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1. Revier of the Reccior Icboeratory Activities in 1970

“
The ‘wetivities of the Reactor Izboratory were affected by increasing

activity In the nucliear field a5 o result of a decision to build a nuclear

8

power planit; =nd also by the *avourable economic, 51tuatlon. The importance
of the Laboratory in training nuelear axperts was Qccentuateu.

Ccoperation with industry increased censiderably during the year.
Tracer studies, néatron reaiography and isotope production were importent

. A .
new forms of service. ’

“

» The newsletter "The Reactor T Laboratory informs", which is sent to
lOOO key people in industry and research.establlsnments, appeared "4 times.

1451 reglsterered visitors visited.the Reactor Laboratorj in 1970, -

ep

205 ofthem foreigners. ”

o

On 25.—27 8.70 the -Labora tory arranged a Trlga Users “Seminar, w1th

i

Aij partlclpants form 8 countrles. rnh.e Laooratory 2l1s0 helped to organize the

o

4

w

TAEA "2nd Irteﬂnatlonal Conference on Nuulear Data for Reactors"

0o Tne operatlon tlme of tne “eactor andwener gy gseneration remalned at

the level of:«the prev1ous yeun. Wlth one working shift these figures cannot

&l

‘be ralsed'apore01ably. Reactor uvlllvatlon increased, however, due to the
O

o

" growing number of 51multaneous experlments.
Irrac i-tlon act1V1t1es 1ncreased gregtly, espec1all3 with regard to

samples 1or outslde customers. As a re su11 of the need for tracer study

3]

samples the tg\bl activity pr oduced rose in one year by footor 3 to 26 Ci. g
Correspond1ng1y the tumber of actlve samples dellvered to industry or

technlcjl resenrch establ; hments ro e §OO % to 230 samples. s »

> ] 3

O

The researnh programme greacly beneflted from the strong f1nanc1al

support given by the Mlnlstry of Commercowand Industrv to ome larger invest-

ments. Thus t was poss1ble, out51de the normal budget,-te buy components

Tor the new Cjid neutron source, a- telev1slon monitor system, a TV system
o Q

» for neutron ﬂ;dlography, ﬂ}-current deteotors, a'noilse measurement system

and components for a new neutrdn-diffractometer. . SR\ S

Q i . » .
. The Iégoratory was financed m%}nly by theernlstry of Commerce and
Industry throubh the Atomlc Energy Commission. Funds were dlstrlbuted as "
& I Bkl
follows: o o o o (/x&
' Is) W\ ey

P



Minisiry of Commerce and Industry/AEC: Scientists’ sazlaries 610,000, -,

<echmical staff 102,0C0,~, eguipment and operational cests 275,000, -,
travel costs 21,000,-. .

Helsinki University of Technology: Salaries for the Operations
Division and Radiation Protection Division 281,000,-, basic equipment
300,000,~, -laboratory eguipment 30,000, -. Service charges rose to 100,000, -
The total budget 'is thus T 1.7 Mmk.

P

Eynan51op of the Laboratory ‘s activities is increasingly restricted

5

by lack of space. Unfortunately, ‘no funds have as yet been allocated;for
starting the fipal planning of the new Isotope ;aboratory. .

The orgonization*oflthe Reactor Laboratory changed on 1.6,1970 -
according terFig.l. '

The Director of the Labora tory, Professor P Jauho, was app01nted
Director General of the State Insv tuue for Techn1cal Research as of 1.6.1970,

4

but he hms stlll oontlnued as DlTeCtO; of the Reactor Laboratory. lr A,

7

Palmgren was ﬁop01nted Deputy Dir cctor as of 23. 3.1970.

Dy A.Palmgrep was Head of the Researcn Division. WOrklng>w1th1n the

©

D1v131on were: A95031ate Professor E, Iunkelo, Mr.P. Hiismski, Mr.J.Junttila,

4

Mr.u.Kagam 2, Mr.A. Iundan, Mr.H. P8yry, dr:A.Rast%s (from 1.8.70 in the o

Reactor Code Group), Mr.H.Relgonen and Mr.J.Virtamo. Dr.W.-D, Seﬁfe}t worked
mn i) - 2

a

a5 a visiting scientist. In the Applied Radiation and Isotopes DlVlSlon were:’
nDr.J.Kuusi (Head), Mr.H. Aai%o,ML J.Heinonen, Mr. E Hdsdnen, Mr.R. Kuoppamakl, \
Mr., B.P“lmon, Mr.R Roscnberg and Mr.R. Uhlenius, and, employed by the Oy Medlca
Ab pharmaceutical factoy Mr M.Saviranto and Miss M.Melnandey. Mr.K.Anttila

was Head of the Operations Division, to which Mr. M.éﬁniaia,zMr U.Sainio and

{3

Mr.0.Tiainen. 2lso belong. Mr.A. Tamnlnen was Head of the Radiation Protection

N

Divisimand Mr.B.BZrs Head of the Subcrlulcal Reactor Division. The other
memoers were Mr., E Markkanen, Mr.S. Solmenhaara and Mr.J,Vaurio.

Dr.J.Kajamza, Dr. P. Hllsmakl and Mr.A.Lunddn left thc Laboratory for

1
8t

respon51ble p051tlons in 1ndustry or the civil service. ., - R
! w

Mr.d. Saastamoinen was Head of the Reactor Code Group. The‘other meMbers
of the Group were':Mr E. Ka101qgn, Mr, P, Slltunen and Mr.J. Slllanpaa. As of "
1. l 1971 the Code Group hasg beeﬁ separate from the Reactor Laboratory organl-

zation as 1nfep§ndent unit financed by the Mlnlstry of Commercec and Industry.

N
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2e Operational Report of Fin I in 1970

Lo 3

2.1. Cncration of the Reactor

The FiR 1 reactor was used in 1976 for research, production of

isotopes and training. Table I showus the operatlon hoars for these various

'»! =
N
1 -1
‘ é

t the end of 1970 38 new fuel elements were *lo:n t0 Finland.

purposes in some selected vears.

W

The 37 stendard and one instrumented elemeﬁt each contain 12 weight-%

. N A%

uranium of the fuel dﬁloy, and the iscotopic enrlchment of the uranium is
20 wt-% of UEJB.

3]

The distribution of the operatidn hours for various purposes at

dlfferent power levels'is shown in Table II

Sthents at the Department ot Teuhnlpal Physics studiled problems
connectod with veseareh prOJects and rekotor operatlon. Some%studerts from
other universities zlso performed a ”1de range of renctor experwments.

s A reactorioperator course ,was held forlnine persons working at

i
the reactor cither as young scientists or studgf@s. o
. iy

Lo
o

=

)

2.2. Maintenance 'of the Reactor ' 2 i
v ’ o »

B -

Thc rellablllty ol the reacbor/nnstrumenthtlon has 1qcreased in

recent years, snd remained at an adequate level. As a result of successful

malntenanceNtherc has been no magor unplanned shut-down of the ‘reactor.
At uhe anmual inspection in 1970 the coridition of the main instru-

R
[ 2

ments was . CnGCkvd and some ‘maintenance and repair work wQs done. The lengths

of all the non- 1nstrumunted fuel elements were meaeured and the elements
i

‘were eyanined”v1sublly. .

! N .

7 no significant increase in length or bow1nguwas noted. The average

growth of Lhe clements in different rlnws of the core is recorded in Table
: III./ "o . , ¢

o o) . “
k]
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5. Accounting Report of FiR 1 in 1970
L=

J.1. System of Reconds and Reports

The forms A and B show the chonges in the FiR 1 loading.
The foris C and D show the situation in the reactor and stock.
Form E showz the total material balance report (20 % cenriched

uranium).” There are 3’storage placcs (Column "Location” in the form D).

1) rack = two storage racks with € fuel element positions in e~ch, located

in the rcactor tank, more tnan 2 metres below the water surface.
.

2) pit = vertical storage tubes (6 .only) situated below the ground floor.
o i The depth of the tubes is 3 metres, dizmeter 25 cr, anc they can
\ ' ve filled with water.u .

