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Attachment H.2 
Page 1 of 1 

Component Positions within the Process Hood 

Tanks & 'I Center of tank to )< Bottom· Elevation• Top Elevation 

Sections South Screen North.Wall East Screen West Wall of tank of tank 

L-J (S,L) 4' 23'4" 2' 6"3" 11 '4" 16'4" 

L-J (N,L) · 8'6" 18'9" 2' 6'3" 7'10" 16' 

L-J (S,U) ·. 4' 23'4" 2' 6'3" 21'4" 28'3" 

L-4 (N) 14'3" 13' 2' 6'3" (2·0 @Sv 
L-4 (S) . 11'6" 15'8" 2' 6'3" 2'4" 6'10" 

L-6 Horiz •. · 12'6" 14'1 0" 14'9" 3'6" 9'7" N/A 

L-6 Vertical 25'3" 2' 1' 3'6" 9' 11' 

.. 

. L-6 smi .Dia. 22'6" 4'10" 1' 3'6" 9'6" N/A 
.section ... 

L-10 (N) > 17'4" 10' 7'3" 1' 6" 22'4" 
N-most'sect. 

L-10 :-=·· 14'10" 12'6" 7'3" 1' 6" 22'4" 

L-10 · 12'4" 15' 7'3" 1' 6" 22'4" 

L-10 9'10" - 17'6" 7'3" 1' 6'' 22'4" 

L:10-(S): 7'4" 20' 7'3" 1' 6" 22'4" 
S-mostsect.. 

L-12 (L,N) 18'6" 8'9" 2' 6'3" 10'10" 19' 

L-12 (L,S) 14' 13'4" 2' 6'3" (14'4") 19'4" 

L-12 (U,S) 14' . -· 13'4" 2' 6'3" 21'4" 28'3" 

L-14 (N) 23'9" 3'6" 3'6" 1' 12'4" 16'6" 

L-14 (S) 21' 6'2" 3'6" 1' 12'4" 16'6" 

L-16 (N) 26' 1 '3" 2'8" 1 '1 0" 1'2" 5'4" 

L-16 (C) 24' 3'2" 2'2" 2'4" 1'2" 5'4" 

L-16 (S) 22'3" 5' 1 '8" 2'10" 1'2" 5'4" 

L-18 (W) 21'6" 5'9" 2'10" 5'5" 4'6" 23' 

L,18 (E) 21'6" 5'9" 10" TS" 4'6" 28'6" 

Note : (N)orth (S)outh (E)ast (W)est (U)pper (L)ower (C)enter 
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Purpose 

Additional Criticality Evaluation of the Proposed Dismantlement of the 
Hanford 233-S Facility 

Performed for the Hanford ERC Under Contract #0200W-SC-G0018 

These calculations have been developed to investigate further the potential for a criticality event 
during the dismantlement of the 233-S process vessel.array. They supplement the previous set of 
calculations performed under this same contract, which were performed on March 13, 1996. 

Analvtical Methods 

These calculations were performed using the same MCNP computer code as for the previous set; 
the validation calculations performed then are valid for this set as well. Hand calculations. using 
the method of Solid Angle, were also developed. The references are the same as for the 
previous set as well. 

Assumptions 

The partially reflected K.rr of each of the seven vessels listed in the SEG, 1995 report are the only 
reactive elements of concern. The fissile material amounts to be used in the calculations are 
those listed in the SEG report, plus one standard deviation. Partial reflection will be taken into 
account by including the vessel walls in the calculation. Each vessel will be assumed to be a 
simple right circular cylinder, with diameter as stated in the attachment to the RFP labeled 
"miscellaneous documentation". Pu-239/240 ratios are as shown in the SEG report (ie., 6% Pu-
240). All calculations assume that the Pu is present as dissolved Pu(NO3) 4, with the exception of 
the tank L-16, which will be assumed to contain elemental Pu suspended in water. In all cases, 
the optimum H/Pu ratio will be used. i2 1 

~~V°"'C..."1. &...c._ 
IZ 
• • 

For the solid angle calculations, the maximum allowed solid angle will be reduced by 40% to -c. . c:: TIO--?oc<o 

take into account the reflection of the concrete walls and worker' s bodies. The location of the 
vessels will be as shown in the facility drawings which were provided to support these 
calculations. The locations will be verified using the vessel locations shown in the SEG report, 
howe.ver where conflict is noted, the drawings will take precedence. All vessels will be assumed 
to be located such that the center of the fissile volumes are on the same plane. 

Results 

The results of the ~ff calculations are shown in the table below. 
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Vessel Identification ~IT 

L-4 0.39 

L-6 0.36 
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A special case was also modeled in which the L-16 vessel was moved up directly against another 
(hypothetical) identical vessel. The purpose of this calculation was to investigate the affect on 
vessel multiplication factors of moving them around in the array. The results of this calculation 
showed a negligible increase in the K.rr-

Solid angle calculations were performed to assess the degree of subcriticality of the array in it's 
present state. These calculations showed, as expected, that the array is extremely subcritical. A 
Solid Angle calculation was also performed to investigate the potential effect of moving the L-16 
vessel closer to several other vessels, and finally, a calculation was performed in which the 
vessels were hypothetically rearranged such that each one was 12" away from each of the 
remaining ones (this is a physically impossible arrangement). The results of all of these 
calculations were that, within the limits of the method, the array remained subcritical under any 
postulated vessel removal schemes. 
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0 

rcn terminated when 165 kcode cycles .ere dcne. 

title· a Pu soln optiial moderation ~-!4 Vesse l bare, Case R7 

:eutron creation tracks weight energy 
(per source particle) 

source 165069 9.9958E-Ol 2.1C65E+OO 

~eight window 0 0. 0. 
cell !Jportar.ce 0 0. 0' 
weight cutoff 0 8 ,3526E-C3 1.0895H7 
energy i~-or:aace 0 0' 0' 
dxtrar. C 0. C, 
forced collis:ons 0 ' 0, ". 
exp. tr a~s:ca 0 0. C. 
~;:scat:eri~g C o. 3.290!H8 

( ~.xr.) 8 . J.b44C~·OS J.75!3HS 
:ission 0 C. ' V, 

total 165077 i.CC8CE +OC :.:C66E+OO 

nuioer of :e~tro~s banked C 
oeutrc" :racls per so"rce partic~e :.cccc~•oc 
neutron co~l isio~s per sc~rce particle 1.6246£~0: 
total ce~trcn co!l:sions 2681734 
:et ~~:::~~ica:ic: !.OOOOE+OC C.OOC3 

co;~uter ::1e sc :ar in :~is r"J 
computer time in mcrun 
scurce part:c:es pe·r :ni:~te 
ranco= n~ibers generated 

29.89 ~:~~:es 
29.60 :ni~~tes 

5.577:E+OJ 
33327157 

neutron loss tracks 

~cape 113284 
energy cutoff 0 
time cutoff 0 
weig~t .ir.dci.: 0 
ce •• b,ortance 0 

" i,;eig~t cutoff s:769 
er.ersr ::i~or:ance - 0 
dxtra:: 0 
foi;ad co!lisions 0 
exp. ~ra::sfo~l: C 
do~nscat:ari~g 0 
ca?tu~e C 
less t:, ~;: 'x::} 4 
less to & - • ,:SSlOu C 

~o~al 165077 

average ii:etiie, shakes 
escape 2.2027~+02 

ca~~~re or esca~e 6.8995~+02 
a~y terciJation 7.7C32E+C2 

. . . b . ~ax1:~? =~::er ever 1: a~~ 

bank over:lo.s tc bacK~~ :i:e 
field ier.gth 
most rar.dom n~m~ers used i,;as 

range of samp;ec source .eig~ts = 7.2886E·C! to l.4C65E+OO 
:r.e~tron activity in each cell 

cell 

1 1 
2 2 
3 3 
4 4 
5 5 

total 

tracks 
entering 

196679 
30427 

152315 
130433 
115767 

625621 

population 

165072 
21800 

124032 
106779 
104382 

522065 

collisions collisions 
i weight 

( per history) 

1528816 8 .8763E +00 
1019290 4.0648Et00 

71356 3.9568E·Ol 
0 0.0000E+OO 

62272 3 .4152E ·01 

2681734 l.3678Et01 

nu•ber 
weighted 
energy 

2 .3924E·03 
l.2371E·04 
2.4789E-03 
2.6323E·03 
3.0372E·03 

flux 
weighted 
energy 

l.0755E+OO 
4 .6929E·Ol 
l .0796Et00 
1.0917Et00 
1.1063Et00 

06/06/96 10:11:20 
probid = 06/06/96 09:41:26 

~eight energy 
(per so~rce particle) 

6.6289E-01 
0. 
0. 
C. 
0. 
8 .3C37H3 
0. 
0. 
0. 
0 ". 
0. 
l.643:E -O: 
l.822CC-~5 
: .7.4:E·C: 
l.0080E tCO 

cuto:fa 

0 
0 

::o 
eo 
. ,. ~ ... 
.. ,..., ·-· 

8.8596E-Ol 
0. 
0. 
0. 
o. 
; .098CH7 
0. 
0. 
0. 
0. 
:.:968Et00 
: .6690E ·02 
!.3666E·04 
6.8667£-03 
2.:om+oo 

