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SELECTION OF IMPORTANT
MONTE CARLO HISTORIES

Stephen D. Egbert
Science Applicarions International Corporation

The 1986 Dosimetry System (DS86) for Japancse A-bomb survivors uses information
describing the behavior of individual radiation particles, simulated by Monte Carlo methods,
to calculate the transmission of radiation into structures and, thence, into humans, However,
there are practical constraints on the number of such particle "histories” that may be used,
First, the number must be sufficiently high to provide adequate statistical precision for any
calculated quantitiy of interest. For integral quantitics, such as dose or kerma, statistical
precision of approximately 5% (standard deviation) is required to ensure that statistical un-
certainties are not a major contributor to the overall uncertainty of the transmitted value,
For differential quantitites, such as scalar fluence spectra, 10 to 15% standard deviation on
individual energy groups is adequate. Second, the number of histories cannot be so large as
10 require an unacceptably large amount of computer time to process the entire survivor data
base. Given that there are approximately 30,000 survivors, each having 13 or 14 organs of
interest, the number of histories per organ must be constrained to less than several ten’s of
thousands at the very most.

Selection and use of only the most important Monte Carlo leakage histories from among
all those calculated allows the creation of an efficient house and organ radiation transmission
system [or use at RERF. While attempts have been made during the adjoint Monte Carlo
calculation to bias the histories toward an efficient dose estimate, this elfort has been far
from satisfactory. Many of the adjoint historics on a typical leakage tape are cither starting
in an energy group in which there is very little kerma or dose or leaking into an energy
group with very little free-field fluence to couple with. By knowing the typical free-field
fluence and the fuence-to-dose factors with which the leaking histories will be used, one
can select histories from a leakage tape that will contribute to dose and reject the histories
which add little dose information. As will be shown, a large number of histories can be

rejected without causing an unacceptable increase in the statistical uncertainty of the desired
dose calculation.
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Method
The history selection method can be outlined as lollows:

1. Run an adjoint Monte Carlo transport code to produce a leakage tape that has more
than enough histories 1o sift through (e.g., 400,000 to 600,000).

2. Use a forward-adjoint fluence coupling code to couple this leakage tape o a free-
ficld fluence tape. Score the dose according to each starting and leaking energy
group combination. Also calculate the variance of cach of these doses by analyzing
the variation of the dose between the baiches of histories.

3. Minimize the Monte Carlo uncertainty on the total dose by selecting a subset of
histories such that the number of histories for each combination of starting-leaking
energy groups are proportional to DOSE;; * FSD;; * 4/IV;; .

The DOSE;; is the dose resulting from [ree-ficld fluence group i resulting in dose in kerma
group j. FSDy; is the Monte Carlo fractional standard deviation of DOSE;;. An Ni; is the
number of histories needed to get FSDy,.

Mathematical Basis

The mathematical basis for this procedure is as follows. The total dose from a forward-
adjoint coupling calculation is determined by:

Total dose = Ry,
i

= D R} Ty (1)

i

where
¢; = [ree field fluence for energy group i,
¢; = shiclded fluence for encrgy group j,
Ti; = [luence transfer from group i (free field) to group j (shiclded), and
R; = response function for each energy group j.

IT it is assumed that the variance of a transfer matrix element Ty; is independent of other
clements, then the total variance of the dose can be calculated by:

o? = DRic?
;2 2
‘E‘;RJ' ? [‘#"I- Jif]
= ?R,:‘-'?{#‘u Ty F8C)* (2)
where
a? = the variance of the total dose,
o3 = the variance of shielded fluence group j,
u-f*;- = the variance of the individual transfer matrix element Tiy, and
F5D;; = the FSD of transfer matrix element T;;

(it is the common output statistic of the DRC coupling system).
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Finally, it is assumed that the FSDy; is proportional, with constants of proportionality
Kz, to the inverse square root of the number of histories N;; on the adjoint leakage tape
going [rom group i W group j,

FSDy; = —ii (3)

1..-"N;_1.'

While the assumption of independence may not be entirely accurate, the results of our
assumption can be tested later with real calculations.