3) s = safety -uep031t vault mdde of relnforced concrete situated in &

\ corner on the grouwd f{loor. The dlmen51ons‘pf the safe area are:
ey 125 x 180 x 340 cm. 4

,Zz o o &) ) .
The. information for forms«C and D was taken from cards individually

‘prepared for every fuel element. These cards record the history of every &y

B Iy

element. - g L7

by

b O o “ B

.y

o~
3.2. Adcounting report A: Charge of thewactor (Tavle IV)

. B: Discharge of the reaxtor (Talle V)
v C: Materlhl in the reactor (Table VI)

" D: Mgterial "in storage (Table VII) @

AN

E: Material balance report (20% enriched

U ’ A ‘ ) . uraniun (Table VIIT) © &
. o - A ¢ u @ 0 ’/ l
7 - ° 3‘ R ﬁ f) l o

3.3. Use of the FiR 1 reactor fugl in. 1970

o

-2 Use of the fuel Jn 1970 1s shown in Table IX . In 1970 there were

) “fuel elﬁnunts in the reactor corc. o

G

2t
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&, Research Division

L C0ld Neutron Research : - /

t the beginning of the ycar coi@Eneutron work still aimed at
studying the density anoﬁaly of light 1ater using inelastic neutron scatter-
ing. The study was completed by measuring the totzl cross section of water
and ﬁeavy uatef. ) )

In February measurements on methane at the triple point were started
This work vas pontlnued by studylnr tihe disturbing multiple scattering
theoretically. In March the final measurements of the cross section of

ZrHé were performedgin'tns cold neutron beam.

Due to technical difficulties in the cooling system the cold neutron
"source was token out of operation in April, by wh1 h tlme const chthF of a
new source had ﬁlready started. The new source w1ll be nasea on the use

of cold (30 k) and hlgh pressurc (20 atm) hydrogen gas. Study of the opti-
m1°at10n of cold neutron sources was rucommenred ¢
P

&)
The tangential beam tube wos meanwhlle used for zamma ray studies,

»
. @
o K

%2, Texture studies with the neutron diffractometer ’ o

JU ., L 1!

\‘..,/

At the“beginning of the &ear the neutron diffractometer was still
used for stud‘éﬁgof cold drawnlﬂrwire,(ﬁnd°sdﬁe of thegstud%es were made by,
students. During most of the year the ND cqalpment was used’ \for tewture
studies oz Uold—rolled steel shpets made by Rautaruukkl Oy.qiif =y

) The project was undertaken(?o study differences in mechanical pro-
perties ~nd texture before and after rccryéﬁa}lization annealing due to
differcnt-Al- and V-alloyings. The diffrdctometer mea;ureﬁents were mainly
made to abserve the amount of (lll)ftcxturé, which gi@es»go@d deep-drawing
properties, Some almost perfect (110)-polc figures were dls; measured to R

observe th» teyture components aeveldplngﬁdurlng cold-rolling and re-

[

crystalllzatlon -annealing. . = "

@

v Ttowas Iound that vanadium does not give the same good propert1es “

1§(alum1n1un when both materials receive exactly the same treatment. *

S o 8] . , o
o 2) 5 ‘ o P
b | o @ ==
© B é.'j . N '\4 Q . o =
" o
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The diffractometer was also used for some measurements conéerning
development of the equipment. The egquipment will further be used for texture
studies, probablfgaimed at steel sﬂ%ets. |

iJork on developing the dif\ oneter was begun at the erd of-the

year with the aim-of making the equipment computer controlled.

<

e

4.3, Copture gemma ray studies A o

The uppllcatlon of (ru 5—)—reactﬁon for analytical use became
p0551ble with the development of the Ge{ili) detector. Usinzg this method

elements, Topr which activation analysis fails, such as hydrogen, bvoron,

IS

carbon . and phosphorus, can also ve analyzed.

h

3 The analytical potential wes studied as a degree thesis using both @

xt‘rnal und internal targets. The unulytlcal sensibilities obtained so ﬂ

far have not been significant.

Boron in iron was nalyzed as an appllcatlon. Boron contents of

about 100 ppm could be detected. The determlnailon of the, u )S/U )8— ratio

\

using the capture gamma technique was also 1nvest1gated. This proved to be

possible using capture gammas from U238 and gammas from sgzigbllved fission ¢ )

products of U )5. The accuracy is only about 15 %. ‘ Coe o ” 0
Capture gamma spectrumb of Cu Were measured in cﬁooerutlon qﬁﬁ’lﬁé”

UnIVGPSLty of Oulu. | s : \ ' s

a

bk, Neutvron radiography ‘ a- | ‘ 5

Q
7

, Neu*ron radiovraﬁ% technlques uere deve‘oped further, and radio-"*
grapﬁy was also done for industry. Both a beam constructed in the thernal . &)
column .and the ar free ncutron beam were used for neutron radlography Some o
addltlonal mcasugements were made based on a degree the51s (Solldmflcatlonnﬂ

o§ Sn—Cd Alloys), a report of hhlch, "Neutron Badlography of Unldlrectlonally
Sohdlfylnc Sn-Cd Alloys (TKK-F—A 177) will be published in 1971 in o
Metallurglcal Trhnsuctlons. A lecture on neutron radlographg was given at©
INSKO s courge on Non-destructlve testing methods An artlcle of the same =
subject Neutronur“dlography appreared in Teknllllnen Alkakauﬂlehtlﬂ_ [

(4 8-9(70)) ° - coL s e Tra

o Yo
a s 0 '



The brazed 5oiﬁis of some weliding apparatus were investigated as
student work in coooeratlon w;uh,OK £z2 Ab. The results of this work will be
pubiished in YHitsaustekniikka®, Omher stuaent projects were 1nxest1gatlons
into the radiograbhy of components used in reactor technolqoj and the distri-

bution of lubricant in rotating becrings. ) ?

Projects on the icing of carburettor and diffusion of water in
contruction materials, especially in concrete, were'qmbarked on. 4 vertical
beam tube Tor neutron radiocgroapny was designed and an order placed for the

componenits for a neutron TV-system. s “,

c

< ' D -

<} R

4.5, Neutron guide tube development SRS <

B - ' 7
A W K 3

N ’ . ¥Work continued on developing internally pollshed neutzo guide

e
A\

tubes, based on o contract with Rity Oy. According to the latest timg»schedulé
the first long tubes (3 m) should be dellvered durlﬁ/rsprlng 1971,

A «

4.6, Computer Project ° e = . n 7 ,

A co&puter:éroup inclﬁding Mr;Junttila an@ Mg.Virtamo was established°

within the Research D1v151on. In collhboratlon with the Reautor Laboratory

T
o

) o
the group pgocceaed to 1nvest10a te the need’ JFor and potentlul use of an’

: D
on-line computer. A potential was found to exist both amonb uke research and

&)

reactor operation facilities. Thermost’ important tasks to be excuted by the
systems #Znclude controlling a neutron diffractometer, measurements and prgf ’

cessing of puls e height and time-of —fllght Spectra, and concentrated moni-

a2y

,AQ -

. tor-lnD of rndratlond}evgls and rehctor operatln° parumeters.

" . In order to find a suitable computer, the group placed inquiries with

$

. u few suppllerg, After a preliminary "élcctlon, an offlcial request for tender
- was sent to tnc representatives of four computers, (EMR 613),0EDP-15, Stromberg 5
1000 and,Supernov 2) zon December 22nd The tenders were opened ‘on January 29th, —
and a}%er as essment a pribposal- lor the purchase was submltted to thes Ministry
of Commercc and Industry. If the proposal 1s approved, the ccnputer will be

=

= installed at the beglnnlng 01“1972 ' =
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faclear upectroscopy almed =¥ siud;in; the decay ovﬂqhort 11vea
O . 13> N
fission n:oduct nalo*enldes wuas ecauletee. 8% sec )6I Has stualﬁu ana a o

new 48 sec ’somerlc s+ate found. US1rg\ene gas transfer fao111ty a 5 sec o
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isomeric state was found i

CoN
S

W~ ° . Cx

" s - Y - a - i Ve
A research group from the Unlver51ty of Technology headed by . "

. Professor G.Graeffe continued its work usznb\tne Laboratory S nuclear
" N\ . ZN X,
spectroscopy esuipment. W - v C o
\ o« - u %

[ L’
N d o

r
1_0 1iconductor radlatlon damawe studles were malnly made with mlcro-
J .
T AN A
circuits and LaSe'thln fiim transistors. Raalatlon damage and the radlatlon o

@ o

re51stance of these _devices were studled. Further 1nvest1gat10ns of selenium ,

were continued in order to obtain a better understandlng of the radiation

0 - P h K

damage in selenlum 51ﬂg1e crystals. The" etfects of hlgh temperature irra- N ‘%

=

dlatlonsxuene studled. New studles nltn amorphous semlconductors were started? °,

with sthlsky—type chaledgenlde~ hin fllms. Studles w111 be contlnued w1thuw&»rn

© o

senlconductors, partly in coopera on with the Electron Physic “Laboratory ¢
3 SN S

//,b”

of Helsinki Unlver51ty of Technology.c e x T g e T
o i ) < e .
¢ . ‘The rethcrmalﬁzatlon measurements at temperature dlscontlnuluy in o
S I Z3 . E] ¢
water were ,completed in February 1970. “he experlmental S1tuathon was also ¢
> .0,
trfated theoretlcally. Three dlfferent enattering mcdels were used By s e L
ey N CPEN
. comparing theyehperlmental resalts w1th thegtheoretlcal calculatlons some o?
[ 3“ D 5 B
,conclusions were’drawh’ of the goodness of scatterlng models. - v o5 B
N L i - R ¢! J:: e e o 0 - ;O .. 21~
3 Gammaradlography was performed “For" tmo 1ndustr1a1 jobs. o - Jk,?
N . JL'//‘ Q ., u B a ,,G oo 2, N %(: ‘
= 01sture detErmlnatlon wlth ncutron technique Was tested at the P
T ' = —-——_-.---i\-—--_--——:-—- oo “ Q el . e
Outokumpu Oy Kokkola works. ¢ Sew " l o T e 7
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5. Applied Radiation and Isotopes Divisien

5.1. Radioisotope Applications

During the past year the main projects were research into and

develoﬁment of certain industrial quality and process control methods and
instrumenis, development of methods and instruments for use in'fracer
measu;ements, %@duetriel tracer studies and research and development con-
nected with some special radiation and isqtdpe applications.

