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RADIOCKF_[ISTRY FOR THE RUI_ OF A ZIRCALOY-2 CLAD

THERMOCOUPLED FUEL ELE_T IN KER LOOP-I ON MAY 12_ 1961

I_YfRODUCTION

On the 1600-2400 shift_ _,hy 12, 1961, the delayed neutron monitor on KER Loop i

gave a high coolant activity signal indicating a possible fuel element f,lilure

in this !OOpo KE Reactor was shuz down immediately thereafter

This report is being vrizten to summarize the events pertinent to the I_ Re_tctor

scram and to discuss the results and significance of data from the an_tlyses of

coolant samples taken from the KER Loop-1 System.

_Z A_) CONCLUSIONS

A high delayed neutron signal on the coolant stream in KER Loop 1 on ihy 12,
1961 indicated the possibilizy of a fuel element rupture. The KE Reactor :Tas

shut down, The fuel elements were discharged during the outage° Am ex_m_m_t__on

of the discharged elements in the KE viewing pit revealed that the thelm_occui_l'c_

fuel element was r_ptured for 3/4 of the circumference at the _reld on one eud

cap and it also had a longitudinal split ertending approxiz_tely _nree _nc_.e_

down the side with two 1/2-inch diameter blisters°

Coolant samples were drawn from the KER Loop 1 system and subjected to a

radiochemical analysis° Very low activity levels were observed. However,

these data should give an indication of fission product loadings in the coolant
following the rupture of a "green" fuel element since this element had been

irradiated for only a few hours.

DISCUSSION

One coex_.ruded r_tural uranium thermocoupled fuel element rod with 20 nil

Z_rca.loy.o2 cladding, was charged into KER Loop i to determine the ter_erature

effects resulting from film buildup on heat gener_ting surf_,ces -fo!!c_ring
loop decontamination° Five uranium metal coextruded tubular fuel elements were

charged with t.he thermocoupled element to provide coolant heating.(1) The
operating conditions in KER Loop i for this test were as follows-

i_ Ten, erasure dul"1.ngduration of test - 20-216 C.

(216 C at time delayed neutron moni5or went off scale)_

.....P Coolant pH - !O 0 _%intained by feed and bleed of '__Li0H _o__"'_,_._n

inLo loop _t_l.O gpm.

3o Loop flow- 40-50 gpm.

4o System pressure - 1600 psi.

5_ Degasificatlon rate - 0..25 gpmo

KER Loop i is a carbon steel system with a Zircaloy-2 in-reactor tube°



The operational chronology pertinent to this fuel element failure is as follows:

i. 0000 - 0800 shift, _'hy ii, 1961 - charged fuel elements into KER Loop io

2o 0800 -_1600 shift_ _{ay ii, 1961 - decontaminated KER Loop ! _ritr_Phos..l.

3. 1621, _y 12, 1961 - KE Reactor started up.

L° 183C, _v[._y12, 1961 - KER Loop delayed neutron monitor began to r_._c _b_.Jvc

nor_,_l readings°

5. 2230, May 12j 1961 - delayed neutron monitor began rise from i0% of full

scale (0 - 500 neutrons/second range).

6_ 2253, _y 12, 1961 - delayed neutron monitor wenz full sca le_. KE l_e:_ctcr

scrams. KF_R Loop i began depressurization cycle_

7 _2300_ 1_,h_y12, 1961 - KER Loop i began single pass operation..

8o 0000 - 0800 shlft_ May 13, 1961 - discharged KER Loop I fuel eleme_._ts.

Visual inspection of the thermocoupled rod-type fuel element in the KE vle_._Ing

pit revealed an openlng of 3/4 of the rod's circumference at one end cap weld_

In addition there was longitudinal split extending approximately 3 inches down

the side wlth 2 blisters about 1/2 inch in diameter. A small amount of dark

adherent crud was observed to be on all the fuel elements when they were inspected
-_- (2,3)In _he viewing 9_.

Ao Coolant Radiochemical Analyses

Wazer samples were drawn from the KF_R Loop 1 emergency storage tank

approxi_m_zely for_y minutes after the depressurization operation w_-s cor_leted,

These samples were subjected to certain radiochemical procedures to deLermine

f_._s_on pro_luct activity loadingso These Lomdings, ho_._ever, '._.relower by u

factor of 3 than those that actually were in the loop because depressur.tz_tion
dilutes the coolant.

Some settling of relatively large parziculate matter probably occurred tn the

tank prior to s_uupling_ Thls would also ir_['luencethe data, and the rezuL_s

from thms radmochemlcal analysis shown in Table I_ therefore_ should be lower

than the undiluted, unse_.tled coolant_



TABLE I

Radioanalysis of KER ,Loop i Emergency Storage Tank Water

Isotope Act ivity Isot ope Act ivity

Zr95 21 .Hp23° LrD_

"Zr95. _l_j)5 48 :._a2a hH>_

_u I0 3+Ru I06 320 /:sC _- O_31

•i13.1 3.6 .:%651 270

L_ot_l 7lOO +_,56 #ooo

Ba 140 19 Co60 2 0

L I_° o o5 -Cu64 5._o

aCe14i+ Ce144 21 Zn65 aO

_e 143 <o .7 As76 ilOO

L_z_152 61

-.,:-T_,_ : nonde<ectableo

The da_a given iz Table II were acquired from KER Loop i six hours aLier

start.up after the loop i_d been decontaminated with the Phos-;l Proces:_._ Thi.s

inx_ormation_ then, gives a means for a dlrect comparison bet_een o;_.,_-:_._r,<_.n

:_freshly decon_a.mi_L_ed loop system wizh and _,.ri_hou_a fuel =L_m_n_;-"_ _ ':u[,-c,_:-,



Generally the level of the fission product activities in the m_pt,z_e smmi:z.e

is higher than in the reference sample even though ir ,m.s _nfluenced by the

diluting factors mentioned earlier. The overal.l low l.evel in the rupt,.ne

sample can be attributed to the very low e_'_osure of the fuel element. The

reactor had been in operation for appro,'<imazely six and one half hours ,.ri-.:n

thl.s new fuel element charge when r.he r%ipture caused the sh"m.io,,_:_,

The trace of fission products that was found i.n tlle z,=-f'erence:..,.:reTie.,_--i',._--.".,..._..r:
:_norrm%l situation, It has been found repeatedly _.ne:zr.iler<es_ s_ <5."

Be lastramentat ion Res_on,se,

The first indication of a fuel element failure in I_KR Loop 1 was gz',,enby

a rise in the ac_ivit.y indicated on t.he delaye,i neutron mor,.itc, r _._t a.pp_cx_-
m_tel.y 18'30, i,£_y 12; 1961, The fluctuations that occurred over :.he '<c.:-.::
four and one hm.l!_ period tlll r.he reactor was shut.'/o}mare s_._own_n Y:,_C:..u',:i,

Tb.e scale was ch&r_ed from 0-250 neuzron/sec to 0,-500 neutz'ors/se_: ,.,:.
mpproximz<ely 1955 hours°

C, Loop Radi._tion Levels

Hlgher t.r.,annormal activiLy levels were encountered on the Fd_R Loop 1

system plp_ng following reactor shutdown° A con_p_zr.isonof these !ove1:._

w_th those dttring normal operation are found in Table lII,,
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Flushing reduced the general activity level to only slightly _:;bocano:'r,_l,
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