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-+, Dear 5ir:

o

J Subject: License No. TR-2

3 Docket 50-22

Transmitted herewith are forty (40) copies of & report,
“-WIR-49, which contains a description, analysis and conclusions
concerning the pariial destruction of a fuel element in the
Westinghouse Testing Reactor on April 3, 1960.

With reference to the Order sent with your letter of
June 30, 1960 we wish to make the following comments concerning
jtems 1, 2, and 3, page l:

1. The direct cause of the partial melting of one fuel
element can never be known with complete certainty.
However, as indicated in WTR-49, considerable cir-
cumstantial evidence exists that a defective fuel
tube was responsible. For example, calculations
indicate that a heat transfer defect in the element,
in the order of 1l/2-inch in diameter, could under
certain circumstances have caused the tube to melt.
Recent examination of fuel tubes from the same lot
as the injured one revealed that 34% of these tubes
have one or more defects larger that 1/2-inch.
Inspection of the failed element further indicates
a peculiar pattern of element melting; one plausible
reason for which is bonding failure at the end of the
element. The majority of the defects noted in the
recent inspection have been near the ends of the
elements.

YOU CAN 8t SURE ... IF .rs\\'eslinghouse
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In contrast, no evidence whatever has been found of
inadequate coolant flow due to boiling or other causes.
On the contrary, ealculations from temperature megsure-
ments teken in a duplicate element symmetrical to the
one which failed give good evidence that the flow and
cooling were proper and as specified. Further calcula-
tions indicate that hypothesized reductions of 15% of
the total coolant flow at the time of the incident
would not have caused any trouble.

2. The presumption that '"the incident might have been
substantially minimized if the WIR reactor operators
had been provided with specifiec deteiled instructions
relating to operation of the facility when a sudden
change in reactivity occurs" is highly speculative.
The evidence presented in WIR-49 is that the fuel
element failed, melted, and completely blocked the
coolant channel before the operating error occurred.
Thus the probability of any additional release of
fission products to the primary coolant as the result
of lack of detailed operating instructions seems slight.

3. From the philosophical viewpoint of complete containment
we sgree that the present venting system has a design
deficiency. We propose to modify the system to protect
sgainst releases of fission products to the atmosphere.
The proposed method of modifying the vent system is
being submitted by separate letter dated July 8, 1960.

We will continue with the metallurgical snelysis of the
failed fuel element as outlined in Appendix IV, WTR-49. However, 1t
is believed thet no further significant information relating to the
safety of plant operation will result frém this examination. We
therefore request that Section I, WIR-49, be considered es providing
the information requested by item 1, page 2, of your letter.

Certain corrective actlons have been taken as a result of
this incident. They are:

1. The initiation of & rigid inspection progrem of all cold
fuel elements now on hand and currently being menufactured.
Details of the new inspection requirements are presented in
WTR-49, page 19. Fuel with defects larger than an equlvalent
dismeter of approximately one-eighth (1/8) -inch will not be
used. The presence of such defects will be determined by
ultrasonic measns or by any better means which may become
avallable.
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2. All members of the WIR Operations Department have been
instructed on the hazards of fast negative reactivity
changes. The WIR Operating Procedures P-107 have been
revised to cover the operation of control rods subsequent
to sudden changes in reactivity.

3. The 60 MW power escalation program will be modified to
1imit the emount of boiling in the core to & value below
that permitted by License No. TR-2. At no time in the
escalation progrem or the early 60 MW operating cycles
will the boiling pattern be permitted to be more severe
than the proven pattern of Figure 13, WIR-49, 8000 gpm
case.

Based upon the analysis of and conclusions concerning the
incident presented in WTR-49 and the proposed modifications to the
vent system for the process water head and surge tanks described in
WTR-51, we request your prompt written approval to modifly the vent
system and to load, start up and operate the WIR in accordance with
the terms and provisions of License No. TR-2.

Sincerely yours,
é*/ 7000

E. T. Morris
General Manager



WESTINGHOUSE TESTING REACTOR
B0 BOX 1075 °

LI

R Pj?’résuasu 30, PENNSYLVANIA




REPORT ON
WTR FUEL ELEMENT
FAILURE APRIL 3, 1960

PREPARED
by

THE STAFF OF
THE WESTINGHOUSE TESTING REACTOR

— JULY 7,1960 —



TABLE OF CONTENTS

SECTION | PAGE NUMKER

A - INTRODUCTION . : . e e e e e e e e . 1

B - LICENSE REQUIRELENTS FOR POWER ESCALATION PROGRAM . . . . i

C - EARLY POWER ESCALATION RUNS WITH ACCESS TUBES . . . . . . A

D - REACTOR MODIFICATIONS . . . . e e e o &

E - REACTOR CORE LOADING - APRIL 2nd RUN . 6

F - REACTOR OPERATION - APRIL 2nd RUN . . . . . . . . . . . . . 8

G - OTHER OBSERVATIONS DURING FUEL ELEMENT FAILURE . . . . . 11

H - EVENTS IMMEDIATELY FOLLOWING THE INCIDENT . . . S 14

I - VISUAL OBSERVATIONS OF FAILED FUEL ELEMENT . . . . . . : 18

J - NEW FUEL ELEMENT EXAMINATIONS . . . . . . . . . e 19

K -  THERMAL AND HYDRAULIC ANALYSIS . . . . . . . e P

L - OTHER INFORMATION AND PROPLEMS ASSOCIATED WITH THE INCIDENT. 26

M -~ CONCLUSIONS . . . . . e e e e 26

APPENDICES
I - RAISING POWER LEVEL FROM 20 MW TO 60 MW . .. .o . i-1
II -  POWER ESCALATION PROGRAM - LOCAL BOILING IN THE CORE . : L-1
IIT - OUTLINE OF MAIN LINE - ACTIONS TAKEN SINCE

INCIDENT ON APRIL 3, 1960 . . . . . . . . . S S -1

IV - OUTLINE OF POST MORTUM EXAMINATION OF ELEMENT B-62 . 4-1

V. - TABULATIONS OF COLD FUEL ELEMENT INSPECTION RESULTS : el

VI - DETAILS OF HEAT TRANSFER CALCULATIONS . . . . . . - 6-1
VII -  HEALTH PHYSICS AND OTHER PROBLEMS ASSOCIATED

WITH THE INCIDENT . . - - 7-1

VIIT -  DECONTAMINATION - SELECTED REFERENCES . . . . . o 81



Figure 1.

