
Westinghouse 
ELECTRIC CORPORATION 

TESTING REACTOR July 11, 1-960 

P.O. BOX 1075 

Mr.. H. L. Price, Director PITTSBURGH 30, PA.  

Division of Licensing and Regulation 
U. S. Atomic Energy Commission 
Washington 25, D. C.

"Dear Sir:

Subject: License No. TR-2 
Docket 50-22 

Transmitted herewith are forty (40) copies of a report, 

"--WTP-49, which contains a description, analysis and conclusions 

concernirg the partial destruction of a fuel element in the 

Westinghouse Testing Reactor on April 3, 2960.  

With reference to the Order sent with your letter of 

June 30, 1.960 we wish to make the following comments concerning 

items 1, 2, and 3, page 1:

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 1/2-inch in diameter, could under 

certain circumstances have caused the tube to melt.  

Recent examinatian 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.  
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Mr. H. L. Price -2- July 11, 1960 

In contrast, no evidence whatever has been found of 

inadequate coolant flow due to boiling oT other causes.  

On the contrary, calculations from temperature measure

ments taken 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 WTR reactor operators 

had been provided with specific detailed instructions 

relating to operation of the facility when a sudden 

change in reactivity occurs" is highly speculative.  

The evidence presented in WTR-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 agree that the present venting system has a design 

deficiency. We propose to modify the system to protect 

against 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 analysis of the 

failed fuel element as outlined in Appendix IV, WTR-49. However, it 

is believed that no further significant information relating to the 

safety of plant operation will result from this examination. We 

therefore request that Section I, WTR-49, be considered as providing 

the information requested by item 1, page 2, of your letter.  

Certain corrective actions have been taken as a result of 

this incident. They are: 

1. The initiation of a rigid inspection program of all cold 

fuel elements now on hand and currently being manufactured.  

Details of the new inspection requirements are presented in 

WTR-49, page 19. Fuel with defects larger than an equivalent 

diameter of approximately one-eighth (1/8)-inch will not be 

used. The presence of such defects will be determined by 

ultrasonic means or by any better means which may become 

available.



Mr. 14. L. Price

2. All members of the WTR Operations Department have been 
instructed on the hazards of fast negative reactivity 
changes. The WTR 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 
limit the amount of boiling in the core to a value below 
that permitted by License No. TR-2. At no time in the 
escalation program or the early 60 MW operating cycles 
wil. the boiling pattern be permitted to be more severe 

than the proven pattern of Figure 13, WTR-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 syr1iem for the process water head and surge tanks described in 

WTR-5.1, we request your prompt written approval to modify the vent 

s3y,-;tem and to load, start, up and operate the WTR in accordance with 

the terms and provisions of License No. TR-2.  

Sincerely yours, 

E. T. Morris 
General Manager

July 11, .1.960-3-
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FUEL ELEMNT FAILURE 

IN THE 

WESTINGHOUSE TESTING REACTOR 

A. Introduction 

On April 3, 1960 at approximately 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 occurrence in detail, including a 
description of the operating conditions, and the sequence of events 
before, during, and after the occurrence. A thermal and hydraulic 

analysis 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 WTR 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 60 megawatts (thermal) with the following restrictions: 

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 established9 

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 ratio 
of core steam void volume to core coolant volume exceeds one 

percent; and 
I
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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 connected to 
a fast Brush recorder. Its operation is described in detail in 
WTR-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 
runs are: one large block in amplitude equals 50 KW in power levelý 
the chart speed is 1 cm/sec.; and these runs were at void percentages 
smaller than 0.1 percent. For comparison a typical "inoise,, trace 
reported for the ORR (CF-59-8-39) is shown as Figure 2.  

The reactor had also been operating under another 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 to exceed 220OF 
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 L-7-6, shown in Figure 3.

-2-
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During the early 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 2200 F. (Investigation subsequent to 
the failure 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 replaced 
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 0 F. Figure 4 
shows this effect by plotting the increase in the ratio 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 coolant 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 bulk 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 osi-tion 
L-5-6. Although the second set of aluminum sheathed thermocouples were 
considered defective, they were not removed from the core and their

-3-
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outputs were periodically read. A typical set of readings of all the 

thermocouples as taken 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 #1 - #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 1260 F.  

The thermocouples of the newly instrumented element indicated tempera

tures which agreed closely with predicted values.  

C. Early Power Escalation Runs with Access Tubes 

During the early power escalation runs five access tubes 
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, L-5-8, and L-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 undertaking 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 points 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 TEMPE.RATURES

ISUNDAY APRIL 3, 1960
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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 0 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 9 

"'Bubble Trace" During Power Increase



FIGURE 10
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Noise Level as a Function of Power 
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D. Reactor Modifications

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 th-se changes is contained in WTR 35, sub

mitted to the Commission wil., our let•vr 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 removing 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 Loading - 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: 

L-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 a 3/8-inch diameter aluminum rod. The rod 

was encased in a 1/2-inch O.D. aluminum tube with 1/8-inch weep 
holes drilled through the wall 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.  

L-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 steel 
capsule occupying a standard irradiation W-basket in a two-tube fuel 
element. It contained a small U-235 fueled cesium thermionic 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 output 
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.

- 7 -



I,-'>-6I [.Liceaet Ins auc'.nted with Stainless mClad Thermccouples 

This exper:timent is described in Section B of this report.  

L-7-6 F.;uel Element In.stLvuiented with luminum Clad Thermocouples 

This experiment is also described in Secticn B.  

Cobalt Filled V-Baskets 

Those elements containing cobalt are shown in Figure 16.  
Each cobalt assembly produced a macroscopic absorption area of 

approximately 1.2 cm 2/inch of length.  

Pluminum Mandrels 

Those elements containing a].uminum held a so].id aluminum 
bsa, of the same diameter, and external configuration as a V-baske-G.  
The positions of these elements are also shown in Figure 16.  

In-Core Thimble Positions 

1. The center thimble positiun was loaded as shown in Figure 17.  

2. Five cf the peripheral thimble positionis weie 1 oaded as shown 
in Figure 18.  

3. The r'emaining pcsi-6.i, iTo-,-i) was occupied by a hig h p-.e-sure 
thimble conLaining cunool i rod Taate1rial coupcns Cowke withn a 
boric acid solution.  

F. Reactor Operation - 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 l'44 P.M. The following conditions were recorded in the reactor log 

at approximately that time-

r
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Reactor Vessel 
Temperatures and Pressure 

Primary Coolant Flow 

Reactor Power 

Control Rod Positionsý 

Rod No. #1 #2 

% Withdrawn 50 50

Tin 125.2OF Tout 143.8 0 F

Pin 105 psi Pout 83 ps 

15,000 gpm 

Nuclear 40 MW - Thermal 40 MW

#3 
50

#4 

49

#5 

48

#6 #7 

48 48

i

#8 

48

A set of data taken from the fuel element (in location L-5-6) 
instrumented with the stainless steel thermocouples was:

Fuel Element Bulk Coolant Discharge Temperature 

First Coolant Channel Discharge Temperature 

Second Coolant Channel Discharge Temperature

-- 164 0 F - 1670F 

-_ 153 0F - 156 0F 

-- 183 0F - 175 0F

The defective aluminum sheathed thermocouples in the other 
instrumented fuel element (in location L-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.

LT across reactor vessel 

AT across position L-5-6 

AT across first channel 

LT across second channel

Computed 

18.5 0 F 

37 OF 

25 OF 

47 OF

Measured 

180F 

36-39°F 

25-28OF 

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

-9-
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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 M 30 MW 
35 MW 37.8MW 36 MW " , , 

Instructions were then given to the reactor operator by the 
shift supervisor to increase the power level to 40 MW. To increase the 
power level, the automatic control system called for additional rod with

drawal. All nine control rods were banked at about 62% a- this time.  

Control rod No. 9 which was on automatic control was, like the other rods, 
in a low differential worth region of its travel and shortly reached 85% 
withdrawn. Automatic control was then manually switched to rod No- 8 
which also was withdrawn to 85% and the automatic control was manually
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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 supervisor 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 approximately 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.  

G. Other Observations During the Fuel Element Failure 

The pertinent operational data 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 a 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 in this position would indicate a loss of 0.3 to 

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

- 11 -
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cannot 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 uverall reactor temperature coefficient must have added approx

irnat.ely 0.18% reactivity as soon as the power level was reduced to 

17 MW.  

Anofher possilt.h !:ource uLX permanent reactivity loss is 

di-:placement 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%. 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 reactivity 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% A•k. Thus, the reactivity changes caused by the voiding theory nid 

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 lack of water about the blocked por

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

Figure 6 is the reproduction of the Data Logger Chhrt 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 power 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 second' 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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H. Events Immediately Following Incident 

The following paragraphs are quoted from WTR-TO-R752 

reporting the incident to the Atomic Energy Commission, the next 

morning: 

"Immediately following scram, request for evacuation of 
the reactor top was initiated on the Femco system. As all radiation 

*monitoring instruments continued rising, the signal for general 
evacuation was sounded, Opf-rations and 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 WTR property but was changed to 
Seubert House, approximately one-third of a 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 'eight 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 efforts 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

- 14 -
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was without resin at the 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 i.c/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 activity 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 10-2 to lO-3 Pc/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 radioactive 

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
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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.  
P. .

April 6. 1960 

P.C. Ion 
P.C. Ion 
P.C. Ion 
P.C. Ion

Ion Exchange 
Ion Exchange 
Ion Exchange

Exchange 
Exchange 
Exchange 
Exchange

inlet 
outlet 
inlet 

inlet 
outlet 
inlet 
outlet

9:30 
9:30 

12:00 

2:00 
2:00 
9:15 

10:00 
10:00 
8:00 
8:00

April 7, 1960 

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

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

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

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

Reactor dss-l - .' depth sample 
Reactor v 1 .0 ,pt sample

April 9, 1960 

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

a.m-.  a em.• 

noon 

p mý 
p.m.  
p.m.  

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

9:30 a m, 
9:30 a.m.  

12:00 noon 
12:00 noon

3:45 
3:45 
3:45 

8:15 
8:15 
8:15 

0030 
00-30 
00.30 

4:30 
4:30 
4:30

p.m.  
p.m.  
f.m.  

p.mý 
p m.  
p m, 

a m, 
a.m.  
a m

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

6:30 pomo 
6:30 p.m.  

10:00 am.  
10:00 a m.

Counts/5 sec/milliter 

557,898 
681,406 
663,756

650,216 
25,626 

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
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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 rerVhr beta-gamma at one foot.  

In order to permit visual observation of the core and to 

begin unloading th6 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 23ashows a photograph of the core taken on 

April 11. No visible damage was apparent at the time.  

Fuel unloading then began with elcments being removed first 

from the outside of the core, working towards the middle. Some 

elements stuck slightly and were removed by a hoist with a 350 lb.  

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 lb. 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 appenrance.  

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. In this figure some of the center section has also been 

removed. This drilling operation greatly increased the vessel water 

and airborne activity levels. Vi:;ual examination of the shroud holes 

and a later check with a sizing Lool ifPicated that the core structure 

had not been damaged.
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I. Visual 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 and through a sterdomicroscope. 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 

cladding of the menter, tube all the way to the top portion of the 

meat. Figure 35 shows photographs 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

sented in Figure 36. The funnel shaped appearance seems to indicate 

that the tube was hotter at the top than at the bottom, a phenomenon 

which might have been caused by poor bonding at the element top.
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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 outline has been proposed with the assistance of ORNL 

and is presented here as Appendix IV.  

J. New Fuel Element Examinations 

Because of the appearance of the damaged fuel and the results 

of analyses presented in Section K, a program was instituted to reinspect 

the unused cold fuel elements on hand. Apprcximately 100 cold elements 

were available from the batch of the ruptured 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. Th, Jnstructions to the Westinghouse 

Atomic Fuel Department in Cheswick, Pennsylvania, who performed the 

reinspection were a: follows: 

1. 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 wil-l 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 replica of imperfections on inside surfaces.  

The replica is then to be measured with the micro-cope.  

3. The tubes will then be given a complete dimensional check 

for conformance to specifications. This will include a 

measurement of maximum and minimum outsidre diameters at 

three positions along the tube and spot checking of inside 

diameters where OD's indicate abnormalities. Thb dimcn

sional inspection will also include a determination of 

bowing, utilizing surface plate and fc ler gauges.
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4. Each tube will be given an ultrasonic test 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 is 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 assembly tools. The reassembly is to be 

followed by another detergent cleaning and hot-water 

rinse.  

6. In addition to the above listed tests on all elements, 

radiographs will be made of the two ends of all tubes 

from approximately one dozen elements. 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, will be 

scanned by scintillation technique to detect any fuel 

non-homogeneity.  

8. Following air-drying and cooling, the acceptablt elements 

a.e -to bt rackaged in rolyethylene with a packet of 

dcsiccant and the polyethylene h- it-:caled.  

key inspection, and one which was not previously used 

was the ultrasonic test, Item 5. This ultrasonic test 

consists 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 is set ul, in which 

the pitch of the syiral is also 0.093". In this way the 

entire surface is scanned. A record is produced on a chart 

which represents transmission through areas wher• no defect 

exists, and the chart line is interrupted whenever a defect 

interferec with normal transmission. D-fects aiproximately 

0.015"1 in diameter can be located, and means are available 

for determining interior defects against surface scratches.