Q The work on aﬁalj%ical instrumente was connected with applications

of radioisotope X-ray spectrometry and radlolsotope neutron activation ana-

9 4

lysis. Determination of light elements (Al, Si, S) using X-ray flow counters (

and of heavy,eigments (z > 50) ueing K X-ray excitatinn were studied.
The work on radioisotope neutrom activation analysis consisted of effec-
tivity studies of certain types of irradiation and counting geometrieg.

As an application of ligmt e}ement radioisotepe X-ray analysis a
laboratory ins%rumemt for the determination of the content and two-sidedness
eﬁ the diétribuyipn of mineral filler in papers was developed as part of a
de%ree thesis. A laboratory instrument fgr the determination of mineral
coating weight on papers was alsc constructed and succesfully applied to a
proglem arising in tbe marufacture of coated paper. The determination of
light elements (A1, Si;{S) in metallurgical samples was also studied and a
flow counter system was construcfed for the feasibility stud;es. In the work
on the determfnation of heavy (z > 5C) elements using K X—fay excitatio; and
semiconductor X-ray detectors in particular analysis of lead and lanthawides
in various types of samples was studied. - Qﬂ

During the past year tracer studies were responsible Ior the greatest
expansion of the activities of the section. Work on the measurlng methods and
1nstrumente qnd data processing methods continued and reached a level at
which simple mixing and flow measurements can ea511y be made and even more

3]

complex studies carried out. During the year 9 separate studies'were made,

n

+ e A . . e s s D= . ©® .
consisting of 83 radioactive tracer injections. Five:.of the studies were

. mixing, flow and precess studies in the pulp and paper industry (ngaani Oy,

Savon Sellu Oyv,sSunila Oy). The others comprised measurement of the total

N I
t

)

a

e
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waste weter flowrate from a pulp mill (United Paper Mills, Tervasazari Works),
2 process study in a chemical process firm (Rikkihgppo Cy, Siilinjarvi Works),
a process study in a metallurgic firm ( Qutokumpu 6&, Tornio Works) and a
leakage s%udy in a chemical process firm (Rikkihaﬂpo Oy, Siilinj#rvi Works).
JWorth mentioning in the &ork on the measuring methqu are the studies for
activating relatively great amounts (= 10 kg) of process’'materials to be

used as tracers, Nhlch give a'real and statlsuwcally correct illustration
R
of the _process. Relatlveli\short,llved act1v1t1es were here preferred in

some cases. Thls“called for some special arrangements’as regards irradiation

L

and transportation but at the same time significently réduced th& radiation

hazards irherent in the studles. During the year preparations began to be

I 7

made for extensive waste ﬂater flow and water pollutlon studies.
Work .on speelal radlatlon and isotope applications induced a study

of the diffusion of Na—lon from blsulphlte cooking liquor into wood chips

£}

using néutron activation analysis and the development of a special system

W

for controlling the wear of the furnace‘lining.

o T < . “

L

1

5.2. Irradiation Service and Radioisotope’ Production , ! /;7

The irradiation service continued to work in cooperapier wiﬁﬁ/;;e
Operations Division and the Radiation Protection Division. The resilts
achieved can be seen from the Tables. Table X\Shows the distrib%;éon of

irradiation services among the wvarious clients an Table XTI shows the
distribution of radlolsotopes. Radlolsotopes P uced as byrroducts have been
nog\tted/lrom the Tables, The raalolsotopes listed are'af§§:t entirely pro-
dge d/by the 1rrad1atlon service. When it has been possible to use the reactor

2

Kfor radioisotope producflon, these irradiated targets have been ineluded in
the Tables. The devel;pmént of the irradiatioﬁ service from 1962 onward can
be seen from Table XIT. ﬁuring the past year the amount of activit& produced
rose sharp;y.‘This is partly due to the fact that rgdioisotopes were for the
first time exported to Swedeﬁ,ﬂand partl& dpe_to the sighificant increase in
industrial research performed by the Radioiserope Applications group.

Y Commer01al productlon of“radlolsotopes started on October 1st, 1970,

v when the first batch of 131
i

I for oral use was dlstrlbqted to\hospltals in the -



i

(4]

Medica Ab was successful, and the product was favouratly received.

-
(N
[ ]

presence of uress and television reporiters. Marketing of the product by Oy
At the end of 1969 the Reactor Lzhoratory Safety Committee stressed

the importance of the efficiency and suitability of the filters used in the

air conditioning system in the pgoduc%ion unit. Together with the Radiation

Protection Division measurements on' the absorption of iodine in the filters

"were made and the resulis publisked in Report No TKK-F-Cl. On the basis of

the results suitable .filter materizls were chosen and small changes in the

ey o . s - . . - N .
air conditicning system were made. Production was started on a full scale
after publication of the reports "Safety Report of: the Isotope Production

"Ilr production ¢

Laboratory” (TKK-F-C3),’ Safety Regulations” (TKK-F-Cl) and
Process Instructions" (TKK-F-C5), in Finnish; and éfter the Institute of
Radiatiqp Physics”"had inspected the laboratories. During production five )
déstillations were performed %ith the iodine apparatus, and the iodine pro- "
duped was dispoatched for medical ﬁsgf The production method can be considered

routine, and tge product meets the requirements laid down by the Pharmaccpoea

Nordica. On the development side a method forgtaggingﬁﬁippufan with radio-
iodine was established but has so {far not been tested on a large ;cale.
The réason ior this is the releaséﬁgf gaseous iodine during tagging procedung%d
which,ﬁas made the construction ol a special handling boX necessary.

During 1970 there were 2 active participants from the Reactor Labora-
tory and 2 Trom the Medica pﬁarmaceutical factory;JAt the very end of the year
the Ministry of Commerce and Industry issued a grant to‘takc on o chemist to
do research into technetium. The necessity of this kind of research was
obvicus from discuss;ons with medical persons and it is an importaﬁt’part
of Nordic c$operation in the field ‘of radioilsctopes.Also during 1970 our
staff took an active part in negotiations towards making this cooperation
official. “ v .

The start‘of commerciél isotepe production and associated distribution
and magketing, the dé;elopment cf new products and active participation in
Nordic cooperation has from the start shown the lack of stafi and facilities. .
Since act%vitiés will obviously expaﬁdnrapidly, study of the possibili%y of
building“a ncw isotope laboratory and 2 timetable for tﬁis are of the utmost

importance 4o national and econcmic plaﬁhing: Without the new isotope labo-



ratory this development, which has got off to such a promising start, would

cease because of lack cof space.

e

5.5. Activetion an*1y31s

1)

During the past yezr the werk of the activation analy513x5roup
b

consisted primarily of various activation analysis tasks arising in 1ndustry,

research institutes and supervising offic1als. ) o

a

o . . . . ’ P : .
Quantitatively the most prominent were mercury anzlysis of environ-

mental samples for the o ter Hoard. About 500 Hg-analyses wefecmade. Also
of meoruence w&& the analysis of blood and tissue sampl°s sent in by

several hespltals.‘One eyample is the aetermlnatlon of Ca, P, Mg and Na

- content in small {0.03 - 1.5 mg) corticol bone samples from patients with
[

Ouosclero is. v : @

N

Great attention was also Deld to the ana1y51s of geological samples,

the most important undertaking in this field being lanthanide€ analysis cof

Apcllo 11 and Apollo 12 lunar samples.

