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D , d ~~~ 0 F , f
E e E . Ye , ye; E , e* X x X x Kh , kh
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X x  K , k

J~ n /1 £ L, 1 ~ w Y , y

~~~ M M M  M, m b ~
N , n 3~~ 9 ’  E, e

O c  o e 0 , o to ia Yu , yu
n ~ F , p R R 1 a Ya , ya

*~~~ ini t ia l ly ,  after  vowels , and after i~, ~; e 
elsewhere.

When written as ~ In 1~ussIan , transliterate as y~ or ë.
The use of diacritical marks Is preferred , but such marks
may be omitted when expediency dictates .

GREEK ALPHABET
Alpha A ~ Mu N v
Beta B ~ Xi E
G amma I’ y Omicron 0 o
Delta P1 11 ir
Epsilon E c ~ Rh o P p ~
Zet a Z ~ Sigma E a ~

Et a H r~ Tau T t

Theta 0 0 3 Upsilon T u
Iota I ~ Phi • p

Kappa K ~t K ~ Chi X x
Lambda ft A Psi *
Mu M ~i Omega
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS
Russian English

sin sin

cos cos
tg tan
ctg cot
see sec
cosec csc

sh sinh
oh cosh
th tanh
cth coth
sch sech
csch csch

arc sin s1n~~
arc cos cos~~
arc tg tan~~
arc ctg cot~~
arc sec sec~~
arc cosec csc~~
arc sh s1nh~~
arc ch cosh ’
arc th tanh~~
arc cth coth~~
arc sob seàh~~
arc csch csch~~

rot curl
ig log

GRAPHICS D I S C L A I M E R
All figures, graphic s , tables , equat ions , etc.
merged into this translation were extracted
from the best quality copy available,
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Russian pa ge 5.

The r esul ts of measuremen ts of dose stren gth along the pi pes of
the cooling syste. are shown in Pig, 1.

Pig. 1. Distribution Of dose stren gth along pipes of the cooling

circuit. £ — against the pipe; I — at a distance of 80 ci from the

first pipe. 1 — with working accelerator; 2 — with inoperative

accele rator (ti.e after shutdown — 3.5 hours).

~!Y: 1 - dose st rength;  2 — distance fro i ent rance to tunnel fro .
honsing T of synchrocyclotron , n.
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Russian pages 7—14

Table 1. Isotopes detected in cooling circuit of the JNRI (Joi nt

Nuclear Re search Institutel synchrocyclotron, an d their ac tivi ty

(measur ed and cal.culated)

KEY: I — Isotope; 2 — Isotope activity; 3 — in circuit Water ,

deca y s/s.t; 4 - measured : S — calculated; 6 — in residue. deca ys/s of

sample; 7 — *) ttl ? figures in parentheses are the deviatio ns from the

averaqe (over all samples) value of activ ity in the circuit water; B

— **) activity of carbon at the outlet from the irradiation *one.
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The presence in the water samples cf isotopes other than ‘Be and

11 C whic h, it is na tural  to assum e, for. from the oxygen in the

water, stimulates explanation of the possible way s of contaminating

the water with cobalt, man ganese, chromium , and other isotopes. Por

this purpo se we established the compos ition of the elements in the

samples by the activation method (Table 2).

4. Discussion of the measurement results

The presence in the cooling system circuit  of isotopes of

cobalt, manganese, chromium , an d vana d ium , an d also th e rela tionships

among the activities of the cobalt isotopes, give groun ds for

assuming that these isotopes formed as a result of the activation of

the copper used fDr the pipes of the cooling system.

The formation of the indicated zinc isotopes in the established

quan tity is exclu ded because of the absence in the sam ples of

radioactive zinc—65 with a half—life of 245 days. The uppe r h u t  of

activi4~y of zinc-65, established in the measurements, is 30

decays/ (sit), wh er eas f r o m  the ratio of the forma tion cros s sections

of various isotopes of zinc (3) we should have observed zinc—65 with

an activit y of 300 decays/(s.j). This fact, considering that there is

just as much copper as zinc in the circuit water (Table 2) , while the

I
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forma tion cross sections of the observed isotopes of coppe r and zinc

ar e comm en sura te, also in d icates th at rad ioactive isotopes form ed not

from the cop per in the cooling syste. water, but from the copper used

to make t h e  pipe of that section of the system being irradiated. The

observable rad ioa:tive isotopes of cobalt, man ganese, chromium ,

vana d ium , and other radioactive and stable isotopes, not observed in

the ‘~rperiment , convert to water as a result of corrosion of the

inner surface of the activated copper pipes. The corrosion of copper

occurs more intensely under the action of radiation, and has been

described in detail in ( U] .

The measured dependence of the values of the ratio of manganese

and cobalt isotope activities on irrad iation tine showed that the