- 20 -



A complete tabulation of the results of the mechanical 

inspection will be found in Appendix V. These results indicate 

many small deviations from specifications and a few elements were 

found with serious bows in the tubes or with visible blisters.  

The complete results of the ultrasonic inspection are also 

tabulated in Appendix V. These results indicated a range of defects 

from perfect tubes to dozens of imperfections. The defects ranged 

in size from a few thousandths of an inch to greater than 1-inch in 

diameter.  

To confirm the ultrasonic inspection method several tubes 

were sectioned at typical indicated flaw points in the ultrasonic 

record. Some of these records and the photographs of the sectioned 

flaws are indicated in Figures 37 and 38. The pictures by no means 

indicate the worst cases, but a., indicated are representative. In 

each case of a suspected flaw the uiUrasn:ic techiicue proved inf all

able and sectioning always produced the defect. All types of defects 

were discovered including poor bonding, cracks in the fuel, foreign 

inclusions, and voids. The conclusion reached is that the inspection 

requirements originally specified were not sufficiently rigid. In 

view of new tightened specifications this particular batch of fuel 

was of questionable quality, with overl464 defects having been found.  

and with 133 of them over 1/2-inch in size in a sampling of 2 37 

tubes.  

In an effort to determine what size defect might be accept

able, new heat transfer calculations were made by computing machine.  

The problem that was set up provided a temperature profile -f an 

element section that contained thermal insulating voids cf various 

sizes at the boundary of the meat and the cladding. The heat flux 

could then be obtained over any given surface area. The results cf 

these calculations are shown in Figure 39 which indicates the 

relative increase in heat flux as a function of defect size. Illus

tratively, a 1/4-inch defect would create a hot spot increase cf 

28% and a 1/2-inch defect of 61%. It will be recognized that an infinite

-21-
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defect in bonding on one side will produce a 100% increase in heat 

flux through the other side. Thus, for practical purposes, a 1-inch 

diameter defect may be regarded as infinite. Specifications for 

future new fuel will call for no defects greater than approximately 

1/8-inch as determined by ultrasonic methods and thus providing only 

an approximate 10% increase in heat flux.  

An additional check was made on a typical fuel tube to 

determine if any of the defects grew upon temperature cycling. The 

fuel tube was first inspected ultrasonically and then placed in an 

autoclave. The temperature in the autoclave was cycled between 100OF 

and 400F for 50 cycles. The tube was then removed and reinspected 

ultrasonically. No significant change in size or number of the defects 

was noted.  

K. Thermal and Hydraulic Analysis 

This section contains pertinent heat transfer information 

applicable to the reactor when the fuel element failed. The results 

are tabulated below and additional comments where required are 

referenced as superscripts to similar numbers in Appendix VI. Maxi

mum heat flux is obtained in the following manner: 

Reactor Power = 1.30 x 108 BTU 38 MW hr.  
Primary Coolant System Flow Rate 5250 GPM 

Reactor Vessel Inlet Temperature 108°F 

Reactor Vessel Outlet Temperature 158°F 

Number of Fuel Elements - including control rods - 78 

Total Heat Transfer Area - 9 C.R. assumed 60 8 2 
inserted into core' 680f 

Average Heat Flux 191,000 BTUf2 
hr-ft 

Neutron Flux Peaking Factors 2 

Nuclear Peak to Average Radial 1.50 

Nuclear Peak to Average Axial 1.76 

Fuel Alloy Distribution 1.05 

Local Peaking 1.15 

Total 3.20 

Maximum Heat Flux 610,000 BTU 2 
hr-ft
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Burnout heat flux is celculated below: 

Coolant Flow Through Core 
2/3 of total P.C. flow 

Average Coolant Flow per Fuel Elemant 

Flow Area per Fuel Element
3 .  

Average Coolant Velocity Through the Core 4 " 

Coolant Mass Flow Rate 

Coolant Channel Width 

Pressure at Exit of Core 

Saturation Temperature for 112 psia

3500 GPM 

45 GPM 

;'.01597 ft. 2 

6.26 ft./sec.  

1.37 x 106 lb/hr-ft 2 

0.188 in. = 0.0157 ft.  

112 psia 

336 0F

Coolant Velocity through the instrumented channels of the fuel 

element in L-5-6 based on coolant temperature rise with:

Radial Hot Channel Factor of 1-3 

Radial Hot Channel Factor of 1.5 

Maximum Fuel Surface Temperature 

Twall -Tsat 

Burnout Heat Flux f~om DP-355 

(Mirshak et. al.)" 

Burnout Heat Flux from Jens & Lottes8

6.12 ft/sec 

7.06 ft/sec 

384 0F 
480F 

1.98 x 106 BT.2 

2-21 x 10 6 BTU 2 
hr .ft.

The conservative value of the maximum heat flux calculated 

previously was 610,000 BTU/hr. - ft. , or the ratio of the burnout heat 

flux as predicted by the best fit of the Mirshak et.al. data, to the 

maximum heat flux is 3.25. A conservative correlation factor of 0.60 

might be applied to account for the spread in the rv. • data points.  

This factor will decrease the burnout ratio to 1.95.  

Figure 40 indicates the bulk coolant temperature and the 

fuel surface temperature for the hot channel of a fuel element in the 

core position of the failed fuel element. The initial cold critical 

axial flux distribution given in WTR-25 was used in deriving this curve.  

The bulk coolant temperature rise was taken as 1.10 times the bulk 

coolant temperature rise measured during the experiment. This number 

includes a power distribution factor across a fuel element of 1.04, a
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fuel content tclerance per fuel plate of *1i01 and a channel to channel 

coolant velocity variation cf 1K 1. These factors are those considered 

in WTR-2%. A hot channel factor F of 2,?3 was applied t.o the average 
2 heat flux of 1.91,000 BTThr-f• to obtain the film -temperature rise 

at the axial maximum heal flux, 

The fcllowing fact.ors were taken from WTR-25 tc obtain the 

value of F 

Radial max, to average power prcducticn .30 

Axial max. tc average power praduc-tion 1 '?6 

Fraction of power generated in fuel plares 0o95 

Local reduction in cool.ant ve.loc-y due to 

fuel tube bowing I 4 

Local variation in fuel content of fuel plates 1o0S 

Power distribuiion across diameLer cf fuel 

elemeni 1i, 0 

Fuel conLeni allcwance per fuel plawe loO1 

local power peaking of unknown origin io10 

Variation in coolant velocilv I 15 

Correlation factor for ccnpuling filr 1 

coefficient 1 o2 

7o~al 4.33 

The Jens and Lo•7tes- correlati:n for fuel surface temperaLure qucted 

above was used in -1-e regi-n cf local boiling, A total hoi channel 

fact.or of 2-.7 was used in ihis case which includes a local p:wer 

peaking of 1,20 in addit ion t. the nuclear power factors.  

Figure 41 indicates the bul~k cOIc.nt temperature and the fuel 

surface tempera-ure for te ho channel wi-t an assumed 15% additional
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reduction of flow. The bulk coolant temperature rise increases to 

170°F and the discharge temperature to 278 0 F. The hot channel factor 

for film temperature rise increases by 1.12.  

Comparing Figure 41 with Figure 40 local boiling occurs over 

a greater length of the fuel element with the reduced flow. This creates 

an increase pressure drop whose effect is not considered significant.  

Using the data reported by J. B. Reynolds in ANL-5178, it can be shown 

that the increased pressure drop caused by local boiling is not adequate 

to account for even the assumed 15% reduction in flow. Additional flow 

restrictions must be postulated to produce a dangerous condition.  

Using a flow velocity of 6.26 ft/sec. and a less conservative 

hot channel factor for film temperature rise of 3.45, boiling would be 

expected at 30 MW. There is some indication from the boiling detector 

that boiling did begin at 30 MW as the primary coolant flow was reduced 

from 5500 gpm to 5250 gpm. This effect can be seen from Figure 20.  

Additional heat transfer work has been presented in ORNL-CF

60-5-33 which contains the results of a meeting at WTR April 28. It is 

concluded in this report, and the results given above confirm, that-

"an analysis made with the best data presently available and with 

pessimistic estimates of all pertinent factors indicates that a boiling 

burnout type failure of a good fuel element probably did not occur." 

All of these analyses were conducted before the examination of 

the cold fuel elements described in Section J. From this previous sec

tion, a bonding defect between a 1/2-inch in size and infinity must be 

regarded conservatively as doubling the maximum heat flux0 Using the 

0.60 correlation factor with the Mirshak et. al. expression the ratio 

of burnout heat flux to maximum heat flux was seen to be 1.95. Thus a 

bonding defect in excess of 1/2-inch diameter could account for the 

fuel element failure.
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L. Other Information and'Problems Associated with the Incident 

During the aftermath of the incident, a number of non

routine situations arose some of which may be of interest. Most of 

this information is in the Health Physics area. and includes such 

items as initial radiation surveys, environmental surveys. radiation 

protection, primary system decontaminai ion. waste disposal problems, 

and handling of huge quan-iries cf radioactive water. This information 

is presented in Appendix VII

M. Conclusions 

A fuel element failure occurred in the WTR on April 3, 1960.  

The effects of this failure were not measurable off the WTR site. The 

cause of the failure cannot be established beyond reasonable doubt. but 

it is reasonable to believe that a normal fuel element operating under 

the specified test conditions would not have failedo No information has 

been found that indicates that the stated operating conditions were not 

being met. A strong possibility exists that the failed element was not 

normal. Fuel element specifications and inspection in the past have 

been too lax and rigid control will be required in the future.
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APPENDIX I

Raising Power Level From 
20 MW to 60 MW

The reactor power is to be raised from an operating level of 

20 MW to 60 MW in incremental steps of 5 MW. A set of operating 

parameters has been established for each power level and will be 

adjusted during the program, as the need arises. If plant limitations 

are exceeded, the program will stop until remedial action is taken.  
In general, the program consists of establishing that the reactor can 

be operated safely with a given set of conditions and then operating 

under these conditions for several days.  

The criteria for safe operation have been established in the WTR 

License Application Amendment No. 14 and supplementary information 

issued to the AEC and in Amendment No. 1 to the WTR Operating License.  

They are: 

1. First fuel ring bulk water outlet temperature. (220°F 

2. Inlet primary coolant temperature. (140°F 

3. Nuclear power level oscillation controlled with 

the automatic control system. (± 5% 

4. Radiation level at accessible portions of the 

face of the biological shield. ( 1 mr/hr 

5. Radiation level at accessible points in the 

primary loop. < 1 mr/hr 

6. Boiling will be detected by the "bubble experiment" 

described in WTR-SS-TA-258.  

7. Less than 1% voids will occur in the moderator 

due to boiling.  

8. Maximum heat flux will not exceed one-half of 

burnout heat flux.

I -1



Table I lists the pertinent plant parameters establishing the 

safety of operating at a given power level. These conditions are 

obtained by establishing the required flow for a given power with the 

reactor at a power level 5 MW below that desired. A reference noise 

level should then be established on the bubble detection equipment.  

The reactor power should then be raised to the specified level. During 

this time particular attention should be given to the bubble detection 

equipment. The power should be reduced to the starting point if boiling 

is detected. If boiling is not detected, the reactor should be operated 

with these conditions for 15 minutes or until boiling is noted. At the 

end of this period the flow should be increased to the value listed in 

Table IT, the special nuclear channel of the bubble equipment shut down, 

and operation continued at that power level for the period given in the 

schedule, Table III. Two exceptions will occur. The boiling check will 

be made prior to the 12-day run at 40 MW and a second reduced flow 

experiment will be carried out after 2-day operation at 60 MW.  

Secondary coolant parameters and cooling tower operation are left 

to the judgement of the reactor operator. Standard records should be 

maintained of the temperatures and the flow rate, but the actual values 

are not important if the required primary coolant conditions are 

maintained.  

Radiation survey of the entire primary system will be required 

during the program to insure against excessive radiation levels.  

Based on a void coefficient of -0.14% reactivity/% voids in the 

moderator, the loss of .14% reactivity will indicate that a prescribed 

limitation has been exceeded. This reactivity is equivalent to 3% motion 

of the peripheral control rod in its most sensitive position. This motion 

can also be caused by a core temperature increase of about 15°F. If this 

rod motion is suddenly required during an increase in power level or 

subsequently, the reactor power level should be decreased to 10 MW and the
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incident reported to Scientific Support for appraisal. It is assumed 

that temperature can be held constant to within ± 50F.  

The bulk outlet temperature of the first fuel ring will be measured 

by installing thermocouples in a "1P basket inserted in core position 

L-7-6 .  

Boiling will be detected by the "bubble detection" equipment 

described in WTR-SS-TA-258o A description of this equipment and its 

operation will be contained in an appendix to this test specification 

to be written after the installation is made and checked out.
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Power 
MW 

20 

25 

30 

35 

40 

45 

50 

55 

H 60

60

P.C. Flow 
GFM 

6650 

6650 

6650 

6650 

7800 

9150 

10600 

12300 

14100 

13000

R.V. AT 
0F 

21 

26 

32 

37 

36 

34 

33 

31 

30

T. R.V.  LnF 

135 

130 

125 

120 

120 

120 

125 

125 

125

Tout R.V.  
0 F 

156 

156 

157 

157 

156 

154 

158 

156 

155

AT Alarm 
0F 

25 

31 

38 

43 

42 

40 
39 

36 

35

Power Level 
Cutback Scram 

MW MN 

25 30 
28 30 

35 40 
40 45 

45 50 

50 55 

55 65 

60 70 

65 75

LOw FlOw 
Cutback Scram 

5650 5000 

5650 5000 

5650 5000 

5650 5000 

6650 5850 

7750 6850 

9050 7950 

10500 9200 

12000 10600

125 157 17 65 75 11000 9750
32



TABLE II

P.C. Flow 

GPM 

8000 

8000 

8000 

8000 

9400 

11000 

12800 

14800 

17000

R.V. AT 

OF 

18 

22 

26 

30 

30 

28 

27 

26 

25

Tin R.V.  