: .~J00Et34 
C.CCCOt+OO 

·5.0COOE·Ol 
-2.s:c~£-01 

6455 i~ history :42521 

average 
track i.eight 
(relative) 

9.8076E·O! 
7 .5493E-Ol 
9 .5282E-Oi 
9.4671E-Ol 
9.4949E·Ol 

priiit table 126 

average 
track • fp 

( CII) 

2.2607E+OO 
l.2058Et00 
2.8096Et00 
O.OOOOE+OO 
2.9428Et00 
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lKeff results for: title - a Pu soln optimal moderation L-14 Vessel bare, Case R7 probid = 06/06/96 09:41:26 

the initial fission r.eutron source distribution used the 1 source points that were in?ut on the Ksrc card. 
t~e criticality problem was scheduled to skip 15 cycles and run a total of 165 cycles with nominally !OCO neutrons per cycle. 
:his problem has run 15 inactive cycles with 14325 neutron histories and 150 active cycles with 150744 neutron histories. 

this calculation has co:pleted the reGuested n~iber of keff cycles using a total of 16S069 fission neutro~ so.rce histories. 
a!l ce l ls ~ith fissiona~le oaterial were sampled and had fiss:o r. ~eutro~ sc~rce points. 

the results of :~e ~ :est :o:--- ~ormaiity ap? li ed to :~e : :div icual co:::s:o~. ajsor~t:o r., a~d trac~-:e~st~ ~e:f cyc;e va '. ues are : 

t~e K: cc::isior. ) cyc le va '.u es ap?ear :orca!ly distr ib~ted at the 95 pe rce ~t co nfidence ieve i 
t~e ~(absor~t!o r. ) cycle va iues appear ~cr Jai: y c: s:r:b~ted at t~e 95 ~erce ~t co~f:dence :eve: 
the k(trk le~gth) cyc:e vaiues appear ~or~a::y c:s:riouted at t~e 95 perce ~t co ~:idonce :evs: 

t~e f!nal esti:ated co;~i~ed collision/absorption/trac~-!en;:~ keff = C.49786 ~i:~ .~ est!Ja:.d sta~carc c?v:a::c: of c.c:202 

t~e esti~ated 68, 95, & 99 percent Keff confiCer.ce i~ ~e:va!s are 0.49583 ~o C. ~1?89, ~.~9 333 :o C.SC!89, a~C C.49251 to 0.5032! : 
I 

- ' :~e est!:ate: co i~ :sio~/aJsor~tic" ~.~tro" reJova: :: :a::1e = 6.55~-~c sa:o~cz , ith a~ es:::3tec s: : ~:.r: :eviat:o~ of 9.71E·08 : 

t r.e esti~a:ed ave~age Keffs, oJe sta .. card cav:at :c~s, '"' 68, 15 , a~d 99 percent cc"f ice r.ce i~terva:s are: 

~eff est!::iator keff standard deviat:on 68l co .. f:der.ce m confidence 99t conficer.ce corr 

collisio~ o.¢9854 0.00287 0.49566 to 0.50141 0.49282 to 0.50426 0.¢9095 to 0.506i3 
absorption 0 .49777 0 .00202 0.49575 to 0.49979 0.49375 to C.50179 0.49243 to C.50310 

track length 0.49887 0.00297 0.49589 to 0.50184 C.49294 to 0.50479 0.49101 to 0.50673 
col/absorp 0.49783 0.00202 0.49581 to 0.49985 0.49381 to O.S0!65 0.49249 to 0.50316 0.6363 

abs/trk !en 0.49786 O.C02C2 0.¢9584 to 0.(9988 0.¢9384 to C.50160 0.49253 to 0.50319 C.600i 
col/tr k len 0.49860 0.00288 0.49573 to 0.50148 0.49268 to 0.50433 0.49101 to 0.50620 0.9417 

col/abs/trk len 0.49786 0 .00202 0.49583 to 0.49989 0.49383 to 0.50189 0.49251 to 0.50321 
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!piot of the_ es~ ;Jaad co:tabs/t:-ack- lei: ;~~ ~ef f o::e sta;;da:-d ~evi at ion i ;;t erva l vers~s cycle .iu111be:- ( : = fi::al ~eff = 0.49786 ) 

cycl e 
r. ~;ber 

22 
24 
26 
28 
30 
32 
34 
36 
36 
4: 
42 
44 
4!, 

48 

54 
;6 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
62 
84 
86 
88 
90 
92 
94 

active c.~8 0.49 0.50 0;51 0;52 

cyc!e~ :----------------1::::::~::::::::::~~-k---- \-----~-------:-l ______________ , ____ ) : 

ll (------- :--------- k------------------ ) 
13 1------ :-------k: ------------ ) , 
15 ( - :------------ k-------------- , 
:7 : ( ------------+----------- ) 
19 : ( -------------k------------- ) 
21 ( ---- :-------- ~---- --------- ) 
:3 (----:----- ---K------------- ) 
25 ( :-----------+------------ ) 
21 :( ------------x------------ l 
21 : ( ---------- ~----------- ) 
3: :----------- (---------- ) 
33 ( --- :------- ~---------- ) 
33 ( ----- :----K---------- ) 
3i I { : - - • ------ ~- •-••••••- ; 

39 ;---------- k-- -------: 
4! (--- :------ ~---------- ) 
~3 (--- ;------K--------- ) 
45 + 
47 
49 
5~ 
53 
55 
57 
59 
61 
63 
65 t 

67 
69 
71 
73 
75 
77 
79 

{---- ;----~--------- } 
(-------- ;k-- ------- ; 

( ------ :-- :-.--------) 
(---- ;-- -k --------- ) 
~----:- -- ~-------- } 

(-:-------K-------- ; 
{-:------ ~- ------ ) 

(-- :----- ~- ------ ) 
(-: ------ ~-------- ) 
( :------+------ ) 

:( -------k------- ) 
:( -------k------- ) 
:-------l------- ) 
:------+-----) 

::-----+-----) 
(-:----+-----) 
( :-----k----·-) 

( -:---+------ ) 
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104 89 
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110 
112 
114 
116 
118 
120 
122 

93 
95 
97 
99 

101 
103 
ICS t 

107 
124 _ ______:::.c.c-=-1~ ' _ 
,26 
:2s 
130 
m 
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;:a ~o. 22:12 CAL No. S 
OESC. Optimum MCNP Calculations 
l?robleill suiilmary 

REV No. A ~A 7, : 6/6/96 
CAL Sy. DL 

SHEET: :s 
APP Sy, 

run terminated when 165 kcode cycles .ere done. 

title - a Pu soln optimal moderation L-14 Vessel bare, Case RS 
0 

~e~trcn creat:o~ tracks .eight energy neutron-loss tracks 
(per source particle) 

so:.::ce 165167 9. 9S99E-Cl 2 .1:20rno escape 122265 

weigf.t ~inc~ 0 0. 
ca!: ::i~orta~:e 0 C. 

- --

' v. 

e:iergy c:itoff 
tile cutoff 

ce1l ::.?or:a~ce 0 
;;ei~r.: c~toff C :.C27:~·C2 5.726lE·OB weight cu~off mes 
e~erg;- ::n~cr:ar:ca ' ' 0. V v. energy iw~ortaiice ' V 

extra~ 0 C. C. dxtra» 0 
forced ·1· . co •• 1s:c;;s 0 C. 0. forced collisions 0 
exp. tr ansfor= 0 0. 0. ax;;. tiansfvrm 0 
u;:scat:ering 0 C. 5.!C52E·06 dc.;nscattar:::g 0 

cai,tur~ C 
~ ~ 'X:l) 6 3.:35:£-05 3.755~E·C5 :css , . (::, xn) 3 .. 
fiss:on 0 C. 0. loss to fission ' V 

i..,. •• , 
,.itJ,_Q., !65173 :.CC9~EtCC 2.::20E~oo tctal :65!73 

awt~er of r.e~::o "s oa~kec 3 
"eutron trac~s ;er source ?artic!e :.CCCCEtCC 
:ieutro~ collisions per source partic~e 2.0l75Et01 
:otal ;;eutron collisions 3332278 
~et mJ:tipiicatior. !.0000£+00 0.0003 

cc~p":ar :ime so far in this run 
co:pJter time in mcrun 
s~~r:a partic!es par ;inute 

-·randoQ numbers generated 

40.24 mi~:.:tes 
39.19 Jinutes 

4 .2146E+03 
36653954 

average iifetite, s~akas 
escape 3.325,,+02 
capture 2.7314E+C3 
capture or escape 1.0288E+OJ 
any termination i.i843E+03 

1a1imui ~uiber ever i:i ba:k 
bar.k overflo~s to baciup file 
field !angth 
most ra~dom numbers wsed ~as 

range of sampled source ~eights= 7.3368£-Cl to 1.769,E+OO 
:neutron activity in each cell 

tracks population collisiOilS collisions number flux 
cell entering i weight weighted weiijhtad 