accu m u l a tion of ac tivi ty af ter rep lacemen t of the water in the

circuit vir tual ly  ceases af ter several  days  an d does no t d epen d on

the half—life for the identical element. This attests to the presence

not only of the process of the conversion of radioact ive isotopes

into wat er but also the inverse process, tha t of the sorpt ion of

radioactive isotopes on the walls of the pipes and contain ers of the

cooling system. Thus, wit h repla cemen t of wa ter in the sys tem, the

water can he contaminated with radioact ive isotopes not only due to

the radioa ctivity induced in part of the the pipes but also becaus e

of the desorption process.

_ _ _  
--~~~~~~~- -~ 
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An impor tan t ar gum ent in favor of this method of contamina tion

of the water with radioactive isotopes that form from the copper is

the fact t hat the activity of the water, 47 days after its com plete

replacement, with an inoperative accelerator was commensurate with

the activity of samples taken after prolonged operation of the

accelerator. On the basis of the measurement results we can describe

the accumu lation of radioact ive isotopes in the water of the cooling

circuit in analytical form.

1.1. Formation of radioactive isotopes from water oxy gen

We can show that the specific activity of the i—th isotope of

the 1—th element A..~ in the wa ter of the cooling circuit a t the

output from the irradiation zone during “ periods of water

circula t ion in the circuit wil l  be

A ,0 . I.~ N A~ ( 1~~~~4A,.S,I I .  11~~_,
_

•
iA, ~_

T
~

A ,..0 ~1_• —M...,iv • ( )

where I is the mean densi ty  of particle f low in the act ivat ion zone;

‘a is the formation cross section of the i—th isotope; N is the

number of nuclei of the element entering into the nuclear reaction ,

in 1 liter (only one oxygen isotope — 1*0 — is used in the

ca lcula tion) ; to is the time for the water to traverse the 

- -  --
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irra d iat ion zone; A , is the decay constant of the i—th isotope; •, is
the extraction constant of the i—tb element that forms, due to

sorption , precipitation , eva poration , etc., fro. the water ; T is the

time of the water circulation period (in our caa , T ~ 90 m m ) .

Formula (1) is valid for the condition (A,+.,)~1 ~ • For

long—lived isotopes, for which A, < s
~ 

and (A , +a
~ 
) T ~ < ~ • formula (1)

acquires the following form :

(2)

We define the value of It0, knowing the activity of carbon “C.

Assuming the coefficient a small compared with the decay constant,

and bearing in mind that the irradiation time t0, according to

estimates, is short compared with the hal f—life , we get an expression

for the equilibrium activity of carbon—il :

— 
I..A,., (3)

where •~ , , 4A 1..,) T

Neasurement ~f the activity of carbon—il in our case gave a

va lue of 3.4B.1O~ decays/(s.t), wh ence It 0 = 1.8.10’ protons/cu2.
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knowing the activity of ‘Be in the water circuit, it is easy to

f in d , from formula (2) , the beryllium extraction coefficient a, which

was equa l to 3.4.1O~~ s~’, whil e the extraction half—life T1,~2 = 6

hours. Thus, the equilibrium concentration of 7Be i.s established in

the circui t water in less than a day.

Using formula (2) we can determine the activity of trit iun in

the circuit water0 The tritium extracticn coefficient a was

calculated based on the fact that each month from the system with a

volume of 16 m 3 there evapora tes 12 m 3 of water; together with the

water, tritium also evaporates in 112 0 or H2. From the calculation we

have a = O.9.1O~~ s
1, or an extraction halt—life T1,~2 63 days. The

equilibrium value of the tritium activity was ~~~~~~~ curies/liter.

Using formula (2) we can calculate the directed activ ity caused

by substances contained in the water and shown in Table 2. Estimates

show that even if we disregard sorption of the formed isotopes, the

calculated value of activit y will be less than that observed by a

factor of 500.

4.2. contaminat ion of the water by radioactive isotopes due to

corrosion 

:~ . ~~~~~~~~~ —— -— —— ~
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During corros ion, water is formed not only from the coppe r but

also from th~ isotopes t h a t  fo rm in t h e  nuc lea r  reactions, caused

p r i m a r i l y  by protons.  The d i f f e ren t i a l  equa t ion  tha t  describes the

accumii la1~ion of radioactive nuclei in water in this case can be

wr i t t en  in t he  f o l l o w i n g  form:

. ., s • .; s; —
~~~~~~ •• ~ (14 )