W

10.

11.

12.

13.

14.

15.
16.
17

18.

20.

21.

22.

LIST OF FIGURES
Noise Level vz Power. Constant Flow at 8,000 GPM.
Scale: 1 large block = 50 KW
Tracing from Brush Records Showing Typical Onset of Boilirg
Core Position Index.

Reactor Operating Time - Days.

Fuel Element Instrumented with Six Stainless Steel Thermocour.e:

Instrumented Fuel Element Temperatures.

Access Tube Positions.

Core Flow GPM (66 Elements).

Bubble Trace During Power Increase.

Temperature Profile L5-8. Access Tube 40 MW 11,000 GPM
Noise Level as a Function of Power Qutput. Constant Fiow at
7,000 GPM. ' :

Scale: 1 large block = 50 KW.

Necise Level as a Function of Power. Constant Flow &+ 9,500 GT™
Scale: 1 large block = 50 KW.

Noise Level as & Function of Flow. Constant Power 40 MW
Scale: 1 large block - 50 KW.

Noise Level as a Func*ion of Flow. Constant Power .5 MW
Scale: 1 large block - =0 KW>/

U-235-Content of Fuel Element (Grams).
Conterts of Irradiation Volumes

Cross Section View of Center Test Thimbie Pocitior. of WTR

Crose Sec*ion View of Off-Center Test Thimble Positiors i- WTR /T7/T}

Neutron Power Level Recorder Chart

Nuclear Noise Level a* 30 MW During Flow Reductior
from 15,000 GFM to 5,250 GPM.

Boiling Deteczor Record of April 3, 1960 During Fuel. Elemer.: Fz: .

Barrel Demineralizers in Opcra.’ .. - ca.

ul"e .



LIST OF FIGURES

Figure 23. Head Removal and Decontamination.
23-A. View of Core April 11, 1960.
24. View of Upper Section of Failed Fuel Element
25. View of Lower Section of Failed Fuel Element

when Extracted from Hole Saw.

26+-32, Hot Cell Views of Melted Fuel Elemert.

33. V-Basket Lock.

34. View of Failed Element Showing Sectioning
35. Four Views of Section “-1/2" from End.
35-A. Enlarged View of Defect Photo.

36. Pattern of Melted Runout (Center Tube).

37. Typical Ultrasonic Trace with Defect Photo.
38. Typical Ultrasonic Trace with Defect Photo.
39. Defect Dieameter - Inches.

40. Local Boilirg Zone.

41. Local Boiling Zone with 15% Flow Reduc<ior

Appendix VII--
Figure 1. Heat Exchanger Room Layout.



FUEL ELEMENT FAILURE ¢
IN THE
WESTINGHOUSE TESTING REACTOR

A. Introduction

On April 3, 1960 at approximetely 8:40 P.M. a fuel element
failure occurred in the Westinghouse Testing Reactor, accompanied by
a release of fission products to the primary coolant system and a
discharge of some gaseous fission products to the atmosphere. The
following report describes the occﬁrrence in detail, including a
description of the operating conditions, and the sequence of events
before, during, and after the occurrence. A thermal and hydraulic
enalysis of the incident is presented together with an interpretation
of the observed data and a determination of burn-out heat flux for
the operating conditions. Also included are the results of the
inspection of cold fuel elements on hand and the progress to date

in the examination of the failed fuel element.

B. License Requirements for Power Escalation Program

The WIR was originally licensed to operate at a maximum
power level of 20 megawatts (thermal) by License No. TR-2. This
license was amended on January 8, 1960 to permit operation at a
maximum of €0 megawatts (thermal) with the following restrictionms:

1. "Westinghouse shall retain the bubble formation apparatus and
the special detection channel described in the application in
the reactor during the power escalation program until stable

operation at 60 megawatts thermal power level has been established;

2. The ratio of the maximum heat flux in the reactor to the burnout

heat flux shall never exceed one-half;

3. The reactor shall not be operated in such a way that the ratic

of core steam void volume 1o core coolant volume exceeds one

percent; and

-1 -



4. When the reactor is being operated with the automatic control
system, the magnitude of boiling induced neutron level pertur-
bations shall not exceed 5 percent or whatever lesser value is
necessary to prevent erratic behavior of or oscillatory inter-
action between the boiling phenomenon, the reactor power level

and the automatic control system.®

The special bubble detection channel mentioned in the
above restrictions is a sensitive ionization chamber conmected to
a fast Brush recorder. Its operation is described in detail in
WIR~27, submitted to the Commission on November 11, 1959 in conjunc-
tion with Amendment No. 14 to License TR-2. A later modification to
this apparatus provided a servo controlled dc level bucking voltage
such that the recorder only indicated the ac variations in level.

This apparatus had been connected as required during many
power escalation tests prior to April 3. A typical run is indicated
in Figure 1. For reference purposes the scale calibrations on these
Tuns are: one large block in amplitude equals 50 KW in power level;
the chart speed is 1 cm/sec.; and these runs were at void Percentages
smaller than 0.1 percent. For comparison a typical "noise" trace

reported for the ORR (CF-59-8-39) is shown as Figure 2.

The reactor had also been operating under ancther restric-
tion specified in the application for license amendment. This
restriction was that the bulk water temperature from an element in
the first fuel ring of the core would not be permitted tc exceed 22C°F

during the escalation steps.

To measure this temperature, a fuel element was initially
instrumented with three aluminum clad fiber glass insulated chromel-
alumel thermocouples projecting into the nozzle space below the element.
These thermocouples were connected to a printing data-logger which was

used to record the temperatures. The fuel element was placed in core

position I-7-6, shown in Figure 3.

-2 -
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During the é;rly stages of the power escalation program,
the readings from these thermocouples agreed with those predicted
theoretically from a consideration of coolant flow and power Pro-
duction parameters. However, within a few days, a drift upward was
observed in the thermocouple readings which was not related to the
gross power and flow values in the reactor. The thermocouple read-
ings continued to drift upward and eventually two of them rose to a
value considerably in excess of 220°F. {Investigation subsequent to
the fallure of the fuel element indicated that these symptoms were

common for water leakage into aluminum clad thermocouples.)

At this point the thermocouples were assumed to have failed
and the reactor was shut down while the thermocouples were feplaced
by four new thermocouples arranged in a similar geometry. The new
thermocouples then read temperatures which agreed with predicted

values.