(per history) energy energy 

1 1 202809 165168 122404( 7.0787EtOC 2.5856£-03 1.1223E+CC 
2 2 57579 41384 1969970 7.8059£+00 1.2565E-04 4.8046E-01 
3 3 162676 132454 77769 4.1687E-01 1.9395E-03 1.oem+oo 
4 4 125721 103049 0 O.OOOOE+OO 1.8811£-03 1.0873E+OO 
5 5 109112 98397 60495 3.l726E-01 2.1386E·03 1.0982Et00 

total 657897 54Cm 3332278 :.5619Et01 

06/06/96 10:44:29 
probid = 06/06/96 10:04:11 

~eight e~ergy 
(per source part::le) 

7.0925£-0! 9.486oE·O: 
0. 0. 
0. 0. 

c-. -
0. 0. 
9.9857E-OJ 9.:6~5,-Ca 
0. ' V • 

' 0. ". 
0. 0. 
0. C. 
0. :.:4:4~•00 
l.5620E-Ol :.sam-c2 
:.S696E-C5 2.CmE-04 
:.338(E-O: 5.878(~-0J 
1.CC93~rco 2.:~20~+0C 

Ct.:toff; 
tea :.COCC,rj4 
ecc O.OOOOt+CC 
wcl ·5.0COCE-0: 
~c2 -2.5CCOE-O: 

0 

7720 in history :om 

print table 126 

average averaga 
track weight track mfp 
( relative) (ci) 

9.8C63E·Ol 2.mmoo 
7.5246£-01 1.2194E+OO 
9.3831E·Cl 2.8114Et00 
9,2787E-01 0.0000E+OO 
9 .2944£-01 2.9:77£+00 



::a No. 22192 CAL llo. 5 
JESC . Cptii~; ~C~r Calc~:ations 

REY No . A OAiE: 6/6/96 
CA~ Sy. ~L 

SHEET: 16 
APP Sy. 

lke:f results for: titi e · a Pu soin cptica i ~oderati or. L-:4 Vesse l bar e, Case RS ;robic = Oo/C6/96 10 :04: 11 

:~e initial fissiv" "a"trcn source distribution usad tha : sourca ~oir.ts :hat .ara :"put or. the ksrc card. 
the crit ica lity prob lem was schedu led to sK iP 15 cycles and ruii a total of i65 cycles ,ith r.o;inally lOOC iieutrons per cycle. 
~~:s proble~ has run 15 inactive cycles ,ith 14 188 neutron ~i stories and 150 active cycles ~ith 150979 neutron histories. 

this calculat ioii has co .. pleted the requested number of keff cycles using a total of 165167 fission neutron source historias . 
• !! cells #ith fissior.able material were sampled a"d had fission r.eutron source points. 

t~a resul ts of thew test for normality appliec to the ir.divid~a~ col lision, absorption, and track-length kef f cycle values are : 

t~e ~( ::::isio~) cycle values appear ~c;lal !y G:s~;i~wteC at ~~e ~S ~arcent co~fidance ievei 
t~a ~( .;scr;: ion) cyc: a va:ues appaar ~o ... a'.~y di s:ributed at the 95_percer.t ccnfider.ce leve l 
:~e ~, :r :1 .cr.;th cyc.e values appear ~c.::: •.• y a,s:r::i~:ec at : .. a 95 ~arceiit co:.f:ca-ii.--a- :c-ve- ,------

the est:zated 6a, 95, & 99 percer.t keff co"fice:ca intervals ara 0.38(1( :c J.38796, 0.38224 tc 0.36906, ace O.Ja ;oo to 0.39li0 

t~e es: i~.tec co :i:s:oii/absorp: ic~ ne~tr:: remova: '.'.:e :i~e = : .~3;·05 seconds with.~ est ima :ed s:.~ca:d Covi::iv: of 1.CSE-07 

~~a es:::ateC dverage ~ef fs, oce stanca:d ~ev :at io cs, ac~ So, 95 , a=d 99 percect co=~icecce i:'. erva :s are: 

~eff estia;ator keff s:ancard devia: io~ 68i cc~f idence 95% cc nficailce 9H co :if ic e~ce corr 

11· ' co .. :s:or. 0.38784 o.ccw C.j63J; to O. J1: 2a ~.38297 to 0.39271 0. 38136 tc 0.39429 
absorptior. C.38603 ~ .co: 9: C.384:2 tv C.38794 C.38223 to C.JS983 ~.38:9, tv C.39lC7 

tracit l ength 0.38630 o.ccm C.38379 to C.38880 0.38131 :o C.39:26 =.37966 to C.39291 
col/absorp 0.38636 U0189 0.38(47 to 0.38825 0.38260 to 0.39012 0.38137 to 0.39135 0.6382 

abs/trk len 0.38608 C.00188 0.38420 to 0.38796 0.38234 to 0.38982 0.38112 to 0.39104 C.5978 
col/trk len 0.38743 0.00247 0.38496 to 0.38991 0.38251 to C.39236 0.38090 to 0.39397 0.9490 

col/abs/tr k len 0.38605 0.00191 0.38414 to 0.38796 0.38224 to 0.38986 0.38100 tc 0.39110 

7 
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Los Alamos Technical Associates, Inc. 
ENGINEERING CALCULATIONS 

JOB uvt,...J" · 
z.z 112- 1 CALAJ;- A CATE £/6' /?~ I SHE~ 

DESCRIPTION CALC.BY APPROVED BY 

t}ff/Mtt/'1 MC/4JP cALCt1L/.J7to)JS 0L 

ll/£ 6BJM't!,T,eV Sl7a.P 07- 74/J' &A-1 /S s-"'4Mt! A-:S ,eu,,u 1'1/ 
{St!]; vtL <11z.) @f!.C/?1 

I. R1 := s-.7 l~O CM 
Ri = 6. ½Vo 01 
-t:6 = 2709/( ~./.JJq/Cc.) 

------+-------- ---~-n_ Lc~roLJ.1.U-. ~' ----------
-= /t/,207/CM 

~3::. 0,63.rD CM 

l;t-=- 62,2300CM-tJ,6lJ'DCM: 6!,~9.r6Cl-1 
~2..: t2, 2]l>OCl-f 

2. Ot(TJ/.i)C f'/PtJ,. Is wJ&Rt,erm. 

/1,tltRJA(_ S'auP.-

/. i!e?t/Jce. vtJ1iJ 1AJ a::zc. z.. µ/ t.J)tTt/2.. cM't4r3J 

Z, ;.IIJ1 2 ttf~S I-J7 ~ I #PculJc. dJ=- ~ttMl'7/a.LJ J .4-lldUtf, 

R/µJ""9 ~t17Ptf1 J'uHl1At'.Y 

7ilt!. OUTf<A.7 5L01MAeY (Jt-7J..II! /ZuAJ /~ Pe()o,~ tNSHelff ll -2~ 

HC/JP Pi!@Crr: 

k.l!"FF:: 0,3f877 ±. 0,0olt~ q~ I 



;os No. 22 :92 CAL No. 5 REV No. A 
vESC. Cp ti~u~ MC~P Ca!c~latiCjS 

)ATE : 617/96 
CA~ Sy: C~ 

SHE:': ~o. 2! 
AP? ay: 

:?:~~le~ ;~~Jary 

~it!e - a Pu soln O?ti:u~ Jcderation L-6 Vesse l ~ar e, Case R9 
' , 
~a:..tr:~. :reation tracks weight energy neutro" loss 

(per source particle) 

sc~rce !65!:6 9.9930E-Ol 2.::&,E+OO escape 
energy cutoff 
time cutoff 

,eight windo;; 0 0. 0. weight ~indow 
:ell iQpor tance 0 o. 0. ceil bpor:ance 
,eight CJtoff C Ul77E-03 8.6664£-08 weight C:JtOff 
a~ergy i~?ortajce 0 C. • ". anergy :J;cr:a;;ce 

tracks 

:2923: 
C 
0 
0 
0 

35868 
' , 

~e/C6/96 :::J&:(6 
probid = C6/C6/96 1: ::s :05 

.eight e~argy 
(per so~rce pa:tic!e) 

7.6372E-Cl : . c5rn: +co 
0. 0. 
0. 0. 
0. • V • 

0. 0. 
4.7832E-C3 8.3669E-08 
' ,, 
V • v. 

ditra;; C . C. _____.Olli~ 1'- A .. - v - 1, 

::::ec c::::s::::s 0 0. 0. fcrcec :01:rs:~::s . , 
ex;:. t:-a::3fcr: . . . 

' '. .. ex~. ::a:isfo::. . 
' ;.:;;ca::ari~g . . : .8533~-ca V , . co,1r.s:a::a~::; A , 

C ..... ..... A 
C:.,' .. ~• ... 