)
i
'

For the lanthanide analysis a2 metho( was deVéloped which makes it ¢

p-1)

possible to anﬂlyze instrumentally 11 lanthanideés ‘out of the 14 exlstlng
£
in nature,

Q

In trace experiments connected with different process studies the
activation analysis group gave professional adviee”and analysed samples

taken during the studies (spreEding of water in the printing process, the
7,
effeg%iveness of pulp washing etec.). ¢ . >
7 The”group's own research included analysis of trace elements in

tumor tissues ang(lanuhanlde analysis in 1gneous rocks. These studies were
made in coocperation with the second Clinie of Pathology, Unlvers;ty of
Helsinki, and with the Department of Geology, University of Helsinki.

In the course.of 1970 about 900 different samples were analyzed.
Including parallel analyses and considering that in some of the sampleS
more thaé one element was analyz@d the total number of analyses appreeched
2000.

‘ Through the Reactor Laboratory'lecture§ and demonstrations on
aepivation analysis and its applicﬁtions were arranged for §everal groups
of e}udeﬁts and visitors. 5

3o
=g c 7

o

i



‘ 6. Radiation Protection Division

[

6.1. Medical Surveillance

N

The health of the Reactor Laboratory staff was superv1sed by the
Inétitute for Occupational Health. Supervision included the following
measuresﬁJ ’

P
1.47/ Complete blood study of Jthe whole staff

-2 Pre- employment nedlcal examlnatlon of new employees.
[5)

Slood counts and examination did not reveal hny changes indicating

radiatioﬁ effects.’

6.2. Dose_Control _

g

'Lonz-term dose controlﬂwﬁs effected by the Institute of Radlatloﬁ
Physics. Every worker has two fluoro glass dosemeters, one {or gamma expo-
sure and the other for gamma rays and thermal neutrons. The dosemeters arc
checkéd every three months, and the integrated dose equivalents for the
staff are given in(T?ble XIIL The Institute of Radiation Physics has also

N
used some additional .thermoluminiscent dosemeters for reference measurements.

Short-term control is based on pocket ionisation chambers, recorded

weekly. - ’ . N

st

e
L .
Whole bedy counting of the staff was made during the Esrlod
2.2, - 24,3,1970. The measurements were carried out by the Institute of
Radlutlon qu51cﬁ “nd no 1ntepnal oontaw1nat10n was found, etcludlng fallout
“\137 o

1 Cs. In a separate measurement after the prepatatlon period of the 1od1ne

production a light thyroid contamination was found (4 nCi, 151 I).
s o, .

6.3.  Surveying and Monitoring

The zarea ﬂonltorlng system 1ncludes flve ’y-qdoserate channcls with
fixed alarm levels and continuous recording. A fixed filter air monltor and

an open air G. M. -tune chamber are used for aercsol and noble gas monlﬁvflng
0 L‘z
in the reactor hall. Aerdsol and pool water samples are analyzed evertheek
with a d~ -speptrometer.
. @ , ' NN
: [~ !

1) “«

I v o
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\ 13 - ,
The X——background and gll—concentration in the air are reneatedly
: 131

measured in the isotope production labeoratory. I-release and the effi-

ciency of the iodine filter are measured using sampling method. The maximum

perﬁi§sible l’.’:LI—:C‘e]_ease rate is S/uCi/week. This figure was exceeded during
e N It

{,f §\\'\, . .l
bt%gﬁperin 12.30.-12.11. because of a construction fault in the ventillation
; : 131

I-relecase since the beginning of iodine

[

production has been lQp/uCi. 5

’Quet of one shielded box. The

6.4, l Research and Development

B o v -
The health physics instrument development programme“has iﬁbluded

131 . 12

noble gas monitors and an air:monitor for
T ; G
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The Subcriticnl Reactor

7. 7
In 197C work at the suberitical reactor comprised
1. reactor noise or fluctiation studies and

2. experimental investigations on moderator systems with voids,

i
(

The reactor noise studies concentroted on

1) the development of mathemitical models, I
IT)  data collection methods ard '
iII) noise measurement at the subcritical facility. .

With power reactor applications in mind the influecee and use of

gamma radiation in reactor noise measurements were investigated. The model

N}

developed reveals the influence of a large number of reactor and detector”
characteristics, including the influence of correlated and non-correlated

gamma radiation and of various detector\typee. The measurements induced by

=

the mathematical model were,successfal.VT95:?31axatiBn,effects associated
s ( \_,\-'——“____// .
with the spontaneous fluctuation in the neutron population and in gamma

emission of the subcritical facility could be observeé by zamma counting

«

techniques. Estimates for the main relaxatlon constant (Rosms—alpha) could

\
be obtained from the detectlon or hwm energy r.icton radlatlon with scintil-

lation detectors both inside and in the vieinity of the reactor systen. o
The detectability of the correlated noise with gamma sen51t1vQ:detectors,

especially in out—op-core measurements, 1s of substantial 1nterest, 51nce it
_§ O
obv1ously opens up a wide range of practical applications. The 1nvest1gutlons

[l

areb91ng contimed. ‘ s

0

¥ Systematic iﬁvestigation of the data extraction methods was con-

tinued and displayed a number of alternate or modified techniques, some of

which may be of practical interest. Thc application of information theory

<L

to noise problems proved a very powerful and useful approach. ,

BEstimation tbeory was also applied to the theoretical investigation

of the accuracy assodiated with parameter estimation on various” data (»

o v u 73
extraction mgthods.
v 27 9
” Cyllndrlcal‘moderator assemblles contalnlng water and concentrico

v01d cylinders of various dlameters were 1nvest1gated using the pulsed

2

o v “ -
neutron source method. & S ’

- o - J

i o B v o %
g .
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A

r

&£t the ond of the jéar tiie muaber ¢ fucl rods and the uranium

ccn'ppnt uere unchonged, compared witn thie mrevicus annual report, and
- 174

b . 4]
comprised N o
- - . - 2_ .

189 rods of 1C% env.in U 5 s lenztin 1 wetre 3
. ,‘/’
° aay | . . K 4

1 recd = « 'length 0.5 uetire

T

e . 5 -3 5
1 opened eXperimental rod, enr.,lC in U
' s

0
4

orizinal length 0.5 n ”

'

(See Trnle XIV) - ) |

- 4o, =

fis »eTose, the suberitical yooiliiy tras also us
W ) 17 ’
tocl. - =

ed 03 on instructional
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8. . Reocior Code Group
S

W W ¢
mn ,”honcernlng reactor statics, were developed, The need for spectrum and
lﬂ‘ ”“e codes is beginning to be met. Consequently the work of the group
o "’L«
is mﬁv1ng more towards multi-dimensional power distribution, burnup and
n.act 31; kineties calculations. Work was also started on reactor thermal

hydraullc calculations. - s v
The most important programmes adapted during the past jéar were:

fHEX and TRIGON two—dlmen81onal diffusion codes for a hexagonal cr tri-

fl

o
dngular 1att1ﬂe, FOR%‘and GGC—4 spectrum’ codes, IRESINT resonanée integral

code, DER-4 SN—transport code, KYKER thermal neutiron scatterlng kernel
code and REPP thermal hydraullc des1gn code. The programmlng ‘of a rev1sed
and completed version of a THERMOS integral transport theory code, called

THERMOS-OTA, CohTitiuEs. . \

The group performed calculatioﬁs for the Loviisa Nuclear Power

Station project and assisted in the work of the Nordic'Work;ng Group for
Reactor Safety.

v N 4 .

. The. group used about 3 hours of computer time on an IBM 360/50
for programme development at the Finnish State Computing Center. At the end

of the year preparations for changing over to a UNIVAC 1108 computer were
started. EN 5 a

i

The degree thesis of F.Waggstjerna entitled "Calculation/%ethods for

resonance absorption in nuclear reactors" (in Swedish) was written as a
a ' =4
o : 7

group project. o, ’

The group wads supervised by an expert team nomlnated by the Finnish

AEC. The group wasdadmlnlstratlvely separated from the Reactor Laboratory ,

as of the beginning of 1971 ~

~ A

- }:7
- Durlng the Duat year several reacitoi paySics computer prograciies,

Q

4

o

A\
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. 9. The Safety Commlttee and the Cornsulting Board

28 K

j / N ! o };’
o

B The uﬁ Tety Conmlttee held 3 meetings in 19”0. Mr.O.Vapuavuorl

was Chairmen of Committee, the members veing Proxessor K.A. Sal.mékl

R

(with Mr.M.V.Bonsdorff as deputy), Mr. B.Regrell hr.J.Saastamoineé and
Mr.A.Vuorinen, and as of 3.11.1270 Mr, J Kajamea and Mr. H.VEyrynen ’
(deputy for Hr.Régnell). The Safety Commlttee<:;sued directives concerning

the safetx]report ofvthe isotope prcduction laboratory, the production of .