With time the second set of thermocouples exhibited a
similar drift and eventually indicated in excess of 220°F. Figure 4
shows this effect by plotting the increase in the ratic of the tempera-
ture rise across the instrumented fuel element to the temperature rise
across the reactor vessel as a function of time. This ratio should
remain constant independent of the reactor power and the ccolant flow

rates, and for the calculated conditions should be 1.95.

Power escalation was again interrupted and a third instrumented
fuel element was constructed using stainless steel clad, magnesium oxide
insulated thermocouples. These thermocouples were mounted as shown in
Figure 5 with two thermocouples reading the btulk exit water temperatures,
two reading the discharge water temperature in the channel between the
sample basket and the first fuel tube, and the third pair reading the
water discharge temperature between the inner and middle fuel tubes.

This instrumented fuel element was inserted in reactor core rosition
L-5-6. Although the second set of aluminum sheathed thermccourles were
considered defective, they were not removed from the core and their

-3
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outputs were periodicéiiy read. A typical set of readings of all the
thermocouples as teken on the night of April 3 is shown in Figure 6.

In this figure the columns headed W, V, X, U are readings of the defec-
tive aluminum sheathed thermocouples and the columns headed #L - #6

are for the stainless steel sheathed thermocouples. At 16:46 (4:46
P.M.) the reactor was operating at 40 MW with 15,000 gpm primary
coolant flow. The reactor bulk water inlet temperature was 126°F.

The thermocouples of the newly instrumented element indicated tempera-

tures which agreed closely with predicted values.

Early Power Escalation Runs with Access Tubes

During the early power escalation runs five access iubes
had been installed in the reactor. These access tubes were one inch
diameter aluminum pipes sealed at the bottom end and filled with
stagnant water under atmospheric pressure. The tubes entered the
reactor vessel through one of the top access ports. These tubes had
been used in reactor calibration experiments such as gamma heating
and power calibration by foil activation. Three of these tubes entered
the fuel elements in core positions L-5-6, 1-5-8, and I-3-8 and two were

in reflector positions E-8-5 and E-5-7. These access tube locations are

shown in Figure 7.

Prior to underteking the power escalation program, Test Spec-
fication T-Spec 5-1, was written to establish the values of power and
flow for the various steps of the escalation program. This specification
is included as Appendix I. The operating parameters were chosen to be
consistent with the heat transfer work reported in WTR 25, also submitted
with Amendment No. 14 to License No. TR-2. The total primary coolant flow
for normal operation was presumed to be twice the core flow shown on
Figure 5 of the above referenced report. This curve, including some of
the experimental péints previously obtained, is presented here as Figure 8.
During the actual power escalation, using the bubble detector, the flow

was reduced to 83 percent of this normal value.

-4 -



INSTRUMENTED FUEL ELEMENT TEMPERATURES
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The power escalation program proceeded on the following

schedule:

Power Increase Date
20 - 25 Feb. 21, 1960
25 - 30 Feb. 24, 1960
30 - 35 Feb. 27, 1960
35 - 40 Feb. 29, 1960
40 < 45 Mar. 7, 1960

A portion of the "bubble detector" record for the last
three steps is given in Figure 9.

As the program progressed and the power level was increased,
boiling noise was indicated at slightly higher flows than were pre-
dicted by Figure 8. At this time, however, it was established that

boiling was occurring in the access tubes, and not distributed over

the core.

Boiling in the access tube in position L-5-8 was substantiated
by traversing a thermocouple axially along the tube from the bottom to
the top of the core region and observing the temperature. The resulting
temperature versus position curve is shown as Figure 10. A maximum
temperature of 248°F was measured in the region of maximum power produc-
tion in the reactor. Saturation temperature of water under atmospheric
pressure and 22 feet of head is 240°F. Consequently boiling in this

tube took place over several inches of length.

It was believed that boiling in the access tubes was obscuring
the detection of the initiation of boiling in the fuel channels and a
decision was made to remove these tubes at the next shutdown. Meanwhile,
several runs had been made using the boiling detector, and the system
had been calibrated as to amount of void corresponding to noise pattern
and amplitude of noise in terms of power output. Representative results

of these runs are shown in Figures 11 through 14.
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FIGURE 10
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Access Tube In