0 
,J 

~~, Xi:} 4 :.7C73H5 : .sm~-:s !oss to ( ~ 'X;: ! 2 
~:ssic~ 0 . 0. v. ioss to 7issioj C 

tota! :ss12c :.:C4:~10C 2.::6: ~+CC tota! :~;:2c 

~~:::e~ ,: 
,J. ~e~:::~.s ~o~kaC 2 ave;age ::fe~::e, sha~~s 

~a~tr~~ t~ccks ;er s:~;:a ;a;~!cle :.occc~~G: 
~eutrc~ cc:::5::~s ;a: sc~:;; ;~~::::c : .:89&E~ot 
::~a: ~a~~~=~ ::::!s!::s :75;~27 

a~cape :.:715:;02 

ca~t~:a j: as:cpc 3.:245£~:2 
a"y :er;::at:"~ 3.9(66~,:z 

;c~;:e ia;::~:es ?er ::~~:a 
ranc:: "~:bers ger.eratcd moms 

• • • I I ~ax:?~~ =~::a: ever 1: =a:1 
bar.k ove:f!o.s to Jae~~~ f:!e 
~!elc! :~ ~;:h 
~cs~ r2~~oi ~~:ters use~ ~as 

ra";e o; sa;p!ec so~r:e ~ei;h:s = 7.:378E-O: :c :.s~:6;t00 
:r.eutron activity :j each ce:: 

cell 

1 
2 
3 

total 

1 
2 
3 

tracks 
entering 

:90801 
22005 

151983 

364789 

?O?uiation collisions collisions 
* weight 

(per history) 

165118 
16718 

137127 

318963 

1204451 
507745 
8684 1 

7.0369£+00 
2 .1460E +CO 
U615E-Ol 

1799037 9.6790E+OO 

nu1ber 
;;eighted 

energy 

2.9484£-03 
1.7711H4 
3.8l84E-03 

f!:ix 
weighted 
energy 

l.l420E+CC 
5.8959Hl 
1. ! 909E +CC 

• ' v. , . 
0 . A 

V • . :.c3se~~cc V • 

:.:1:e:-c: : .C22E-C2 
a.5363H6 7 .esc:H5 
U4C4E-C: 6.i6:5~·~3 
:.CC4:~~=~ :.::6:~~~= 

c:.;!.cffs 

e:c C.OCCO ~+: c 

C 

average 
track ;;eig~t 
(relative) 

9 .8389£-01 
8.0056Hi 
9 .6847E-Ol 

averase 
track mfp 

( c2) 

usm~co 
1.3994E+OO 
2. 9392E +OC 



CA~ No. S 
,..,.,. .• t ... : ....... 
-.c1.1,,, ... a .... w,.~ 

:xe:f results fer: t:tle - • ~~ so:: o;:i;~: ;ccera:io" ~-& Vesse~ bare, Case R9 

:A7:: 617/% 
:AL 3y: Ji. 

SiiEE7 :io. 22 
A~~ 3y: 
pro~:,= C6/C6/96 t:::5:~5 

~~e i~i::al fissicl "eutro~ source distributio~ ~sed :~e ! sc,rce ~cir.ts that ~era ic;:t c: :~e ~src car~. 
:~e c~:~!cality ?ro~ler. -as sc~ed~!eC to ski? 15 cycles and r~~ a tcta! ;f :65 cyc:as -::~ ~o~i~a:!y :ccc ~a~t:c~s ~ar :y::t. 
:~is pro~!ei ~as r~a :s ::ac::ve cycles ~i:~ !4179 :autrc: ~istcr:es a:d :sc a:::~e cycles ~i:~ :50937 ~eu:ron his:cries. 

:~is ca:cu:aticr. has co:~:etec the requestec "~;:er o: ke:f cy:ies ~s;:~ a :c~a: o: i6Sil6 :issic~ :e~tro" so~rce ~istories. 
a:: cel:s Ai~~ f:ssio~aJle 2atar:al ~e:a sa~?leC a~d ~ad fissic~ naut:c~ sc~::a pcio:s . 

:~~ ~( :J:::s:c:-:~ =,~:; 11.::~,3 c:;;ear 
~~e k{ a~sc:~::c::: c;·:le va:..ies a~~ea: 
tta i(:r~ :a:st~: cyc~e va:~cs a;~ear 

~=~:3::y ~:s~::~~tat a~ ~~a ;3 ;a~:e~t :::fide~:e 
~cr:a:!y d:s~r~t~tad a~ t~s ~5 ;a:ca~: ::~f~it:ca 
~c:Ja!:i ~~s~:!~~~f~ a~ ~~a ;5 ;a~ca~~ ::~f:~scce 

' . . .. I 
.. CVCi 

.. eve .. 
;eve: 

·cf. C)'c.s ,a.~es are: 

~~.a es~i:a:a: average ' •t ~e: , 3 1 o:e stac~a:~ ~avia:!c:s, ;~.: ~8, )51 a:C $9 ?a:::~: cc~:::&~:e :~.:~: .. va:s ara: 

keff es:i~atc: itef: s~attda:C Cav:a~:c~ 6ai c:::;:a:ce 95~ ccc~:dme 'i'ii co :f ice :i:e cor~ 

11• • coi.~s.on 0.35940 0.00242 0.35698 to c.~~:02 :.Jsm to C.36422 o.mc: to 0.36560 
absor;tioii usm 0.002:6 C.35626 to C.36:5, c.Jsm tc 0.36273 0 .352ii. to 0.36414 
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,.00011 
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col/a;is/:r k !en c.:;s77 O.CC2!3 C.35664 tc 0.36C'iC C.JS~S3 tc C.3o3Cl C.35315 tc C.36'39 
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Job No. 22192 CAL No . 5 REY No. A 
DESC. Op timui HCNP Calculations 
lproble~ su~oary 

ru~ tercir.ated when 165 kccde cycles ,1ere cor.e. 

title - a Pu soln optimum coderation L-18 Vessel bare, Case RlO 
0 

neutron creation tracks ~eight energy neutron loss tracks 
(per source particle) 

source 165439 9.9735E-Ol 2.1078Et00 escape. · 137151 
energy cutoff 0 
time cutoff 0 

weight window 0 0. 0. weight window 0 
cell importance O 0. 0. cell importance 0 
weight cutoff o 3.4798E-03 7.2667E-08 weight cutoff 28291 

1---------ener-gy- i~pot-hnc---- --n energy 11por,ance 0 
dxtrar. o 0. 0. dxtran 0 
forcea coiiis:ons O 0. 0. ~creed co l!:sions 0 
exp. transfer= O 0. 0. exp. transform C 
upscat~ering 0 0. 1.6135£-08 do.1nscatta r:ng 0 

capture 0 
( n,xn) 6 usm-os : . 9643E-05 loss to (n,xn) 3 
fission O 0. 0. loss to fission 0 

total 165445 l.0008E +00 2.1078Et00 total 165445 

nu•ber of neutroJs banKec 3 
neutron tracis per source particle l .OOOOE+CO 
r.eutro~ col!isions ?er so~rce part:c le 9.3740E+OO 
total ,.eutron co llisio;.s 1550826 
net multip!:catic;i l.OCOOEtOO 0.0004 

computer tice so far in this r"" 
computer time in mcrun 
source particles per ~ir.utt 
random numbers generated 

22.81 ::::;tes 
22.01 m:r.utes 

7.5151E+03 
21361151 

average !ifetite, shaKes 
escape ~ .2043Et02 
capture l.1709E+C3 
:a~ture or escape 3.166!E+02 
a.y tm1ination 3.3327Et02 

2axia~= r.~mber ever ir. ban~ 
bar.k overflows to ~ackup file 
field length 
•ost rar.doa numbers ~sed ~as 

range of sampled so~rce .eights= 7.5529E-01 to 2.2883E+00 
.. 1neutron activity in each cell 

1 
2 
3 

cell 

1 
2 
3 

total 

tracks 
e11tering 

182553 
23425 

149595 

355573 

population 

165442 
19273 

140941 

325656 

collisions collisions 
i 11eight 

1038565 
473139 
39122 

( per history) 

6.0649Et00 
2.0784Et00 
2.2538E-Ol 

1550826 8.3687Et00 

nu•ber 
weighted 
energy 

3.4502E-03 
2.1133E-04 
4.2557E-03 

flux 
weighted 
energy 

l.1861Et00 
6.4785E-Ol 
l.2640Et00 

om: 6/15/96 
CAL By. DL 

SHEET No. 27 
APP By. 

