target foil areal density (mg/cm2) 3.9080E+01 1267.1 33.4 

Reference foil specific activity, 
3.828E+09 1.319E+08 directly measured 55.997 

LANL historic thermal K-faclor 
evaluation of specific activity 3.90BE+09 1.382E+08 60.552 

Historic K-factor/reference foil 
ratio 1.021 1.047 1.0B1 
Original LANLIILRR comparison 

1.021 1.017 (from table 1) 1.073 

NATIONAL LABORATORY Unclassified 
EST '9~3 
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Thermal Series 2700 at OWR: A Hunch Confirmed 

Counter # 19 235U 238U 239pU 

Historic K·factors 2.440E+05 2.372E+05 2.S26E+05 

U results are fissions/mg, Pu results are 
fissions/alpha 

235U 235U 239pU 

Experiment # 2725 2755 2726 

Target foil areal density 
(mg/cm2) 0.4459 0.4004 0.2951 

Reference fo il specif ic 
activity, directly measured 3.144E+11 3.354E+11 5061 

LANL historic thermal K· 
factor evaluation of 
specific activity 3.183E+11 3.403E+11 5414.668 

Historic K·factor/reference 
foil ratio 1.012 1.015 1.070 

-

Los Alamos 
NATIONAL LABORATORY Unclassified 
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1970 Mo Thermal K-factor Summary CorrecteCl- --­
for Self-attenuation 

Thermal Counter 

Modern K-factor 19 

Modern K-factor 6 

Los Alamos 
N A T ION A L LA BORAT O RY 

EST_1 9 4 3 

Operated by the Los Alamos National Security, LLC for the DOE/NNSA 

U-235 

2.403E+05 

2.459E+05 

Based on the correction 
for self-attenuation the 
revised k-factors post 
1970 are shown in the 
table 

. ... ~~~1 
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Unclassified 

ac Innes Corrected K-factor vs. 2700 Observed 

Counter # 19 235U 

Modern K-factor 2.403E+05 

U results are fissions/mg 

235U 235U 

Experiment # 2725 2755 

Target foil areal density 
(mg/cm2) 0.4459 0.4004 

Reference foil specific , 

activity, directly 
measured (contains -
0.30/0 self attenuation 
correction) 3.144E+11 3.354E+11 

LANL modern thermal K-
factor evaluation 3.144E+11 3.362E+11 

Modern K-factor/reference foil ratio 1.000 1.002 
--

Los Alamos 
NAT I ONAL LABORATORY Unclassified 
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Uncia ssified 

ore Comparisons for Selected FPs 

Calculated Counter 19 cpm Observed/Expected 
2725 modern in Observed ratio 

K-factor target foil K-factor 

99Mo 2.403E+05 663400 2.403E+05 1.000E+00 

1408a 5.509E+05 287560 5.545E+05 1.006E+00 

147Nd 7.797E+06 20905 7.627E+06 9.782E-01 

Calculated Observed/Expected 
2755 modern cpm in Observed ratio 

K-factor target foil K-factor 

95Zr 2.351E+07 8058.6 2.350E+07 9.994E-01 

99Mo 2.403E+05 789890 2.397E+05 9.976E-01 

1408a 5.509E+05 353960 5.349E+05 9.710E-01 

147Nd 7.797E+06 24665 7.677E+06 9.846E-01 
- - - - -- - -- --
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Fully Modernized Comparison Across Ps 

235U 238U 239pU 

ILRR LANL ILRR LANL ILRR LANL 
I 

I I 

I 

I 

Q-value Q-value Q-value Q-value Q-value Q-value 

95Zr 0.9698 0.9916 0.8289 0.7705 0.7088 0.8289 

99Mo 0.9996 0.9997 1.0245 1.0546 1.0148 1.0237 

1408a 0.9650 0.9442 0.9557 0.9284 0.8516 0.8117 

144Ce 0.9402 0.6768 

147Nd 0.9669 0.9683 1.2351 1.1833 0.9016 0.9270 

Los Alamos 
NATIONAL LABORATOR Y Unclassified 
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Path Forward - ANL 

Los Alamos 
NATIONA L LABORATORY 
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Completing current work 

• Complete manuscript on LANL 1970s experiment(s) 
- We are providing you with a current draft of this 

manuscript 

• Complete assessment of the historical memos 

• Refine our recommendation for data values (K's, 
Q's) 

• Thorough review of thermal irradiation data 

Los Alamos 
NATIO N AL LABORATORY 

ES L 194 3 --------------------------------------------------------------------------------------------------------------------------------------------------
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Resurrect older gamma data 

• In addition to the LANL irradiations described in the manuscript, 
additional fission chamber experiments (2 fission, one thermal 
spectrum) were carried out, but data was not analyzed 

• Gamma data associated with these experiments was electronically 
archived 

• We have initiated an effort to "resurrect" this data electronically and 
to determine if we can associate it with calibration information (e.g . 
counter efficiencies) 

• This would give all parties new data to evaluate in lieu of a new 
~ experiment 
--; 
Los Alamos 
NAT IONAL LABORATORY 
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A new update to F fission yields is due 

• Next release is ENDF/8-VII.1 

• Evaluation - see Chadwick methodology 

• "Mini-CSEWG" meeting planned to help with peer review 

• Involve people from the IAEA, JEFF, JENDL 

• In addition to examining new evaluation, this the meeting will also examine 
other issues: 
- If cumulative fission product yields are changed for a few nuclei, how best to 

ensure consistency with requirements that they still must sum to 200% 
- delayed-neutron data must be consistent 
- etc. 

Los Alamos 
NATIONA L LABORATORY 

EST. 1 943 
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Experimental program recommendations 

• We have jointly discussed options for experimental 
validation approaches at past meetings 

• Significant resources would likely be required to 
reconstitute key capabilities 

• Any measurement should be part of a broader program 
to measure reaction rates in fast critical assemblies 
- Experimental campaign at DAF 

- Mentoring younger scientists in the program 

- Valuable to a broader range of program interests 

LANL does not feel that one additional experiment will add to our approach 
~ 
~ 
Los Alamos 
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Another option: Re-establish a comparative calibration 
basis 

Fission product yields can be inferred from data consistent with each 
laboratory's system of calibration 

Yj = Yj* · Ria Q 99 

Yi*: "Standard" Thermal yield of fission product i from 235U: 

LANULLNL - agree to within counting uncertainty/laboratory biases 

Rj: Relative yield for i, compared to Mo-99 standard in fission spectrum (divided 
by same in thermal spectrum) 
Both laboratories have measured Ri in the past, and these are in reasonable 
agreement 

Use a value for Q99 backed by careful, appropriate experiments 

~ 
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