I-131 and several separate gquestions. . ) ©

. ' The Cons ting Bourd held 2 meei tings 1n 1970, giving statements .
- on collaboration between the Reabtor Laboratory, universities and

1ndustr1a1 research centres. Professor L.Simons was Chairman of the Con-
{t
sultlng Board, w1th members Mr.x.v.gonsdorfl, Professor’P, Haapalq, v -

Professor'v Hov1, Dr.u.Hultln, Professor P.Jauho, Profeasor H. Mlekx-01a,
I . ‘l il

Professor J. Mlett nen and:- Professor P Tas 1n¢n.

O P 2
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i0. Teaching and Training

Te

-

22hing arnd trainin: of studenis has co

expanded in the Reactor,Laboratory. A course on reactaor driving was taken

by six

students and three graduatcs working in the Reactor Laboratory.

During the

R

o

the University training progranmme:

Sprlnb term: reactor technology (F deptc), 5 students

Physics department of the University was

of the Reactor Laboratory staff using Laboratbry equipment'

N

Autumn termi reattor physics (F-dept.), 2k students

-

«

2

"7

I

"

%)

~ Measurements of the prompt temperature
3 "

coefficient of reactivitiy °

3 v

Investigation of the reactor cooling system
Determination of the position dependence of the reactivity
value of a perturbation

Investlgatlon of radiation, damage

u
4]

eactor technology (depts.of Mech. and El.eng.), 4 stuagnts

M

Callbratlon of control rods e o

Mcauuremen+ of flux dlstrlbutlon by actlvatlon of a wire

o

f/

Qear the followirng laboraitory work.was done as part of

Measurement of the(prompt temperature coeffifient of rcactivity
i

o

a “

Driving and regulation of the reactor “
Measurement of flux by a wire atétivation method

Diffusion of neuttrons ‘ o .
Y . B

' The following special work by the.students of the Technical

N

Absolute activity measurements with the ald of Jr ‘f

coincidences (in Finnish) o

Investigation into radiation damage in amorphous switches
(in Finnish) N
Constructlon of the direction for use of the analogy conputer

(in P¢nn15h) ) . . . o

Standardization‘pf the flux measurements with Au-foils (in Finnish3

Regulation of the cooling of a Bi-eryostat (in Finnish)

3

completed under the superwvision

ntinued and in some respects

2



<Q

g

i . -
Investigation into the statistical accuracy of estimates
A
n Finnisn) N
o .y
Evoperation of the filamention a glass dome (in Finnish)

Investigation of silver solderings (in Finnish)

Air flow ionization chamber (in Finnish)
' H )

Use of air fractional distillation equipment 1n tne determination

X/

5

the concentratlon of ncble gases (in Flnnlsh)

Rubber under tension in radintion (1n,F1nnlsh)

@

Demping of characteristic X-radiation in tissue (in gipnish)

Investigation into the’ lubrication of bearings (in Finnish)
Liquid crystals (in Finnish) N
Apparatus for copying microca%ds‘(in Finnish)

Collection of rmultiparameter srectra (inhFinnish)

0
Apparatus for measuring the Tilling of liquid containers

(in Finnish) s

T
Ky

ReTormé&tion of the neutron diffiactometer (in FlﬁPlSh)

The b* clogical uppllcatlons of neutrcn radiography (1n Finnish)
The use of neutron radlograuhs to detect hydrogen in metals
(in Fi‘nnish) , .

o

Scattering of neutrons from a hydrogen gas, flame (in Finnish)
(R é\

The influence of pH’' on feactivity (in Finnish)

Tnn,e perimental value of Flanek - constat (in Finnish)

P051uron annihilation (in Finnisn)

Amngsular distribution of positron annihilation in selene (in Finnish)

Trapping “of positrons by vacancies (in Finnish)

Measurement of the transfer time of the pneumatic transfer

[ a

system (in Finnish) s

Measurement of the reactor gamma radiation (in Finnish)

Measurement of the fast flux of the reactor using transistor§

[

' (in Finnish) -

At}

WL
Yater sample under high pressure (in Finnish) .

"Probablllty methods in noise analy51s (1n Flnnlsh) ‘ i

3
A
¢

Investlgatlon into light collection in secintillation plastlcs

\

(in qunlsh) ‘ _—

.Photography of 2-phase £low (in Finnish) ‘

"

ol
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The J.nished. degree theses are sentionéd together with the list

i ~

of publications. Practice demonstrations wers’arranged for a gecup of
students from the Abo Akademi. Similar cooperation was offered to all

professors of physics in Tinnish universities.

8]

For those students of the Department of Techniéal Physics who,

in the course of practical work, come into contact with radiation-

Yo

generating instruments or ra@ioaétive meterizls 2 .course was arranged
g : > ,

on fundamentals of ~+he interaction of, radiation with matter and,;adiétion
rSe il N . A o

o " protection. The course comprised 14 hours of lectures, a calculation and

a practice laboratory demcnstration. It is necessary to pass the exami-

S

nation in radiation protecticn before beginning the exercises mentioned.

Mr.O.Tiainen tas responsible for the caurse syllabus.
¥ n @

An’ informative series of seminars was'arranged among the research

I’

~workers at the Laboratory, including lectures on all research sectors

\

o " of the Laboratory. < =

. / r
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The most i no**“ﬁt form of “cocperation was thé‘Triga~Users'
Semlnar held in Qtaniemi 25.-27.8.197C. There were 30 partv‘vnants, from
tho lollowvn5 Triga laboratories: Atominsitut der OQterrewchlschen ,Hoch-
sbhulen, Vieﬁna, Johannes Gutenoer- Uﬁlvef51tat Mainz; Deuusche;dérebs-

forschungszentrun,’ deidelberg; . GesellschaN fir Strahlenforschung M B. H.,

. Munich; Gutehciznungshutte AG, Sterkrade; Mealzlnlsnhe Hochschule, Hannover,

T b

3
N

Centro di Studi della Casab01a, Rome; Universita di Pavia, Paviaj;

B4

Institut "Jozef Stefan”, Ljubljann; International Atomic Energy Agehpy,
Vienna; Gulf Enersy & Enviyanmenﬁal Systens, Zurich and San D%ggo;:USA;
Geological Survey, Denver, USA; Kansas Stat e ﬁniversity, Manhaftaﬁ, USA;
Institute for Atomic Enersgy, Rikkvo Jnlver51ty ngpsuka, Japan; Institute
de Pesquisas Tiadicativas, Belo Horlzogte, Br2211. The programme consisted
of 28 papers on: "Present and plénned research programmes at the Trica

2 ‘ .
reactors”, "New developments in Triga reactor design”, "In-core? fuel o
e 5 ,

‘management and attainable fuel burn-up in Triga" ana "Experlendé in +he

= Q

dperation ard mainteénance of Trig ga reactors"” The seminar was rather succes-.

o
. 5
ful, and it vas decided to alm ‘at organizing a corresponding semina ‘
e ;z
intended m2inly for:European Triga lhoo*wtorﬂeﬁ in Pav1av1n 1972.4Dur1n5“

N g ,

the seminor it was also agreed that a Newsletter oe distriduted. Tne

Reactor Laboratory in Otanlem1 is to bhe regpon31b1e for edltlng thP ﬂé& t“

v,

letter durlnw the F1rst Iew years. g

£ v -
IS '

The IAEA - "End Inter national Conference of Nuclear Data for

Reactors" was held in Otaniemi 15. —19 6.1970 with 163 partlclpants from i

28 countries. The Reactor’Laboratory took an actlve part in the organl-
zation. ‘The Ministry of Commerce and Industry was respon51ble for the .
conference on the Firmish 51de. A lar ;e nuwber of people v151tedathe,

[ . . ’gc
Reactor Laborutory during the conferenc . «‘0‘ .

Negotlatlons were contlnued &ltﬂ thF Max von Laue-Paul Langev1n&
Instltute "ongernlng cooperatlon over”q project for bulldlng and ualng a,

dllutlon“cryootut for polarized targets. o o RN

P, vy
5 & s

Discussions were started” w1th he Dubna INAI concerning the possi-

bility of start}ng a project aimed at dctermlnlng Flanck ‘s constant w1th‘&

5? ‘;l _e, @ 0 . 3
> - ! . .
i g i . W = 5

s

&

X}
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~ 10 ppm. Based on a suggestion from Dr.R.Stedien, a rather promising
methed has been ~leveloped. A pulsed reactor is neéded as the neutron source
for an accurate time-of-fiight experiment.

