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ABSTRACT

The renert.1 ex

pression for th* poisoning of a flsalon product la given with the various

aquations for a pec lai cases of lotsreat. The fora’llas are applied to the

on* day In a pile operating with a flux of 4

These results are suranarlsed in the tabla on page 12.

Appendix I contains a revised Hat of cross sections x yields

for all stable isotopes. Such a list was first given br, '/healer in

CP-809.

gaseous ancestors, and numbers of neutrons.

T

Appendix U contains a list of radioactive fission products 

with half lisas grea.-r than one day with data about yields, parants.

The effect of the neutron flux on the relative Importance 

of different fission product poisons is rUscutsed.

probl er of finding the polsc-ilng due to fission products at us .nd of 

x 10*** neutrocie//CK.-?/8 cc.
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PRODUCT POISOHIZJG Ci A PILEFIS5I0K

Katharine Way

fission products produced in 3 pile

when

nucleus and can be

procese

*fwr« n
and y is

P *

the yield, y.

xiiaon
••tai'

However, the poisons

their rtti of dlscppearance depends niao

the "squill brim 

tion just equals the rate of creation, 

considered to be created directly in the fission.

BB

(nor-),
(na~

~ apoieon

The "equilibrium;" value cf th- poisoning is than Just equal to 

Shen F ert is e-xall, the poison cre-r? linear?- tine

the slow neutron flux

the yleld*of the fission product 5n question.

the ratio of the ntxrber of alo* neutrons absorbed by the

or branching ratio, l.e., the nuler of tinea per fission that a given 
fl eaton product ia forced.

• yP(n

la the mxaber of atone with tbeorptlon croea o oct ion 

which ia assvr od to be constant in tica,

Then if the poisoning p

I

be defined aa

poison to that absorbed in the octal

the neutron flnx since this determines the ntxr — 

are thcr-sel.cs destroyed
dependa, of couree, upon

bar of fiaaiona per second.

they absorb neutrons so that
on the power level. The naxisnsa possible amount of any poison will 1*

i" value or the amount present when the rate of destruc-

If the pols-jn is Itself a ctabls
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*nd th« poisoning affect then depends on the crow Metlon as well as 

Thus In a pile operating with

t

The following Illustration shews hoe even the relative effect

of two different poisons can bo different at different tines after 

startup In the me* pile when the flux has rw-ained constant or at the 

fluxes.

Then

as followsi

*2
2*1

Pl
IS

daysIO days1 <tay

L —

the yield.

If the flux, T, be expressed in neutrons/bam/dsy, it is easy

Lot one poison have a cross section of 10^ barns and a yield 

of 1* and another a cross section of 1O^ bams and a yield of 2S. 

in a pile whose flux is 10^ neutrons/bam/day the two poisons will grow

sane tlase after startup In different piles operating with quite different 

to see how long It will take any glean poison to come ner to Ito maxlr- JB 

value, or the tine at which F <rt ■ 1. A flux of 1,16 x lcA3 neutrons/ 

aa2/sec la equal to IO-neutrons/bam/day.

this flux, a poison with a crocs section of a megabam will cars almost 

to equllibrlun In a day.
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of Pt th* mor* harmful effect.

radioactive decay of th* poison and th* half Ilf* of the parent of the 

podeon. Than

F»—)*• n© X© -

By th* usual method* for linear aquation* on* easily find*

1 - (1)p - yP<rt

Spselal ease* of interest arei

(1) Th* poison isotope i* nearly stable, has a rfrrt lived parent

and a snail eroes aactlcn) 1.*., Fo~t <_< 1. Thon, as noted befcr*

!♦* parent is assured to have a

Qwral gposidoratlon*

A nor* general trestrcant of th* probl«rc rhieh takes into account

* y-is th* cross section of th* poison, 
negligible cross section.

II

la larger than that of a "strong" ore, it will have for certain values 

“ Ao*

(>o "

poison lead* to the following differential equations. Let n© be the

number of atone of th* parent in existence and n^ th* nurcler of atcrr-S of th*

Ths value* of p^ and pj shown in the sketch for 10 day* will also be the 

value* of p^ and Pj after 1 day of operation in a pile <x>*e flux is 10" 

nautrona/bam/day. Thus one ease that Pen th* yield of/"weak" pc Ison 



and fairly large croea Metlon.
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i

(2)

(2) The poison trot ope la nearly stable, has a ■bort lived parent «

Then as derived abovebut a large crest section.

[l.e (3)

J
of the order of Fcr. Then

)t
(4)P =

Figures 1, 2, and 3 shoe how various poisons grow with ties

according to this expression. The ordinate is in each com the factor

which eultlpiles the yield to give p.