Figure 42

o7 H
T . 1H HHHHH LT L
i lusests (i)
il H ] (it il !
1 M H H ]
ML . 114411 14 b4
gzansitl 1 1 .xz.....i.... LT + M 1
411 L M4 H11
n I 4
LT M4 L1 L4111 4
44U L1141 MTH4 | HHT
411} H411 M -+
M 30
ey 4 L1
HLL | " " |
M 17444 LLLH41T T4 11
{ ree1 1419 i1 M EoEnal TAN. 1
M 1 UH
T L H LA
MidLil] 444411 (T4 xwxxx.\xx 1 44 L4
M4 L1 ML ENIROER L
o L4 -
........x...... 4 LTI {144 | L+ 111 "
pataid LLLt4 11 44 4+
1113044 H 144 14444
M L++11 Ll
Aamsy 111 41 11
MTH 141 et {411 H M
...rr.....i;.. L1 " {44 LLH41T] M
-4 M d 1344 1 5
HHHHUL I { | L HHH
W L4+ |1
AL BEI% 4 i
(4l LY 4 e 1 L]
1481 s 11....1!....... i BORIRTCL, oy N 4 |31
H4H (444 M H 111
! i L4
4 1 M | 114 M {4
M I M4 e
2y L1+ 4441
2s 30 HY S r 1 L
MM 1HSSE 0 er..; 1 LT H M L
ML 11EEY FHHL ] U
A | 1441 1
M U R HI L
] L 3
et V8] e . 11444
_ T4 THRIRTET. a4 L 4] HUL 4T
1 N H4111 n
M1
Y] 4 144
4 " {4
M L1+ M 144 & {4
ML il ML JUREE Sy 1 T4 HHHTT]
. 444 L A
M4 11 LH411
H e 1 14
T 11 4 LH 111114
ll]llIllll 411
M | L1111 LT
M T LT T ] I
M HH
1 LU
ni L4111 T ....xrxx.Lt 1
T4 144 1 L4
A 14 1T
HHH }
HHA |
n, L4411
M ! n hastitt iH
ML ML L3441 M4 444+
1 M WERIEL o
H "
sl ] ~ L1
M4 t L
1
1.11....r!.. 1 14 711..:. M1
H T ! i ; L H
M L1
H I : H
Ul I | —i|
H M 1 144 X MHH i
enacoiail M H
1 4
M \ 114 L 11411
aaatiik N4 1 (L
M4 H44H
M
1 141 H-4-+11
! I
H
™ 1 -1
1111 t H-+4 B
i i 0
M- -4 L1
M - bt id 14 4 had | 141
144 i 4 LH-11 ' M4 1) tt
L 7] K ......r._J‘... H | ! il HEN
{41 BEI
N N
> L 4 L1
HRaas el H 11 LN W L T e
¥ .
L | m, L 1114
M | LH+141 N H11 T Lt
T Ht : R L
| ' | 4 Lt B! [ I
T L1t e MY LT
| .ﬂx......... RETISRTES T 11080 2 : ML H
SEUE IRIEY .
411 W {144
HHH L 4 ML L] TR L
i M HIL i THH
- e 14 1144
+ L1411 1 L} M = {44+
HHLH sEtIN i SH U V ML) . L
4 | 14 1 1 L4
H BEIE ¥ Wl "
M BT L M4 LT
BERESSCS HH 8
+ 1 538 L4
HH L H HLl Lt TTHHHA, il ,
1 H H 1t ML as #TL 44
Ha DS H H
f I HH H 1 L HATT
4 LiH L !
THHH4 e M L1171 T ] LT i
H44 ML L4 T4 {3411 M b
T T L4011
’ HHH H
e 11 +4 11
N L+ $4 M M1
ML i Hi{ld L T THRENASES ]
M Y H4Hd H | i
. HHHH H
A H J 4
L1 H4 1L T L]
T il M L4141 141 (EFUREEC M
4 L 44T T e M
H
. L4 M 41
e | 2ty L
. M M1 x.xr..-..... LTS ' 1 [T H1111 M ¢4
T H1TTE . ! ..x.x‘.xr...-..xx 11T
|14 + bt {14 ' 11
T4 L4111 ? H1 T WEVE ogi
b-t41d 1‘................ L4 ag R0l L4t M| ]
3 4 - M L 11111
ML LI+ 4 1 1 H MY e {4441
T 18 ITHHL L4111 Jxrx....r.i.. UWOTRE S 2 M4
" ﬁx.x, -4+ | N L L1 a1
o H . H
n 1111 M L3441 M4
M L Lt L v . 4 |44 ]
THHH T HH4 HHHHTT]
' u i
H
L4+ H M [
" H
L 441 .....JIJ g I i L
) 1] M ; | L

Constent Flow at 9500 gpm

Noise Level as a Function of Power
Scale



-

22
C— g

s 2%

3

T

' o

o s

F—7—-1

—orr:

e

et %
a—cie’ -3
— s s E

Sasem. i

bt

2% % —

=) 2\ e——

S

e
ELx

Figure 13

Access Tubes In

Canstant Power 40 MW
Scale: 1 Large Block = 50 KW

Noise Level as a Function of Flow

y o=




Constant Power 45 MW

1 Large Block = 50 KW
Access Tube In

ﬁTﬁ.:..I. :‘:. ITTHH L] 4
ama? 34
4
TiTH M M4 Hr
lljr.ll 4=+
11 T4 (it
111
me 44117
1 H I} I
T 4 L
" -4 HHH
11
[T L IR
L L
1 ]
M Lt P
4 |
T M 11
. 1 lllllllllll L4+
* 1 b1
4 19 L
THTHH 4 "wed
lllllll LA+
i M srase
Jl‘lllllllll LT L L
jint N HH
T CARSRS st
4 1] i
T4 JREIRL
L1411 4 :
T+ heddld s | it
P4 HAHHT:
LY HHHH 243800 5
ap e L1
44} L 1R
. T 1] L4
144 T b4
444 "N L L4++1171
I 4 {41
H L4 N1 44
[T B4+
B .lIllll L4+
| 1444 M4 {11144
M HHL LT {
4 "
M H 11
N jHun HHHHL H+
T HA-H 1T
M4 s
M et
L L 4
N LT Fl
¥ H
M e ENETR. oo
4 LT |
4 Hi Iy HilH
M L 8 T LT
L1 aaaseil
H1) 4 LB 11
T ’ i NINE
3 14 ML (1114344 H
H Jisy M '
agas SVRREL A8 ol [
2 M 1 314+
U o ] L4
T4
M ] i
:,..1....1...... LH B
e ) mn
HI{Y H
] 44 4111
FTTH 44 M
H
T 1]
M4 \4
111
"
4 "
4 L] R
L
M N ]
H 11
H iy L4
4] L Lt 9
HH HHTHTT i
o8 HUH
. n
Y oy LA
Reans . IO L
T
LT 9 il
e L L+
ML >
1 H4 ) 1
4 IJIIIll - L4011
LA 4
THH4 LT al
sl H U
1M s ML HH
M4 T
H+TT]
ana euily SEREINSTT,
111
H
e i
M4 LT
4 LT
anapdtotl 11
.
H HA
H THHHHH 15 H4HHITT
M43 T
Hidd! L
|44 T M
M4 H111 '
’ u.:.......z......y L4111
114 M
1peenyy | |
A H
-4 4411
H 4
411 H-H44
(e - #

Noise Level as a Functian of Flow
Scale



PD. Reactor Mcdifications

The reactor was shut down from March 14 to April 2 to
make changes in the control assembly, the control magnets, and the
control rod drives. These changes were required for operation at
higher coolant flow rates needed at power levels above 45 MW. A
detailed description of thrse changes is contained in WTR 35, sub-
mitted to the Commission wi'l our letter dated February 16, 1960.

At the same time the access tubes described above were removed

from the reactor.

The reactor was scheduled to be shut down for an extended
period at midnight on April 3. It was started up on April 2 for a
two-day run to check out the new equipment that had been installed,
to determine the effect of femoving the access tubes, and to recali-
brate the boiling detector at low coolant flow rates. Test Specifi-
cation, T-Spec. 6-1 was issued to cover testing of the new equipment
and T-Spec 5-2 delineated the low flow boiling experiment. A copy

of the latter specification is included as Appendix II.

