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ABSTRACT

4

The ost important source of radiocactivity at the exit
manifold of the 8119 will be due to 01°, formed by seutron
absorption of o . A recent measurenent of Fermi and Weil
permits to estimate that it will be safe to stay about 80
minutes uaily close to the exit manifolas without .any shield.
Estimates are given for the radivcactivities from other socurces
=~«. both in the neighborhood and farther away from the pile.
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RADTOACTIVITY OF TIE CUCLING WATER = | .

E. P. Tigner ' ‘ .

1. If the water contains p parts per millior of an element vith en
atonic weight m and slow neutron cross section <J; this substance will .

absorb about the fraction '
r /OVJ' L X /ﬂ‘é /0#0' ' (1)6
| £z =N A AT ATy Y
'”7<E: A 7”7 ,

- of all neutrons. In the above, . = 6 x 1028 is Loschnjdt's number,

V=3 * 1060m5 is the total voiume of the water in the pile anq;E:is
the total cross section of all materials (U, C, ete) in the pile. For a
200 ton U pile ) x4.26 x 10%n? Since, in a 500,000 kw pile, 3.5 x 107
‘neutrons are absorbed per second, the nunbef of new nuclei forued by

neutron absorption of the eleient in question buco. .es

N o= 35,\"/0'919 . &-;;f#—x d,s,v/o*gsé:'/ (a)

The nuclei thﬁs formed by neutron absorption mayvér may not
be‘rauioacfive;. If, in the fo:mer cuse, fhe‘rgdioactivity is connected
with the emission of a*ﬁrayﬁ; it may present a hazard to the personﬁel
at fhe water eiit end of the pile.  This hszard is, of course, removed
if the pile is shut down aus soon as_the water which has been in the
pile during operation has left the system buf is present as far as the
pgrsonnei inséecting the water'outlct sysfem during operation is concerned.
In Qddition, the fadioactivity of the cooling water--from the above and ‘
other sources toc bc discussed beiow-~may make it necessany.tc snield thne
outlet pipes’etc., fof some distance.

The/daragiution will‘preSént litile actual d&nger. Yore prob-

ably, it may render it difficult to cetect failures in the U sheathing or couting,




“A

- by overshadowing the fission activity which escapes into the wator by

“fuilures.

To antici.pate the result of the following ca‘lcuiati-réns‘: the“
above deséribéc danger ap;.cars to bé gmall, the‘greﬁtest aﬁoﬁnt of )f
activity probahly arising from 0f9£brmed by neutron absofption of the
relatively rare isotope'€9fy'and?pc§mitting a daiiy sojpurn of more
than an hour in the imwedinte neighborhooa of the exit pipﬁngs of'ihe'“
pile curing full (5003000 kw) operation, | |
2. Let us assume thut the ustor stays for 3 seconds in the mani~-
fol‘ding, st the exit end of the pile and thsat the hall life € of the
raaioactive product is longer'than this. The tqtal number of aisin-

tegrations in these jipings etc., then becones

G & : - |
7 = .'f_..f.'ﬁ - Mz 3 xS 5/ /()Q’Fo'.!-' disintegrations
o - e Se = (2)

" We shall assume that every aisintqgration is connected with the emission
of o )#’ray ana that tne Abscrption of this in the pipings etc., can be
neglectcd. The uctivity et the cistance P from the plane of the exit

pirings, along the axis of the pile'thentbecomcs

v . . . ok iy
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A = ok -,/ wrlrtap ) g AE T PR ()
& ) ;
whefe B 800 em is the rad{us of the pile. The above calculstion

contains ithe optinmistic assu:iption that thc activity is uniforumly ais-

tributed in the plare of the pipings. On the other hand, the axis. of the
'

 pile is the worst position from the point of view of racistion. Ihsertin
for a the value (2), for R = 500 cm,'for\/o - 100 em (3) becomes

‘ <9, e .
=32 7 f6_of S - A R
< =32 x s0 pors z JO6F A iz P ay
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.* itli51aSS?m¢;;“h&b 1 Qiunitf§5rfésycﬁcs ;;¥§fxilba;)f%féyéﬁgéfﬁims.fx.”
s :1‘-};0" i‘(;'llow:;;ﬁ; ‘;r}ill ,givc-alﬁ cnuzgergtiéh pf pt;ssible ééix:‘ges oI .x;a';‘iidll-".i"‘
Qgcgivity’inNthé cOoliﬁg waler, either ffom th; aﬁovcaor bthér rédédns,‘as
far as we cen foresee ihLem ati presont.