06/14/96 11 :16:43 
probid = 06/14/96 10:53:54 

weight energy 
(per source particle) 

8.lllOE-01 l.1345Et00 
0. 0, 
0. 0. 
0. 0. 
0. 0. 
l. 4839E-03 6. 9192E-08 
0. 0. 
0. 0. 
0. 0. 
C. 0. 
0. U557E-Ol 
8.7306~-02 t.1 732E-02 
9.7605£-06 : .005CE-04 
9.8949:-02 5.83ClE-03 
~.0008Et00 2.1078Et00 

cutoffs. 
tco l .OCCOEt34 
eco 0.0000E+00 
wcl -5.0000E-Ol 
~c2 -2.SC00E-O i 

C 
C 

5051 in his~ory 92343 

average 
track weight 
(relative) 

9.8386E-Ol 
8.3017E-01 
9.7375E-Ol 

print table 126 

average 
track 1fp 

(c1) 

2.4227Et00 
1. 4973E +00 
2.9646Et00 



Job Ne . 22192 CAL No . 5 REY No. A DATE : 6/15/96 SHEET No. 28 
~ESC . O~tiQUm MC~? Calc~! at ions CAL By . DL APP By . 
lkeff results for: title · a Pu soln opt imum moderation L·18 Vessel bare, Case R!C prob id = 06/14/96 lC:53 :54 

the in itial fiss ion r.eutron source distr ibu tion used the 1 source poi nts that were input on the Ksrc card. 
the crit icality problem was scheduled to skip 15 cycles and run a total of 165 cycles with nominally 1000 neutrons per cycle. 
this problei has run 15 inactive cycles . ith 14307 neutron histories and 150 act ive cyc les .ith 151132 neutron histories. 

this calcu lat io" has completed the requested number of keff cycles usi ng_a total of 165439 fission neutron source histories . 
ali cells .ith ~issionable materia l were samp led and hac fission neutro n source poi nts. 

the results of :r.e. test for normal ity app iied to t~e individual col li sion, absorption, a~d track· le~gth keff cyc!e v.:~es are : 

1----------,r.-n( ll~ s.on) cyc!e va. ii es ap ;:ea r ~o m .. y cistr:o~tea a. t.~e 9" ;:erce~t co" :- ence :eve1 
the k(a~sorptio ~) cycie va iues appea r normai ly distributed at t~e 95 perce ~t cc "fidence leve: 
t~e ~( t ~ ~ :er.gt ~) cyc le va lues ap; ear ~or:ally distributed at t~e 95 perce nt co"fidence leve l 

. 
the fi~a l est :~ated coi:i ned co! lisic n/aJsorptio n/tr ack•:engt~ keff = C.28675 wit1 a~ est imated stancard deviatio~ cf C.C0l68 I 

I 
I 
I 

t~e esticatec 66, 95, & 99 percent keff co nfidence : ~terva is are 0.28507 to 0.28843 , 0.29340 to C.29009, and 0.28231 to 0.29118 : 
I 
I 

the es ti~ated co llision/absorption nectron remova l lifetiie = 3.20E·06 secoacs ~ith aa estimated standa~d ciev iat ica of 4.02E·08 : 

the esti=ated average ~effs, one standard cev iat io:is, a"d 68, 95, and 99 ~erce nt cJ~f:ce:ca intervals are : 

keff estimator keff standard devia ti or. 68t co:if icence 95% co:ifidence 99t confidence corr 

collision 0.28859 0.00203 0.28655 to C.29062 0.28454 to 0.29263 0.28322 to 0.29395 
absor?tion 0.28631 0.00167 0.28464 to 0.28799 0.28298 to 0.28964 ~.26189 to 0.29073 

track length 0.28896 0.00212 0.28684 to 0.29108 0.28474 to 0.29317 0.28336 to 0.29455 
co!/absorp 0.28669 0.00168 0.28501 to 0.28837 0.28335 to 0.29003 0.28226 to 0.29112 0.7263 

abs/trk len 0.28675 0.00167 0.28507 to 0.28842 0.28342 to 0.29008 0.28233 to 0.291!7 0.6726 
col/trk len 0.28862 0.00204 0.28658 to 0.29066 0.28456 to 0.29268 0.28323 to 0.29401 0.9506 

col/abs/trk len 0.28675 0.00168 0.28507 to 0.28843 0.28340 to 0.29009 0.28231 to 0.29118 
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cycle 
nu11ber 
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APP By . OESC . Optimu~ ~CNP Ca lcu lations 

!Problem summary 

run termi nated ~hen 165 kcode cyc les were do ne. 

title - a Pu soln optimua moderation L- 12N Vesse l bare , Case Rll 
06/18/96 09:22 :27 

prooid = 06/18/96 09 :14:52 
0 
neutron creation tracks weight energy 

(per source part icle) 

source 182242 9. 0539E-Ol 2 .1159E +00 

weigh winaow 0 0. --o-. -
ce il iJporta nce 0 0. 0. 
weight c:J toff 0 l. 0163E-04 3. 2094 £-06 
energy iipor tance 0 0. " V • 

dxtra r. 0 0. 0. 
forcec co l iis:o r.s 0 0. 0. 
exp. transform 0 0. 0. 

t . . upsca .. errng 0 0. 9.4892H1 

( n,xn) 0 o. o. 
f issior. 0 0. A v. 

total 182242 9.csm-01 2. :159EtCO 

number of neu tr ons banked 0 
neutrc~ tracxs per source part icle ! .OOOOE +OC 
neutron coll isions pe r source part icle l.2665E+OO 
tota l neutron collisions 230801 
net m. lt i?!icat ion 

com?uter ti me so far in this run 
compute r time in •crun 
source particles per ainute 
random numbers generated 

1.COOOc+OO 0.0024 

7.57 ;ir.utes 
7 .32 mi nu tes 

2.4882E+C4 
5192887 

range of saapled source weights= 3.3014£-01 to l.2500E+02 
lneutron activity in each cell 

neutron loss tracks 

escape 181667 
energy cutoff 0 
time cutoff 0 
lileight iiihdo.:- 0 
cell b porta nce 0 
weight cutoff 575 
energy iJportance 0 
dxtran 0 
forced coi!:sior.s 0 
exp . tra~sfor:. A 

V 

do~nscatter ing 0 
capture 0 
!oss to (n ,xr.) 0 
loss to fission C 

total :a2m 

average li fetime, snakes 
escape l .9634E +OO 
capture 1. 7299E +02 
capture or escape 3.0319E+OO 
any terminaticn 3.0733E+OO 

maximum nu:ber ever in ban~ 
ba~k overfio.s to backup fil e 
field ler.gth 
aost randot numbers ~sec was 

cell 
tracks 

entering 
population collisions collisions 

i weight 
nuaber 

1,eighted 
energy 

flux 
weighted 
energy 

I 
2 

l 
2 

193951 
193403 

182242 
181932 

176770 
54031 

( per history) 

8 .7233E-Ol 
2.6818E-01 

6.5134E-02 
9.0816E-02 

l .7207E+OO 
l.7061E +00 

weight energy 
(per source part icle) 

8. 9972E-O! l .7387E +00 
0. 0. 
0. 0. 
0. --0-;--- -

0. 0. 
l.1 778H 4 i. 5706E-05 
0. 0. 
" 0. v . 

0. 0. 
C. 0. 
0. 3.7042E-Ol 
3.oom-03 4.68:9~-03 
0. 0. 
2 .6526E-03 2 .0562E-03 
9.0549E-O! 2.~159E+CO 

cutoffs 
tco : .OOCCE+34 
eco O.OOOOEtCO 
~cl · 5. OOOOE-01 
wc2 -2 .5000E-O l 

0 
0 
0 

11217 in history :62661 

average 
track weight 
(relative) 

9. 0030E-OI 
9.0433E-Ol 

print table 126 

average 
track mfp 

(ca) 

3.1786E+00 
3.3877E +OO 
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JOB No. 22192 CAL No. 5 REV No. A DATE: 6/19/96 SHEEi No. 34 
OESC. C?t~:uJ ~CNP Ca!cuia:ions CAL Sy. DL APP Sy. 
~keff results for: title· a Pu soln optimum moderation L·l2N Vessel bare, Case RI! probid = 06/18/96 09:14:52 

the initial fission neutron source distribution used the I source points that .ere input on the ksrc card. 
the criticality problem was scheduled to skip 15 cycles and run a total of 165 cycles with nominally 1000 neutrons per cycle. 
this problem has run 15 inactive cycles .ith 16179 neutron histories and 150 active cycles .ith 166063 neutron histories. 

this calculation has completed the requested number of keff cycles using a total of 1822<2 fission neutron source histories. 
all cells with fissionable ~aterial were sampled and had fission neutron source points. 

the rest:l:s of the. test for normality a??lied to the individual collisior., absorption, andtracFlengtn kaff-crcl-e vafoes ar 

the K( collision) cycle vaiues appear sormally distributed at the 99 percent :o"fidence level, but r.ot at 95 ~ercent 
the k(absorptio") cycle values a~~ear normally distributed at the 99 percent co~fidence levei, but not at 95 percent 
the ~trk lengt~) cycle vai"es appear sor~ai!y distributed at the 95 percer.t confidence level 

the final estimated co~bined coli:s:c"/absorption/track·length Keff = 0.00904 with an esti~ated standard cevia:ion of 0.00022 ' I 
I 
I 

the estimated 68, 95, & 99 percent keff confidence ir.terva;s are C.00882 to 0.00926, C.00859 to 0.00948, a"d 0.00845 to 0.00963 : 
I 

• I 

the estiiated co;lision/absorption neutror. removal !ifatima = 2.95£·08 seconds with an estimated standard cevia:ion of 1.08E·09 : 

~~a esti~ated average keffs, or.e standard deviations, and 68, 95, and 99 percent con~:car.ce i~tervals are : 

keff estimator keff standard deviation 68\ confidence 95t cc~f idence 99\ confidence corr 

collision o.com 0.00026 0.00893 to 0.00945 0.00868 to 0.00971 0.00851 to 0.00988 
absorption 0.00891 0.00031 0.00861 to 0.00922 0.00830 to 0.00953 0.00810 to 0.00973 

track length 0.00910 0.00024 0.00887 to 0.00934 C.00863 to 0.00958 0.00848 to 0.00973 
col/absorp 0.00910 o.oom 0.00886 to 0.00933 0.00862 to 0.00957 0.00847 to 0.00973 0.4454 

abs/tr~ !en 0.00905 0 .00022 0.00883 to 0.00927 0.00861 to 0.00949 0.00846 to 0.00963 0 .4014 
col/trk len 0.00911 0.00024 0.00887 to 0.00935 0.00863 to 0.00959 0.00848 to 0.00974 0.9065 

col/abs/trk len 0.00904 0.00022 0.00882 to 0.00926 0.00859 to 0.00948 0.00845 to 0.00963 
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OESC. Optimum ~CN? :a:culations CAL By , 0~ , AP? ay. 
lplot of the estimated col/abs/track-length keff or.e standard deviation interval versus cycle nu;oer (, = final keff = 0.00904) 

cycle 
nuaber 

22 
24 
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28 
30 
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34 
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54 
56 
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68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 