A question that ccees up la what half life wust a poison with

large yield have to r*k« it important after operation tar a given t ins

at e given flux. Figure & shows the fraction of the nsudans poisoning

(l.e., of the yield) contributed by poison of different half lives at

the end of certain tines of operation. One can see here for instance

that after one day's operation any poison.; with half* life of the order

of 1 lay or greater ray make a big contribution If It has high yield

yF<rt 
(fir- ♦ A^)t

i

(3) The poison has a short 1 ived parent but Its decay constant la

I

P =

M
T-

 ■■
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—Far t
.5)1

factor in ths

function of th*

ern-tbl. ’.
T

A
The

at the end of cne day.

the end product* of

I

applied to the special problem 

ItA^/ca2

Which the l<fetin* of th* parent can

Jjalf life of the parent

sensitive to values of F <rt. AThs reduction is rot very
-ill reduce the poisonin’ effect about

in Ftp. <

pc rent with half life of on'- day

-Fe- tx 
• }

ife
* -jlf c

as a

(1 - .■F<rt’)(Ao - F<r)t

brackets rives the reduction over the slrpler ease in 

be neglected. This factor Is plotted 

for different values of Frt

r - Hl -

(U) Ths poisor iact®r* i» nscxli’ stable, has a lar^a cress section 

but a parent whese l_«fa%i-» cr.be considers! short. In this ease 

p e~.i tc written 
f

in Pi!* with Flux of x IQ^/cw2 After Qge

graphs and formulae have been

of e*tir>nting the poisonin’ in a pile with the hiz.h flux of 4 x 

The contributions divide thseselvas into three

parts s
(1) Cootrjbut ion freer stable isotopes which arc 

fission chains,-----Tbs cross cectionsof manj of these isotopes are known.

In the- cases where they are not known upper Units can be set from koasm 

.^.1 abeorption cross sections. Ths polsonlcr fror. stable elements was 

^ti-nted by Th.~l*r in July, 1943 (CP-W9) and at hl. m^stlon, D-n^t.r



- 6 -

This identification removed meat, of

the uncertainty .bout the contribution of the stable isotopes. .heeler’s

table, revised and brought up to date, is Riven in Appendix I, The
results are:

Mln

y Riven as a
637703

670heeler’s old values for the above 7

Total<^1X9 Rhlo3

JOO 19 7 8

As has already been pointed out, however, for Lar Re values of

Fcr t » 1 day and

.01155 = 1.16<

I

]

40,000 
33,000 

100,000 
1,520 

76S

Element
Sr.^9 
OdJ55 
01157 
Eu^1 
3«153

LnvrstlRRted the ab-.crption of san-arivn and found the isotope with the 

larpe cross section tc be, Sa^1’^.

of all 
others

69

Fr- Tent 2Tytr for stable isotopes 
wt.oc- absorption croso sections are 
known or fcr which fen upper and lower 
Limit ean be estimated from the cross 
section for all isotopes„ 
fraction, not cs percent,,

Fcr, the poisoning is no longer plven directly by p = Fycrt even for 

stable nuclei but rather by p - y [1 — e“^ *’*’]• 

F = L * IO12*

The large contributions to the total cctne from 

04155,157 eu151,153 {^103 Total of these
four 

634

Yield 

.015 

.0004 

.0OC"-6 

.004 

.0013
For all others 2y<f ■ 69

the ra:_Latis pcironinr from stable elements is thsn • 

P = yfl - e~F<rt J 

.01125 

.00027 
.00006 
.00021 
.00003 *
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are rwcMtarj
sc*no

V.Z» hrs and the yieldof

at the end of a day ia
ptXo1^5) - 3.9* • -

croes sections?

for their contribution to the

Theirsection of 23,000 bams.

here in a different way.
An analysisone

■hows s

I*Ak
19109

IM77

isotopes with even andforsection statisticsA study of cross

nade (MUC-KM—35) •odd rwutrorw has already been

determinnt len of the yield and 

parent of ds>1^9

Isotones with even 
nusbers of neutrons

Isotope: with odd 
numbers of neutrons

Nusber of these 
with yields 
leas than 1*

A _
taken fror. the Handbook yield cxii weThe yield of ixn

An expo rlxoerxtal

radioactive isotopes were

Ntscbcr of these 
with yields 
greater than 1%

was used

here v

Xo«5 m

rr, ralio>icivw isotopes in fission chains with

___ In Wheeler’s original rznoranftr. long-lived 

included with stable isotopes and on upper Unit 

poisoning estimated for an as.-uoed croes 

probable poisoning effect la estimated 

list of 37 fission products with

(1A9 prj been

A separate

half lives greater than one day is given In Appendix II.

of the isotopes on this list that are not shielded by long lived parents

fcr fission products.