E. Reactor Core lLoading - April 2nd Run

For this two~-day run the reactor core loading in grams of
fuel in each fuel element and the contents of the irradiation volume
of each fuel element are shown as Figures 15 and 16. The fuel element
which subsequently failed was in core position L-6-5, and contained

199 grams of fuel, indicating that it was a new element.

The following is a brief description of the experiments

that were in the core:

1-6-5 (Failed Element) Nickel Wire

The experiment contained in this element was a fast neutron
flux monitoring assembly. It consisted of a set of seven hairlike

nickel wires, each separately encapsulated in a quartz capsule and

- 6 -
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held in a recesses in & 3/8-inch diameter aluminum rod. The rod
was encased in a 1/2-inch 0.D. aluminum tube with 1/8-inch weep
holes drilled through the Wali at 4-inch intervals. This assembly
was centered in a standard irradiation V-basket which in turn was’
placed inside the fuel element in the normal manner. A flow orifice

at the bottom of the V-basket limited the flow to that required for
cooling the rod.

1-8-5 Battelle Experiment

This experiment was substituted for a standard V-basket.
It consisted of an instrumented stainless steel capsule containing
stainless steel samples imbedded in aluminum serving as a heat sink
and heat transfer medium. The capsule was located approximately at
the axial power peak. The space above the capsule was occupied by
a stainless steel lead tube containing thermocouple wires. The space
below the capsule was occupied by a stainless steel tube of the same
diameter as the capsule and containing weep holes to eliminate dead

water space. The capsule assembly was the same diameter as a standard

V-basket.

L-11-1 Thermionic Experiment

This experiment consisted of an instrumented stainless sieel
cepsule occupying a standard irradiation W-basket in a two-zube fuel
element. It contained & small U-235 fueled cesium thermicnic converter
inside an assembly of rings of thermoelectric material. The space
above the capsule was occupied by a stainless steel tube containing the
electrical leads. The leads permitted both temperature and power cutput
measurements. The space below the capsule was occupied by a stainless

steel flux depressor.

B-7-3 Thermoelectric Experiment

This experiment was contained in an instrumented stainless
steel capsule, located in the B reflector segment. It consisted of a
gamma heated assembly of thermoelectric material. The assembly was

placed in a V-basket in the referenced reflector position.



I-5-6_ Fucl wlesmewnt Instrumented with Stainless Clad Theriacewuples

This experiment is deseribad in Secticn B of this repcrt .

L-7-5 Fuel Element Instrumented with Aluminum Clad Thermoccuples

This experiment is alsc deseribed in Secticn BR.

Ccbalt Filled V-Baskeis

These elements containing ecbalt are shown in Figure 16.
Each coubalt assembly prcduced a macroscopic absorptiocn area of

approximetely 1.2 cm?/ineh of length.

Aluminum Mandrels

Those elements ccntaining eluminum held 2 scolid eluminum
bar of the same diameter and external configuration 8s & V-baskex.

The pusitiuns of these elemenis are sls. shown in Figure 16.

In-Core Thimble Pusiticns

1. The center thimble positicn was luaded as shown in Figure 17.

2. Five c¢f the periphersl ihimble pusitiuns were loaded as shown
in Figure 18.

3. The remaining pcsitvicn {To=4-8) was vceupied bty & nigh pressure
thimble ceonlaining control red material coupens ccoled witn a

boric zeid scluticn.

Reactor Operaticn - April 2nd Run

Reactor startup began cn april 2 and criticality was achieved
at 7:10 A.M. The power level was gradually increased and reached <40 MW
at 1:44 P.M. The fcllowing conditions were reccrded in the reactor log

at approximately that time:



trmmoLc onuuu  TUBE (AL.)

3"0.0.— 2%”.0.

THIMBLE INSERT
(SST. TUBE SECTION)
2"0.0.— 1.930"1.D.

THIMBLE |INSERT

L
| 0.D. 2 1.D.

ENLARGED SECTION "A-aA"

THIMBLE SHROUD
TUBE

46.844

46.834

THIMBLE INSERT
(SST. TUBE SECTION)

CORE CENTER
INSERT ASSEMBLY

{ ALUMINUM SECTION ) / —L [>
3. | - j
4 1

THIMBLE OUTER TUBE (SST.)

FIGURE i7

CROSS SECTION VIEW OF
CENTER TEST THIMBLE POSITION OF W.T.R.

THIMBLE INSERT
(ALUMINUM SECTION)



FIGURE 18

CROSS SECTION VIEW OF OFF-CENTER
TEST THIMBLE POSITIONS IN W TR (TYR)

e - 48.594 — — e e - T

——THIMBLE
(ALY R—
\ : O
, b ! N

:'!: Q{/‘Eﬂ( o ‘ 7 - _//— // /lf/_“‘__ " ‘_‘.“ -
N o7/ i

Z > _ TOP CORE PLATE . g — THIMBLE SHROUD TUBE

SAMPLE SECTION (AL.)

~—THIMBLE (AL.)

2.563 ) o _ 2.170

THIMBLE SHROUD TUBE

i
3 0.0.— 16 -D.

SECTION "A-A"




Reactor Vessel

-] [+]
Temperatures and Pressure T, 125.2°F Tout 143.8°F
Pin 105 psi Pout 83 psi
Primary Coolant Flow 15,000 gpm
Reactor Power Nuclear 40 MW - Thermal 40 MW

Control Rod Positions:
Rod No. #1 #2 #3 #4 #5 #6 #7 #8 #9
% Withdrawn 50 50 50 49 48 48 48 48 48

A set of date taken from the fuel element (in location I-5-6)

instrumented with the stainless steel thermocouples was:

Fuel Element Bulk Coolant Discharge Temperature — 164°F - 167°F
First Coolant Channel Discharge Temperature - 153°F - 156°F
Second Coolant Channel Discharge Temperature - 183°F - 175°F

The defective aluminum sheathed thermocouples in the other
instrumented fuel element (in location 1-7-6) were recorded as
reading -- 296 - 297 - 319 - 290°F

With two-thirds of the total flow passing through the core
and a radial peak to average power production of 1.33, the expected

temperatures compared with the measured ones were:

Computed Measured
AT across resactor vessel 18.5°F 18°F
AT across position I-5-6 37 °F 36-39°F
AT across first channel 25 °F 25-28°F
AT across second channel 47 °F 47-55°F

The reactor was maintained at a power level of 40 MW except
for a reduction in power at 9:15 hours, April 3, due to test loop
trouble. This trouble was inconsequential and the reactor was returned
to 40 MW at 10:01 hours. At approximately 19:00 hours on April 3, the

reactor power was reduced to 30 MW in preparation for the test to be



conducted as outlined in T-Spec 5-2 (Appendix II). The alarms; cut-
back and scram points were reset in accordance with these requirements.