8 0 009 0.010 active 0,007 O,CQ ' I 

I --•-----------------------••--•
1
-••••••••••••••••••••••••••••••••1 cycles :-------------------------------, - ' , 

7 : (-----------------K----------------) , 
1~ : (------- ---------(~----------------~-~------l---:--------) 

13 ( ------------------k------------------) : 

i; (-------- (-K--------------k-)--------------) 
: 9 ( ----------------~---------------- : 
2! ( --------------k------------- :-) 
23 (----------------~----------------- : 
25 t (---------------K--------------- : 
27 ( ---------------~--------------- ) '. 
29 : ---------------k--------------) : 
3! (----------------(---------------- ): 
33 (----------------k------------- :--) 
35 (---------------K------------- :-J 
37 (--------------k--------------J : 
39 (--------------i-------------) 
41 (-------------k------------- ) 
43 (-------------k-------------) 
,s + (-------------k------------ : I 

47 ( -------------k------------ ;) 
,~ ( -----------+----------- :) 
51 ( ------------ ~------------) : 
53 ( ------------k------------) i 
55 ( -----------k------------ ): 
57 ( ------------k------------) : 
59 (------------k-----------) : 
61 (-----------k----------:-J 
63 ( -----------k--------- :-J 
65 t (----------k-------- :--) 
67 (----------k-------- :--) 
69 (----------k----------): 
71 (----------k---------) : 
73 (----------k---------) : 
75 ( --------+---------) : 
77 ( --------+--------) : 
79 ( ---------k---------) 
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DESC. Optimum ~C~P Ca lculations 
lprob ~el!I sum:my 

REV No. A DATE 6/18/96 
CAL By . DL 

SHEET /lo. 39 
APP By , 

run teriinated ~hen 165 kcode cyc les were done. 

title - a Pu soln optimum moderation L-12S Vessel bare, Case R12 
0 
neutron creation tracks weight energy neutron loss 

(per source part icle) 

source 165694 9.9581E·OI 2 .1134E tOO escape 
energy cutoff 
time cutoff 

tracks 

122678 
0 
0 

06/18/96 08:54:tt 
probid = 06/18/96 00:13:32 

weight energy 
(per source part icle) 

7.0895E-OI 9.4426E-01 
0. 0. 
0. 0. 

weight wincow 0 0. 0. wei ht wind_ow __ Q_ 0. o~.--
- ce i: :-;;port a.:-i:-e-- 0 0. 0. cell i::portance 0 

weigr.:. cu:o77 0 l.2504E-02 6 .1625E-08 weig ht cu toff 43018 
er.ergy i~~ortance 0 0. 0. energy importa r. ce 0 
dxtra:i 0 0. 0. dxtran 0 
' , I ' • • • 0. ' ,orcea co.11s1ons V V • forced collisions 0 
exp. transfoa 0 0' 0. exp , transfo rM 0 
upscatter ing 0 0. 6.3787£-08 co:.rnsca t :er i ng ' V 

capture 0 
( n ,xn) 4 2.1753£-05 : .68!7E-05 loss to (n ,xn) 2 '. . , 1ss1on 0 0. 0. loss to fission 0 

total !65698 1. 0083£+00 2. ,134E t00 total 165698 

r.,mber cf neutrons banked 2 
neutron tracks per source part icle I. OCOOE+OO 
neut ron co ii isior.s per source partic le 2.3415E +OI 
to:al ~e~:ro n :ollisions · 3879698 
net mJltiplication 1.0000E+OC C.0003 

co:puter t ize so far ia t r.i s run 
computer tiie in mcru n 
source part icles per ~inute 
random numbers generated 

40.64 mir.utes 
40 .40 minutes 

4 .101iE+03 
39990967 

average lifetime, shakes 
escape 2.9651 E +02 
capture 3.3374E+03 
capture or escape l .1 730E+03 
any terminat ior. l .3697£+03 

maxizum nu iber ever in ~ank 
bank overf lows to backup fil e 
field length 
1ost random numbers used was 

·· range of sampled source weights= 7.7220£-01 to 1.8587E+OO 
!neutron activity in each cell 

cell 

1 
2 
3 

tota l 

I 
2 
3 

tracxs 
entering 

209410 
69850 

149909 

429169 

population collisions collisions 
* weight 

165695 
53305 

133310 

352310 

1136562 
2633184 
109952 

( per history) 

6.5122[+00 
l.0356E+Ol 
6.1 721E-Ol 

3879698 l .748SE+01 

nu1ber 
weighted 
energy 

2.6657E-03 
1.2766E-04 
2.8907E-03 

flux 
weighted 
energy 

1.1414E+OO 
4.8478E-Ol 
1.1497[+00 

0. 0. 
I .2303E-C2 6. 22J1E-oa 
0. 0. 
C. 0. 
0. 0. 
0. 0. 
0. 1. lS!CE ~oo 
l.WOE-0 1 l.263lE-C2 
l.0877E·05 ! .1 254H4 
l.2237E-C I 5.4526E-03 
! .0083E +O~ 2.1!34E+OO 

cutoffs 
tco ; ,OCOCE+34 
eco 0.CCOOEtCO 
wcl -5. 0COOE-O: 
wc2 -2.SOOCH l 

I 
0 
0 

7002 in history 72546 

average 
track weight 
(relat ive) 

9.7744E-01 
7. 5004E-Ol 
9. 4718E-O I 

print table 126 

average 
track mfp 

(cm) 

2 .3522E+OO 
1. 2281Et00 
3.0843E+OO 



I 1/ 9 .... / ic-,7 ?ii .. - . 
0 · · t ?, ~ I .;.1.; 18 - . 

ngina or ,;_.r _,. ~ • 'bate · / - ::.o - 7 ~ Cale N 02COW-CJ\• U""'-m O R ~---___c___ · o. -------- Rev. No. 
Proj~t p '-~G. ;t '!~ S D 1 Cl Job No. ~ ~ '~ ;l.. Checked l?.:{Ytirr}.J Date 10_}:,;23_/j__,__e, __ 
SubJect tA. ~ u C.!f~T"R.A-i70Al <S't'~'D!f?'1 ""Rt:Mc::>v4 "- C. 'iZ-111 L JI\.'- l 1"1' J<iil,J, ~ Sheet No.'----A!l~5 __ 
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DATE 6/18/96 
CAL By . DL 

SHEET No. 40 
APP By. 

lkeff results for: title - a Pu soln optim~m moderat ion L-12S Vessel bare, Case R12 probid = 06/18/96 00:13:32 

the initial fission neutron source distribution used the 1 source points that were input on the ksrc card. 
the criticality problem was scheduled to skip 15 cycles and run a total of 165 cycles with nominally 1000 neutrons per cycle . 
this problem has run 15 inactive cycles with 14247 neutron histories and 150 active cyc les with 151447 neutron histories. 

this calculation has completed the requested number of keff cycles using a total of 165694 fission neutron source histories. 
all cells with fissionable iaterial were samp led and had fission neutron source points. 

the results of thew test for normality applied to the individual collision, absorption, and track-length keff cycle values are: 

I 
I 

the k( collision) cycle va l.es appear "orma :ly distributed at the 95 percent cor.;:der.ce level 
the k(absorption) cycle values appea r norma !ly distributed at the 95 percent cor.fidence level 
the k(trk length) cyc le va lues appear norma ll y distr:~uted at the 95 ?ercent confidence level 

: t~e final estimated combined col: isfon/absorptio"/t rack-:e r. ;~h keff = C.35348 .ith an estioated standard deviation of 0.C0l76 
I 
I 

: the estiiated 68, 95, & 99 percent keff confidence in terva ls are 0.35!72 to 0.3552S, C.34997 to 0.35699, ar.d 0.34882 tc 0.35814 
I 