The laboratory‘staff went on several journeys .abroad. Travélling
accornted for -~ 1 % of the total budget.

The NAK-committee (Nordic Atomic Coordination Committee), actively
promoted cooperation between the”nuclear research centres in Sweden, -
Degmark, Horwéy aﬁd Finland. The Reactor Labocratory was represented at the

meetings.

o~ ")
0 EAY
fo” ‘

Attompts to ccocordinate isotepe praduction in the Scandinaviam

countries continued.

The Code Group assisted in the work of the "Nordic Working Group . °

for Reactor Safety". o .

p
© 2

Cooperation was started with groups in the German Democratic Ot

“

Republic and Foland working onl textire studies with neutron diffraction. g

y
Dr.Kajamea thus vigited Paiand for a working meeting and Dr. Bunge from
the D.D.R. visiteéd the Reactor L%borator‘. A‘Polish.texture‘scientist ©
Bas been invited. to work in Otaniemi in 1971. ,

Several other foreign sclentists visited the Reactor Laboratory

s DY

in 197C,e.g. Dr.R.L.Crowther and Dr.B.Alefeld. '

U

O
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Table T

the FiR 1 reactor in 1962-137C

19627 | 1965 | 086 | 1967° ‘ 1968 | 1969 | 1970
Total running hours 15C o 1420 | 1718 | 1344 13391 1341 | 1463
Testing/n o | 0| 9| 6 | | 28| 15
Training/h | 98 I 1| 4 55 5| 8| 55
Research/h?) Jﬂ 3 i 1387 | 1729 | 1411 2355 | 2485 | 2300¢
Isctope Production 112 '% 1963 | 2740 | 1787 | 1627 2202 | 2337

o

Energy generated

per year/Mwh

Integrated energy/MWd

Number of povier

pulses

11.5 }130.3 |159.7 {168.0 .{319.2 | 333.1 [338.3

0.48 || 2.85 | 16.5 | 23.5" | 36.8| s50.7 | 64.8 X

N
L

14 19| 20| 10 ol 2 0

1) The oberation of the reactor was started in the spring of 1962 .

.
o

0

2) The running times for all the sepérate research projects and
g ‘

[+

o

the separats irradiations are added.

3) In the'summér of 1967 the reactor was shut down for mere than \ o

a month because of the power raising project.

2

\



The use of FiR 1 rezcter in 1970

7
Runninz liize Testing Training | Nesearch Isotone 1o
(hours) production
250 K 135¢2 L =3 2240 27531
G .
100 - 250 k¥ 13, 3 3 7 2
1 -100 kt |, 61 5 13 41 3
Y]
velow 1 kW | 17 3 1 12 1
1463 15 55 2300 2237
%
, -
. : 4
2 i

Y]



Table IIT

(i X
The total ~veraze growth o the Tuel elements
) -

in different rin:ss (1)

Ring; 1968 1969 | 1970
B L 0.20 0.16 0.19
. c - 0.358 0.47 .53
D N 0.86 0.79 0.0
E ,C.79 0.79 0.79
F 1.30 1.28 1.19 N

In 1970 the largest individual change (2.3% + 0.1) mm was noted )

in element No 2496 in position F5., The maximum permissible value has been
W

increased to 5 mm in January 1968.

u

)
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Report No 8

Report No 8

FiR 1 Accounting Report A: Charge of the Reactor

Date 31.12,197C
Date of the foregoing Report 31.12.1969

<

No changes in 1970
Table V
. PiR 1 Accounting Report B: Discharge of the Reactor

Date 31.12.1970 \ 1
Date of the foregoinz Report 31.12.1969

No discharges in 1970 .

e
fol

i
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Table VI

Report No 8 FiR 3 Accounting Report {: Meterial in the Reactor
Date 31.12.1970
- (ﬁ’ »
§ Date cf the foregoing Report 31.12,1969
D
Number Total U U-235 FPlutonium S
Date of fuel content content content ) "Remarks
elements (kg) (&) (g)
31.12.1969- f\é
° * - = 717 ™,
31.12.1970 & 12727 2724 &
G
o
: " o =
A
/) "
i \}’:1 5
- o
Q ) [y
A s L ' "
s (o] % U

D3



Table VIT

3.
ihe

Report No 8 FiR 1 Accounting Report D: Materiz® in Storage

Date 51.12.1970

Date of the foregoing Report 31.12.1969 “

Number of Identification T wt (xg) wt (g)
Date Location elements numbers uranium U-235
31.12. safe 12 , hi7h, As603-TC, 2,302 - 56
1969 ) 5115 - 5124 - >
pit 1 2503 0.183 36
" rack 1 1166 0.192 38
31.12. safe 50 217H, 4653-TC, 12.912 2583
1970 5115 - 5124
| 6535 - 6571,
A 6575-1C - . 5U
pit ¥ 1 2503 0.183 %6
. rack 1 4166 0.92 =8
. 6
R &
o
Q i) {}
= ~ O
( .
<3 ’
D Lo
i‘/;(; = s
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MATERTAL PATANCE REPORT
ACCOQUNTING REFORT No 8

Accounting area : Helsinki University of Technology})ﬁeactor Iaborztory,
Otaniemi
Accounting period : 1.1.1570 - 31.12.1970
Accounting unit ¢ GRAMS Tor special fissionable material
KGS for source material
£ -
9 20 % enriched | U (kg) | U-235 (g)
Type of material ) uranium « Element Isotope
I. EEGINNING INVENTORY 16.395 3252
1T, INCREASES IN INVENTORY
1. Receipts
a. Domestic receipt no. . )
2., Domestic receipt no.
a. Domestic receipt no. o
b. Import no. GGA invoice no.23558 10.610 2127 \

b. Import No. ‘ o
b. Import no.
2. Production °

3. - 0Other increases

n

IIT. DECREASES IN INVENTORY
1. Shipments o . . 4j
- a. Domestic shipments no,
-a. Domestic shipmentﬁ no.
o a. Domestiz shipﬁeﬁts no.
” b. Export no.
v D. QEXporégno, h’ . o

b. Export no.

n

Nuclear losses “
o

ol

« Non-nuclear losses

. Other decreases

4

Iv. ROUNDING ADJU STMENT ‘ s

V. ENDING INVENTORY o 3 27.005 . 5)79

(/ Qo
. Date: 25.1.1971 Signature: ¢/ 26’\’%»/4,0
- 1) ¥ ’

. ‘ This’ rew fom of the Engllsh name of the University was accepted
, on April 28,1970 . . . o "

\




Use of the FiR 1 Reactor Fuel durine the year 1970

Table IX

7
i Kih
- iNo of Burn-up
Peitiod| Ring PPN Identifi ica ation No |  zenerated
, &, ele(:/}ants coefficient < ) per element
l.1.- B 6 o~ 0.,0198 4312-TC, 4152, 4154 ,4186, Y6713
31.12. 1388, k205
i. -| C 11 0.0177 2548,2551 ,254L 2543, 5082
31.12. 2550,2499,2516,2513,
2502,2210,2552
1J1. -| D 15 0.0156 2515,2518,2517,2493, 5284
31.12, 2574,2070,2531,2537
2529,2521,2555,2554, o
2520,2508,2530
11. - E 23 0.0119 2512,2523,2533,2497, 4021
31.12. 2575,2547,2494 ,2405 ,
§ 2493,2540,2532,2538,
L , . 2546,2525 ,2534 , 2345 T
! 2505,2539,2509,2519,
, " 2504,2545,2549
,’__ U -
1.l1. - F 20 0., 0089° 2514,2462,2535,21496, 2024
31.12. ¢ 2506,2527,2524,2510,
2344 -1'C,2541,2526,4173,
©2501,2500,2535,2511,
N 2528,2507,2542,2522
| 57 . °

Only the order of the elements in the F-ring (xs ollohtly changed

during the vear 1970
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Irradiations at FiR 1 in 1970

Table X

Number of ? Numbéf of Activity/mCi

Irradiations Samples
Iunar Samples 7 43 25
Export 2 5 10600 '
Reactor Laboratory 786 3751 4478 :
Hospitals 114 229 3878
Radiation Prétection
Research Center 54 9 72
University of Helsinki 33 209 ’ 89
University of Jyviskyla 2 1 o
University of Turku 2 2
Abo Akademi * 4 9 211«
The Finnish Pulp and
Paper Research Institute 19 150 11
Industry 230 1626 6961
University of Technology 4 7 4

" Total 1250 . 6045 26332  °
*
PR (



Produced radionuclides in 1970

Tabel XI/1

Isotope Samples Irradiations Activity/mCi
Lunar samples 43 7 25
Mixtures 1740 336 . 2715
181'«‘ g2 92 1365
2a 481 88 2993
2Tyg 2 1 1
28;\ 1. 244 176 30
32, - 5 1
Bg 13 1
By 114 20 719
My 15 15 2
2y 8 8 5 1
SlTi, L 4 | 1,
Sler 14 15 17
52y 2 2 1
5oun 43 11 " 126
59F e 9 3 10
*oq, 4 9 ' 53
Son 130 57 1850
51 2 1 1
52 25 " & 2
Bge 63 24 148
76As _ 2 2\\ g
82y, 174 25 12119
SO 5 9 2
99 276 25 £ 57
108Ag 17 6 .2
H5eq 10 9
i:imlnv c 7T % o 8
St © 2 3
128, 5 23 L3
131y | 86 15 2500
Dheg " 10 5 12




Table XI/2

A

v}

Q.