140 

135 

130 

130 

130 

130 

130 

130 

130

Tout R.V.  
0F 

158 

157 

156 

160 

160 

158 

157 

156 

155

AT Alarm 
OF 

21 

26 

31 

35 

35 

33 

32 

30 

29

Power Level 
Cutback Scram 

MW MW 

25 30 

28 30 

35 40 

40 45 

45 50 

50 55

55 65 

60 70 

65 75

Low Flow 
Cutback Scram 

GPM GPM 

6800 6000 

6800 6000 

6800 6000 

6800 6000 

8000 7050 

9350 8250 

10900 9600 

12600 11100 

14500 12750

Power 

MW 

20 

25 

30 

35 

40 

45 

50 

55 

60

H



TABLE III 

Schedule for Increase in Power

February 18 

February 19 

February 21 

February 23 

February 25 

March 11 - 23 

March 26 - 27 

March 28 - 29 

March 30 - 31 

April 1 - 2

20 

22 

24 

March 1

20 

25 

30 

35 

40 

40 

45 

50 

55 

60

MW 

MW 

MW 

MW 

MW 

MW 

MW 

MW 

MW 

MW

I -6

1 day 

2 days 

2 days 

2 days 

7 days 

(480 MWD) 

2 days 

2 days 

2 days 

2 days



APPENDI X 11

Power Escalation Program 
Local Boiling In The Core 

Several changes have been made in the reactor core instrumentation 

which should aid in the detection of the beginning of local boiling.  

They are: 

(a) The removal of the core access tube.  

(b) Insertion of the helium bubble into a fuel element 

V basket for the production of bubble in the P.C.  

flow.  

(c) Instrumentation of the two (2) fuel element channels 

in addition to the bulk outlet of the element.  

(d) Direct measurement of control rod position.  

The reactor has previously operated at 40 MW with 7,000 gpm P.C.  

flow and an inlet temperature of 125 0 F with existence of only mild 

disburbance on the special nuclear instrumentation. Since then it has 

been established that there was some boiling in the core access tube 

installed in the core.  

For the pr'<-nnt test, the reactor will be brought to equilibrium 

at 30 MW with a flow of 5,000 gpm and a core inlet temperature (heat 

exchanger outlet temperature) of 130'F. A reference set of da-1.a will 

be taken. The reactor Dower will be raised successively to 35 MW, 

38 MW, 40 MW, 42 MW nnd 44 MW. Automatic control will be accomplished 

by one rod during the entire test. Data to be taken at each power level 

is: Tin RoV.; Tout RoV.; Tout heat exchanger; position of control rod 

on automatic ctontrol; tempurature of the six (6) thermocouplks in the 

instrumented fuel element, and the compensated power trace with the 

special nuclear Instrumentation.
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Scram and Cutback

- Low Flow Cutback 

Scram

4,000 gpm 

3,000 gpm

Power - Nuclear 

Cutback 

Scram

Tout R V. 

T. R.Vo 
in 

L. P. Thimble - I 

Tout of fuel element 

Reactor AT C

Keep less than 1800 F.  

Tout of heat exchanger 

ýlarm - Set to 200°F 

- Less than 250°F 

Jutback 760F

2-2

Setting

55 MW 

60 MW

130°F



APPENDIX III 

Outline of Main Line 
Actions Taken Since Incident On April 3, 1960 

Date 

4/3 20.40 hrs. Radiation monitor alarms.  

20.44 hrs. Reactor scrammed.  
4/4 Survey of radiation levels throughout offices and plant.  

P.C. shutdown flow system in operation to cool off reactor.  
-4/5 Clean up operations co=-enced.  

1. Ventilation purge of surge tank etc. to remove gas.  
2. Flow of P. C. water through ion exchanger (new resin).  
3. Clearing of loose equipment etc. from vicinity of 

reactor head.  
4/6 Gas and airborne contamination cleared sufficiently to permit 

reversion to normal ventilation for vapor container.  
Revented to normal P. C. flow at 4000 gpm to purge system and 

degas.  

Additional Barrel Ion Exchangers installed to hasten cleanup 

of P. C. water.  
4/7 Loops isolated in Subpile Room and H.P. thimble purged.  

Reactor vessel purged in 20 minutes at 550 gpm with normal 

DW purge system.  

Fuel handling equipment checked.  

Reverted to P.C. shutdown flow.  
All loose contaminated equipment removed from Reactor Head 
platform to Trucklock.  

4/8 Preparations made for reactor upper head removal.  

All outside of reactor vessel and platforms covered with 
paper/polyethylene/paper to minimize spread of contamination.  
Temporary support beams installed across canal in case head 
was too hot for Drydock.

3 1
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4/9 Head lifted a short distance for examination and radiation 
survey. Replaced as being too radioactive pending construction 
of beta shields and preparation of washing equipment, etc.  
Retention basin closed off due to high water level.  
Reactor vessel access ports removed to study decontamination 

procedure.  

4/10 Continued preparations for head removal.  

Prepared P.C. poison system for immediate use.  
4/11 Completed preparations for head removal. Removed head, 

lifting slowly and decontamination outer surfaces of barrel etc,, 
by scrubbing as it came up. Placed in drydock and sheeted up 
with ployethylene to coi:tain loose contamination. Commenced 

unloading fuel (12 elements removed to canal).  
4/12 Continued core unloading (6 more elements) but trouble with 

discharge mechanism stopped work.  

Fuel shuttle mechanism repaired.  

Checked freedom, etc., of elements in core.  
Installed barrel ion exchanger system to purify canal water.  
Continued removal of fuel from core.  

4/13 Continued removal of fuel from core - 10 elements and 

experiments remaining.  

Worked on removing experiments.  

4/14 Continued work as stated in 4/13.  
4/15 Commenced unloading control rods. Accidental release of 

thimble loader spilled P.C. water over Subpile Room and vapor 
container floor - high contamination.  

Cease all work to decomtaminate vapor container, etc.  
4/16 Decontamination of floors, etc.  

4/17 Decontamination of floors, etc.  
4/18 Continued removal of control rods.  

4/19 Completed removal of control rods.  

Upper portion of damage fuel element removed and laid on 
reflector segments to await cask for removal.
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4/2(. RL.oval or ytý,,.airdsg experu.er.tc and uPPcr PcrLicn of damagt-j 

irý caEe to Lottoi-,_ of caiia-L-.  

Bear--t7i Jor_ exctang.,ý op(rai-lon, -Lc, P,,Arify wai-r 

t7,9c-'02, Vt: 

Lco-LE L, ir-g Ca Lri ca i c j _c jýrijl cuL reL.aii-.jtýr of dar.ag(- Fl&f.t 

4/21 Dr-11-lir.g c-r. i-ý.r,.a_*_LliAtr Cr eltrlcý-It - hcl_( saw ý!rivt:ll 
L ctr c _ir-'! 

4122 Ai-ýtIn-ptuýj L.Cl !-En.Crt:- rt-E.a2ljtr of tlt:ýrerit - tcolj not sa.-,J-ýfactory 
N(w tcolý- cý_iaiif--j .  

41 23 Ccntii.,_eýj viorx --tarteJ, C:_ 4122 
4/24 wor±ý cr. 4/22 '/25 -a' pcrt:o- rtr.cv,:d 'ror- ho't Fi- c a-,-- ag-, J J_ j an,: r.  

tool .'ýýol-- probcj yd-zh alid fcund clýar 
Rý: a:-.(-. r riui: rough E.'rTcu_. rclc to c1can any pro-.  

4126- Fi it cl,-azing rig al-er'-bled at rtzac-xcy L,-;p 
at t-rp-ý ic picK -up loosc pi._-cts of eler.ent 

4/27 sucticlý clýalýirg ccrIt-lLu-1-i with orly r.cje!-;.at(- _,.uccc.,_,, 
4128 S ý_ C 'L i cl. Cl a.ýAý,_g rig ýZk-ctrt-al 

Reactc-i rtplac-14 ai.2 ccr.!.-_ct-I;cnf- T.,-ajt to drail.r. c.,; iowý.  a: n c, -a tc wastE 'li tc j, - Drair, ý:oSt_. ta.Kei.  
a.,:-.-x ar-,,a 

4/29 opý_-raz-ý- al-t(:-rrait fluEr. an.:, .1rain cycle ci. reac',or vt -z 
ScTý_c- --ucc-.sý -Ir. rr.c.vJ,*i.g pi,-_.cý_.s of activc r.attrlal Finall,.
c I c _-, ý: ̀ c f .1 _-Irai- a,.-, -cfillt-I Vt"SCzi.1 - Tc 
coolar.7 f ]LOW Vil, F. I.-, al , xcr.a"gL-l' typasse ý- cp(ýn .  
Lcc,--- wa-L, r., Lc... ii,. pip, turu, I :-LiT__p bcing p--r-ped cu-, tc, 

a c c 

3" ltýr.pcrar-v fai7 at rý_-_-ntioi_ rasin rlow ava-ilabl-l- - wa:-,,_ 
i af_,-'r ri Gr.zý_- fror. La.-. ir,, giving 

a -, d f t : c -.1. a I wast c apEl c 7

R(ýacicr LoL-ý- :: _;c"71. flcr rev(.rsior. to P.C mair. flow cl 
gp". L-0 Z"_az,- lccC,_- dýPc-its of C,-U,.  

a, ar. a, t ý-j__p c c r .-c L and dr, ve cr JýY.  
ý7 zzg, t anzý -



5/1/60 Broken thermocouple connection on main P.C. piping caused loss 

of some wnter into pipe tunnel sur.,p. System drained down for 

repair (water now sufficiently clean to permit this,) 

5/2 Restarted main P.C. flow and increased *to 14,000 gpm for 

several hours. Then shut down and drained vessel to see if 

the levels of radiation had dropped. No useful change observed.  

It was decided to try effect of maximum flow..  

Restarted P., C. main circulation.  

5/3 Worked up to P.C. flow of 20,000 gpm. Subsequently reduced P.C.  

circulation to 10,000 gpr. for a short time, stopped, and started 

to drain vessel through hose and valve on top loop room. Hose 

fractured.  

5/4 Hose system repaired and vessel drained down.  

5/5 Washed out en.pty reactor vessel with D.W. through vent valve,.  

No appreciable change in radiation levels.  

Started periodic flushing to waste line using canal water 

supplied by emergency diesel pump.  

Inserted durnf,-: thimble in No. 6 hole to eliminate gamma beam.  

Connected heat Pxchangex drain line to canal drain and commenced 

addition of nitric acid Lo heat exchangers, 

5/6 Continued period flushing of reactor vessel.  

Continued chemical decontarmination of heat exchangers.  

Cornmenced clean up of vapor container to permit tiling of 

floor to cov:r and hold in contamination which cannot be removed 

from concrete

5/7 Continued work ac- s.atEd in 5/6.  

5/8 Continued as stat,.'d in 5/6.  

Rigged suction clhIaner and filter for 36" P.C. line in pipe 

tunnel su:p broke into P.C. line and welded in stub for 

insertion of -ior-<. Tl:iW was an attempt to remove very hot 

crud from 'otLor! of line.  

5/9 Started recirculatiimg watLr in new clean-'r rig completed (36" 

P.C. line).  

Continuei d o..h.r op r'i Iion',, ns of' '7/6.

1.--
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5/10 Continued work a. stated ill 5/9.  
5/11 Ceased flushing of reactor vessel and rigged dual pump, filter, 

strainex and catch tank syster, with bypasses, etc. for 
installation over canal, connected to reactor vessel lower- head 
drain. This rig was intended to flush vessel without the collection 

of water ii, the vessel.  
5/12 Operating recirculatior cleaning rig with some success: in 

collecting crud but no useful change in Subpile Room radiation 

level.  

Commenced cold fuel clement inspection program at AFD, Cheswick.  
5/13 Replaced strainer and filter in recirculation system - ncw ulits 

submergtd in canal so that a higher radiation level could b 

accept-,a.  
5/14 Continued r'circulation of reactor vessel.  
5/15 Reactor vessel flushed with canal water using emergency pumpo 

Drained back to canal, 

Recirculation system in operation.  
5/16 Continued flushing of vessel as indicated on the lit

Plastic coating of vapor container floor not satisfactory Iue 
to smooth surface.  
Sandblasting improves adhesion but caused airborne contamination, 

5/17 Commenced preparations for tiling vapor container floor 

(thermoplastic tiles).  
Added Versen- as deconta-minant to reactor vessel rrcirculatior 

system.  
5/18 Drained out deconiarinant from reactor vessel and r,2circulation 

rig and flushed through.  