: the estimated collision/absorption neutror. remova l lifetica = l.~7E·C5 seconds with an est:mated sta"dard deviation of 1.25E-07 

the estimated average keffs, one standard devia tions, ar.d 68, 95, and 99 pe~cent con; idence inte~va ls a~e: 

keff estimator .keff standard deviation 68~ conficence 95\ co nfidence 99\ co nfidence corr 

col!ision 0.35091 0.00239 0.34851 to C.35330 0.34614 to 0.35567 0.34459 to 0.35723 
absorption 0.35404 0.00177 0.35227 to 0.35581 0.35051 to 0.35756 ~.34936 to 0.35871 

track length 0.35073 0.00242 0.34830 to 0.35315 0.34590 to 0.35555 0.34432 to 0.35713 
col/absorp 0.35354 0.00176 0.3S178 to 0.35531 0.35003 to 0.3570S 0.34888 to 0.35820 0.5983 

abs/trk !en 0.35348 0.00176 0.35172 to 0.35S23 0.3(998 to 0.35698 0.34884 to 0.35812 0.5659 
col/trk len 0.35084 0.00238 0.34846 to 0.35322 0.34610 to 0.35557 0.344S5 to 0.35712 0.9409 

col/abs/trk !en 0.35348 0.00176 0.35172 to 0.35525 0.34997 to 0.35699 0.34882 to 0.35814 
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OESC. Op timum HCNP Calcu lations CAL By . 0~ APP By. 
lplot of the estimated col/abs/track-length keff one standard deviation ir.terval versus cyc le r.u ~ber (: : final keff: 0.35348) 

cycle 
number 
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72 
74 
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90 
92 
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active 0.33 0.34 0.35 0.36 
cycles :------------------------------- :-------------------------------- :--------------------------------- ' 

7 (---------------------------k----------------------:----) 
9 ( ---------------------k---------------------) : 

11 ( -----------------------k-------------- :--------) 
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f ' ' 45 t \--------~--------- , 
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61 
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65 t 

67 
69 
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run terminated when 18S kcode cycles were dor.e. 

title - two Pu 1et1l/H20 L-16 Vessels in water , Case RlJ 

neutron creation track, wtioht energy 
(per source particle) 

source 185030 9.9984E-01 2.1138E+OO 

weight ~o11-indow 0 0. 0. 
cell ii~cr~at:ce 0 0. 0. 
weight cutoff 0 7 .2220H3 l.lOOOE-07 
energy itPor!anct 0 0. 0. 
dilran 0 o. 0. 
forced collisions 0 0. 0. 
up. transform 0 0. C. 
upscattering 0 0. 2.4903E-08 

( ~ ,xn) 8 3.moE-os 2.:mc:-os 
fission 0 0. 0. 

total !85038 !.oom+oo 2.:1Jmcc 

nu1be: of n!utrons bar.xed 4 
neutrc~ :~acks ~er source particle I .COOOEtCC 
neutron co il isions per so~rct particle l .4,72E•Oi 
total neutron coll!sior.s 2677770 
net ,ultiplicatior. l.OOOOE+OO 0.0002 

coapu~er ti:e so far i~ this ru~ 
cocp::ter tiae i~ mcru.n 
source particles pe~ =i:~te 
ranao• nu1bers senerated 

38.8? m:r.~tes 
38 .15 ain..ites 

U505Et03 
35759!!9 

neulron·!oss tncts 

~scape 119304 
en,r;y cutoff 0 
nae cutoff 0 
weight window 0 
ceil foportlr.ce 0 
wei;ht cu~cff 65730 
er.tr;y iJportar.et 0 
dxtra~ 0 
fo:cad collisions 0 
n:i. transfor1 0 
downscattering 0 
capt!Jre 0 
;oss to (~,x~) ' loss to fission 0 

~otai !85038 

average !i!etice, sha1es 
uca?e :.2532E~02 
capture l.1366Et03 
capt~~e or escape 5.0096E+02 
any termi~ation U3&2E+02 

i1xi1a1 ~::;ber eve~ !~ ~ank 
bar.k overflo~s to backup file 
f:.elc !ength 
most r.~dot n"ibers usea ~as 

rar.ge of sam~led source weights= 7.8064E·Ot to 1.2563£•00 
1~eutron activity in each cell 

cell 

1 C •, 1 
2 2 
3 3 

' 4 
s 5 
6 6 

to~al 

tucks 
entering 

185063 
15375 

12'859 
28363 
2202 

19077 

mm 

population 

160401 
um 

U2596 
2"32 

1609 
17204 

327703 

collisions collisions 
i weight 

( par history) 

1673404 a.mmoo 
S68612 l.9926Et00 

82213 usm-01 
260434 1.3650Et00 
80473 2 .8217E·Ol 
12634 U873E-02 

2677770 1.2eomo1 

nulbtr 
weighted 
energy 

2.2369E-03 
l.2297E-o, 
3.'2SCE·OJ 
2.1875E-03 
l.2278E-o, 
3.'98&(-03 

flux 
weighted 
nergy 

!,060SEtOO 
US70E-01 
1.1457Et00 
l.OSIOE+OO 
,.ssm-01 
1.1419[+00 

06/19/96 lJ:,6:20 
probid = 06/19/96 13:07:29 

weight energy 
(par sou~ce particle) 

uem-01 8,S499E-01 
0. 0. 
0. o. 
C. 0. 
o. o. 
7.3546£-03 :.16l9E-07 
0. 0. 
0. o. 
0. 0. 
o. o. 
0. l.2379Et00 
l.680!E-Ol 1.3267t·02 
! .smE-os 1.50S8E-04 
2.0332E-O! 7 .S~06E-03 
!.0071E+OC U!JSE • OO 

eutoFs 
tco l.OOCOEt34 
ecc C.000CE,OO 
:.iel -5.0000E-Cl 
wc2 -2 .SOOOE-C l 

0 
0 

7287 in history <1423 

•verage 
~rack wei;ht 
(relative) 

9.8034(-01 
7 .4559E-01 
9.64SOE·Ol 
9.9073£-01 
7.4'S3E-01 
U4'6E·Ol 

print table 126 

av,nse 
track 1fp 

(c:11) 

2.28'5Et00 
l .2175Et00 
2.8935EtOO 
2 .2731£+00 
1.2221[+00 
2.901!Et00 
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:keff results for: title· two Pu metal/H20 L- !6 Vessels in water, :as, "lJ probid = 06/19/96 13:07:29 

the initial fission neutron source distri bution used the 2 source points tha: were input en the ksrc card. 
the criticality pro~:u was scheduled to skip 1S cycles and run a total of. 185 cycles with noainally 1000 neutrons per cycle. 
~his problem has run 15 inactive cycles with l44J3 neutron histories and 170 active cycles with 170597 ntutron histories. 

t~is calculation has c01pleted the requested ~u gber of kef! cycl as using i totd of 18illO_fission neutron source lflstories. 
all cells with fissionable uterial were supled i ~d had fissi-o-r. neu-tron source points. 

t~a resu!~~ of ~~e w ~es: for norsi lity app lied ~o =~e i~~ivi~~a l c: !!isi c=, a~sor?tior., and track-:e:s:~ kaff cyc!e values are : 

the k( cc~~ :~io~) cycle v1iues 1ppea; ~orial:y cis tr ij~~ec lt the 95 peret:t c~~f icence !eve! 
tr.e i:absorpti0r.) cyc!e values appear nor :a :lr dist~:=~~:d at the 95 percent co:fider.ce !evel 
the k(trk !e~gt~) cyc le va lues appear ~o rma l y di~t:ibuted at the 95 perce~t co~f idence l eve l 

the fi:al estiiattd co~binec co l!isioa/absor;t~.:/ t;ac, -le";:~ ieff ~ C.58(7: ~ith ar. estiaated sta~carci ceviiticJ of 0.00208 
I 
I 
I 
I 
I 
I 

t~e asti&a~ed 68, 95, & ~, ~erce": keff ccnficence inte:,a is are o.:a263 to O.S8679, o.58057 t~ 0.58885, and o.S7922 to 0.59020 : 
I I 
I I 

: the es:i:atee eoll isior./aosorpt ioa ~eutron :e~ova l :Ife:i:e ~ 5.01:-06 sacor.ds ~ith a" asticated sta ncia:c cavia:io" of 6.C3E·08 : 

the es: ;gatec tveraga ke~fs, ole s:anaa:d deviations, a~d 68, 95, a~c 99 perceJt co~ficence intervals are : 

iteff es,icator ,,ff standard dev iatic r. 6H co;;f.:dence 95J, c~ ::f~conce 991 co r.f ider.ct 

coll isio ~ 0.sam 0.00289 o.sa:5J to o.58731 O.S7867 to O.S9017 0.57679 to 0.59205 
absorption 0.s8m C.C0207 C.S8323 to C.58731 0,58118 to O.S8942 O.S7983 to O.S9077 

track length 0.58258 0.00295 0.57963 to 0.5855' O.S7670 to O.S8847 o.57478 to 0.59039 
col/absorp 0.58521 0.00206 0.58315 to 0.58728 o.58110 to 0.58932 0.57976 to 0.590,& 

abs/t:k len 0.58496 0.00206 0.58290 to 0.58702 0.58086 to 0.58906 0.57952 to 0.59040 
col/trk le~ 0.58392 0.00292 O.S8100 to 0.58684 0.57810 to 0.58973 0.57621 to 0.59163 . 

col/abs/trk len 0.5847! 0.00208 0. 58263 to o.58679 0.580S7 to O.S8885 0.57922 to 0.59020 

·, 

corr 

I 
I 

0.&300 
a.ma 
0.9501 
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4.26. It is informative to contrast the surface density and density analogue models applied to a 

large number of units. Consider 20,000 units as described in 4.24. The administrative control limiting 

the number of units in one direction to only two would permit a center spacing of ~0.7 m, by Eq. 

4.6. On the other hand, no comparable administrative control would be required by the density 

analogue method and any arrangement of the 20,000 units would be allowed , but would necessitate a 

spacing of ~ 1.3 m. 