At about 20:00 hours primary coolant flow was gradually reduced to

5,250 gpm.

Figure 19 is a copy of the nuclear power recorder chart
covering this and the following time interval. As can be observed
from this chart, the reduction in flow was accompanied by a slight
reduction in power caused by the temperature coefficient. This power
dip was compensated for by the automatic control system. Prior and
subsequent to the reduction in flow, the boiling detector record was

observed and samples of these records are shown in Figure 20.

At 20:20 hours the power level was raised to approximately
35 MW and allowed to settle to approximately 34 MW as measured by the
nuclear power instrumentation. Thermal power calculations were per-
formed prior to and subsequent to raising the power level using both
the reactor flow and core AT, and the reactor flow and the instrumented
fuel element AT. In addition, after the expected delay, the thermal
power was displayed by the thermal power recorder. These data are

presented below:

Thermal Power Thermal
Instrumented Fuel Power
Nuclear Power Core AT x Flow Element AT x Flow Recorder
30 MW 32.9 MW 29 Mw : 20 vw
35 MW 37.8 MW 36 W VAT U

Instructions were then given to the reactor operator by the
shift supervisor +o increase the power level to 40 MW. To increase the
power level, the automatic contirol system called for additional rod with-
drawal. All nine control rods were banked at about 62% at this {ime.
Control rod No. 9 which was on automatic control was, like the other rods,
in a low differential worth region of its iravel and shortly reached 85%
withdrawn. Automatic control was then manually switched tc rcd No- &

which also was withdrawn to 85% and the automatic control was manually

- 10 -



switched to rod No. 7. About this time (approximately 20:35 on
Figure 19) it was observed that the power level was falling and the
operator, under instructions of the shift supervisof manually with-
drew rods No. 1, No. 2, No. 3 in turn, each 2% in travel. This
movement, together with reactivity added by the automatic control
system, returned the reactor to approximatély 37 MW. Just before
the reactor reached 37 MW, the demineralized water monitor channel
alarmed. This alarm was acknowledged and almost immediately there-
after, several other alarms indicated high radiation levels in the
various monitored areas. At approximately 20:40 the power demand
set point was reduced followed immediately by manual reactor cutback
and at 20:44 the reactor was manually scrammed. It was suspected
and later confirmed that a fission break had occurred and that the
accumulation of fission products in the head tank was producing
radiation levels in the plant areas sufficiently high to produce
alarms. The plant was evacuated and the immediate subsequent

actions are described in Section H.

Other QObservations During the Fuel Element Failure

The pertinent operational dafa collected during the time
of the fuel element failure consists of the Neutron Level Chart,
Figure 19; the thermocouple measured temperatures of the fuel element
water passages recorded on the Data Logger, Figure 6, and the Brush

Recorder trace from the bubble detector, Figure 21.

The power reduction shown in Figure 19 at 20:34 is believed
to have occurred as & result of a decrease in reactivity caused by
the fuel element failure meltdown and subsequent blockage of the
coolant channel. The blockage is presumed to have voided the water
channels by the production of steam and bulk boiling in the failed
element. A consideration of previously measured void coefficients
for an element ip this position would indicate a loss of 0.3 to

0.6% reactivity if all channels were voided. This reactivity loss
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0% 13

- - ﬂ_%
- g
]
1 om
-t -—}w=
- — e

igq

- o 1950 T
&1  Muclear Power[‘- ——
ST oo Sgrams Set -

NEUTRON POWER LEVEL RECORDER CHART

NIGHT OF APRIL 3, 1960
FIGURE 19



cannut be explained by simple bulk boiling with open channels at the
top and bottom because the reactivity would then have been reinserted
when boiling ceased at the reduced power level at 20:36. In addition
the overall reactior temperature coefficient must have edded approx-

imately 0.18% reactivity as soon as the power level was reduced to

17 MW.

Another possible source ol permanent reactivity loss is
displacement of the fuel contained in the failed section of the element.
An upper bound on this effect is that the worth of a fuel element in
the failed position is 0.9%4. This number obviously is a gross over-
estimate of what could have happened since the fuel element was not
completely displaced from its core position. Later observation of
the failed fuel element indicated a considerable amount of burnt up
debris was lost from the element. That portion of the element which
was severely damaged was worth about 0.6 - 0.7% in reactiyity but only
a small portion of this worth was lost. The total reactivity added by
means of the control rod withdrawals previously described is approximately
0.6% Ak. Thus, the reactivity changes caused by the voiding theory and

possibly by the loss of a small amount of fuel are consistent.

It is believed that the element failed at approximately the
same time as it voided and later examination confirmed the melting and
permanently blocking of the channel. The element remained voided after
the reduction in power because of a ;ack of water about the blocked por-

tion and because of the presence of steam above the blockage.

Figure 6 is the reproduction of the Date Logger Chart giving
thermocouple temperatures. The temperatures of the stainless steel
thermocouples are presented in the columns headed #1 to #6. On the
basis of these thermocouple readings the reactor power was 28 MW at
20:18; 35 MW at 20:22; 36 MW at 20:25; 35 MW at 20:29:, 38 MW at 20:34;
19 MW at 20:36, and 38 MW at 20:38. The chart is formed by a typewriter
traverse taking about two min./line including reset. The readings at

- 12 -



20:34 appear to be different possibly because of typewriter delay

during the fast power reduction. The fact that the calculated power
from the thermocouple data checks closely with overall power measure-
ments confirms that this element, in a symmetrical position to the burnt

out one, received the anticipated coolant flow.

Figure 21 is a reproduction of the boiling detector Brush
Recorder trace during the time interval under discussion. If time
zero is taken at 20:34 corresponding to the first peak in power level
of Figure 19, then the reduction in ?ower level caused by the failure
and voiding appears to have occurred in about eleven seconds. That
a permanent block was established can be seen in that over the next
three minutes the noise level remained approximately constant. Then
as rod motion forced the power level back up, the boiling noise pattern
increased in amplitude, but didn't quite return to the before failure
amplitude when the cutback was initiated. An independent observation
indicated that an alarm on top of the reactor, actuated by the radia-
tion from the head tank went off at approximately 240 seconds on
Figure 21. This further confirms the other deduction that the element
failed at about 20:34 at the first power peak rather than at 20:40

the second peak in power.