Minimization of &2 with respect to the number of histories going from k o 1, Ny, will
provide an optimum number of histories in each element of the transfer matrix. This is
accomplished as follows:

do?

6Ny

I
=

From Equation (3)

0=S" RS 2 TE K3 olwal E R? Z gl K ol )
- 3 - Ny NE. a Ny

Mow evaluate: §N;; /6Ny, .
%ﬁ = 1,itfi=kandj=1,

but
6Ny et :
-EN;:[ =—Cjkt,sfs # korg # 1.

Also

N = EZNH (3)
7 i

6N 5 N;; 6N | 6Ny
NG ?E EN:, T ggﬁﬁz '"?ﬁ"j'

0 = ZZ — Clijrt| + 1 (6)

J#AL ik

Thus, on retuming to the minimization of o®,
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6 Ty K5 Cin

N:'-j' o

R} 4373 K 2
= =NE REDT
kl 71 izl

This 15 solved when
N = RIGiTHER A (7)
where A is a proportionality constant that can be used for normalizing the total number

of historics, To determing the constanl Ky, a coupling calculation can be used to which
calculates FSDg, from a number of histories Ng,. Then:

Kjy = FSDi Ny (5)
Nip = Ri,¢iT5 FSDiP NG A (2]

A is determined from Equation (35)

N = AZRIZMTHFSJD& N (10)
1 P

and

N
e (11)
E|R1 ?rﬁh T FSDE /NG

Thus, the optimal number Ny; is found to be:

Ry ¢y T FSDY /N,
EIH1 % e Ty S DY, /NG,

Ny (12)

This expression can be evaluated in a two-step process (o separate the process of free-
ficld Muence optimization from that of dose-response optimization. Rewriting the expression
in two parts is done as [ollows:

$i Tir FS Dy /N,
i
E ¢n. Tt FS DRy /N,

By B¢y Tog FSDy /Ny
TRy T éx Tu FS D, /N

Ny = (13)

N, =

(14)

The first expression selects the number of histories leaking in each free-field group k given
a shiclded group 1. The second expression tells how to optimize the various shiclded groups.
The operation could be performed also in one step if desired.

The two equations above have also been modified so that emphasis can be put on part
of the free-field spectrum or on part of the response function.
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: Fr ¢r Tha FSDF o/ N,
Lk ¢k T FSDE \/NE,

(13)

My By T Fy ¢y Toa FS Dy /Ny,
-?-ﬁtﬁ By B Fy i Toa FS DR, /NG

were Fi 15 a fluence multiplier for group k and M; is a response multiplier for group 1.
This modification is necessary so that in situations where certain parts of the spectrum (e.g.,
neutrons) do not contribute much dose, their contribution to improve their statistics can be
arbitrarily increased.

Another practical concern is to ensure that Ny, the number of desired histories, is not
larger than N, the number of available histories on the large leakage tape. Also, it might be
wise not to reject too many of the unimportant historics because as the number of histories
in any transfer matrix element is reduced the chance of a Monte Carlo anomaly increases.
Then the hoped for improvement in statistics may fail to appear.

Example

The optimization procedure was carried out for a phantom organ adjoint data set placed
in the Hiroshima free field. The result illustrates the use and benefit of this method for
reducing coupling time.

First, an adjoint MORSE-VCS calculation was performed to produce a large-number-of-
histories leakage tape. The specific details are as follows:

Phantom: Japanese adult

Organ: marrow

Starting histories: 400,000

Leaking histories: 582,233
Orientation: left side 1o burst, standing,

Second, a tape of free-ficld fluence was prepared. The specific details are as follows:

City: Hiroshima
Ground range: 1500 m
Radiation: neutrons, prompt and secondary gamma rays.

The phantom shielding and free-field Muences were coupled using the DRC code that is part
of the VCS5 system. Modiflications were made o calculate also the fluence transfer matrix,
Tii; the number matrix, Ng;; and the FSD matrix, FSDf,, in addition to the usual DRC
output. Table 1 shows the main radiation doses and the FSD associated with them. Tables
2 10 4 show the Ty, N, and FSDyy obtained from this coupling that used all the histories.