Hydrogen .
b= 111 x 105_, 10240~ = .59 for U’ w0 vt £ 1.8 x 107°. The product
from this feaétgion Hz, is stable so thev no radiosciiviivy results from this
. éour'c,e.‘ For HZ itself, p = 4 x ILOM1 x 1.1l '5: 165, 1024,-;' = 1.8 x 10™% s0
that the sctivity would represent (L = 109 sec)

3 .
e X 28 x X Gy o -
T T e T s X gy

which is & negligible activity quite apart from the Incy that the II:-5 forred

eriits no y rays anu ever its /- ray is extrerely soft.

Oxygen

ihe nuclei formed from 016 and 017, viz 017 and 0]'8 are agaiﬁ
statle. O:"8 itsel? has p - 89 x 2 x 103 and ; according to Fermi end

Reil's recent measurement, 10240" > 3 x 19’4, T = 31 sec. Hence

o Y . SRS -
s GhY KON T AL K0T dalo z

/8 x 3l sec

It weas menvioned beiore ihat t.hi_syis the 1:084 serious‘ s&urce of redio-~

activi't.y ‘Lo be exsected in the coolin, water at vhe exit pipings. If

.it s connected w.th a yene-trating_ ‘y"-’-‘ray, ‘whicl is very likely, it will

rake it unadvisable Lo susy very near to the exit manif'olds of ihe pile

for more thar about.l 80 rintes dail,:.'.v ~On vhe ovher harnd, since the rac‘;i o~ .

scvivivy of O]'9 decreasés by e factor of 10% in 10 minutes, Lhis radiomctivity

will become insignificant ruiier near to the em.ranc‘e‘oi‘ the vater invo the

fiver. : | | S R i
There are a fovw oller nuclerr reactions which may cause radio‘a‘duivity

in the water. Only one of these




—dim

O 4 m "-"6, +H€¢+%Z;Mf// A (a)

is caused by the neutrons directiy (this reuction may be responsible for
a non—negligible fractior of the absorption of oxygen). Most cf the others
are incuced by the fest recoil protons ptuuuced by the fission neutrons in

water. Among these : '
07 Y7 /"‘ rm =58 eV

L7

mfy be safely disregarded because is produced more abundantly by the.

P I P 3.5 Hel) (0]

reaction. Both

o%e y = 7 77 =R May

L3}

(¢!

¥

04 £, hs (G5 arer)

produce Fls but the first one is probably the more abundant sovrce.
Rouction (a) probably has a reasonably high cross section.
However, the sbundarce of 0l is even lower (4 x 10‘4) than that of 018

and the nalf life of X%

very long ( € = 6§ x 107 sec). Hence, (a) will
cause no serious radioactivity. |

Both (b) aad (c¢) require reasonably fasi protons. The number
of these cun be estimated as follows: The nurber of fission neutions cross-
ing the water jacket is 3.6 x 1019 per sec. Tiets cross, on the average,
.3 cm of water which contains 2 x 6 x 1023/18 i atoms per cu® . Assuming
A'cross section of 2 x 10’240m2 for thié, the nunrber of recoil_prétons

per sesond becomes

se x 10y 3 %87 xi® x 2xT =) ¢ xio"® Protons

SEC
¢

2439~ s



arrier tnatf”hny havejto;penetrate., Let us assume tgrt thls ;raction[

cannot be calculatou at gresent hﬂcauoo tho fission s;ectrum is not well e

N »,

- known. The abova appears to be & -afe estimat.. The~proton will remain

effactive for reactions (b) ann (c) only until it Ioses about 1 eV energy hy
gpll;sions. This gives them an effective range of less than 10 cm in air
or sbout 1.3 x 10‘2,cm in water. If the cross section of\reactioﬁ (b)

: or.(c) is ., the number of reactions will be

Wozrt xw?r13xm? x.a3x0%0 < bam™e

; ' 23
in case (b), the numher of O16 atoms per e being .3 x 10 - Forg—

17
282 in tnis case which gives N = 6 x 10° P' '/

we can assume about 10
sec. This is 8 strong positron act1v1tv wiiich has to be reckoneu with
;when the leak dotectinb ap;aratus is desibned. ﬁoweverb it is very
mnch smaller thun the activity aue,to,ol ‘of which about N = 5 x 101
are formed in a secona. | | |
~y

Tue 51tuatlon is similar thh resyect to reaction (c) ’The;' .
nurbor of the 0;8 nuclei which participate'inf(c) is 500 times smaller
than tiat nf the 016 nuciei participating in (b). dn the 6the£ nana, the

25 2

cross section for (c) may be 10~ (this is sbout the highest cross

saction known for a nucleariréaction of this typ@ 80 that, conceivably,

N = 1010 F18 nuclei may be formea'pgr second. This, a;ain,’is more
important for the design of leak detectinéAcounﬁérs'than for the tdtul!
radioactivity in front of #he pile. Only if Olg:should nof emit .rays ¢
would (b) become the largest source of‘radiOuctivity in pure wutgé. The

17 . s
hulf life of F is 64 sec anu thus has a larger probability of disinte~

70955'
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~grating in the front pipings tnan the pl8 the half life of which is
6700 sec. Actually, the total raciation is véry smell, both frem (k)
19 ‘

and (c) so that, if 0 is really fre« from J rays, the impurities in
~ the wuter nmy contribute fully as much radistion us F17 or F18 qo.