4.27. The safety limits for water-reflected arrays may be extended to ind iv id ual arrays 

reflected by concrete of any thickness by the following: 

• The surface density, a, of Eq. 4.5, for water-reflected planar arrays is reduced to 60% 

for similar concrete-reflected planar arrays to determine the allowed spacing. 

• The average fissile material d~nsity for concrere-r-eflected arrays of any shape is 50% of 

the average fissile material density for similar water-reflected arrays. 

• The number of units for concrete-reflected arrays of any shape is I / 4 the number of 

units for similar water-reflected arrays. 

4.28 . Experimentally determined unreflected spherical masses or values calculated by a 

validated method may be used in Eqs. 4.5 through 4.8. Table 4.4 lists some useful calculated data 

for the materials of Table 4.1. 

Solid Angle 

4.29. This method was developed67 as a quick, empirical means of evaluating interaction 

between small numbers of moderated fissile units . The technique has been extended in practice to 

arrays containing large numbers of units. Application of the method, which is based on experiments 

with aqueous solutions, to small numbers of closely spaced units characterized by a fast neutron 

spectrum c;n result in nonconservative spacing. 50
'
68 Specifically, direct application of the 

relationship between k,rr and the maximum allowable solid angle could lead to critical configurations 

were there not a required minimum spacing of 0.3 m between units. Guidance for the storage of 

these units can best be obtained from American National Standard Nl6.5-1975. 

4.30. The solid angle method specifies a maximum allowable solid angle subtended at any 

unit, with a neutron multiplication factor k,rr, by all other units in the array. A given array is then 

judged to be subcritical if the actual solid angle is equal to or less than the allowed solid angle given 

by 

n , llnv. c~ = 9 - lOk,rr (4.9) 

where 

n,llowcd the allowed solid angle in steradians (sr) subtended at the center of any unit by the 

remainder of the units in the array 

kcrr = the neutron multiplication factor of the given unit. 
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Table -4.4. Some Calculated Unreflected 
Spherical Critical Masses 

Material Atomic ratio, a Density, Mass, a 

form H:U or H:Pu (kg U// or kg Pu//) (kg) 

U(l 00)Metal 0.0 18.7 45.6 
U(l00)O2 0.4 8.3 81.7 
U(l00)O2 3.0 4.5 57 .8 
U(93.2)Metal 0.0 18.7 52. l 
U(93.2)O2 0.4 8.3 90 .2 
U(93 .2)O2 

3.0 4.5 63.5 
U(80)Metal 0.0 18.1- · 69.8 
U(80)O2 0.4 8.3 111.3 
U(80)O2 3.0 4.5 74 .0 
U(70)Metal 0.0 18.7 89.l 
U(70)O2 0.4 8.3 133.3 
U(70)O2 3.0 4.5 83.4 
U(50)Mefal 0.0 18.7 159 .6 
U(50)O 2 0.4 8.3 207.7 
U(50)O 2 3.0 4.5 112.8 
U(40)Metal 0.0 18.7 228.0 
U(30)Metal 0.0 18.7 379 .7 
U(30)O, 0.4 8.3 409.6 
U(30)O 2 3.0 4.5 150.0 
U(5)O2 3.0 4.6 494.6 
Pu(l 00)Metal 0.0 19.7 9.9 
Pu(l00)O2 0.4 8.7 26.6 
Pu(l00)O2 3.0 4.7 28.6 
Pu(94.8)Metal 0.0 19.7 10.3 
Pu(94.8)O, 0.4 8.7 27 .9 
Pu(94.8)O2 3.0 4.7 32.7 
Pu(80)Metal 0.0 19.7 11.6 
Pu(80)O, 0.4 8.7 32.l 
Pu(80)O~ 3.0 4.7 42.4 
233 U Metal 0.0 18.4 15.7 
'• •uo, 0.4 8.2 34.4 
2 3 3 uo, 3.0 4.5 31.6 

aTotal uranium or total plutonium. 

The neutron multiplication factor of each unreflected unit by itself is estimated by a validated 

calculational technique. The following conditions must be satisfied in order to apply the method: 

a. The k.rr of any unit shall _not exceed 0.80, 

b. Each unit shall be subcritical when completely reflected by water, 

c. The minimum separation between units shall be 0.3 m, and 

d. The allowed solid angle shall not exceed 6 sr. 

4.31. The actual solid angle between units~ calculated by the methods illustrated in Figs. 4.1 

and 4.2. The contribution of a unit to the solid angle at a point P is a function of its surface area and 

its minimum distance H to the point P. For arrays of simple identical units at uniform spacing, the 

interpretations of H and P are straightforward. For these arrays, P is chosen as the center of the 

"centermost" unit. The total solid angle subtended at this point is, then, the sum of the contributions 

due to all other units in tqe array. 
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POINT -TO-ARBITRARY SHAPE 

Cross Sectional Ar• n-
(5ep• rationl2 

POINT-TO-DISK 

where 

R • Redius of the d~ 

H • Distance from the point P to the 
surface of the d isk 
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POINT-TO-CYLINDER 

LO 
n•--:==== 

H ./(L.12)2 + H2 • . 

where 

L • Length of the cylinder 

D • Diameter of the cyl inder 

--Fi• Distance from the point to the 
surface of the cylinder 

p 
-H 

POINT -TO-SPHERE 

n - 2 .. (1 - -==1 ==-) j, + (R/H)2 

where 

R • Redius of the sphere 

H • Distance from the point to the 
surf.ce of the sphere 

POINT-TO-PLANE 

n- sin-1 

[ 
AB 1 
~~ 

where 

A • Length of one side of the plane 

e • Length of the other side of the plane 

H • Perpendicular distance from the point to 
the plane 

If the point is directly eboYe the center of• plane with dimensions 
2A x 28 (rather than over• corner as shown above), multiply n by 4 to 
obtain the 10l id angle. 

L 

2 

Fig. 4.1. Solid angle approximate formulas. 



OFFSET CYLINDERS 

The 101kt 1ngl1 subt•nded • t point P by the curved surfec• of the 
ofhet cylinder shown below 

c• n be 1Y11lu1ted by superposit ion. To do th is, the 101kt angles subtended 
by cylinden with lengths 2 ( L + X) end 2 X • re calculated 11 shown 
below. Th• desired 101id angle is !01 - 0 2)12 where 0 1 • nd 0 2 •re 
11 shown. l 

Thus 
101 - 0 2 1 

o-----
2 

D(L + X) ___ o__ + contribution from disk. 

Hjx2 + H2 

Th• 10lid 1ngl1 a,btended by the bottom of the cylinder c• n be 
1111lu• ted 11 • n offwt disk . 

Fig. 4.2. Superposit ion application of solid angle formulas . 

OFFSET PLANES 

For plane S, shown below the solid angle 0 , is given by 

Os • 0 1A+BI X IC+DI - 0 1A+B)X C 

H 

Using the point to plane formula from Fig. 4.1 

0 . -1[ (A+ 8) (C + D) ] 
s • 11n --;= = ~ =~-;::= =::::::::=;: -

/IA+ 8)2 + H2 .}(c + 0)2 + f-12 

- sin-1 [ AIC + D) ] 

jA2 + H2 .}(c + 0)2 + H2 

ORNL-DWG 77-14244 

sin-1 [ (A + 8 )C ] 

j(A + 8)2 + H2 ~ 

OFFSET DISKS 

Rather complex expressions for th• sol id •
1
ngle result when the point Pis not directly •bo~ the 

center of th• disk. A conservative approximat ion for th is offset case is to apply th• point-to-d isk 
fonnul1 In Fig. 4.1 with the distance H defined II the perpendicul• r dist•nce from the point P to the 
pl1n1 of the disk. 
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4.32. For other arrays the procedure is similar, but the solid angle at each unit must be 

calculated and compared to the n,now•d for that unit. Care must be exercised in selecting the point P 

for a unit of complex shape. If each total subtended solid angle is less than its respective allowed 

value, the array is judged subcritical. 

4.33. Application of the method to other than solutions should be approached with caution. 

More detailed analyses50
'
68 indicate that some large arrays of metal units spaced by the solid angle 

method may not have an adequate margin of subcri~icality. 

4.34. The solid angle method should not be applied unless the following array reflector 

condition is satisfied: 

The effectiveness of the reflector is no__ greater than that of a thick water reflector 

located at the boundary of the array. This boundary is no closer to the peripheral 

units than half the separation between unit surfaces. 

Concrete reflection on three sides of the array can be shown to meet this criterion. For full reflection 

by concrete thicker than 12 cm, the allowable solid angle shall be reduced by 40%. -
. Other Methods 

4.35. Models and methods shown to satisfy the requirements of American National Standard 

Nl6.9 may be used to establish nuclear criticality safety limits. It is emphasized that the concept of 

the method, its parameter dependence, its uncertainty in biases, and its area of applicability must be 

clearly understood . Appropriately, a user should document , for himself and for others, his ability to 

apply the method . 

A method, well described and extensively correlated with the results of critical experiments, is 

Clark's albedo method. 69 Various tables and graphs of parameters have been published 70
•
71 which 

facilitate these hand calculations . 