Based on the experience at RERF this coupling would cost approximately two minutes
of CFU time and eight minutes of clock time per individual organ. For 10 organs and 10,000
survivors that would be about 5 months of CPU time and 18 months of clock time. Such
long times are unacceplable for practice.
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Table 1. Comparison of Organ Doses and FSDs with Various History Biasing Schemes.
Wirashima, 1500m Grownd Range, Marrow (= 600,000 Leaking Histories)

9% Heduction in Histories

—— e Lp—

Aldl Ramdom Leaking Siarting Leaking® Starting®  Dec 84
Historics Fejection Bins Bias Al Bias Birs Alsn  System
DOSEES (racd)
Meutran 261 241 265 263 259 259 274
Frompt Gamma 19,104 20460 16.T62 18.553 18.559 [B.918 18.859
Dicbrls Gamma 23681 24,495 13,934 11.844 21524 22804 25.101
Boddy Gamma 198 189 el 199 180 205 157
S0 (in percent)
Neutron 10693 10.4(9.4) 5.9(5.9) 34.3(27.5) 3.7{3.9) 48(4.9) 4.9
Prompt Camma 1.401.5) 13.3(14.8) B2(1L.0)  4.4(4.6) 11.6011.3y 5,3(5.7) 58
Dicheks Gamma 1.5 13.9 B.7 601 10.1 7.7 6.1
Body Gamma 2:1(1:2) 9.8(11.9) 11.4(29.9) 31.1(30.2) 7.5(7.1) $.3(5.3) 8.1
i of Histories 582233 5822 5R22 SR2Z LR22 S22 29549

Estimated Clock [ For
10 orpams 100 sairvivors

LE mionth 6 elnys 6 odays 6 odays & days f days 30 days

*Meatron fuenee multiplicd by SO0 (o improve statistics on noolron componenis
() values in parenihesis imbicate estimated values by summing individual varlinces

A prediction of the wotal FSDs on the major dose components was made by summing
the variances in Tables 2 1o 4. This procedure assumes a reasonable accuracy in the FSDs,
Table 1 indicates the predicted FSD results in parentheses. The comparison with actual FSDs
15 good except for body gamma. It is likely that the exception is caused by the large FS5Ds
in the transfer matrix of this dose component.

MNext, the results of several history biasing methods were illustrated for a 99% reduction
in the number of histories. This smaller number of historics reduces the estimated clock
time to about four seconds per individual per organ. It would reduce the otal time to do 10
organs for 10,000 survivors o six days.

Random rejection ol histories 1o leave only 5,822 of them results in doses and FSDs as
shown in Table 1. The new matrices Ny and FSDy; are shown in Tables 5 and 6.

Mext, histories were selected based on the importance of their leaking energy. The doses
and FS5Ds are shown in Table 1. The new matrices for Ny; and FSDy; are shown in Tables
7 and 8. Note the dilfercnt emphasis on the number of histories leaking out at large neutron
energics. Because there is litde free-ficld fluence at the high energics, very few historics are
selecled that leak at high energics.

Finally, histories were chosen based on the importance of their leaking energy and on
their starting energy. The major doses and FSDs are apain shown in Table 1. The new
matrices Mgy and FSDy; are shown in Tables 9 and 10, Note that this time there are very
few neutrons histories at all. ‘This is because the neutron dose is only a small part of the
total dose. The loss of histories is unacceptable because, while the neutrons are relatively
unimportant in the total kerma or dose, they are important because they produce more effect
per unit dose. Thus, the histories were reselected based on the importance of their leaking
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Table 2. Fluence Transfer Matrix ¢ Ty for Hiroshima 1500 m Ground Range. Fluence Coupled
with Marrow Leakage Tape (582,223 Histories)
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Table 3. Number Trangfer Matrix, Ny, for Hiroshima, 1500 m Ground Range. Fluence Coupled
with Marrow Leakage Tape (582,223 Histories)
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Table 4. FSD Transfer Matrix, FSDy, for Hiroshima, 1500 m Ground Range, Coupled with Marmow

Leakage Tape (552,223 Histories)

SELECTION OF MONTE CARLO HISTORIES

“.lllr.Ilr.l..lr.l..rI.l..'II'.I.".l.'Iilfll..'ill..-.."il.-'llf.rll.lrl.l..rl.l.llr.lrl
=~
.Illllllllll.lll.lllr.rlll.rllrr-.l.ill.r..rrr-.rr".l.lll.lll.l.ll"lrllﬂ

o oy oy . e g . e T N e I e o o o e o .