- 13 -
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Events Immediately Following Incident
The following parsgraphs are quoted from WIR-TO-R752

reporting the incident to the Atomic Energy Commission, the next

morning:

"Immediately following screm, request for evacuation of
the reactor top was initiated on the Femco system. As all radiation
‘monitoring instruments conlinued rising, the signal for general
evacuation was sounded. Ope¢rations sund Health Physics personnel
remained a short time to secure plant and continue survey but were
also ordered to leave the plant when levels continued rising rapidly.
One Health Physics person remainded on continuous duty using self-
reading dosimeters to limit his exposure. The assembly point was the
guardhouse at the entrance to the WIR property but was changed to
Seubert House, spproximately one-third of e mile southeast, as
radiation levels continued to rise.

The primary coolant system was left in operation and high
pressure loop No. 1 was placed on cool down; the reactor shell
ventilation system switched to recirculate when activated by stack
and reactor monitors for gas and particulate material. The surge
tank vent blower was left running to prevent possible blowback of
fission material into the process area and was turned off at sometime
between 9:00 and 9:15 p.m. At that time the primary coolant system
was also placed on shutdown flow."

An outline of the major activities in the plant on a day by
day basis for the next reight weeks is presented as Appendix III. It
will be recognized that a large number of side issues had to be dealt
with in order to pursue the main line efforis of determining the cause
of the failure, getting the plant decontaminated, and the reactor back
into operation. Problems such as water storage and radiation pro-
tection occupied a considerable effort and the solution to these type
problems governed the pace of the main activities. Some of these

problems will be described in detail in Section L of this report and
in the Appendices.

In an attempt to determine the cause and possible effects
of the incident the next several days work was directed towards reducing
the activity in the primary loop sufficiently to be able to remove the
head of the pressure vessel and examine the core. The principal method

used was that of ion exchange. The main primary loop bypass demineralizer
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was without resin at ﬁﬂe time of the incident. Resin was obtained
and circulation started. The flow in the main loop originally was
the shutdown flow of a thousand gallons per minute and this flow
was soon increased to 4,000 gpm to obtain degassing. A program of
water sample analysis was initiated and revealed initial activity
levels of 3 to 5 pe/ml of which approximately half of this activity
appeared to be caused by dissolved Xenon 133. This dissolved Xenon
was purged in the recirculation process by degassing through the
surge tank to the head tank vent. The purge blower was operated
intermittently and asctivity release values were set at the maximum
permissible concentration for Xenon 133 as measured by the head tank
monitor. Advantage of the release point height of 250 feet for

prevailing wind conditions was taken using Sutton's equation.

In addition to recirculation, water was exited from the
primary loop through home-made barrel demineralizers. The demineral-
izers, consisting of a 6 inch pipe filled with resin, were shielded
in 55 gallon drums surrounded by ilmenite concrete. Approximately 100
of these ion exchangers were made up and their usage indicated in
Figure 22. The discharge from these ion exchangers was passed through
the bubble cap tower of the waste disposal system evaporator to permit
further degassing. This water was then discharged to the main
retention basin at an activity of approximately 1072 to0 1072 mwe/ml of
mixed fission products. A small amount of new clean water was added
to the reactor. Table I indicates the water activity measurements
during the first few days of this combined treatment. A substantial

reduction in activity was made in excess of the early radiocactive

decay.

On April 9 the reactor head was raised one foot for examina-
tion and radiation survey. The following radiation levels were observed:
1 r/hr gamma at 6 inches, 3-5 rem/hr beta at 6 inches, 200 mrem beta-
gamma at four feet. The head was replaced pending construction of beta
shields and to prepare washing and decontamination equipment. Curved

bus windowshields were used as beta shields, and a system of car-wash

- 15 -
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TABLE I

Water Activity First Few Days
Following Fuel Element Rupture

April 4, 1960

Fission product detector
Head Tank
Head Tank

April 5, 1960
P.C. Ion Exchange inlet
P.C. Ion Exchange outlet
P.C. Ion Exchange inlet

April 6, 1960

P.C. Ion Exchange inlet
P.C. Ion Exchange outlet
P.C. Ton Exchange inlet
P.C. Ion Exchange outlet

April 7, 1960

P.C. Ion Exchange inlet
" F.C. Ion Exchange outlet
Retention tank

P.C. Ion Exchange inlet
P.C. Ion Exchange ocutlet

P.C. Ton Exchange inlet
P.C. Ion Exchange outlet
Retention tank

P.C. Ton Exchange inlet
P.C. Ion Exchange outlet
Retention tank

April 8, 1960

P.C. Ion Exchange inlet
P.C. Ion Exchange outlet
Retention tank:

P.C. Jon Exchange inlet
P.C. Ion Exchange outlet
Retention tank -

Reactor v £sel - (.
Reactor v.: 1 .. 1
April 9, 1960

P.C. - Ion Exchange inlet
P.C. Ion Exchange outlet

" depth sample
0" Jeptihh sample

- 1€ -

9: 30
9: 30
12:00

2:00
2:00

10:00
10:00

12:00
12:00

145
245
145

:15
:15
:15

RO WwWwwWwW

0030
0030
0030

4:30
4: 30
4:30
6: 30
6: 30

10: 00
10:00

a.m.
a.1-
noon

a.m.
a.m.
p.m.
p.m.

a.m:
a.m.

noon
noon

p.m.
p.m.
T.m.

p.m.
p-m-
p-m

a.m.
a.m.
a m-

a.m.
a.m.,
a.m.

p sme
p.m.

a.m.
a.-1m.

Counts/5 sec/milliter

557,898
681, 406
663, 756

650,216
575,213

659, 800
78,000
545,000
83,000

258,000
5,500
900

213,000
25,000

208,000
4,500
1,000

108,000
700
200

113,000
2,300
1,000

106,000
1, 500
1, 300

50, 200
70, 106

84,600
3,450

p—



brushes hooked up for continuous scrubbing during the raising of the
head. On April 11 the head was removed and decontaminated on external
surfaces as shown in Figure 23. General radiation level in the

vicinity of the reactor head was 1 rem/hr beta-gnmma et one foot.