Rig disconnectiej arnd- moved due to high radiation levtls
Secured 36" P C. line filter sys-es-., 
PrepaE.d for t.....le and sroud removal to facilitatg jeccrn

tamination of vessel ana to checK crud level.  
5/19 No. 5 thimble and shroud removed and 41" drain line attachded to 

shroud tub-: hole irn lower head. 'This drain was 16' long and 
arranged with a coars,. strainer at. the bottom, six fe-.t below



5/19 .,!a4 t-r ltý_V, I , i,,. -tjr,', 'ý.Op, Ii'- ur r'Oulj -a-L ust: cf t.he cr.&rg(--.rIcY P --P 
(Cont waEh pi-. c, oO cruA ou', Of -L.t.- W-L;Sel.  

A rL.-iiE.C.-Larly PC-riscope a-týd to inspect. insidt off v-, sL-:-i 
Lelow "Liologi-cal negative result.  

5/2(-- Co=encý-J fl-L, Z ; - -*L ' ý Gf' V k 7 uEing er.erguncy pur--ip. NO appr,-ciatle 

chai--gt of raJiatior lcwl ot-cerwd ir, SuLpil-c- Roor.. Opýeration 

-Lp'ý--.'dt ai;J cori--t:.r.ct j La.Lolting of re aii ing shro,,AJ t-L.1, S 
prý-paratory to rý-L.oval.  

5/21 Radial spray i.ozzieF ir..--ý,rt,--!d through No. 5 shro,,ýj 1-ol

if; loy.:t::r hý-Iad. Low-rportioii o.r v(--sýl flusix-4 wil]. t'Li-s rig
kegat--JVtý TeZUIL, 

Rcr..ovt---I spray nozzles. No. 5 i.ole plugg-ýI.  
5/ 22 Rcr-ový-d No, 3 thir.bie and shroud ai-.J piugged hol'. witk. zta-.21iltýs-s 

ste,ýl pli-ig. Optýrating ff-i-Lrtrer Larrcl ion c-x&angtr- or, caralL. i,.;ater.  
5/23 No. 2 t-.ir,-!lE-- and shroud rtz.oved ard i-ol(-- plLggej.  

No. 7 inir-L-IJ- ai.-J ar.j hole plugged 
5/ 24 Removeý No, E ,,.roLd axid plug ,'d=. y) and pluggej r.Clt 

RC.I--CVE: J Ib - 4 anJ shroud.  
R,7 r.ov c 1 11--tir.-; i- and shroud. Rt:l---oval CC all 

4 ý I : -.  
L -L not lo7 radia-Lion lt-vels ir; S bpil.- Rccý---, 

v, !,- iiý Et:nt!-zý! roý& sor.eir.,hm . All availa'L.-It PEVSOIýntý! 

CI- r!g ý0:.anifoid and p-Lpirg) for 
cc,. -a,, ci. c Lpp- r --,rfac, of lo7.-er hr-aJ of v% L,,, L 

5/27 C rc r 2,'ý h Further iiýp-c-c.,.  

P-Ti copt: rev,-aled a! L Y.-c 
c C C-ý i Dr, paratioi--s fcI 

TDC-, 
5/ 28 'J,-, 1-ing COrAll
5/20 'Lýi-dcr hca-ý -L!ý ::u.,nilý ccr:. froi-..nj5G r/hr tc 
5V 3 C' 

al,30 P '-'j "'.1- cceptabl,-.  
T
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APPENDIX IV 

Outline of Post Mortem Exomination 

Of Element B-62 

I. Visual Examination and Photographs 

A. General 

1. Interior.  

2. Exterior.  

3. Determination of relative damage to all three tubes.  

B. Macrophotographs 

1. Unaffected area.  

2. Discolored area.  

3. Melted-down area.  

4. Transition bands.  

5. Braze.  

6. Holes, cracks, exposed edges.  

C. Bottom Nozzle 

1. Interior.  

2. Exterior.  

IT. Background Study and Evaluation 

A. Fuel Fabrication 

1. Fabrication history.  

2. Inspection report.  

3. Pre-irradiation photomicrographs (if available).  

4. Drawings.  

B. Irradiation History and Operating Conditions 

1. Burnup.  

2. Heat Flux.  

3. Neutron Flux 

4. Surface Temperature 

5. Pressure.  

6, Primary Coolant Flow Rate.  

7. Power Level.  
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C. Other Data 

1. Ni-foil experiment.  

2. "V" basket drawings.  

3. Other data as required.  

III. Preliminary Measurements 

A. Dose Rate 

B. Dimensional Measurements 

1. B-62 (where possible).  

2. Adjacent fuel elements (B-19, B-38, A-86, A-93).  

C. H-0 Sample 

D. Multichannel Analyzer Readout Trace.  

IV. Disassembly 

A. Gross Sectioning 

1. Fuel Tube Separation.  

2. "Napkin-ring" preparation.  

3. Longitudiual sectioning.  

4. Additional photographs as required.  

B. Sampling 

1. Chemical Analysis Samples.  

2. Metallography Samples.  

V. Detailed Examination and Analysis 

A. Chemical Analysis 

1. Total U 

2. Other Analyses as required.  

B. Metallography 

1. Comparison of Selected Area.  

2. Bond Integrity.  

3. Corrosion Evidence 

4. Microhardness measurements (if required.) 

VI. Reporting of Results 

A. Interim Reeort 

1. After Phase III.  

B. Final Re~ort

£ e



APPENDIX V 

Tabulations of Cold Fuel Element 
Inspection Results 

Table 5-1 indicates the tabulation of the results of the 
mechanical inspection. The symbols used are as follows: 

S - Small tube 

M - Medium tube 

L - Large tube 

X - Rejected, out of specification 

A - Within specification 

B - Out of original specification, but 
probably acceptable 

* - Examined 

- - Not examined (usually because out 
of specification on other grounds) 

A number 
Viz., 1.618 - Actual dimension when out of 

specification tolerance 

Tables 5-2, 5-3, and 5-4 are a tabulation by defect size of the 
results of the ultrasonic inspection. Some elements included in the 
mechanical inspection were not given the ultrasonic inspection because 
they were sectioned, or had obvious defects such as blisters.

5-1
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Table 5-1 
Tabulation of Results 1i' .-chanical 

Inspection of 1,uel Elements

Tube Surface Braze S. N. End m enter End No. Size I.D. O.D. I.D. O.D. Bow Adj. tc 90' Ad5. tc 90 Adj. to 90U 
Seam __ Seam Seam

Radio- Homo
graph geneity Comments

6-A14 S 
63-11 S 
63-14 S 
63-13 S 
43-5 S 
80-5 S 
69-13 S 
82-12 S 
81-6 S 
81-9 s 
81-15 S 
43-13 S 
80-4 S 
408-8 S 
411-2 S 
411-3 S 
65-3 S 
69-7 S 
408-12 S 
2-A-3 S 
408-6 S 
411-13 S 
63-12 S 
12-13 S 
43-2 S 
6-A-12 S 
12-15 S 
43-12 S 
63-9 S 
63-5 S 
43-8 S 
11-7 S 
31-12 S 
A-3 S 
A-32 S

A 
A 
A

* 

* 

* 

* 

x 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

x 
* 

*

A 
A 
A

A A 
A A 

1.628 A

B 

B 
B 

A 
A 

A 

B 

B 
B 
B 

A 

B 
A 

B 

B 
B 
B 
A 

B 
B 
A 

A

* 

x 

* 

* 

* 

* 

x 

x 

* 

X 

X 

X 

X 

X

B 

B 
B 

A 
A 

A 

A 

X 
X 
A 
A 

x 
A 

A A 

B 
x 
A 
A 
B 
B 

A 
B 

X 
B

A A 
A A 
A A 
A A 
A A 

A A 
A A 
A A 
A A 
A 1.618 
A A 

A 1.1615 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 

A A 
A 1.616 
A 1.612 
A A 

.019 A 
A 1.617 
A A 
A A 
A A 

.020 1.615

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 

A 
A 
A 

1.615 
A 
A 
A 
A 
A 

1.618 

A 
A 
A 
A 
A 
A 

1.618 
A 

1.617 
1.612

B 
B 

B 
A 

B 
B 

A 

B 

x 
B 

B 

B

A A 
A A 

A A 

A A 
A 1. 6265 
A A 

A A 
A A 

A A 

A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 

A A 

A A 

A 1.616 
A A 
A 1.627 
A 1.626 
A 1.626 

1.617 A 
1.618 A 
1.612 1.616

5-2

x

A 
A 

A 
A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

1.626 
A 
A 
A 

1.626 
A 
A 
A 

1. 616

1.614 1.614

A 
A 

A 
A 
A 
A 

1.618 
A 

A 
A 
A 

1.615 
A 
A 

1.6175 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A

* 

- ) Critical experi..  
- )rment elements

Sectioned



Table 5-1 
Tabulation cf Results of Mechanical 

Inspection of Fuel Elements

Tube Surface _ Braze S. N. End Center Opp. End No. Size I.D. 0.D. I.D. 0.D. Bow Adj. to 900 Adj. to 900 Adj. to 900 
Seam Seam Seam

Radio- Homo
graph geneity Comments

A 1.616 
A A 
A A 
A A 
A A 
A A 
A A 
A 1.617 
A A 
A A 
A A

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A

411-1 S 
87-3 S 
87-15 S 
80-7 S 
82-8 S 
411-11 S 
82-10 S 
64-8 S 
411-6 S 
65-12 S 
87-1 S 
81-5 S 
82-11 S 
81-14 S 
81-1 S 
80-13 S 
80-9 S 
82-3 S 
81-5 S 
408-9 S 
63-6 S 
411-10 S 
87-7 S 
408-7 S 
411-12 S 
408-2 S 
43-7 S 
408-3 S 
408-4 S 
87-14 S 
408-14 S 
19-8 M 
41-11 M 
56-1 M 
55-4 M * A * B A A

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*

B 
B 

A 

A 

B 

B 
B 
A 
A 

A 
A 

A 
A 

* 

A 

x 

A 

B

B 
B 

A 

A 
A 
A 
A 
B 
A 

A 
A 

A 
A 

A 
A 

A 

B

A 
1.626 

A 
A 

1.627 
A 
A 
A 
A 
A 
A 

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

1.625 

A

A 
A 
A 
A 
A 
A 
A 
A 
A 

1.626 
A 

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

1.624 

A 

A 
A

A 
1.618 

A 
A 
A 
A 
A 
A 
A 
A 
A

A 
A 
A 
A 
A 
A 

1.618 
A 
A 
A 
A 

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 

A 
A B

Autoclaved

A

5-3

A A 
A A 

A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 

A A 

A A

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A

x

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 

A 
A

A 2.065 
A A

x



Table 5-1 
Tabulation of Results of Mechanical 

Inspection of Fuel Elements 
Tube Surface Braze S. N. End Center ODD. End Radio- HomoNo. Size I.D. O.D. I.D. 0.D. Bow Adj. to 900 Adj. to 900 Adj. tc 900 graph geneity 

Seam - Seam Seam

51-6 M 
77-8 M 
68-1 M 
76-2 M 
20-3 M 
91-9 M 
92-1 M 
91-4 M 
90-8 M 
92-9 M 
409-9 M 
410-7 M 
58-6 M 
78-10 M 
92-10 M 
410-6 M 
409-10 M 
404-3 M 
92-3 M 
409-11 M 
55-3 M 
56-9 M 
22-7 M 
56-5 M 
16-5 M 
34-9 M 
55-8 M 
51-10 M 
51-9 M 
56-4 M 
34-1 M, 
9-3 M 
410-10 M 
404-10 M 
405-5 M 
70-9 M

A A 
.033

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*

B 
B 

B 

B 
B 
A 
B 
B 
A 

A 
A 
A 
A 
A 

A 
A 

A 
A 
A 

A 
A 

B 

A 
B

B 
* 

* 

* 

x 
x 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

x 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

x

B 

A 
A 

X 

A 

A 
A 
B 
B 

A 

B 
B 

B 
A 
B 

B 
B 

B 

A 

B 
B 
B B

A 2.065 A

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A

A 
A 

A 
A 
A 
A 
A 
A 
A 
A

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.063 
A 
A 

2.054 
A 
A 
A 
A 
A 
A 

2.055 
2.055

A 
A 

A 
A 
A 
A 
A 
A 
A 
A

2.0595
A 

A 
A

A 
2.082 

A 
A 

A 
A 

2.055 
A 
A 
A 
A 
A 
A 
A 
A 

2.053 
A 
A 

2.055 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.056 
A 
A 

2.056 
2.056 

A

A 
A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.063 
A 
A 
A 
A 

2.063 
A 
A 
A 
A 
A 
A 
A

5-4

Comments

B 
X

Bumped
A 
A 

A

A A A 
2.053 2.055 2.055 

A A A 
2.057 A A 

A 2.055 
A A 2.054 
A A A 
A A A 
A A A 
A A A 
A A A 

2.064 A A 
A 2.055 A 
A A A 
A A A 
A A A 
A A A 
A A A 
A A A 

2.056 A A 
A A 2.055 
A A A 
A 2.056 2.055

Sectioned 
Ultrasonic 
on Axial 
sc an

A 
A 

2.055 
A 
A 
A 
A 
A

B A A



Table 5-1 
Tabulation of Results of Mechanical 

Inspection of Fuel Elements

Tube Surface Braze S. N. End Center Opp. End 
No. Size I.D. O.D. I.D. O.D. Bow Adj. to 900 Adj. to 900 Adj. to 90o 