T L L L L LR L L L R R R N LT R R L TR TP R T R L T T T L LR LR T
i

LR L] R L AL AR LAERLILLRLLERLRLILRERLERLRELLELLLLLLLRELLLELERJIE]

-
-
CE LR RELE ERELE LELERES AR EREE LT EREL L EERRLLERL L ELE LR L ERL ERET N

-

e R A IR S S
e e

LR L L LR LR L L LERLLERLIELRERLLLERRLLSRILLLERILLLELLEL L &

e

L
¥

LR L L LN LR R LR L LR DL L L LR LR L L .-."ul-“

.rrl.l.lrlll.l..rr.r..lrI.I.Irlr.rIIII.'IIII.I.'EI.T.IrI*.Irr.I.r.IH i

T

i
1k
it
1k
118

LR L L LELE L L L L L LERLLLLELLEESR LELELLLERLRLLRELEE L Lt 4 2ol
BT

(L E LN B L LR LERLLRERLLELEELELL LR L ERLLE Y LELEL R
B g .

O O e B e o e e
e
e L L L e L o o
- NIRRT E W RN N
P e
i e B P g O

O T
e o g s s e L o o et o

L L e L R e e ]

am
i
1]
1
L1
§i
i
:
T
¥
i
i
k]

== rm =
e Ty
TPy
.
e e et L]
= by e
D e
Ermmbr A—mmmmn -
O W S SRS SRR e S e
B e
e - -
- =a P e 1
SRR RSN E R RSN SEES e - - o
= R o
]
P
mrw -
Fi a8 =
O Y e
————— ey . e g S e e
—
S P P o O e e O
———————=Tm S e e
u =
B e T s
LA R L LR AL L L EEL LR R L Ll £ b ol &l L L el L]
CLL L L LR L R L L L L L e B e Bt s ok e
b LRt o B o Nl L
- v

L R e R R s W e
E e e

]

g
[
r
i
w
L
i
]
L]
’
il
il
L
il
[
n
i
il
L
w
4
i
i
P
[
i
*
i
%
¥
|
1
1
L
i
4
i
L

LR R R L L E L R e el S R L L

- ol 0 e
-l ek W ek e r 4 - - -y

B rmemda e

O P P Y P P P e R

e . e e B et 8 2 e [l e e

b LR Bl bR bl T o ffal B bl & f Tl | Jud oot fahfen 1 1oy 2 {3
e e e g e e ey e = e

LLEELL LA L L L L et l.l..-_-.-_-“."

=y

LE LR L L LT Bl

L1 ]

LR N N

IRANTED EERIT SRDUF

P e T P anma
b prfrpal v gl § —fado ol i e

s O e L L e e e e el B o . . e o R e
||||||||||| S T P P o ot b o s "t g £ - 0 ool e T i
e b lte et fa et ettt b et o Btk L LT
e ek o e o s o o oy 0 e 0 L 0 b o L X1

igd

[ L T T T T
i i i e o s - SO . e s B

ANEAD LDSNEN &) EFTEE

459



Table 5. Number Transfer Matrix, Ny, for Hiroshima, 1500 m Ground Range. Fluence Coupled

with Randemly Reduced Marrow Leakage Tape (5,822 Histories)
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Table 6. FSD Transfer Matrix, FSDy|. for Hiroshima, 1500 m Ground Range. Fluence Coupled
with Randomly Reduced Marrow Leakage Tape (5,822) Histories)
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Table 7. Number Transfer Matrix, Ny, for Hiroshima, 1500 m Ground Ramge. Fleence Coupled
with Optimized Leaking History Marrow Leakage Tape (5,822 Histories)
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Table 8. FSD Trander Matrix, FSDy. for Hiroshima, 1500 m Ground Range. Fluence Coupled
with Optimized Leaking History Mammow Leakage Tape (5,822 Histories)

