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MEASUREMENT OF RADIATION-INDUCED
HEATING OF URANIUM IN FUEL ASSEMBLIES
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oo articls Jescriltos s onpcoisl Tuel cicably
(bype =1, cia 112 wR) for tihic wosetor of .uie 1lst Czeeclow
slovak »uclear power staticn, =ik bLurilt-ia in-core
instruventation involvii: Shwerual (esesbors Jor Lessurin
radiation~-inducad heatin~ ol vranius vherelrolu vi¢ neu=
tron flux —ay be detewmines, In addivlion o theorebical
background the article presciots sone ore parclculer
data concerming the reasurcaent in itself, the technigue
of processing the data obtaineu, as ell as tue resulis
further used for thermel analysis an:” cwvsivatiom of v31ac-
tor operational savety.
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In the course ol foruulatir; %he vuLilosopky of in-corc
goasrrosients insurficient expsrionce with detectors Zor
coentintal ueasurement of reastor radiation was available,

iZter au overall evaluation of tLs possibiliby of 2 unifiod

ouilaot 0f obtainod informatlon throush tie after-cooli~y

. gous where the fuel assembly iz loeated by uoans of o

susponsion rod, gonerully tvwo Geolmigvas Lave baon alopted,
i.e, tiiz thernometric detection technique, and 4ho

beta~auission techniguo Lagsed ou usine Sovios vebawomiscion

8otcoetors of noutron flwx /5/,

Tae therocouctric dotectiion Loclnique is a straijubt-
foxsard unothod tasod on caloriuctric prirciples, It
siould be added that this ic valid under the understaniing
that the detector comsists of a sinmilar fiseile autericl
as tio surrounding fuel rods in the aascubly, The Cetccw
tor i3 taen subjeoted to the same effect of tho f£10ld of

Fize 4. Distributicn ol therwsl neutron flux in the c.11 H~09,
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Zosal nuiver of deveobi=a [iic number was 5) in ore

ruol aguc .Bly of the type =) has been zivea by the number

of SLozuocouples wiaich could ¢ 124 out Uhroupgh 2 Sveclal

cornecior oub of tle r@aoﬁgr rr3seLre vocesl, Culng $o bhe

Vauperuiure oonditions /57 4% Las Leen neceszary 0 use
betwooa he doteetor and ¢i¢ cueath a Leat transnittiv:
leyer concisting of heliuw, Durins e leng=term oporation
of tho calorimetric detector 1t 1a3s Leen preved that if

the Gotootor is properly designed and made, then the heliuw

layer uay bo suitable also ror long-tern (several onths)
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of ssartir - l'ata Tor deteruining the throughflouw of zws,
D the bLasis o)y zas turoughflow ani tihe -iirfference
tetweoen the inlet and ovtlet entLalpy it a8 bsen possible
to obtain the thernal output of the assexbly (because

tle losses of heat into environuent have been neglected).
™ie thaerual output of the eXxperinental assenbly served
for compariscer with another quantity obtained from an
evaluation of measured thermal loading of ureniam in the
calorineters,

VALY PICT €7 a7 (7 qvin cUC L SUNmUNT
et

The whole evaluation has beca carried oubt by wveans
o tlxe calculator Icvlebt=rackard CLCO B¢ in eladborating
shwocongusing prorraes 1% lag been cscuned that the ascu=
racy o7 vcasurenzub ranges within € 10 iy wilel is quite
consisicul iUl conlitiont saisting o o puror plont.

In coupnticn ho neutron fluics, Lhe following daba
off ti:c deteetor have heen useds
a) debecter Jdiageter & nny ~hopelron Lig dispncter of

Couraniun corc accounus for & wug

b) average rass of cluuinun in (heo sauple: 7.034 gy
¢) average nass of uranium in Hle saudes 1,535 g

The amount of energy released in 1 second in 1 g ef
natural uranium is as follows

Hp = 34323 & W07 ¢, ®

self-shielding effect in the sample has been neglested,
because voluminal congentration of urasium in the deteeter
is only 5 % (basic material is aluminum), se that total
energy released in confermity -with the relations presem=
ted in chapter 3, nay be -:nr.iltd in the follewing
MENers

