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RADIOCHEMISTRY FOR THE RUPTURE OF A ZIRCALOY-2

CLADURANIUM ram-2

I_TRODUCTION

During the 1600-2400 shift on August 7, 1960, the delayed neutron monitor on KEP

Loop 2 indicated a high coolant activity level. S_rmpathetic responses were also

obse_red on the Loop l, 3 and 4 monitors. This indicated a possible fuel element

failure in Loop 2 and the EE Reactor began shutdown operations immedl.ately.,

The purpose of this report is to summarize the events pertinent to this reacT..or

outage and. to discuss the results obtained from coolant and coupon samples taken

from Loop 2 after shutdown,

SUMMARY AND CONCLUSIONS
,, ,,, , , , ,

Samples were taken from the KER Loop 2 system for radiochemical analysis after

the reactor was shut down. Coolant samples were taken from the loop_ emergency

storage tank, and coupons were removed from the mockup tube for examinat._on_ The

fission produc.t concentrations in the coolant were much higher than those observed

under normal opera_%_g conditions, Examination of the coupon samples indicat.ed
the. presence of NF -J_, Ru 106 and Zr-Nb95, These results definitely indicate that.

a rupture occurred in this system on August 7, 1960,
I.

The fuel elements discharged from the loop were examined visually, in the KE

viewlng pit°. This examination did not reveal amy noticeable rupture; however, a
rod and two defected tube elements could not be removed from their external

sleeves° Since these elements had received only a three-day exposure _here _as

not _uch reason to examine them in detail° The rupture was therefore never r'ea.ll.y
.located_ It was assumed that at least one of the elements stuck in the exx=.ernal

sleeve had rup_ured_

DIS.CUSSION

The fuel elements discharged on August 7_ 1960, were charged in Loop 2 on

August 4, 1960_ The elements included in this charge were two 16-inch defected,

unalloyed single tubes for rupture testing in the ETR; two 18-inch unalloyed

slngle tubes with brazed end closures; one 9-inch 7-rod cluster and one 16-1nch

single rod containing small ss/nples for rupture tests° These elements alonc, w]_.b

some coupon holders_ perfs and spacers comprised the charge authorized by

Production Test orders PT-IP-309-A, PT-IP-309-A, Supplement A_ PT-]P-3Og-A_
Supplement B, and PT_IP-315-A. The chronology of operation per_.]nenr to This

fuel elemeDt failure is discussed below. The following information was _.aken

directly from "R_ure Report R-60-6"_by W. A. Oldham, Coolant. Testing UniT.,

".The loop was operating at 253 C, 1600 psi and 60 gpm flow.. A process

radiation alann on KER-2 was received at 7:02 PM with the delayed neutron

instrument, scalar on the 250 counts/second range° The activity continued

to increase to 40 per cent. of scale and at 7:11 PM the range was changed

to the 500 counts/second range on all four loops° The activity contlnued

to increase until the scra/n occurred at 7:27 PM and the depressuriza_]on
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cycle began° The strainer activity increased frcm 80 mr/hr before the
indication to 300 mr/hr at the time of the scram° Sympathetic responses
of the delayed neutron monitors on the other three loops were no_,ed_"

The fuel elements were then discharged into the KE basin° The coolant discharged
from the loop with the fuel elements was not noticeably discolored_. Visual
inspection of the elements in the KE basin did not reveal a_y noticeable rupture
A rod and the two defected tube elements could not be removed from their external

sleeves, however° Since these elements had received only a three-day exposure
there was not much reason to examine them in detail° It was assumed thct at
least one of the elements stuck in the external sleeves had ruptured although the
actual rupture was never really located°

Coolant Analyses= ,,

A coolant sample was drawn from the Loop 2 emergency Storage tank approximately
35 minutes after depressurization was completed° The sample was subjected to
radiochemical analysis to determine fission product concentrations_ Since the
loop coolant is diluted by a factor of at least 3 during the depressurizat_on
operation, the measured activity loadings should be considerably lower than _.he
actual coolant loadings prior to depressurizationo In addition some settling
of particulate matter probably also occurr.edbefore the sample was taken° This
would further reduce the solution activity prior to sampling°

Table 111contains a sunm_ry of the radlochemical analysis data obtained from this
sample along with data for a sample drawn from EER-4 during normal operation.
The KER-h sample was taken directly from the recirculating coolant so these
analyT_icalresults are not subject to the dilution and settling effects previously
discussed for the rupture sample° The KER-4 data are used as a base poin_ slnce
data are not available from E'_.--2_. Loops 2 and _ are similar systems and operate
under comparable conditions°

The data in Table I were calculated to a reference time of 4 hours after the
rupture occurred. This reference time is arbitrary and was selected for
convenience only,.
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TABLE I

Radioanalysis Data For Coolant, Samples

Isotope Rupture Sable Activity. Normal Coolant Activity*
(uuc/ ) (uuc/ )

litotaI 6,000 -

i131 2,lO0 39

Np239 950 interference

Zr-Nb 95 2,800 I0

Sr89"90 i0,000 -

As76 2,850 430

co60 19 8

* Data obtained from KER-4 courtesy of L_ D. Perrigo, CSDOo

Comparison of the data in Table I shows that the fission product activity

loading in the rupture sample was much higher than that normally encountered

in a similar system under comparable operating conditions°

The f_.ssion products observed in the coolant during normal operation are presumed
to be due primarily to fissioning and recoil of the products of the uranium

impur_<v _.n_he Zircaloy-2 tubes, and diffusion from the fuel elements to the
coolant

Coupon Ssnuple s

Coupons removed from the mockup tube after depressurization showed the presence

on Np239, Ru I06 and Zr-Nb95o Complete analytical data are not available at,
this time

Loop Radiat.ion Levels

High activity levels were encountered in the Loop 2 components following reactor

shutdo_.n_,.A comparison of some of these levels with those observed during
no_m_l operation is shown in Table IIo



TABLE II

EER Loop 2 ,ComyonertActivit$_Levels

Component Normal 8:00 PM 12:10 AM 9:00 AM
(All Readings in mr/hr)

Emergency
Storage Tank lO 1500 (max) 1500 (max) 50 (aVgo)

Dump Valve 35 250 150 lO0

Cell Background 5 20 20 17

Pump Strainer 15 llO 50 35
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