LLICTN] IFIAEY DAGTF 1o (e} a 53

Y BRRS R CRl R B ST e et TR bl et JBeod e S BRI A e W o IR T Al S R T R
PR T T e T T e e e e e B e W N e e W Ml S Rl Tl
R ] i o 2 v ¥ i T O® m ¥ I d o "l ' # d B @ @ ] S | ] ] N R R R
MR R | ] ] (] # [] ] 4 "B | ] [ [ ] ¥ R ] L r o B0 ] [ L] i F ¥ E .F QB
R Y T R P [T ot et BT [uretl s Lol e U R BT | LR R Joet P TR P BT PRt B R L R Lt et
R el S R T T e R e T ] Wl WAl W e Sl B
Bl il Al E - F R AT Al i il il T N e o E e e e e e R [ Tl oL
o ] = e e el T Rt B R PR R S e e R | I W I 2 W ol s W e I T s e B ey I,
R R e e R TR e e R R R T e R R ot o ERLE JEOH RS Sl Bt et e L TR B B L
T I e R B e L e R e i B Bl o T e EURT sl (e i Ll B L
1r ¥ ] ) [l ] ] ] 4 Er AN L ] row [ ] w ¥ ® B E = N L) ¥ & L] L] 4. B ® ¥ @
[T I T R T R | P i F & @& ¥ ®© & ¥ & 1 et S SR TR TR R Bl R e Fies L Bl L e
B h R R OF R T R s Iy et e N i T | e i TR B TR [P e e P e Foet BRI Pl R |
R LI IR R | T e e O, B T B i 0 e B Ll S WA R TR
ad1 R TR F | r o ] i & 0 ] T om ® P @ ¥ L L ".oaa i L N i [ B POREN DERE DA
10l Th &? Kb 24 4 BRI BT IS o Bl SR BT RS PR | et oC il L S VL P DR TR Pl T S § s T e
n 1A T B T e oo e e e B et | W S W Wl T O LI IS S TR
& & ¥ ] a w ] " R " ] ] L] § ¥ K ] [ ] [ ] [} L] 1] L] i ¥ ]
] Tk a a m " 1 B OR R W ¥ ] ] | | '] (] '] ] R | - Ll ) R P
H e e R - e = o - - i I e S e SR R T e
) ISR I I R T T R I | It NP el AR P el A Tt el | o] Rl 8 T
W wi 11 313 R R o T B Rt R R e Coa Bty E e D Lo LR Rl el R |
i 1 I &N 1¥ 1T I I ™ 1 ] i | I ] ] L] L | ] | B R R R |
=50k e T AN PR C LY S I T R | e BT S T I S ST Pl L S G o S
=R R Ialid LRI AR CH IR L R T R Wi S M W R P WA W I e W W W o T
LTI T L TFLE R E IR T T o s B W W W e S AT
ALERTIRSRATINR P INDR ) 3 P Lo s e gl Bl o e e e il el
FERR I PIIRT PRI INET Ee F ] [ ] [ R R | N | [} [] A R L e | ]
17 THE L ] S e e e e R R S T B
T TR Ty T AR o Er (O I Bl R Fe i B R TR B
(TR T e | e | El ISRy B RO Pl JaalT ol e g R [ RSl D |
T 3 T | R | T ] ] [ ] " L r E N n E@ ]
R T A ma dkm il ] [} ] i i v ] ] Ll L] ]
W pi PR oER ar Wk oo ® B F ¥ K 4 E ® a
WF PR ERCBR ORI RECEE W @ B ¥ ¥ & KN A @ 4
Ps w3 B} RF A% AD KRR A L | [ I T E R | r
| o DSH RO o O e | O T O I ¥oO9 ® & & &
PEELFEEE] R R Fi 8T I LLE L | P §- B & B ]
BEiar  @Elid 0 L] # @& ®F ®F @
FATERNRE FERIFRaa 00k TH al L] # F &
MieEwks - & B < O R TR |
A AFE  dd L] u
ikl ZAF 20N ]
e 14w ik
LIF L LK 13
i B ¥ L1
(LI LTI 14 ]
Fd& 33k ati fr
AL TS ] W@ 8% §TF 1