Seam Seam Seam

Radio- Homo
graph geneity Comments

405-1 M 
405-8 M 
77-3 M 
A-3 M 
A-32 M 
41-5 M 
405-9 M 
68-7 M 
56-11 M 
92-7 M 
404-11 M 
410-11 M 
405-11 M 
409-1 M 
76-10 M 
404-8 M 
90-1 M 
89-6 M 
405-3 M 
89-3 M 
89-4 M 
90-1 M 
409-2 M 
404-5 M 
77-10 M 
89-9 M 
69-11 M 
405-7 M 
706 M 
409-5 1I 
A-92 L 
B-59 L 
B-65 L 
B-68 L 
B-70 L

* X * A A A

A 

A 

x

* 

* 

x 
* 

*

* A A 
B A A 

B A A 
* A A

2.056 A 
A 2.063 
A A 

2.056 2.055 
A A 

2.056 A 
2.056 A 

A A 
2.057 A 

A A 
A A 
A A 
A A 
A A 
A A

* A A 
B A A 
A A 2.056 
B -

X .017 A 
B A 2.055 
B A 2.055 
* A A 
* A A 
* A 2.055 
* A A 
* A A 
* A A 
* A A 
A A A 
A A A 

A A A 
A A A 

A A A 
A A A 
A A A

A 
A 

A 
A 
A

A 
2.056 

A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 

A 
A 
A

A A

A 
A 

A 
A

A 
A 

A 
A

A A 
A 2.055 

2.056 2.055 

2.056 2.056 
2.052 A 

A A 
A A 
A A 
A A 

2.055 2.057 
A A 
A A 
A A 
A A 
A A

A 
A

- )Critical experi
- )ment elements 

- Lack of Pene
tration

A 
A

2.057 2.055 
A A 
A A

A A

A 
A 

A 
A

A 
A 

A 
A

A 

A 
A 

A 
A

B 

B

A 

A

- x

5-5

A 
A 

A 
A 
A

x 

x



Table 5-1 
Tabulation of Results of Mechanical 

Inspection of Fuel Elements

Tube 
No. Size

Surface 
I.D. O.D.

Braze 
I.D. O.D. Bow

S. N. End 
Adj. to 900 
Seam

Center Opp. End 
Adj. to 900 Adj. to 900 
Seam Seam

B-91 
B-92 
C-5 
C-11 
C-22 
C-24 
0-33 
C-42 
0-58 
C-65 
C-76 
B-84 
B-97 
0-48 
0-78 
0-80 
C-29 
C-44 
C-64 
B-67 
B-76 
B-51 
B-55 
A-94 
B-28 
B-64 
B-71 
B-45 
B-61 
B-26 
B-42 
C-75 
C-43 
0-59 
C-20

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L

*+ 

*+ 

*+ 

*+ 

*+ 

*+ 

x 
*+ 

*+ 

*+ 

*+ 

X 
*+ 

*• 

*+ 

*+ 

*@ 

*+ 

*+ 

*+ 

*• 

* 

* 

x+ 
*

B 

A 
B 
B 
B 
B 

B 
A 
A 

B 
* 

B 

* 

B 
A 
B 
B 
B 
B 

A 
B 

B 

B 

A 

x 
B 
A 

A 
x

B 

A 
B 
A 
B 
A 

B 

B 
B 
B 

B 
B 
B 
B 
B 
A 
A 

B 
B 
B 

B 

B

A 2.494 A

5-6

Radio
graph

Homo
geneity Comments

A 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.490 
A 

2.493 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.494 
A 

2.503 
A 

2.501 

A 
A

* A A 
- A -

A A 
A 2.5003 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A 2.493 
A A 
A A 
A A 
A A 
A A 
A A 
A A 

2.492 A 
2.492 A 
2.490 2.494 

A A 
A A 
A A 

2.494 A 

2.492 A 
A A

A 
2.501 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.502 
A 
A 

A 

A 

A

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.493 
A 
A 
A 

2.494 
A 

2.505 
A 
A 

2.494 
2.493 

A 
2.504 

A 
A 

A 

A 

A

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.493 
A 

2.492 
2.494 
2.494 

A 
A 
A 

2.494 

2.494 
A

B 

B 
x 
B 
B 
B 

B 
B 
x 

x

A



-i 

Tabulat ion cf Resui.,s of Mecnical 
Inspection of Fuel Elements 

Tube Surface Braze S. N. End Center - O 
No. Size I.D. 0.D. I.D. 0.D. Bow Adj. to 900 Adj. to 900 Adj. I Seam Seam Seam

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L

x 

x 

*

A 
B 
B 
B 
x 
A 
B 
B 

*

* 

* 

x 

*+ 

* 

x 

X

A 
A 
B 
B 

A 
B 
x

A 
A 
A 
A 

A 
. 062 
.185 

A 
A

A 
A 
A 

2. 492 

A 
2.493 
2.493 

A 
A

2.493 
A 

2.492 
A 

A 
2.491 

A 

A 
A

A 
A 
A 

2.494 

A 
2.490 

A 

A 
A

C-72 L * * * * A A A A 
B-58 L 
C-79 L 
C-40 L 
C-45 L * A * A A A A A 
C-46 L * A * A A A A A 
C-31 L 
C-30 L * A * A A 2.493 A A 
C-49 L 
C-66 L * A X A A A A A 
C-41 L X A X A A A A A 
C-39 L 
C-37 L * A * A A A A A 
C-57 L 
C-60 L 
C-35 L * A * A A 2.492 A A 
C-34 L * A * A A A A A 
C-53 L 
B-82 L * B * B A 2.493 2.494 A 
C-9 L * A * A A A A A 
C-26 L B A B B A A A A 
C-19 L B A B A A A A A

A 
A 
A 
A 

A 
A 
A 

A 
A

End 
to

A 
A 

2.493 
2.492 

A 
2.489 

A 

A 
A

A A

A 
A

A 
A

A A 

A A 
A A 

A A

Radio
90o graph

Homen
ge neitIy

A 
A 
A 

2.494 

A 
A 

2.492 

A 
A

A 

A 
A 

A 

A 
A 

A

Ccmments

)Critical experi.  
)ment elements

- Overpenetrated 
- glob of braze 

&braze ground 
away

A 2.493 2.493 
2.502 A A

A 
A 
A
A A AZ A

2.493 
2.493 

A

2.492 
2.492 

A 
A

C-27 
B-77 
C-69 
C-6 
B-96 
C-70 
A- 3 
A- 32 
C-10 
C-71 
C-68 
3-87 C -6 2 
C-25 
C -40



Table 5-1 
Tabulation of Results of Mechanical 

Inspection of Fuel Elements

Tube Surface Braze S. N. End Center 0pp. End 
No. Size I.D. O.D. I.D. 0.D. Bow Adj. to 900 Adj. to 90c Adj. to 900 

Seam Seam Seam

C-23 L 
C-21 L 
C-3 L 
C-18 L 
B-88 L 
B-79 L 
C-13 L 
B-93 L 
B-87 L 
B-99 L 
C-25 L 
91-3 M 
91-2 M 
78-6 M 
91-10 M 
91-7 M 
90-11 M 
41-10 M 
70-7 M 
70-4 M 
78-3 M 
69-10 M 
69-9 M 
77-1 M 
89-5 M 
68-4 M 
68-8 M 
82-6 S 
82-7 -S 
80-11 S 
82-15 S 
80-8 S 
81-3 S 
64-15 S 
64-11 S

B 
B 

B 
A 

B 
B 
B 

A 

* 

* 
X 

X

B 
B 
B 
A 
B 
A 
B 
B 
A 
A 
A 

B 
B 
A 

B 

X 
B 

B 
x B 

A 
A 
A 

A

A 
A 

B 
A 

B 
B 
A 
A

B 
A 
A 
A 
B 
A 
B 
B 
A 
A 
A 

A 
B 
B 

B 

A 
B 

B 
A 

B 
A 
B 
B 

A

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A

A 
A 
A 
A 
A 

2.493 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.056 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A

A 
A 
A 
A 
A 

2.495 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.054 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

1.615 
A

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A

A 
A 
A 
A 
A 

2.492 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.055 
2.053 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A

Radio- Homo
graph geneity Comments

A 
A 
A 
A 
A 

2.495 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2.055 
2.054 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A

Blister



Table 5-1 
Tabulation of Results of Mechanical 

Inspection of Fuel Elements

Tube Surface Braze 
No. Size I.D. O.D. I.D. O.D. Bow

S. N. End Center 
Adj. to 900 Adj. to 9g0 

Seam Seam

OpTp. End 
Adj. tc 900 
Seam

Radio- Homo
graph geneity

* .016 A 
* A A 
* A A 
A A A

A A 
A A
A 
A 
A
A 
A 
A

A 
A 
A 
A 
A 
A

A A 
1.615 1.617 

A A 
A A

5-9

80-15 S 
65-11 S 
80-6 S 
82-9 S 
81-13 S 
37-2 S 
81-8 S 
80-14 S

* 

* 

* 

* 

* 

* 

* 

x

x 

B

* 

* 

* 

* 

* 

* 

*

* A 
* A 
* A 
* .019

Comments

A 
A 
A 
A

A 
A 
A 
A

A 
A 
A 
A

A 
A 
A 
A 
A 
A 
A 
A Blister



TABLE V--4 

SMALL TUBES 

Results of Ultrasonic Inspection of Fuel Elements 
Defects Catalogued by Size

Total No.  
of Defects

21 

17

2

No of Defects 
less than 1/4" 
in any dimension

15

11

No. of Defects 
between 1/4" & 1/2" 
in any dimension

No. of Defects 
greater than 1/2" 
in an dimension

6 

6

1

2

1

1 1

Comments 

Bad braze, 

Surface defects of questionablE 
size and intensity.  

Circumferential qefect.  
1 - 2".  

Surface defects of questionable 
size and intensity.  

Surface defects of questionable 
size and intensity.

1

1

1

Bad braze.  

Circumferential defect.  

Circumferential defect.  
1 - 7/8e.  

Circumferential defect.  
1 - 1-1/2".

Nil

Plus extensive surface defects

Elements 

2A-3 

6A-12 

6A-14

11-7

0D
12-13 

12-15 

31-12

1215 

10 

4 

5 

8 

5

40-2

43-5 

43-7 

43-8 

43-12 

43-13 

57-2 

63-5

3 

28 

3 

5 

7 

4

20 20



TABLE V--4 (cont'd.)

Elements 

63-6 

63-9 

63-11 

63-12 

63-13 

64-7 

64-8 

64-11 

64-13 

64-15 

65-11 

65-12 

69-7 

69-13 

80-4 

80-5 

80-6 

80-7 

80-8 

80-9 

80-11 

80-13 

80-14 

80-15 

81-1 

81-3

1

1 

4

Total No.  
of Defects 

6 

Nil 

27 

21 

>25 

> 12 

19 

> 22 

> 20 

> 53 

4 

Nil 

Nil 

8 

7 

3 

10 

3 

1 

Nil

> 50

3

No. of Defects 
between 1/4" & 1/2" 
in any dimension 

3

No. of Defects 
less than 1/4" 
in any dimension 

2 

25 
18 

24 + 

4+ 

15 

>20

3

No. of Defects 
greater than 1/2" 
in any dimension Comments 

1

2 

2 

3

Plus extensive surface defects.  

Circumferential defect.  
1 - 1/2'.

> 0.012" surface pits.

1

8 

7 

3 

10
Extensive surface defects.

3

1

1

Surface blisters.  

Bow out of specification.
1 

4

H~ 
H

2 

1 

6 

3 

1 
9



TABLE V--4 (cont'd.)

Elements 

81-5 

81-6 

81-8 

81-9 

81-13 

81-14 

81-15 

82-3 

82-6 

82-7 

82-8 

82-9 

82-10 

82-11 

82-12 

82-15 

87-1 

87-3 

87-6 

87-7 

87-14 

87-15 

408-2 

408-4 

408-6 

408-7

Total No 
of Defects 

5 

> 12 

4 

2 

1 

2 

12 

4

No. of Defectl 
between 1/4" & 1/2" 
in any dimension 

1

No. of Defects 
greater than 1/2" 
in any dimension

1

Comments

2

12

3 I

Surface blisters.i 

> 0.012' surface pits.
8 

7

7 1

7 

1010 

3 
7 

1 

12 
12

Plus extensive surface defects.
2 

5 

1

2 + 

11

2 

6 

2

1

1
2 

7 3 
1 Plus extensive surface defects.

1 

42

1

Nil

3 2

1

12 
10

12 
7

Circumferential defect.  

Large surface marking.
1 

i

2 1 Circumferential defect, 
1 - 3/4".

!-

No of Defects 
less' than 1/4" 
in any dimension 

4 

12 + 

4 

2 

1



TABLE V--4 (cont'i )

Total No 
of Dofects 

7 

2 

12 

Nil 

8

No. of Def,ct+, 
h.: th-'n 1/4" 
in any dimfensionElem-nts 

408-8 

408-9 

408-12 

408-14 

411-1 

411-2 

411-3 

411-6 

411-10 

411-11 

411-12 

411-13

2

ND. of Doff-ctq 
7.,etwin 1/4" & 1/2" 
in any dimen:sion

No. of Dpfect'
greater than 1/2" 
in any dimension 

2

Comments 

Circumferential defect.  
1 - l"

2 

1 

2

1

13 

4 

4 

8 

4

12

3 
1

1

1 

1

1 2 

13

Circumferential defect.  
1 - 1/2"',

Plus extensive surface defects.  