Eyt -1.355x10'53,+1v,.q - (*)
om:.nhg eguations (3) amd () yioltu oquasien qn-
sing the neistson flux

o= 2.2% . wn(u“'-n,.q) @
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v LR S A = 3 .. Lo
a7izslone-iniveed Lea%in of POJ-JL.szlo 3haracied

'as zeoon Coternined Tor an eriective cicely of the plotoxn
102 Lin e 21 reachor) of (.0 . iO'l’: by weang of

che reoulys of the neasurewmenty corried ovy o tle e3vy
wajer reastor R4 in Yuhoslaviam /7/. In leinyg sc, tho

‘pabio of phobon 1613 rates betwocn the roackor il and

reactor ‘1. k23 been deterzined s ¢ 5 = C. 127" {,..

Fecthernoro, the values of He(Z) tave beos seterained
o2 individual pogitions of tle culerioseiers (assuuing
cesine distribution of the- photiv: Fizld alony cors

s
aiviib)e rhese values have been olse deteriined in ref,
ff/. e fi»at phases of measurcnsnb performoed on (3

roaetor have deronstratel that the Jistrivuiion o2 noubren

flux along core heignt is not couzine, so tha’ Lthe disteie
antion of heat sources differel aloo fron cosine distrie
bution, L3 a consequence, the values of I, introinced ir
cersain cases grealer errors, 7oz Ll.ig recason ruprbher
procedure consisted in selectin~ tliose n.asurencnts wiiers?
the distribution of meutron flurx alon: Lhe heolsht vas
alnost cosine, and in averaging tiu: ratios o Aetector
heatinz due to fission and phofien Picld. This enabled

to find that the share of the photon heatinsg acoounts for
28.6 §. of the total heating. On tlLis Losis eguation (5)
hag been modified int{o the following shapes

$ = Lcos , 2070w (6)

The difficulties encountered in dever:ininsg tle
value of H, may be rewoved by building-in onc ealoriuectar
with non=fissile, photon-insensitive detector.

Héasured values of heating indueed by radiation in
the detector have been taken advantage of in detormining
the value for the wholée ssction of the assenbly. This has
been aceomplished from the theoretically found raiiad
diskpibution of the neutron flux in the amsembly, with
the influense of the calorimeter being properly taken
imto aseount /9/, Relative radial distribution of the
rates of eeting in the experimontal assembly ia given
in tadle 1, '

The calilwetion of teshnical dotootors :I.a desoribed

T 2
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goussrature ol gas. Mo resulio o7 Lla ooasueilens (ave
~een frrd’or coupared for cparavionil oLsg 1CeSisd WY
anfﬂcien:zﬁlmg period uitlhout overeoup.nsatis; $Le core
gy wigicud &y consideratle claujc of gl.e cutpube. 200
particular tata are ziven iu tabl:= 2,

Teble &
Day of maonr of .1017 .105 33-1 “]3 -3
weasurs: Snv ‘,..‘_,_-58-1 / / Lv / il ke

27« 5¢ 5 6.C3 5 16, 2690 17aa

7Ce 50 75 18405 5407 any22 ’23 2225
27 4C6 5947 3I0,9C 5135 22rg
Re Do 75 12,04 5+98 1,,,) ;'.191 2508
1g,08 5,03 el 2217 662
e De 75 4,04 Ce 0 1’:.?': 5185 M5
32,07 T 9T -.:.59 2156 227C
10e 8¢ 75 6403  Gy68 22,26 3564 3115

13.C6 6,74 S22 9%0 3593 1.1

COZTIING SO TR DTETAS

Long~term neasurement of the iistribution of npubron
flux using thermometric detectors in the cell H-09 'the ‘1
reactor /1 involvad all typical operational codes ol (Lo
reactory which have been further continuously analysed
and, together with the data obtalned with the assenmblies
=3 f4/, P2, B=i4, and with a special assembly with
solf~powered detestors of neutron flux, they served as
a bvasis for evaluating the operational and safety featuros
of the reactor. The results offered some typical situatioms,
hopinuing with the operational run of the assembly. In this
cazu & carked vertical asyumetry ha® besn noticed caused
oy excezsive insertion of compepsating meds into reastor
coro. .1lso changing the positiofis of the eompensatin~ rods

w1 PG i

T e R LL RS Ry

D T N Rk A AL

-

i

20 BINIIN VW AT, eI Y S T




T S

..... MRS ihe e ame e . e e O, . AR s e . v . . ..

i

(.\

POGNLES coiuheressin g vlan e L e liosrituile. o

avers S, IS soobvdd Ls eloo shuis. L lin eynress

- ‘.."