EEE it Wi

] 2 ali a
IR

JUITAVIRIREAAD FALE BN EEF 1R a3F

FRii-TaidardeErdanpang VEGAE & & BT R I0E

FRIPETHEGR AR I adFiRa P2 iRIakal dklidm Fol d3i SiE 1k

phi grdpdas

1k
sagna plddEiFarrerrea s Rid A LI FRNmE o FRI LRI Fal dam W0
LA ] LA KR | L] FIEEE RIMAFLRIHEAAART 407 LEFEDIE

#i
(LT
5 ] oy
[ ] d & 'l '] [ [ [ (] " ] L] L] r ¥ I ¥ i Rk ] [ By BN IR | L]

LN N e R R S ey A ey e L L RN L L]

T LRI N TR R AR R R R R R R AR R R L RN R R R R LT L

]

-

e
T

By e i A ARLESLEFAT AR LSS SRS SN TS EE NS R RS EE SR EE SN ..

EULRR] |

TS A O R R R T N L LR R R L LI S T R

i
] ]
P T
ie  EHI
LI 1]
Wik
ks N
Ika 183
el

h-I'h'h-I'hr-'.-'hlh‘-'l-llil."“'-‘

e

R —————————

(1 EE AL LR LEd LA LERELILENRLLERILLRELLELRELLLELRSLLL L LLLRLLLLLL.]

EE L A L L LR L L L LR L L L R LR L
=

e

LR TR TR
Al IAR IDR IPR AE dR

FLINOW A0 NOTLOATSES

SHAIYOISIH OTHY 3



Table 9. Number Transfer Matrix, Nij, for Hiroshima, 1500 m Ground Range. Fluence Coupled

}
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with Optimized Leaking and Starting History Marrow Leakage Tape (5,822 His
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round Range. Fluence Coupled

th Optimired Leaking 2nd Starting History Marrow Leakage Tape (5,822 Histories)

Table 10. FSD Transler Matrix, FS8Dy, for Hiroshima, 1500 m (

SELECTION OF MONTE CARLD HISTORIES
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Table 11. Number Transfer Matrix, N, for Hiroshima, 1500 m Ground Range. Fluence (Neutrons Increased

50 Times) Coupled with Optimized Leaking History Marrow Leakage Tape (5,822 Histories)
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Table 12. FSD Transfer Matrix, FSDy, for Hiroshima, 1500 m Ground Range. Fluence (Neutrons Increased

50 Times) Coupled with Optimized Leaking History Marrow Leakage Tape (5,822 Histories)
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Table 13. Transfer Matrix, Ny, for Hiroshima, 1500 m Ground Range. Fluence (Neutrans Increased 50 Times)

Coupled with Optimized Leaking and Starting History Marrow Leakage Tape (5,822 Higtories)
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Table 14. FSD Transfer Matrix, FSDy, for Hiroshima, 1500 m Ground Range. Fluence (Neutrons Increased
50 Times) Coupled with Optimized Leaking and Starting History Marrow Leakage Tape (5,522 Histories)
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CHAPTER 8 APPENDIX 2

energy with the neutrons increased arbitrarily by 50 times. Table 1 shows the major doses
and F5Ds, Tables 11 and 12 show the matrices Ng; and FSDy;.

Finally, histories were chosen based on both the imporiance of their leaking and starting
energies, still with the neutron importance increased by 50, Table 1 shows the major doses
and FSDs. Tables 13 and 14 show the matrices Ny, and FSDy;. This is the method of
biasing that we recommend for calculating the dose in the phantom.

The final column of Table 1 gives the results from the RERF coupling system used in
December 1984, which used unbiased leakage data sets of approximately 30,000 histories
each. The doses are about the same in spite of minor phantom and organ distribution changes.
The FSDs arec comparable to those for the recommended biasing method and the clock time
for the recommended biasing method is about one fifth that experienced using the unbiased
System.