Circumferential defects.  
2 - 3/0,.  

Circumferential void at end.

1 1

11 

6



MEDIU1 TUBES 

Results of Ultrasonic Inspection of Fuel Elements 
Defects Catalogued by Size

Total No.  
of Defects 

4 

2

10 

1 

1 

> 10 
12

Element 

9-3 

16-5 

22-7 

34-1 

34-9 

41-5 

41-10 

41-1K 

51-ý'

6 

10 

12 

10

No. of Defects 
less than 1/41" 
in any dimension 

4

No. of Defects 
between 1/4" & 1/2" 
in any dimension

1

No. of Defects 
greater than 1/211 
in say dimension 

1

Conr- .ents 

Masked by surface defects.  

Circumferential defect.  
Surface marking.

10 

1

1 

8+ 

11

2 

1

1 

15

5 

6 

6 

10 

6

1

6 

5 

10

2 2 

22

1 

3 
5 

8

2 

1

1

1

Few 1-line defects: 

Masked by surface defect.  

Circumferential defect.  

Circumferential defect.  

1 - 1/2" .  

Masked by surface defect.  

Masked by surface defect.  

Circumferential defect.  

Circumferential defect.  
2 - 3/4!'.  

Circumferential defect and 
surface defects.  

Masked by surface defects.  

Masked by surface defects.  

Large circumferential defect.

1 

6

51-q 

51-10 

55-3 

55-4 

55 -O 

56-i 

56-4 

56-5 

56-9 

68-1



IAbLL V--.3 kcoTL'U.)

Element 

68-4 

68-7 

68-8 

69-9 

69-10 

69-11

No. of Defects 
less than 1/4" 
in any dimension 

15 

10 +

No. of Defects 
between 1/4" & 1/2" 
in any dimension 

4 

1

No. of Defects 
greater than 1/2" 
in any dimension 

1 

1

Total No.  
of Defects 

20 

S12 

2 

18 

3 

3 

10 

7 

6 

5 

2 

2 

2 

> 20 

14 

5 

4 

S22 

3 

2 

> 18 

6 

3

15 

3
2 

21 

9 

7

5 

4 

2 

2 

2 

15 + 

12

1

1

Comments 

Circumferential defect.  

Bad circumferential defect, 

Circumferential defect.  

Hairline imperfection length 
of tube.  

Circumferential defect.

1

1

2 

1

3 

1

14

70-4 

70-6 

70-7 

70-9 

73-10 

76-2 

76-10 

77-1 

77-3 

77-10 

78-3 

78-6 

89-3 

89-4 

89-5 

89-6 

89-9

5 

2 

1 

2 

1 

12

2 

1 

1

Circumferential defect.

Circumferential defect.  

Circumferential defect.  
Surface marking.  

This tube has a hair line 
parallel to braze through 
center section of tube.  

Appear to be surface defects.  

Circumferential defect, 

Circumferential defect.

1

Vn

4 

15 + 

1 

15 + 

5



Element 

90-1 

90-8 

90-11 

91-2 

91-3 

91-4

Total No.  
of Defects 

6 

10 

7 

10 

>15 

8 

15 

5 
15 

3 

7 

2 

> 10 

1 

4 

4 

1 

5

2 

8+ 

1

3 

3 

1 

5

No. of Defects 
less than 1/4" 
in any dimension 

3 
8 

5 

9 

11 + 

3 

12 

3 

13 

3 

3 2

1

No. of Defects 
between 1/41" & 1/2"? 
in any dimension 

3 

1 

2 

1 

3 

4 

2 

1 

2

No. of Defects 
greater than 1/2?? 
in any dimension

1

1 

1 

1 

1

2

1

Circumferential 

Circumferential 

Circumferential 

Circumferential 
1 - 1-1/411.  
Circumferential 

Circumferential 

Circumferential

defect.  

defect.  

defect.  

defect.  

defect.  

defect.  

defect.

Circumferential defect.  
1 - 3/4" and 1 - 1/2??.  

Large circumferential defect.

1 

1

3 - 1 line defects.
> 10 

2 

7 

7 

14

9 + 

1 

5 

6 

12

1 
1 

1 

2

2 Circumferential defect.  

Circumferential defect.

Comments 

Quite a few 1-line defects.

91-7 

91-9 

91-10 

92-3 

92-I-

92-7 

92-9 

92-10 

404-3 

404-5 

404 -8 

404-10 

404-11 

405-1 

405-3 

405-5 

405-7 

405-8

ý XI-L)IIIJ V - - -) \ ý; U1 I L, I LI . )

I



, . -2 Ii U U. )

Total No.  
of Defects 

5

Element 

405-9 

405-11 

409-1 

409-2 

409-9 

409-10 

409-11 

410-6 

410-10 

410-11

3 

2 

2

No. of Defects 
less than 1/4": 

in any dimension 

5

No. of Defects 
between 1/4"1 & 1/2" 
in any dimension

1

5 +

1 

2

2

2 

6 4

3 2

No. of Defects 
greater than 1/2" 
in any dimension Comments

1 - 1-line defect.  

Few 1-line defects.  

Circumferential defect.  

Circumferential defect.  
1 - greater than Po

1

I-

r-

2

1



LARGE TUBES 

Results of Ultrasonic Inspection of Fuel Elements 
Defects Catalogued by Size

Total No.  
of Defects 

4 

16 

14 

Nil 

Nil 

(20

A-94 

B-26 

B-28 

B -42 

B-45 

B-51 

B-55 

B-59 

B -61 

B -64 

B -65 

B-67 

B -68 

B -70

4

9

No. of Defects 
less than 1/4" 
in any dimension 

3

5 

3

No. of Defects 
Between 1/4" & 1/2" 
in any dimension

10

6

4 +

7 

2 

Many 

3 

1

4 

2

4

6 

4 

Many

6 

6 

1

2

No. of Defects 
greater than 1/2" 
in any dimension 

L

1 

5

1 +

4 

3 

8

4 

1

3

Element 

A-92
Comments 

Circumferential defect.  
1 - 0.650'.  

Many small inclusions.  

Many small inclusions.  

None apparent.  

None apparent 

Many small voids masked by 
surface. 1 - 0.48011 
circumferential defect.  

Possibly large surface defect.  

Surface defects.  

Many small inclusions.  
1 - 1-1/4' and 1 - 1" 
circumferential defects.  

1 - 1.7' 
Circumferential defects.  

Many strata inclusions (major) 

2 - 1/2", 1 - large 
Circumferential defect.

17 

9 

>20 

3 

7 

14



TABLE V--2 (cont'd.)

Total No.  
of Defects 

6

No. of Defects 
less than 1/4" 
in any dimensionElement 

B-71 

B -76 

B-77 

B-79

4

No. of Defects 
between 1/4" & 1/2" 
in any dimension 

6

6 

22

No. of Defects 
greater than 1/2" 
in any dimension 

1

Comments 

1 - 0.400" 
Small voids masked by surface 

Many small inclusions.  

Completely masked by surface 
tracks.

Masked by surface. defects.  

Circumferential defect.  
2 - 3/4t .  

Masked by surface defects.  

Circumferential defect, 
1 - 0.480".

B-82 

B-87 

B-88 

B-91 

B-92 

B-93 

B-96 

B-97 

B-99 

C-3 

C-5 

C-6 

C-9 

C -11 

C-13 

C-18 

C-19 

C -20

1

0-2 32 1

15

I-

4 

6 

2 

-. 10 

7 

5 

5 

13 

3 

9 

> 10 

e%.- 12

2

3 

1 

4 

2 

2 

1 

4

1 

3 

2 

5 

5 

3 

3 

7

3 

5 

Many 

4

1

Defect close to end.

1 

2

4 

4 
-'-'8

2 

3

8 

4 

3 

1 

2 

1

5 

1 

3

1

C-21 3



Element 

C-22 

C-23 

C-24 

C-25 

C -26 

C -27 2 

5 

2 

1 

- 6 

3 

3 

1 

7 

2

C -29 

C-30 

C-31 

C-33 

C-34 

c-35 

0-37 

C -39 

C -40 

C-41 

C -42 

C-43 

C -44 

C-45 

C-46 

C -48

Total No.  
of Defects 

5 

1 

4 

2 

Nil

No. of Defects 
less than 1/4" 
in any dimension 

3 

1

3

No. of Defects 
between 1/4" & 1/2" 
in any dimension

1

1

No. of Defects 
greater than 1/2" 
in any dimension 

2

Circumferential defect.  
1 - 3/4".

1

1

2 

2

1 

3 

1 

3 

1 

2

I 3 

2 

1 

1

1

5 1 2

3

1

4 

1
1

Circumferential defect.  
1 - 0.3".

Many 1-line defects.  

Possible bad surface 
condition.  

Circumferential defect.  
1 - 3/81.  

Circumferential defect.  
1 - 2-1/4" and 1 - 1-1/4".  

A few 1-line defects.  

Circumferential defect.  
1 - large; 3 - 1-1/2".  

Circumferential defect.  
1 - 0.480,,.

1
1

1 1

A few 1-line defects.

Comments

0) 0

2 

2

r-



Element 

C-49 

C-53 

C-57 

C-58 

C-59 

C-60 

c -64 

C-65 

C-66 

C -68 

C -69 

C -70 6 

1 

4 

6

4 

11 

3 
> 11

Total No.  
of Defects 

7 

8 

1 

5 

3 

8 

1 

5 

12 

>• 10

No. of Defects 
less than 1/4" 
in any dimension 

2 

3

No. of Defects 
between 1/4" & 1/2" 
in any dimension

5

4

No. of Defects 
greater than 1/2" 
in any dimension

1
1

1 

7 

1 

4 

8

3 

2 

1

1

1 

3 

1

3 

7 

1

Many

4 

1 

4 

3 

2

1 2

1

3 

2 

Many

6 

1 

8

2 

3

Circumferential defect.  
1 - 1.3".  

Circumferential defect.  
1 - 0.850

Circumferential defect.  
1 -1.0" and 1 -1.1"1.  

Circumferential defect.  
1 - 1.000".

0-742 2

Comments 

A few 1-line defects.  

Many 1-line defects.

I-J

C -71 

C-72 

C-75 

C -76 

C-78 

C-79 

C-80

1

C -87 4



APPENDIX VI 

Details of Heat Transfer Calculations 

2 2 1. a) The heat transfer area of a fuel element is 1313 in or 9.12 ft 

b) The individual fuel tubes have surface areas of 338.6 in , 

2 . 2 437.7 in and 536.7 in 

c) The heat transferareas heating the coolant channels are 155.2 in , 

2 2 2 388.2 in , 487.1 in and 282.5 in 

d) 9.12 ft2 per fuel element x (69 + 0.6 x 9) fuel elements = 

680 ft2 of heat transfer area.  

2. The breakdown of neutron flux peaking factors are: 

a) Neutron Flux - peak to average radial.  

A value of 1.3 is given in WTR-21 and is consistent with the coolant 

temperature rise as measured in the instrumented fuel element. Other 

distributions indicate values as high as 1.45, The conservative value 

of 1.5 is used here for a hot spot factor to determine the maximum 

heat flux for comparison with burnout heat flux.  

b) Neutron Flux - peak to average axial.  

The axial peak to average of the distribution contained in WTR-21 is 

1.76. This distribution is for the early cold critical position of 

the control rods and the 1.76 factor is greater than would be obtained 

for the control rods banked at 60%.  

c) Fuel distribution in fuel element (from WTR-21) 

Fuel alloy area 1.02 

Fuel alloy density 1.03 

Local Power Peaking 

Fuel element peak to average 

power distribution across 

fuel element 1.04
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Local power increases of unknown origin 1.10 

22 2 
3. The coolant flow area of a fuel element is 2.30 in2 or 0.01597 ft2 

The individual coolant channels have flow areas of 0.378 in2 0.507 in 2 

0.632 in 2, and 0.786 in2.  

4. Average coolant velocity through the core is: 

= 3500 gal. ft. 3  fuel element 
Velocity 78 x 60 sec.-fuel element - 7.48 gal. X 0.01597 ft2 flow area, 

= 6.26 ft/sec.  

5. Coolant velocity through the instrumented channels of the fuel element 

in lattice position L-5-6.  

388 in 2 of Heat Transfer Area x 191,000 BTU/hr.ft.2 x (Radial HCF) 
1 BTU/lb 'F x 61 lb/ft3 x 0.508 in,' Flow x 3600 sec/hr x 141'F AT 

= 4.71 (HCF) 

4.71 x 1.3 = 6.12 ft/sec 

4.71 x 1.5 = 7.06 ft/sec 

The instrumented fuel element was in lattice position L-5-6. This 

position is identical to the position L-6-5, the location of the 

failed fuel element. Both fuel elements contained 200 gpm of U-235 

and were surrounded by equivalent fuel elements.  

6. An expression for the difference between the heat transfer surface 

temperature and the saturation temperature of the coolant, (Twall - Tsat), 

for conditions of local boiling is given by Jens and Lottes in ANL-4627.  