140, 36 13 334
1, 6 3 -
W 11 2 26
15%py 1 200
1533m 5 1 29
1555, § 3 2 53
165Dy 2 1
177Lu 2 1 1
182, 10 2 2
l§7w 212 26 2 o
1910; 2 3 ’
1941; 18 408
197Hg 1808 . 148 301
198Au 53 21 5
21981 7 1
2% 5 3 "1
0
Total 6045 1250 26332
o 2 )
V. g

Q



Table XIL

Radioisotope production at the FiR 1 in 1962-1970

NS

i

Y
e W

5 1962 | 1963 | 1964 | 1965 | 1966 | 1967 |1968 | 1969 | 1970
Number of samples \
©- total o f "oz 434 | 1464 | 2631 | 3482 | 3179 | 4651 605
- outside the Institute 219 541 798 527 758 | 2251
" Number of irradiations . ?Eﬁ
- all 37 89 230 513 865 | 104 805 1099 |1i250
- outside the Institute 133 | 190 | 203 | 219 | o257 | 204 463
- medical science 23] 50| 30| 87 | 148 | 105° | 1%
-“scien;ific research 8Ll 8 85 72 87 53 b4
- induggry and ) o
technical research e 29 59 68 60 22 %62 | 305
gctivity of the sa.mplg?/‘L
- all 0,34, 1,76Q 20,5 6,3 4,7 7.4 26,3
- outside the Institute { 1,62 6,0 6:1 4,0 »‘g,A 4,5 }21,8

4
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at iR 1 in 1970
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Lindfors
Lurddn
Ladveri
Mankamo
Markkanen
Metiila
Meinander
Miettinen
Mokka
Mikeld -
Magtta
Ojanen

Ojaniemi

Palmén

Palmgren
Patrakka
Pellinen
Pietarinen
Puumala
POyry
Rajamdki
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Table XIIL/2

o

160
160
190
130
80
80
40
120
120
10
170
190
240
180
%0
10

-+ 180

120
160
180
160

40

4o~

80
170
220

170
160

120

170

160
200

180 |

(92




Tammine:.
Terasvirta
Tiainen
Tiitta

Tunkelo

——y

Uhlenius \L
Vaurio
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Vanttinen
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Table XIV

MATERIAT, BATANCE REPORT
ACCCUNTING REPORT No 8

1)

Accounting area : Helsinki University of Technclogy ; Reactor Iaboratory,
Accountiné period : 1.1.1970 - 31.12.1970 Otanieml
Accounting unit : GRAMS for special fissionable material
KGS for source materia;
10 % enriched U (xg) U-235 (&)
Type of ma terial ~ uranium Element Isotope
I. BEGINNING INVENTORY . 30.224 3022
IT.  INCREASES IN INVENTORY
1. Receipts o
A. /Domectic receipt no.
a. /Domectic receipt no. !
a. Domestic receipt no. .
b. Import~no.
b. Import No.
b. Import no.- )
2. Production : .
e Other increases
III. DECREASES IN INVENTORY .
’ 1. Shipments
a., Domestic shipments no. }
a. Domestic shivpments no.
a, Domestic sh%pments No.
b. Export no.
b. Export no.
N b. Export no. a v
e Nuéleafilosses . B
| 3.  Non-nuclear losses < ?
4,  Other decreases’ | .
IV.  ROMNDING ADJUSTMENT
V. ENDING INVENTORY _, ) 30.224 " s022
Date:'25.1.1971 Signature: (igﬁﬁig‘ —

1y |
This new form of the IEnglish name of the University . was accepted *
on April 28, 1970

"
o & ot}
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Appendix I/1

Fublications by members of the stafl in 1970

Publications in Saientific journals and 2t conferences

P.Jauho and P,IFiril&d: Spin-lattice Relaxation of Nuclei Due to Conduction
Electrons at Very Low Temperatures. Phrs.Review 1; No 1, January 1970,21-24,

P.Jauho and P.Piril#: The Separation of Coherent and Incoherent Cross
Sections in Inelastic Neutron Scattering Using Polarized Neutron Targets.
Phys.stat.sol.#42, 757 (1970).

P.Jauho, D.0.Riska and S.Stenholm:Approximate Photcon Distribution in
Iasers. Pays.Lebters 31 A, No.d, April 1970, 422-423,

B.Bars and E.Markkanen: Noise Measurements in a Subcritical Facility Based
on Photon Detection. Kernenergie (in press).

»
B.Bdrs: On thelInfluence and Use of Gammea Radiation in Reactor Noise
Measurements. Acta Polytechnica Scand. (in press).

G.Graeffe, S\Véisala and J.Heinonen: The Decay of 82Rb Isomers tc the
Levels in 2Kr. Nuclear Physies A 140, 161-172, 1970.

P.Hautojédrvi, A.Tamminen and P.Jauhe: Trapping of P051trons bv Dislccations
1n AJuminium. Phys.Review Letters 24, No.9, March 1970, 459-4 Jl,
J.Heinonen and E.H#sanen: Determination of Caesium in Biological Material
by Neutron Activation Analy51b, Radiochem.Radionnal.Letters 4/4, 181-187,
V1970. . ‘

P.Hiism#ki: High-Resolution Study of Bragb Cut-off in Aluminium..Phys.
stat.sol.(a), Vol.2, No.3, p.587-595, 1970.

P.Hiismdkir Bach—reflectlon of Neutrons from Mosaic Crystals. Acta
Polytechn. Scand. Ph 70, Helsinki . 1970.

E.Hds#nen: Determination of Mercury in Biological Material by Neutron
Activation Analysis. Suomen Kemistilehti B 43, 251-254%, 1970. v
E.Hdsdnen: IOQLnb Content of Drinking Water and Diseases of Zihe Clrculatory
System: Ann. Mrd Exp.Fenn.48, 117-121,1970.

0
\\‘)

J.Xajamaa: On the Calculation of Moduli Elasticify in Polycrystalline
Cubic Wires. Phil.Mag., Vol$22, Aug.1970, pp.423-426.

J.Kajamaa: Neutron Diffraction Analysis of A78, 5: 21,5 at. pet (60 40 wt pet)

- AlZn Alloy. Journal of Natural Sciences and Mathematics 1970.

J.Kajamaa: Ocientation Dependence of the Elastic Propertles and the Dis-
location Energy of a fce Lattice. Journal Appl.FPhys. v :

)



Appendix I/2

~

J.Kajamaa: Factors s.ffecticg the Strength of Cold Worked Materials.
Konepajamies, No 11-12, 1970, pp.497-502. (in Finnish).

J.Kuusi and A.J.Lehtinen: Neutron Activaticn Analysis of Microtome Cuts of
Paper for Its ¥Filler Distribution., Pulp and Paper Magazine of Canada, 71,
No 3 (1970). '

J.Kuusi: Determination of Content and Distribution of Filler and Coating
Materials in Paper Using Radioisotope X-Ray Spectrometry. Paper and Timber
52, 145-158 (1870).

J.Kuusi: Radioisotope Neutron Activation Analyzer for Process Control
Analysis, Nucl.Appl.Technol.8, 465-473 (1970).

JiKuusi: THe Use of Radioisotopes for Quality and Process Control Analysis
in Industry. Arkhimedes, No 1, 1970. (In Finnish). ’

J.Kuusi: Non-destructive Rad*sotope Metheds of Measurement and Analysis.
Insindorijédrjestojen Koulutuskeskus, Julkaisu 30-70 (1970) (in Finnish).

"

403.

)
N
[

‘136

™ - :
A.Lunddn: The Decay of the lJ‘SI Isomers to the Energy Levels of " Xe.
Z.Fhys (in press). .