Concluding Comments

By preprocessing the leakage tape the important histories can be saved and used in
calculating dose. Some information is sacrificed of course. Encrgy groups with small doses
will have very large FSDs. The tapes optimized for calculating dose are thus unusable for
calculating spectra. If spectra are desired a similar optimization procedure for dose in ecach
¢nergy group is available. For example, roughly 40,000 histories arc required to get a 10%
FSD in each of the DLC-31 groups.

As the number of histories used is reduced, the Monte Carlo FSDs increase. Figures 1
and 2 show the result for reducing the number of histories from a typical organ calculation,
In Figure 1 the FSDs for each dose component are plotted as a function of the number
of historics making up that dose component. The number of neutron and neutron-induced
gamma-ray histories can be reduced by a factor of 10 or the gamma-ray histories reduced by a
factor of 5 before dose-important histories are removed, Thereaflter the FSD will be inversely
proportional o the square root of the number of histories and will, therefore, increase as the
number of histories is reduced. In the system, the neutron and gamma-ray historics compete
for importance. Figure 2 shows how the dose FSD is changed as the total number of all
histories is reduced. (The ncutron’s dose importance has been set at 20 times that of the
gamma rays.) A redoction to 1/3 of the number of histories makes no difference in the FSD,
A further reduction of 1/20 realigns the dose components according to their importance o
dose. Any further reduction just causes the same increase in FSDs as stated above.

For the purposes of creating data sets for D586, history biasing was used based on the
Hiroshima spectrum at 1500 m ground range. To get adequate neutron statistics the neutron
fluence was increased by a factor of 20 for the house data sets and 20 for the organ tape.
The house histories were biased only for the leaking energies with the free ficld because
this provided a respectable spectrum in every energy group. For each organ, two data sets
were produced. One was biased for dose only. ‘The other was biased for spectra in all
energy groups. The house data sets consist of about 40,000 historics each. The organ data
sets consist of about 6,000 histories per organ for dose and 40,000 histories per organ for
spectra. The user may select the data appropriate to his needs. It must be pointed out that the
doses calculated from the two organ tapes will be similar but not exactly the same because
of the different histories used on the two tapes.
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SELECTION OF MONTE CARLD HISTORIES
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The applicability of the optimization prodcedure at 1500m to a different orientation,
range, or cily was investigated. Similar improvements were noted no matter where or how
the phantom was coupled. The spectra or organ responses do not change in an amount
significant enough to invalidate the optimization procedure.

Similar improvement in the dosimetry system occurs when the house leakage data sels
are optimized, Many of the calculated leaking histories do not contribute much fluence in
the house. Optimizing the house data to give a good spectrum at a reasonable cost in running
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Table 15. Comparison of House Doses and FSDs with Various History Biasing Schemes, Hiroshima,

1500 m Ground Range. House Type 33, (=77,000 Leaking Histories)

701 Eedectlon m Historfes

RIT Bandps Leating Starting 10 F50 fnm Leaking™ startimg® 1 I50 In Jung 04
Hlstorles Refection Biss Dias Each Greup Bias Blas Each Group Syiles
= ——aa ssam mmmmmmeme==aa==Enposiire [Hovse fose In RBad j=e=emeaaa m————
Neutrom | =271 .69 258 -24B LETT 201 2 PEE
Prompt Gasma 9. 607 8.500 9054 9740 9.708 1p.044 7.831 .78 9054
Delayed Gamms 12017 11.539%9 12.023 12.111 11.755% 12.773 12,275 12.155 i4.085%
Howse Gas=a 178 180 8Ll 151 165 177 v 178 . 158
S ==F50s {In percent)-=- - L

lieutrom 1.EB[1.44) 2.69(2.62)  2.02(1.99) 6.23{6.26) 3.a0{3.72) 2. Ou{0.9%)  L.O(1.61) I.72{1.659) 2Z.o0
Prespt Gemma 2.09(2.01)  A.Ma{3.s7)  d.09(2.90) 2.2%2.08)  3.20{2.M3)  J.AFM[l.40)  2.73(2.33) R3S E.0%) 4.0
Delayed Gamma 2.11 3.T6 2.85 .33 a0 1.5] .08 .18 4. 16
House Garma I.65(3.26)  G.62(5.95) 15.06(13.31) T7.50(@.20) OI7.10(16.16) 3.B0{3.40) X.6T(3.30) J.65(3.26) 6.D&
# ol Histerlss TET50 23025 22000 14003 1493} 21915 17179 44839 23000

‘Heutron Fleence multiplied by 50.0 to Ieprove statistics om neutron components.
{ 1 values In parenthesls Indicate estimated values by swmsing Fndixidoal varlances,

fote: House leaksge tepe was made [rom 10 Indivldual hooset each having sbook 25,000 histarles.