1.9 25 
Twall - exp900) +Tsat 

- 1.9 (28.3)+ 336oF = 47.6 + 336 

1.13 

= 3840F 

S= heat flux in Bin/hr - ft 2 

P = absolute pressure - psia
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7. Heat flux at burnout has been correlated by S. Mirshak, et. al.  

and reported in DP-355.  

0/A = 266,000 (1 + 0.0365V) (1 + 0.00914 Ts) (1 + 0.0131 P) 

Q/A = heat flux in pcu/hr-ft 2 

V = velocity of coolant in ft/sec. = 6.12 ft/sec.  

Ts = sub-cooling in degree C (Tsat - Tbulk) = 40 0C 

P = pressure in psia = 112 psia 

Tsat is saturation temperature of the coolant 

Tbulk is bulk coolant temperature 

The temperature rise across the failed element is arbitrarily assumed 

to be 1.1 times the temperature rise across the instrumented fuel element.  

This value conservatively covers the hot channel factors. The conserva

tive channel discharge temperature, Tout, is used rather than the bulk 

temperature at the region of maximum heat flux.  

T u I08°F + 1.1 (1410F) - 2630 F 

T s = 336'F - 263°F = 730F 40.50C 

Q/A = 266,000 (1.223) (1.370) (2.457) - 1.10 x 106 pcu/hr-ft 2 

= 1.98 x 106 BTU/hr-ft
2 

8. Burnout heat flux on the basis of the Jens and Lottes correlation is 

given below. This correlation was used Ln the original heat transfer 

work submitted to the AEC in WTR-25.  
Ax 6 IG .16 22 Q!A x 10-6 .817 -0 1,!T sa .22blk 'sat - Tbulk) 

= .817 (1.052) (2.57)= 2.21 

Q/A = 2.21 x 106 BTU/hr.ft 2 

where: 

G = coolant mass flow rate - lb/hr-ft 2
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. APPENDIX VII 

Health Physics and Other Problems 
Associated with the Incident

1. Radiation Surveys and Levels 

Following the incident continuous monitoring of the 

radiation levels throughout the plant and vicinity was instituted.  

Initial radiation monitoring performed at 9;00 p.m. on April 3 

shortly after the incident, gave the following levels-

Location 

Health Physics Office 

Counting Room 

Hallway Outside H.P. Office 

South side of Reactor Service Building 

Back of Hot Cells 

2 meters from Head Tank Monitor 
(located in Process Building) 

Reactor Control Room 

Main Gate to Exclusion Area 

East Fence Exclusion Area 

PC Pump Room 

Head Tank at Fence 

Head Tank Downcomer 

Film Badge Rack 

Reactor Top

Radiation Level 

2 mr/hr 

5 mr/hr 

5 mr/hr 

50 mr/hr 

200 mr/hr 

5 r/hr 

40 mr/hr 

200 mr/hr 

500 mr/hr 

10 r/hr 

4 r/hr 

40 r/hr 

2 mr/hr 

1 r/hr

In general, the radiation levels varied widely. because of 

shielding provided by various portions of the buildings on the site.  

The main source of activity was the primary system head tank. Addi

tional surveys taken at 9-00 a.m. on the following day gave the 

following exposure levels:
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Location 

Machine Shop 

Boiler Room 

Ventilation Room 

Reactor Annex 

Reactor Top 

General Area at Foot of Head Tank 

Primary Coolant Pump Rooms at Door 

Pumps 

Subsequent periodic radiation 

be decaying with an apparent decay time

Radiation Level - 5 

35 mr/hr 

35 mr/hr 

60 mr/hr 

40 mr/hr 

35 mr/-r to 4 r/hr 

750 mr/hr 

200 mr/hr 

Up to 5 r/hr at 6, 

surveys showed these levels to 

of I-1.2

Immediately following evacuation of the plant three groups 

with instruments started simultaneously to survey the surrounding 

countryside. One group drove northward three miles with an air 

sampler and geiger counter; another to the west a mile, and the third 

southwest approximately three miles. No detectable radiation levels 

above background were observed. Readings at the main road, 750 feet 

to the west of the head tank, gave the following radiation levels'

Time 

Immediately following incident 

9:20 p.m.  

12:05 a.m. (4/4) 

1:05 a.m.

Radiation Level 

20 mrjhr 

6 mr/ hr 

5 mr/hr 
3..5 mr/hr

By 9:20 p.m. on April 3, air sampling stations had been es-tabished 

at seven locations within and around the site. By 2:30 a.m, on 

April 4, radiation levels had decreased to the point that personnel 

were permitted to return to certain areas of the plant which building 

shielding rendered inhabitable.
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The first indication that a fission break had occurred 

in the reactor was given by the 27-channel radiation monitoring system, 

and almost all channels alarmed in rapid succession immediately 

following the incident. Nineteen of these channels have GM detectors, 

four are gamma scintillation detectors and four channels monitor the 

gaseous and particulate activity in the effluent air streams. The 

actual radiation levels prevalent in the area immediately fc1lowing 

the incident varied considerably from those shown by the radiation 

monitoring system, due to the elevated nature of the radioactive 

source, and the shielding by various parts of the buildings. The 

fission product monitor was designed to indicate minute fission breaks 

in any of the fuel elements. However because certain valving operations 

had been performed to permit the primary coolant ion exchanger -c be 

isolated from the primary coolant system. activity was not detected 

by this monitor until twenty minutes after the area monitors had 

alarmed. Off-gas released from the reactor system from the surge tank 

to the head tank and thence to the atmosphere was monitored by a Kanne 

chamber with the signal feeding a linear micro-micro ammeter. Because 

of the selection of operating scale, the initial burst of aciivity was 

not measured because of off-scale readings and some informaticn was 

lost. Switching of this instrument to a less sensitive scale was 

delayed because of the high radiation levels surrounding ihis mcinitcr.  

and it was difficult to determine whether or not the monitor readings 

were due to radiation levels internal to the chamber or exTernaJ. Sub

sequent calculations showed that external radiation effects were
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.negligible compared with the radiation levels observed coming from the 

Kanne chamber itself and that for the known flow conditions, a maximum 

of 800 curies of radioactive gas consisting primarily of Xenon and Krypton 

were ultimately released from the head tank vent.  

An estimate at this time of the quantity of radioactivity in the 

water and the head tank and the head tank downcomer showed about 4,000 curies 

to be present. As the head tank contained about 60,000 gallons as compared 

with the 120,000 gallons of water in the primary coolant system, a maximum 

8,000 curies of activity had been released to the primary coolant apparently 

by the dissolution of a large fraction of one fuel element. Later calcula

tions indicated that the total activity released to the primary system was 

about 5,000 curies, and the airborne activity released in the initial burst 

was 93 curies followed by an additional 168 curies before the blower was 

shut off. This discharge is well within the permissible 7 day averaged 

discharge .  

An independent survey of environmental activity was undertaken 

by Nuclear Science and Engineering Corporation who had taken previous surveys 

of the same areas.  

The following samples were taken in and about the Waltz Mill Site

7 flypaper fallout samples, 9 water samples, 18 mud samples, 6 vegetation 

samples and 7 smear samples. The flypaper samples were processed for gross 

beta activity, the water samples for alpha, beta and uranium activity, ihe 

mud samples for alpha, beta and uranium activity, and the vegetation samples 

for gross beta, potassium 40, net beta, and uranium activity, and the smears 

for gross beta activity. Samples showed no release of activity and the 

results were compatible with background figures obtained on previous background 

surveys performed by NSEC during the preceding three years,
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2. Exposures and Work Restrictions 

Dosimetry problems involved during the system decontamination 

were of two types. First, in mixed beta gamma fields there was consider

able variance between the beta to gamma ratios, varying with distance and 

because of the widespread sources of the radioactivity. In addition., 

there was considerable contamination of film badges and dosimeters so 

that at times it was necessary to cease operations until sufficient 

self-reading dosimeters could be decontaminated for use. Because of the 

inability to determine immediately beta exposures, it was necessary to 

use estimated beta-to-gamma exposure ratios which varied from a factor 

of 1-1 to 1-5 beta-to-gamma dose rate. Both remote reading and direct 

reading pencil dosimeters were used in addition to film badges, and in 

most cases personnel were required to wear at least two pencil dosimeters 

in addition to their film badge. Considerable operating advantage was 

obtained because of the one week cycle on film badge processing which 

provided rapid determinations of exposure in the highly variable beta 

gamma fields.  

Bioassay samples were collected from all personnel. present at 

the time of the incident, Later samples were taken from personnel 

involved in operations in airborne radioactivity areas or in decont,amina

tion operations involving high levels of contamination, All bioassay 

results were negative.  

By April 13 it was apparent that work restrictions would become 

necessary in order to prevent excessive radiation exposures and the film 

badge limits set were those of the Federal Code of Regulations, Title 10.,
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Part 20 and of Regulation 433 of the Commonwealth of Pennsylvania, 

In general, it was attempted to keep average exposures to gamma 

radiation to the 300 mr per week level because of inability to 

determine how long the cleanup would last. Special authorization 

was given on certain jobs to approach the maximum legal limits. A 

working limit for pencil dosimeters was set according to the assumed 

ratios for beta-to gamma exposure, and restriction lists precluding 

radiation and contamination work were prepared on the basis of pencil 

exposures and corrected as film badge information was received. Accumu

lative 7-day pencil record exposures were kept on all personnel and 

corrected as indicated to conform with film badge results, Our fi.Lm 

badge service supplier (Landauer) provided excellent 1-day service of 

all results which were telephoned to the WTR immediately. On April 28 

the first personnel restriction list was issued and these lis,.s were 

constantly revised. At one time, the list was revised four -,imes in 

one day and a maximum of twenty-two personnel were on resiricfi.-n at 

any one time° Restrictions ran from two days tu six weeks Tw. -ecr

nical overexposures occurred: One man received 950 rnr gamma exposure 

when authorized toc an exposure level of 900 mr. The cverexp.ssure was 

caused by variable radiation fields in the sub-pile room. -!n this 

case, the time limit on the job was determined by exposure to The lens 

of the eye and the employe was wearing his film badge and dosir.eters 

attached to a surgeon's cap. In the second case, the emplc.ye was 

authorized to receive the permissible weekly exposure of 300 mreem 

gamma and a skin dose of 1800 mremo He received an excess -f 30 nrem 

again due to the highly variable beta fields.
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All working groups in the plant participated in the high 

level radiation work. Some work was delayed due to the size of the 

restriction list, (at times as high as 20%). Additional assistance 

was rendered by the AEC Bettis plant, Westinghouse Atomic Power 

Department and Atomic Fuel Department, AEC personnel from various 

national laboratories, and contract and consultant personnel from 

NSEC, NUMEC, etc., raising the normal plant complement from 118 to 

over 200 personnel. Analysis of the radiation exposures received 

by personnel during the first twelve weeks of the incident gives the 

following results: 

*Total Exposure mrem 1 Number of People 

0 - 300 106 

300 - 600 39 

600 - 900 16 

900 - 1200 13 

1200 - 1500 13 

1500 - 1800 8 

1800 - 2100 5 

3. Decontamination Problems 

Decontamination problems were encountered in many forms and 

encompassed the cleaning up of the primary loop to the decontamination 

of personnel.  

a. Primary Loop Decontamination 

The sawing out of the lower portion of the ruptured fuel element 

and the subsequent circulation of water spread radioactive debris 

in the form of metal particles throughout the primary loop.  

*Does not include soft beta exposure.
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These particles prjincipally gathered in four areas. These were, 
the bottom of the reactor vessel, the surge tank, at bends in 

the piping and in the heat exchangers. In the first two instances 

the only reasonable solution was to physically remove the pieces, 

as some form of chemical incompatibility usually existed between 

gaskets, aluminum and stainless steel which prevented the use of 

chemicals to dissolve the particles.  

The following table indicates the materials involved and their 

relative resistance to the dilute HF and HNO3 which would be needed 

to dissolve fission products.  

Material Item Resistance

304-L S.S.  

304 S.S.  

F 304-L S.S.  

316 S.S.  

1100 Aluminum 

6061 Aluminum 

3003 Aluminum 

Phosphor Bronze 

Asbestos, Teflon
Impregnated 

Asbestos, Neo
prene-bonded 

Teflon 

Glass

Piping 

Valves 

Fittings 

Pressure gauges, 
various other 
instruments 

Fuel Elements, 
weld filler 

Core plates, shroud 
tubes, etc.  

Surge Tank and 
Seal Tank 

Bourdon Tubes in 
Pressure gauges

HF 

Poor

HNo3 

Good 

Good 

Good

Good at 700 

Poor 

Poor 

Poor 

Fair

Valve Packing

Gaskets 

Valve Packing 

Ph. electrodes.  
Conductivity Cell

Good 

Good 

Poo~r

(Neoprene)

Good 

Poor 

Poor 

Pocr 

Poor 

Depends on 
Conditions 

Gc d 

Gccd
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For large particle Tremoval vacuum cleaning arrangements with 

high velocity air or water were successful. In the case of the 

reactor bottom head, the shroud tubes were removed, and an 

industrial vacuum cleaner was inserted in the holes and traversed 

about the bottom head. A fine mesh screen about 4-inches from 

the nozzle opening prevented particles from entering the cleaner.  

The hot nozzle was then dunked in water and pried off, This pro

cess was repeated numerous times and particles up to 2-inches long by 

1/4-inch in diameter were removed by this method. Later a high 

velocity water flush through the seven exit holes created by shroud 

tube removal completely cleaned the bottom head of the tank of any 

remaining particles.  