H.Reijonen: Fiber Enforced Materials. Forum No.16, 1970. (in Swedish).

S.Salmenhhaara and F.Sefidvash: ®iffusion Parameters of Thermal Neutrons in
SANTOWAX-R. J.Nucl.Energy (in press).

O0.Tiainen and P.Jauho: Radiation Resistence. of Microglement Systems.
IEE Trans.on Nucl.Sci. NS-17, No.4, pp.3-9, August 1970.

0.Tiainen: Radiation Resistance of CdSe®Thin Film Transistors. Phys.stat.
sol. (a) 2, K231 (1970).

J.Vaurio and G.Pulkkis: On _the Validity of Some Approximate Zero-Power
Describing Functions. Nucl.Sci.Eng.39, 283 (1970). . @

\Q O ?

s}

A.Iunddn: On the Decay of Bromine Isctopes 86Br and187Br. Z.Pnys. 236 (1970)
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Appendix I/5

C)Cltb.

No.
TKK-F-1101

TKK-F-A1C2

TKK-F-ALO%

TKK-F-A105

TKK-F-A100

TKK-F-A107

TKK-F-A108

TKK-F-Alll.

TKK-F-All2

TKK-F-A11l5

TKK-F-A11€

TKK-F-A118

TKK-F-Al11l9

TKK-F-Al22

((

TKK-F-A123

4]

Tropping of Positrons by Dislecations in dluminive.

P.Houtojirvi, A.Tamainen and P.Jauho.

Information Theoretical fishects of Power Spectru: icasure-
rants in Nuclear Reactors. B.BZErs.

Radiation
O.Tiainen.

Resistance of CdSe This Film Transistors. .

A High Resolution Study of Bragg Cut-off in Aluminium.
P.Hiismaki.

Resonance Integral of Natural Zirconium. J.Saastamoinen.

On the Influence and Use of Gamnma Radiation in Reactor
Noise Measurements.B.DHErs.

4
On the Calculation of Moduli of Elasticity in Polycrystal%i n&

Cubic Wires. J.Kajamaa,

Radiation Resistance of Microelectronic Systems. O.Tiainen
and P.Jauho.

Neutreon Diffraction Analysis of

a 78.5:21.5 at pct (60:40
wt pet) AlZn Alloy. J.Kajamaa.

o

A Fast Method of Computing the Contribution from Inter-
ference Scattering to the Integral J(€, a 3 ).F.Wasastjerna.
The Separation of Coherent and Intherent Cross Sections in
Inelastic Neutron Scattering Using Polarized Nuclear
Targets. P.Jauho and P, Pirili.

Energy-Dependent Neutron’Transport Theory in Adjaccnt Half
Spaces, P.Jauho and M.Rajamiki.

Noise Measurements in o Subcritiéél Facility Based on Photon
Detection. B.Birs and E.Markkanen.
Neutron Radlography of Undirectionally Sollfylng Sn-Cd
Alloys. H. Reljonen and J.Forstén.

K

&

The Use of Nuclear Polarization in Neutron Scattering and
Transmission Measurements. 0.Tiainen, M.Anttila and
E.Tunkelo. ’

O



Aprendix I/4

PRK-F-A127 Scattering Cross Sectiion a2t Subthermel Energiés and Gene- -
ralized Fhonon Freguency Spectrum a2t Zirconium Hydride.
J.Saastamoinen and A.Paimzren.

=4 ! 1
TKK-F-A129 The Decay of the 12U Tsomers to the Energy Levels of 12'Xe.
A.Tundédn. !
TKK-F-A131 Positron Armnihilation in Colour Centres of Alkali Halides.
P.Hautojdrvi and P.Jauho. Y
) 1 - ol
TKK-F-A133 The Biological Hxit-time of 37Cs and Na in Man,
E.Hasdnen and T.Rzahol:z. ;
TKK-F-A13L ‘m:tlp}_e Scattering in an .ol ;- siren
Scatterlnr Experiment with quuld Methane. A.Tiitta and
E.Tunkelo.
£ @ ' noe ~
- . 238 , 235 - . - .
TKK-F-A136 Determinatidn of the U 7 /U Ratio with Activation
Analysis. H.Aalto (in Finnish). , ’ p
, o
TKK-F-A157 ) On the Variety and Hierarchy of Data Extraction Methods in
Nuclear Reactor Noise Analvsm. B.Bdrs. _////
TKK-F-A139 Ir-esint 2, a Fortran Program for Calculation oi Resonance

Integrals. F.Wasastjerna. i

\ §
TKK -F-Bi

e
= The Eff(g\ s of <Rad1atlon Damage on the Qperatlon of .

Semlz,onductor Components. O.Tiainen (1n\1~1nnlsh)
TKK-F-Cl ‘ Efficiency of Effluent Air Filters in the Iodlne

Production Laboratdry.R. Hnlenlus, B,Palmnén and’ M Saviranta

(in Finnish) ‘

\. o 1 |
TKK—F-gg Notes~0ni the Use of the Subcnitical Pile. B.B#rs.(in Swedish) .
[{and P

TKK-F-C3 Safety Report of the Isotope Production Laboratory. o

B.Palmén, M.Saviranta, A.Tamminen and R.Uhlenius.(in Flnnlsh)

(=)

TKK-F-C4 , oSafety Regulations of the Isotope Production Labomatory.
P.Palmén, M.Saviranta, A.Tammifien and R.Uhlenius.(in Finnish)

31
TKK-F-C5 @ 12 I Production Process Instructions., R.Uhlenius, M.Savi-
ranta and B.Palmén. (in Finnish)
TKK-F-C6 Pos:.tron Annihilation in Deformed Metmls. P.Hautojarvi,
° L 'Iamm1nen and P.Jauho. 3
TRK-F-CT . In-core Fuel Management and Attainable Fuel Burn-up 1n

Triga., J.Saastamoinen, P.Siltanen and E.Kaloinen. &

" N

ot



Appendix I/5

1

TKK-F-C3 “TAr-concentration Measurements ot the Finnish Trizsa Mark fI.
i, Tamminen.
TKK-F-CO Experience in the Operation and Maintenance of the FiR 1’
' Reactor. K.Anttila,
TKK-F-C11 Determination of the Size Distribution of Droplets in an
0il Spray Using Difvraction. M. Seltola, A.0rn and E.Tunkelo.
(in Finnish)’ :
TKK-F-Cl12 Use of Nuclear Techniéues in the Mcesurement and Control
of Environmental Polluticn. J.Kuusi. (Zn Finnish)
Doctoral Theses - ”
J.Arponen: Positron Amnihilaticn and the Positron Eleciron Manybody‘
Systen.
0, ‘jd N
P.Hiismaki: Studies Initiated from Back-reflection of Neutrons from
n Single Crystals. |
‘ »
J.Kajamaa: On the Texture Streng@hen%ng of an Aluminium Strand.
J.Kuusi: On the Use of Radioisotope Methods of Analysis for Quality
and Process Control in Industry.
‘J.Kurkijﬁrvi: A Molecular Dynamics in%estigation ofT the‘boherent

Scattering Function of Simple Fluids,

I
\\-3'_)

—— - ———— - — - = - - - - -

Licentiate Thases: s S

Annlhllutlon of Positronium. (1n Finnish) °

P la ;
P.Hautojérvi:L“Positron Annihilation in Worked Metals (in Finn%sh)él iﬁ
_O.Tiainen: The Effect of Radiation Demage on Semiconductor Devices. JV
, . (In Finnish) v "
J.Vaurio: Stochastlc Two Group Kinetic Theory of a Nuclear Reactor.
‘ (In Fimnish) ‘ . ‘
B \ ’ i
O —-——-_(5. __________
First Degrec Theses: ¢
A.Fahlenius: Study of Characteristic X-Rays Generated by L - and p-
Bombardements. (in Finnish) = PR s
: g L)
B.Lindfors:  Study of the Diffusion of Cooki {™Chemicals into Wood
. Chips Using Neutron Activation Analysis. (in Swedish.,)
2 IS ,)(:< -
T.Mankamo: Measurement of Momentum Correlation in Triple Quantum

&



E.Schultz:

A.Tiitta:

F.Wasastjerna:

Apperdix I/6

/

Study of the Solidification of an Sn-Cd Alloy Using
Neutron Radiozraphy. (in Finnish)

Synthesis Methods in Solving Group Diffusion Eguations.
(in Finnish)

On the Use i X-Ray Fluofescence Methods in betermir}ation
of Light Elements. (in Finnish)

Scattering of Neutrons on Methane at the Triple Point.
{in Finnish) "

Methods for Rescnance Absorption Computations in Nuclear
Reuctors (in Swedish). e