Cerelalinlng glves abaut 250,000 historles. Angle blasing reduces this to abput 80,000 historfes.

varlaklon between [mdlyldual houses =11,

Part of the EiD Is due te the
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Table 16. Comparison of Organ Doses and FS5Ds with Various House History Biasing Schemes, Hiroshima,

1500 m Ground Range. House Type 33, Marrow (= 600,000 Leaking Histoires)

10t Eeductlon In House Historles

Al R Leaking Starting 1L F50 im Leakingt Starting® 5L F5D im

Histories Bejection Blas Riasg Each Graup Biag Biag Lich Group

—— — Marrow Daged rrm A ———————— -
Mautran 940 L0030 S OB 092 08 7] LOTE 060} 089 081} 002 .08 L0913 .052) JO84[ . 092)
Prospt Gamma T.EIG(7.202) TAFI[T.ESM)  F.SO6(7.276) T.EOR{7.2F1)  7.547(6.928)  1.701{7.30%)  F.s0f[7.088) 7.590(7.2835)
Delayed Gamna  B.B19(B.510) B.956(8.357) B.736(B.659) B.936(9.001)] 9.an7{0.416) 9. 147{ 8. 460} B.9599[B.647) B.920(9.006]
House Garma L1341 .140) L1350.136) L20f .108) AL 1am) LB 109) 200138) L133[ . 140) LTI L1
Epdy Gammy 118 .O90) 118[.086) SlG[oat) LORE( .030) AT .06 116 .087) 107 [ .0E5]) A2H.08T)
--------------------------------------------------- Fi0s [im percent) - = =
Routran O7{4.05] 1.25(4.71) 1.06{2.75) 2.922{15.23) 1.42(6.47) 1.0A[3.75) 1.8 4. 42) 1.03{4.17)
Frompt famma 1.38{6.05] 1.64{7.00) [-A8{E.37) 1.38(5.97} 1.50{6.47) 1.51[6.8%) 1.51{5.95) 1.37{5.98)
Delayed Gasma 1.48(5.61) 1.55{7.15) 1.46(5.72) 1.AS(S.47) 1.68(7.90) 1.72(7.69) T.52{5.71) 1.47{5.5")
Houte Gars 1.35(4,71) 1.98(9.31)  2.61{16.92) 2.35[12.2]) 4,00(21.60) |.A1[5.15) [L4004.79) 13904, 74)
Body fGamma 1.98(8.62) 2.08{9.41) 2.0a[7.40) 14, 33[ 35 62) 2.65011.60]) 2.04[9.40) G.B6I014.57) Z.19{ 10,80}

*Mewtron Tlwence maltiplied by 50.0 Lo lmprove statistles om nevbron componcnls.
[ } values In parenthesls are results from the Dee D4 system macrow WES leakage Eape of ~30.000 histerles,
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CHAITER 8 APPENDIX 2

time was also investigated. Results showing the house exposure and FSD [or a typical house
leakage ape are presented in Table 15, The adjoint leakage data from these optimized houses
were coupled with organ leakage tapes. Results are shown in Table 16. Perhaps the most
imporiant point to make from the results in Tables 15 and 16 is that the statistics of the
house leakage data affect the statistics of the organ dose as il is derived from the in-house
fluence. Furthermore, the most imponant house histories for the house exposure calculation
may not be the most important histories for calculating the organ dose. It 15 probably not
desirable o optimize the house tape for dose alone, since other parts of the house spectrum
are responsible for body gamma-ray dose.

All of these biasing improvements require no modificaticn in the dosimelry system. Thus,
the changes made in the leakage tapes are transparent o the user of the sysiem.
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