L IS : > K . K X v -« R e A T T
Bio b.as 900 peal AnD0 UaoC® 31t G0N GaaunTgoeoni3

. P T K. o - .0 - U T S R ey - * (PR -
seeduplinte .l 1i %0 ¥ioo o LT op Lunaltp o0 ro fuel
(N L] Y X T T P N B .
anzeblye Y€ reonlis Jsallt with lopsitalior wny 50 Le

volated Uo vie positioly F eonmmermahii »od3 A8 ZLOLR
i figgo 1,

- -, - - [ o e R . A . - ] .
Mo & G 0WE W06 alnass Lo tuwglest (Dl tasior

ﬁ
9
’
]
o
=
i
2
n
s
e
o
O
o
. Al
S
d

- s - N P - - P »

» I 1 . * ~ 3 -

LVl SRR ; Y P RS R I s : »
- L ' h . .t » - N . . - . . A

- LIPS S O SN 3 .. BTN vy T P e PN

QU ORI e e gy s S DE S PR N

- - 2 2 on R . - T S .. 2 . .
goow 4 Be Lo pORGIDNe .. oL otEh ool ToresT o hd o ol

»
P - A B COTLIURE S ey e . e
Yoeowoabenl e Tennlly o eeds o o N L
w-3Gop s iy D Toa e a0l LR :
sy © e AR TIE » . f T e
o W anbd - ! ' il L PR e v -

POOEEIEE LG L LD L IDEall e e L Tl

R R T LT o T T L T T S ST
TrLBARAouAal oaaram T Tl gET, R ALy RO A

Pacl. QY LS Yo gm v LI [ I TN . o . A e : }

e MoAnn g v GIU LT vt v A E NN

0t R T Ll L T iy e T e . R - K

.0 TN NY ..’.,;;Cn.f SREZIY TR T L g el S e e TR

e

pertTion wag 2e8une’ Ly enienhoy 107 LGl coslesudn -
807/, Clrieges on the rezchor OUPQ), G2e.
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8201y e . 1OTPOS8IVEe bumnyp of Lur
vy oconed 4n & ghift of Lhc uaxizum or vicselern i oLpe
o625 distribution above Lho ononchrical eruto, oF U cow
ro, Tnig is also shown in'fig.-s. CorﬁamiaOn 0. wLrisive
course of data obtalnsu witlL “ovioh Dolaecuinalos oinew
tors /6/ with absolute valued o? aeusyon Slag anuiiy
obtained by means of thernemeiric ncutron Colioss00g
designed in BHODA TORKB, displays a 300d eoneor anes .-
is 11lustrated in f£ig. 6. Calculation of noutron :luz
densities (chapter 3 and 5) has been based on uping the
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Figo 1.
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Fig. 2. Distribution of thermal ncutron flux in the csll
'{=09, assembly E~1, dia 112 mm. 4- 22nd Xay,
18 hours, 60 MW; x - 22nd kay, 22 hours, 114 M¥;
0 = 24th day, 10 hours, 168 MW o
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Fige 4. Distribution of' thermal neutron flux in the c.l1l H-09,
asgsemhly i-1, dia 112 mm. : , .

o = 3rd Oct., 00.10 hours, 247 B¥; x = 4th Oct. 24.00 hours, 320 kV.
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Fig. 5. Distribution of thermal neutron flux along the (am) -
height of the cell H-09, assembly E~1, dia 112 mm. -
x - 31st Oct.73, 12.06 hours,-348 M¥; 2nd Nov. 73, 12.02 hours, -

350 M%; 4 = 3rd fhov. 73, 350 MW,
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Fig. 6.Comparison of relative counses of data obtained from
reactor calorimeters in the cell H-09 and rhodium beta-emitting
neutron detectors in the cell D-08; :
0 - calorimeters in the cell H-09; x - neutroncoaxes in the cell
D D= 08
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