In order to permit visual observation of the core and to
begin unloading thé core, a 3 inch thick iron shielding platform was
constructed. This reduced the radiation level to 35 mr/hr gamma at
the working level. Figure 23a shows a photograph of the core taken on
April 11. No visible damage was apparent at the time.

Fuel unloading then began with elements being removed first
' from the outside of the core, working towards the middle. Some
elements stuck slightly and were removed by & hoist with a 350 1b.
removal force limitation on a hydraulic scale. Following removal of
all fuel elements but one, which could not easily be dislodged within

the above force limitation, all the control rods and their fuel element

followers were removed.

Upon examination, all fuel elements thus removed from the
core appeared discolored but without apparent physical damage. The
stuck element was finally removed by a 500 1b. force and only the upper
third of the element came loose. This section, after it was removed from
the core in a special cask is shown in Figure 24. Several futile
attempts were made to push up the lower portion of the failed element
from the core. The bottom end of the shroud tube appeared to be
solidly plugged and through the water had a cast-iron-like appemrance.
Finally a core drill type hole saw was fabricated to remove this
section from the element shroud. The drilling operation began on
April 21 and terminated on April 25 when the final portion of the
damaged element was removed in the core drill. Figure 25 shows the
remains of this portion of the element after it was extracted from
the drill. 1In this figure some of the center section has also been
removed. This drilling operation greatly increased the vessel water
and airborne activity levels. Visual examination of the shroud holes
and a later check with a sizing tool inlicated that the core siructure

had not been damaged.
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I.

Visuel Observations of Failed Fuel Element
Both the upper and lower portion of the failed element were

‘removed to the hot cells. Photographs were taken through the cell

windows end through a steréomicroscope. Some of the photographs are
shown in Figures 26 to 32. The appearance of the fregments is
indicative of the violence and suddenness with which the melting took
place. Some evidence of poor bonding between the aluminum cladding
and the meat is suggested in many of the photographs, particularly in

Figure 31.

Figure 33 is the "V" basket lock originally located at the
upper end of the fuel element. Deposits of molten aluminum can be
seen on the lower end of the lock. As the element was disassembled
it was found that the innermost fuel tube was melted higher up than
were the outer two tubes. Figure 34 shows an exploded view sketch of

the three tubes.

A series of cuts were taken on these tubes. A rather
surprising fact was observed that the alloy had run out between the
cledding of the ménter tube all the way to the top portion of the
meat. Figure 35 shows photogrephs of a section taken across this
tube approximately 5-1/2 inches from its end. (The top 3 inches are
dead aluminum). Although this cut was taken with a hacksaw and is as
yet unpolished, it is Quite evident that most of the alloy has run
out. In extermal appearance the section seemed sound. Figure 35a is
an enlargement of the lower right hand photo of Fig, 35, The small
holes observed suggest inhomogeneities in the fuel or poor bonding.

‘The other two tubes when sectioned in the same place were solid. The

pattern of the melted run out in the one tube is curious and is pre-
gented in Figure 36. The funnel shaped appearance seems to indicate

that the tube was hotter at the top than at the bottom, & phenomenon
which might have been caused by poor bonding at the element top.

- 18 -
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it is planned to.continue post-mortem metallurgical and
chemical analysis of the failed element as facilities become available.
A complete program cutline has been propcsed with the assistance of ORNL

and is presented here as Appendix 1vV.

New Fuel Element Examinations
Because of the appearance of the damaged fuel and the results

of analyses presented in Section K, & program was instituted to reinspect
the unused cold fuel elements on hand. Approximately 100 cold elements
were available from the batch of the runtured fuel element, and 80 more
elements from another source were available from the critical experiment.
Of these latter elements only two had sufficiently small residual
activity to permit full examination. The instructions to the Westinghouse
Atomic Fuel Department in Cheswick, Pennsylvania, who performed the

reinspection were as follows:

Each element will be completely disassembled.

2. It will be given a thorough visual inspection
for the following:

a. Quality of braze and its conformance to specifications.
b. Pits, scratches, and other surface imperfections.

The visual examinations wiil include both the inner and
outer surfaces of the tubes and cover every square inch

of surface. Inside examination is to be made with a
borescope. Depth of surface imperfections is' to be made
with a measuring microscope on outer surfaces and by
casting a replics of imperfections on inside surfaces.

The replica is ther: to be measured with the microrcope.

3. The tubes will then be given a complete dimensional check
for conformunce tc specifications. This will include a
measurement of maximum and minimum outside diameters at
three positions along the tube and spot checking of inside
diameters where OD's indicate abnormaliiies. The dimon-
sional inspection will also include a determination of

bowing, utilizing surface plate and f<-ler gaugn~s.
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4. ZEuch tube will be given an ultrasonic tert over its
complete area to detect defects and imperfect bonding.
Sensitivity of the ultrasonic test is first to be
established with samples having known or simulated
defects.

5. The ultrasonic test ic then to be followed by a cleaning
in hot detergent solution and a thorough hot-water
rinse. The elements are then to be reassembled utilizing
the original acsembly tools. The reascembly is to be
followed by another- detergent cleaning and hot-water
rinse.

6. In addition to the above listed tests on all elements,
radiographe will be made of the two ends of all tubes
from épproximately one dozen elemente. The radiographs
are to show the end configuration of the fuel alloy and
give an indication of the extent of "dogboning", if any.

7. In addition, approximately one dozen element:s will be
ccanned by scintillation technique to detect any fuel
non-homogeneity.

8. Following air-drying and cooling, the ucceptatls elements
1.c 10 be packsged in rolyethylene with = packet of
dericcant and the polyethylene he .t--ealed.

1 key inspection, wnd one which was not previoucly used
was the ultrasonic test, Item 5. This ultraconic tect
consicte of scanning each fuel tube by a sharp ultrasonic
beam 0.093" in diameter. A mechanical traverse whereby the
tube is fed through the beam in a cpiral iz set up in which
the pitch of the spriral is also 0.093". 1In this way the
entire surface is scanned. A record is produced on a chart
which represents transmission through areas wherc no defect
exists, and the chart line is interrurted whenever a defect
interferec with normal trancmission. D-fects arproximately
0.015" in diameter can be located, and mesn:z are available

for determining interior defects against <urface scratches.
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A ccmplete tabulation of the results cf the mechanical
inspection will be found in Appendix V. These resglts indicate
many small deviations from'specifications.and a few elements were
found with ser