It is, probably umecessury to mention that, while the rauaiocacti vily

16 L . : 17 .

aue to O oan be estimated reasonably accurately, the wmmount of 7' and

pi8 may be twice greater or more than ten times smuller than given above,

Impurities.
The most important impurities in water are, apparently, Fe, Si0p, Ca,
‘Mg, Na, K, S04, L{o Cl, Br, COz. To these POy, may be added which is
used as an inhi%iforo In a gooa water source theée are present only to
the extent of & few parts per million. The radicactive nuclei which may

9

be formed from these clements are FeS® (harmlessz Fes » Sisl (noti*,

harmless), Ca41, catd, Ca49, Hg27, na2t, x4 (probably noy™ ), 3% (prob-
ably np‘j“), 37 (hardly to be expectra to amount to anything), x6, €198,
0138, Breo, pr82, cl4 (hurnless), pd@ (no )", harmbss). Tne following
table~givés N and A for thé case that the element in gquestion is ﬁrescnt

to 1 ppn (i.c., the p assuméd in the tublec is the abunaance of the relevant
isotope). The table gives, tncrefore, a sort of "danger coeffecients”

for outside the pile (W) an; for the exit maniforld (A). However, in the
former case, allowsnce should be mmae for the life time of the raaioactive nuc-
leus. " This will decrease thé danger both if it is vor& long and also if it

is very short. In the rorﬁer case, most of the disintegration will cccur

after the water is well mixed with river and perhaps sea water. 1In the

latter case, most of the aisintegration will occur in the neighborhood of

the plant, partly alreedy in the concvit to the river wher proper pre- .

cautions can be teken agdinst the effects of it.

70 9~7



INUcléus , 2 10714y sec - Jé{energy A sec/r  ppm in
R | o | _Site X
-water
Fe%9 « 8, ~ .02 47 days. 1 MeV ¢ 7.8 x 10730 5
cadl . 1.8 8.6 " 1A 1079 )
- )
cat® 4 %1.67.05 180 " LT g 4usx 107 ) 26
, -9 ) X
Ca49, < <03 2.5 hrs.? 8" ¢14x10 )
M827,, ¢ <17 10.2 nin 9" £1.1 x 2077 10"6' K
Na24 2.5 . 14.8 hrs. 2 1,2,3 " 2 x 10-8 I
42 . " ' ‘-9 Ly
K- o .18 12.4 3 probably  1:7 * 10 X
35 : . |
§%° «2, .08 88 duys ) none % 10710 2 1/5
16 "y ‘ probably -8 s
N <4.3,x 10 8 sec oresent 2.3 x 10 | /2
c1%® . 110 ~¢ 300 years positrem 4 g y 10712
‘actzve ) 3
0138 .35 37 min  2,2.5 MeV 6.6 x 107 )
pr80 6  ( 4.4 hrs) 1.8 x 2077 )
82 6 ( 18 min ) Soft 2.6 x 10‘3 y
Br 1.5 .34 hrs. ’ .65 5.3 x 10
ot 5 31 sec. ? BRI -1 x'40°°

T ———
The last column gives the analysis,of site X water. It is udded only &s an

illustration of a possible water analysis. The last row gives, for sake of

comparison, the actual (not for 1 ppm) radiouctivity of 019° The & sign

means thet the corresponding figure has béen arrived at by attributing ell
the neutron absérption of the elemént to the isotope in question. The ~v
means an approximate figure obtained by assuming the same ubsorption cross
sectidn for all the isotépes of the clements. The rest of the figufes es
obtained on the basis of u cross section m asurement of one iéotoyee‘

Tater saturated with air conteins about 20 ppm No. The radloactivity
of this (if it emits y rays) is still considerably below the ruciosctivity of the

9
ote,

- ; ST Rev. 58, 869, 1940. Goldhsber and O'Neal, FPhys. Rev. 59, 102,
153,R?321.1’ oS5, Mo vtk and’Luebke, Pﬁys.angv,“ss 108 19410 s§n§a andd
Yamasaki, ' Phys. Rev. 59, 402, 1941. _
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