where •u is the n u m b e r  of nuclei  of t h e  i—th  isotope of the j—th

eleme nt in the circui t water; t is the time from the moment the

system is filled with water; Si is the concentration of the i—th

isotope in the  pipes that undergo corrosion; B is the rate of

conversion to  w a t e r  of t he  wal l material of t h e  pipes being

i r r ad ia ted , due to corrosion; S~ is the concentration of the i—th

isotope in the material sorbed on the surface of the system pipes; P

is 4~he conversion ra te  of the  m a t e r i a l  of the  j—t h element f r o m  the

surface of the system pipes as a result of desorption.

The solution to equation (4) is written in the form

•~ ~~~~~~~~~~~ ~ ~~~~ 
~~~~~~~ 

Ii’ ’  4’ • • I (5)

With an operating accelerator
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with a nonoperating accelerator ~~~~~~~~~~~~~~~ , where I is t h e  avera ge

proton density; •~ is the microscopic formation cross section of the

i—tb isotope of copper; e~ is the initial concentration of the i—tb

4 
isotope of copper; t1 is the time from the moment the accelerator is

turned on; t2 is the from the moment the accelerator is turned off.

The value of coefficient ~ can be obtained using the data in (~ 1• The

authors of this work determined experimentally the change in

concentration of copper ions in a circ uit mockup during irradi ation

with protons. The change in concentration of coppr ions in the water

with tine can be examined as a consequence of two processes:

corrosion and sorption. The increase in copper concentration q at the

first moment after water was poured into the mockup was ca used only

by corrosion; therefore, ~~— I,,, •f l, for the mockup described in [14).
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Fig. 2. Gamma—spe :t ru m of dry residue of water  from the cooling

circuit  of the  J N R I  s y n ch r o cy c lo t r o n , measured  wit h a Ge(L i )

detector.

kEY: 1 — Num ber of pulses in the channe l ;  2 — Channel number
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Table 2. Content of chemical elemeat s in samp les taken in the
sy nc~hroc~~~lotron :oo~ ing  circuit .

kE Y: 1 — !lement .; 2 — Wat er f ro. circuit , g/j ; 3 — Precipitat. from
ci rcuit wa lls, g/sample; 4 — Distilled water poured into circu it,

g/Z; S — copper; 6 — zinc; 7 — iron; 8 — sodium.

1 (2) .~~~~
) 

_ _ _  

(~~)
_ _ _ _

~~sus.~ :k is Uos~~ic Co q,uus: boyw.~-.z.C.) ~~~~~~~~ zonyps, rfnpoøs :poauiu :• ~ r I  • :o ~ is—:: i/a : :‘nsluu ::a ~o~ejp,;: :1/a

s-) iS~~ 2,4.1r3 
~~~~~ cz.1o 5
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