Information '-S to the lifetime of the 

before an exact value for the eeranrliBi poisoning car? be given.

fr<v~l Xs1^,---- The general formula (Bq- D

as 6.6 hrs, the half life
(2) Contribution

1th the half life of the I parent taken
as 4.3%. The result for the poisoning



no. of 1 sotop. •*&*

OF MEV-

.oco
.UGJ
.003
.006
.113
.055 
.167

i HJC.-4 tj:. >
sve ref’s yield ■ 5.C*.

£«
1.. i'--4*
1.1 x io-3
1.1 x IO—2

.103

.624
1.00

.167 • 5.OK

**

•The rasbsr 6 -jsed instead of th, tot el rvr.bcr 7 1 r*r. abctre tc- 
. cause the ee .tri but! on cf tec. cf the x^otopes 1* reduced due to 

shleldlnr ♦/ * lonfwr lived ancestor.

p » 6 x JS •

- ID -

These at :t is tics wort used to find the fr^c-

of neutrons with cross section* cf

masber of neutrons no

barns.

p ■ no. isotopos » average jlcld x 1

“1
r*^»-

is equal to the fraction of isotof so with cross sections in * certain 

fojnd froe Election (3 for ths average cross section in 

ths range. It is asownsd that all t io lifattswu are sufficiently large 

for naxisuc values t< be resehe-4; t'.st f 3 1 - e •

4 —

exists other than .ts^35.

tian af Lsot apse with even or sdd nusher

oartain si so* with the exceptl w> that in .he case of 'setepe* with an ©fd 
iso to- >o wore see croee sections greater th-uj 1C^

Ths reason is that t soordirv ts CP-2J01 there is evidence that no

lon< Lived fission product eotope wit i cross section greater than this 

To poison! is then r.ivwn Lgr

fi i.

b
M

 N 
N

I 
<A 1) 

tt 
»A 

U I V 
N & M $

o 0
* (h

 
M

 M 
H

 H 
M

 H

U
 Ul

 w
 w 

w
 >

 

&



do. of iasCopea X 9 average yield • 5*

*1'1

10-5

IO-1

.0000 

.0000 

.0003 

.OOOO 

.0002 

.0010 

.001* 

.OOJC

1.1 x 1O~7
1.1 X
1.1 X
1.1 x I®-4*
1.1 x 10-3
1 1 x 
1.0 x

• 9 x 5« x .003 « .1151J>

< >•

laotopaa *lth even neutrona and 2cat yield* 

p ■ 10 x .25 x .003 = .CC6X

various corArll<itio-*a to th* 

10^* ncutrona/c-V

g| 3,3 ilv V: 3,33 3 3 ,

1 MSB SHI 5

For both claaaoa of Lsotop ?j with yields leas than 15, 

avarar* yi*l* «*F be conaai-ratively put at .2*. Utfne Me above value 

of w* than flndat

Isotopes with odd r.eutroruB and lo« yield*

p - 7 x .25 x .167 -

The fallowing- table I'rrsrlM* 

local polaoniny In a p.Se o pa rat Lar »t a flux of u x 

day at th* eni of one day*

tfgSft I ■ 
Ilf.. .

■■■
ii Site i i

... )

---'.

I

wS
MHI

1^-

iii

- 11 •
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COirrRlFtJTIOKS TO FOISCMIJK3 AT EKO OF OKK PAY.

pci STB

l,13t

.33

XraorP-^ 3.9

L0.?6<Total frcr these sources

"alloactlve 
'sctopes with 
even neutrons

High yields 
Loe yields

All other stable 
isotopes

ILx.tlonctiro 
isotopes with 
odd neui-roos

Flux = It x. IcA7* Weutrons/qs^/sso

Ratio of no of neutrons ab
sorbed in poison to no. ab
sorbed in r.etal in percent

5.01 
"75J

.15

.01

High yields 
Low yields
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upper and lower

product

cross ■action

WM

III D-l,
by Brady and Turkovich.

curve, also in III D-l,

more recant data in CS-2135
and CC—2000.

■■

limits for the quantity,

(3) There

APPENDIX I

TsW-*-Contribution to Poiaoniryt by Stable Fission Product* 

\1) All cross sections are in barns. Ona bam ■» 1O~^* on^. 

(2) Isotopic cross sections are used where known. I.hen not 

known, the total absorption cross section which cannot be accounted 

for is assigned in turn to the isotopes for which the values of the 

yleld/abundance are the greatest and smalleat to get 

yield x crees section.

cross sections 

In these throe cases the total 

*~a ussd as the absorption eroas section.

(4) The yield, or branching ratio, which ia equal to the r.twber 

of times per flsalon that a given fission product is formed, 

taken whore possible, from values given in the Handbook,

>7hen no measured values were available, 

the yields were estimated from the smooth 

which was revised in accordance with

are now only three elautents in the fission 

region in which only the absorption plus scattering 

ia known: Kr, Ru, Xe.



Isotopes

Natural 
isotopic 
abundance

<

Tield

0.00001

o

.001

o

.040 .025 .0002 .0002

.046 .056 .056
.29

.062 0.074 .009

.276.045
O

.748

0
.195

.047 7.7 7.7

abundance

0.001 
.001 
.002 
.027

.026 
•OH 
.126

1.41
.019
.003
.C71

.023

.012

.005

.002

.065 

.062 
-053

.043

.039

.0(18

.058

.059

.065

.066

.015

.030

.104

.505

1.87
.023
.012

.010

.004

.019

.003

.071

.047
006

1.17 
.047 
rod

0.00008 
.0002 
.0009 
.0025
.0004 
0012

2.5
.010
.004

0.001 
.30.
.005
.002

Yjel;
MTlmia dnlMBt

4.633 - As

34 - 3e 22

= 12

54

35 - Br

36 - Kr

20

38 - 3r
= 1.2

005
39 - T 1.1
40 - Zr

= 2.8

41 - Cb

42 - to

= 2.5

44 - Ru

16345 - Hh

denc;.t and 
total cross 

section

(isotopic) 
whers 
known

.02
1.2

.37

.23

.33

.053
1.07

.69 

.128

12.0
2.25

1.2 
-33

37 - Rb
- 11.8

r = 6 8

§§§§§? 
H

is
8

8

83
W

3
?§

§§
##

 83
^#

#*
#

r u>

•*
* 8

8 *

33



.oca

.002

.000

.000

.00008

.OOOOJ

.00073

.00206

.OOO

.080

.00046
.0002

.01
1.4

.00035 

.00055 

.0050

.018

0 147

.006

O 009 
.005 
.0005

O 040
CUB

54 - la

< 25

C12 
.OOl 
.001 
.005

004
.85 
.148 
.250

52 — !*•r

- 3.5

.574

48.3
108

6 8
2.5

12.1
.63

1.24
1.4

61
213

46 - Fd

» 7

47 - Ag

48 - Cd

« 3000

49 - In

50 - Sn

= .55

51 - Sb

-

.00101

.00097

.0242

.0659

.0781

.1132
.7166

56 - M

- 1.0

O

.006

l

o
.574

.04
.57
.04

.065
.066

.01

o

.000

.000

o

o

.001

.002

.OOO 

.000

.001

.001

.005

.06557 - La 8.4 13” .551.00 -55

6.853-1 127 1.00 .0012 .008 .008

15

25.6 133 1.00 1.155 - Ca .043 1.1

B

Tie Idlaotopas
K

audaa

Klanant and 
total eroaa 

•action

(T ( Lsotopl c)

known

Kat oral 
Isotopic 
abundance abundance
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n.o

zac
40000

96

.053

.430.O5«

.082.014

.100.0X5

0.060 
.060

.050

.040

.022

.008

0.066 
.60

.54

.24

.32

.13

r (lxA^>pd.e)

Tin IdLaotopea
11*14

0

1.®
.58

<

- 70

62 - 3b

9. 600

__

KUflMDt • 
total era 

aactian

38 - C*

* < 3

39 -
60 - 8d

0

a-, oontrl bated by stable
703

Chief unoartalntlea In etable olsB^nta

>
’ • nigwaet CorrtrIbotore

- 16 -

Bu
7

Xa
17

600
CM
19

Rb
8

Total 
634

Total
55

M

Total crons section for flanion, 
alaaants

i.a..

63 - Bnt

64 - CM
6.01OOOOC

6.1 
.9

13.3

-491
.309
.156

'164
.234

.004 

.00X2

.0004 

.000X9 

.00006 

.00007

1520
768

33300

151 
153
155
156 

.157
138

Ti • 25000

600

6.0

637

6.1 
.9

13.3

B33 3 3323338 3333833

3

5
a

• • 
• 

BS
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160 d .006 Mo
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7 Mcu thct > gaaeoja -Lncewtcxr run. Loen fou. j f r t’^a chair 
. that the chain starts with the -as xaoet of the tine.

but thr.t ««*-oa» ailika'/

I

ippncLi n

Liat of Radi nactlvw Flea ion Products With

Ralf Lives Greater than One Day

1ALJBJB9SLs ■ ILr. Odd Nuabera of ^UX-FTXW

Half Life field in <

55 d 4.6 Tee

65 d > *-5 11 hr T T

2.8 d 5.8 No

42 d < 4.7 No

0.04 30 d Eh No

43 d .001 No

2.5 d .01 No

11 d .0065 No

90 d .03 No

Gaa«o ;* lor
that El<rht nake it 
poeaibla to raaare 
chain

Parent with life 
tine greater thm 
one hour

32 d .19 No

1.3 d .5 No

,129
’52
A*1 
52

?

■
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8jM 
n

i 
i
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H 
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