The surge tank cleanup used a different technique. Many particles 

lay on the bottom of the tank under about 6-inches of water, By 

sending a man into the tank and turning off all lights, it was 

possible to spot individual particles by their glow, The particles 

could then be picked up by long handled tweezers and placed in a 

shielded cask.  

Particles at pipe bends at present constitute no operating problem 

as they can be easily shielded. Their removal has therefore been 

postponed.  

The heat exchanger cleanup used chemical methods as these exchangers 

were made entirely of stainless steel and were impervious 10 slrcng
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caustic or acid. Repeated rinses with caustic soda to dissolve 

the aluminum and 6 ncrmal nitric acid to dissolve the fission 

products brought the level of the heat exchanger room down to 

workable values. Table 1 in conjunction with Figure 1 indicates 

the progress made in decontaminating using these chemicals.  

For surface decontamination of the head, pipes and other stainless 

steel parts, water, versene, or nitric acid was used depending on 

the degree of decontamination. Attempts were made not to use 

chlorides or fluorides as it was desired to bypass the stress 

corrosion problem. In general 6 normal nitric acid rubbed on the 

surface with an absorbent pad would provide a factor of several 

hundred in decontamination. Extensive use was made of the prior 

literature and a listing of the pertinent references is made 

available as Appendix VIII of this report.
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TABLE 1 

Radiation Survey of Heat Exchanger Room

10:00 AM 

5/105/9

Time: 

Date: 

Locatic 

Numbei 

I.  

2.  

3.  

4.

5 

10 

20 

45-45-110 

33 

3.3R 

1 .7R 

140 

700 

>5R 
3.8R 

100 

90 

20 

6 

3 

250 

210 

40

on

10:00 AM 

5/11 

5 

5 

17 

42-47-150 

35 

2.3R 

1. 5R 

200 

125 

3.1R 

3o2R 

70 

70 

18 

4 

2 

240 

250 

35

4:45 PM 

5/11 

5 

8 

30 

47-60-250 

40 

2R 

1. 6R 

400 

500 

3R 

3R 

70 

70 

20 

6 

2 

250 

240 

50

3:30 PM 

5/12 

3 
5 

17 

29-34-70 

35 

600 

1.33R 

80 

450 

2o4R 

2.3R 

86 

32 

10 

4 
2 

120 

270 

20

9:00 AM 

2Z13 

<1i 

30 

30 

50-45-80 

50 

600 

1-2R 

85 

600 

2.3R 

3.3R 

80 

60 

20 

1-1/2 

21.  

300 

4.50 

40

1:3•0 PM 

5/13 

< 1 

3 

9 

14-14-32 

13 

700 

1.5R 

110 

900 

2.5R 

2.7R 

13 

9 

9 

2 

1 

200 

850 

50

10: 30 AM 

5/15 

<1i 

3 

7 

11-11-22 

14 

430 

104R 

75 

470 

2R 

2.4R 

13 

12 

4 
1-1/2 

1 

33 

160 

6

All. readings are MR) except where indicated0

5 

7 

25 

42-42-100 

50 

5R 

2.2R 

140 

700 

S5R 

> SR 

70 

120 

40 

5 

2 

250 

5O0 

60

H 
HJ

5.  

6.  

7o 

8.  

9.  

10.  

11.  

12.  

130 

14.  

15o 

160 

1.7 

18.  

190

3:00 PM 

5/15 

3 

6 

10-10-17 

11 
250 

125 

17 

100 

1.71? 

2.5R 

34 

12 

5 

1-1/2 

<.1 

25 

45 

8
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FIGURE I
HEAT EXCHANGER ROOM LAYOUT



b. Building Decontamination 

Decontamination operations started at the reactor top which is 

composed of embossed metal deck plate that had been coated with 

a good grade of metal paint. Tools and equipment were first 

removed to a hot storage area and then waste paper and plastic 

were boxed for shipment. Dry waste material boxed for shipment 

averaged approximately 254 4.5 cu. ft. boxes per month during 

April and May. The metal flooring, stair treads, and hand ralIF 

were dry vacuumed and scrubbed. The scrubbing was a hand prc

cedure involving a Versene foam scrub with removal by absorbeno 

pads using a one-wipe per pad surface technique to prevent crcss.

contamination. For surfaces difficult to decontaminate, chlorinated 

foaming cleanser (Comet) was used. Smearable contamination was 

reduced from 50,000 counts per minute beta-gamma to less than 

100 counts per minute beta-gamma and the metal surfaces were 

then recoated with metal paint.  

The concrete flooring of the reactor building and reactor building 

annex were decontaminated by dry vacuuming, followed by a scrub 

with chlorinated foaming cleanser, citric acid, and muriatic acid 

(HCl). Smearable contamination levels were reduced from .3,000 

counts per minute beta-gamma to approximately 100 counts per minute 

beta-gamma. The floors were then coated with mastic and covered 

with a vinyl tile.  

Asphalt roads which had become contaminated were decont.aminated 

with a mixture of water and a commercially available Versene complex
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solution (Radiac Wash). Areas which were grossly ccntaminated 

were vacuumed and then scrubbed. An attempt was made 1o keep 

the decontamination solution from flowing onto the nearbyv m ud, 

where this was not achieved, mud was also drummed. Pcrtions of 

the roadway where decontamination was ineffective were remoVed 

and drummed 

c. Decontaminaticn of Tccls 

Decvnsminaton cf iccls was performed with the follcwing techniques, 

Firs. . hand scrubbed with The following mixture. 20%c Dcwfa. 5/ 

Stephan fLDA), 10% Versene 100,, Y, Glycerine. 2% Phosphoric acid

Second, decontamination by absorbent pads with citric ano niLtric 

acid was used cn stainless steel surfaces. Third- ul-rascnic decon

tamination with the Versene-Dowfax mixture and with citric acid 

The last- echnique Trcred most useful cn hand tools and the second 

method on large items which could not be introduced int:. the ultra

sonic generator tank The solution in this tank was changed every 

2-3 batches ic prevent cross-con-tamination. The problem of decon-

taminaticn of tcols was magnified perhaps oen-fold by the surplus 

of tools and equipment in areas which became ccntarinated during 

spills or were engulfed by spread of contamination areas, 

d- Personnel Contamination and Decontaminaticn Techniques 

Many contamination cases resulted from imprcper fit Cf face masks 

and poor handling and removal techniques on the part :f personnel.  

Generally, this was because of a lack of proper mask sizes to -
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all the individuals involved in decontamination work- Ccntaminaticn 

of personal shoes resulted from frequent use of the wrong type of 

shoe covering. The use of light plastic shoe covers for hea-y work 

where severe abrasion was encountered or from improper removal 

techniques resulted in many contamination problems. in some cases 

it was necessary for personnel to wear several pairs of shoe covrers 

together with plastic bags, and to change shoe covers when moving 

from an area of high contamination to one of lower level. A summary 

of contamination cases encountered follows, 

Area Contaminated Number of Cases 

Face, head, and neck /0 

Hands and arms 80 

Underwear and socks "0 

Personal shoes •C 

The following personnel decontamination techniques were nee.Jed.  

Technique Percent age 

Soap and water 

Phi-So-Hex 2 

Turco Hand Cleaner 

KNnO - NaHSO4 ]1O% 

Most personnel were decontaminated to levels belcw background In 

approximately 5-C0 cases. personnel were sent home with c.ntamnation 

less than -twice background. No cases which could no;. be deccnTaminated 

to less than twice background were enccuntered.  

4. Contaminated Water Disposal 

The initial capacity of the plant I.-o ccntain contaminared waeer 

consisted of the following facilities: In the retention basins, 2AO,O0O
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gallons; in the waste disposal tanks, 8,000 gallons; and in the 

reactor canal, 220.000 gallons for a total of 470,000 gallons. Of 

this capacity the canal was not available because in its normal 

operating condition it is filled. The normal plant discharge fcr 

waste had averaged 50,000 gallons per day (mostly secondary system 

blowdown water) of which not more than 500 gallons required repro

cessing in the existing evaporator plant. The capacity of this 

evaporator was at. a maximum 3 gallon per minute feed rale and an 

analysis of the storage needs made on April 12 showed the following 

potential water inventory on hand; 

Location Volume (gallons) 

Retention Basin 240,000 

Waste Disposal Tanks MO00O 

Reactor Primary Coolant System 120,000 

Canal 2203 000 

Reactor Purges 200)000 

Decontamination Chemicals 
and Washes 50 1000 

TOTAL 838,000 

It was therefore necessary to immediately acquire additional sicrage 

capacity and the following techniques were considered, Firs. the 

possibility of drumming was-Le; second' the transport of wastes -co a 

dump site by means of railroad tank cars$ third, procurement. cf a 

large capacity rubber tank, and fourth, procurement cf steel sto.rage 

tanks. All sch-emres proved impossible except the last one, For CpIt.muLM 

delivery. it was decided to procure 20,000 gallon tanks, of which 20 

were on order by April 12. This number subsequently rose to 30.
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Larger tanks were considered bit they originally could not be delivered 

in time. Finally, an additional 500,000 gallon tank was procured. The 

water inventory continued to increase and numerous problems were encoun

tered in keeping water storage capacity abreast of the requirements for 

the decontamination operation. All available concrete pits and pipe 

tunnels were utilized for storage. The present contaminated water 

inventory is about 1,600,000 gallons of water. Signs were placed in 

all shower rooms and laboratories requesting the assistance of personnel 

in conserving water as these areas also were of necessity discharged to 

the waste holdup system. Spills, where they occurred, were collected in 

55-gallon drums. Both concrete waste discharge lines to the retention 

basin were found to have failures in the line through which a considerable 

amount of in leakage from the water table occurred, thus adding to the 

disposal problem. To replace these lines, a 3-inch plastic discharge 

line was installed as a temporary expedient.  

It became obvious that additional treatment capacity would be needed to 

process much waste which was above permissible dumping levels. Disposal 

by drumming was considered inadvisable due to a cost of well cver 

$2,000,000. Ion exchange and filtration had been considered, but after 

ion exchange during which a df of 2 x l03 was achieved, the effluent 

activity still remained at about l0-3 4c/ml of mixed fission products.  

Laboratory tests showed this remaining material to be in the form of 

colloidal suspension and not easily filterable. Table II, 1II, IV and 

V indicate the results of some of the processes that were tried in the 

laboratory. Chemical separation by flocculation and co-precipitation
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looked promising but was not pursued because of the large amount of 

time and space required for design and fabrication of such a system.  

Finally, it was decided to process these wastes in a large capacity 

evaporator and a used unit with a feed capacity of 2,000 gallons per 

hour was procured. This unit had previously been used for the pre

paration of evaporated and condensed milk at a creamery in Wisconsin.  

This system was designed and construction started in two weeks.  

Installation of the system is underway, and evaporator operation is 

expected to begin on July 15.
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TABLE II 

ARetention Basin Water 

Cleanup Processes

1. Original sample - unfiltered 3 x 1O-3 ýc/ml

2.  

3.  

4.  

5.  

6.  

7.  

8.

Original 

Original 

Original 

Original 

Original 

Original 

Original

sample 

sample 

sample 

sample 

sample 

sample 

sample

9. Original sample 

10. Original sample 

11. Original sample 

12. Original sample 

13. Original sample 

14. Original sample -

15. Original sample 

16. Original sample 

17. Original sample 

18. Original sample -

- filtered 

- unfiltered - over silica gel 

- unfiltered - over steel wool 

- unfiltered - over silica gel 
and steel wool

filtered 

filtered 

filtered 
steel wool 

filtered 
silica gel 

filtered 
steel wool 

filtered 
silica gel 

unfiltered 
silica gel 

unfiltered 
steel wool 

unfiltered 
silica gel

unfiltered -

over 

over 

over

silica gel 

steel wool 

silica gel

pH = 2.5 - over 

pH = 2.5 - over 

pH = 2.5 - over 
and steel wool 

- pH = 2.5 - over 

- pH = 2.5 - over 

- pH = 2.5 - over 
and steel wool

overH+ - OH-

1.2 

1.2 

1.2

0.70 

0.60 

0.90

and

resin column C 

unfiltered - over H+ - OH
resin column and silica gel C 

unfiltered - over H+ - OH- resin 
column, silica gel and steel 
wool C 

filtered - over H+ - OH- resin 
column (

x 

x 

x

x 

x 

x

l0-3 ic/ml 

l0-3 [c/ml 

10-3 kc/ml

lO-3[c/ml 

10-3 4c/ri 

10-3 jc/ml

0.60 x 10-3 ýc/ml 

1.7 x 10-3 •c/ml 

1.2 x 10-3 4c/m1 

0.7 x 10-3 4c/ml 

1.6 x 10-3 ýc/ml 

0.7 x 10-3 ac/ml 

0.9 x 10-3 4c/ml

D.2 x 10-3 •c/ml 

).15 x 10-3 4c/ml 

).18 x 10-3 4c/ml 

D.II x 10 -3 4c/mrl
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19. Original sample - filtered - over H+ - OH- resin 
column-and silica gel

20. Original sample 

21. Original sample 

22. Original sample 

23. Original sample 

24. Original sample 

25. Original sample 

26. Original sample -

filtered - over H+ - OH- resin 
column, silica gel and steel wool

3 
0.06 x I0 ±Cm 

0.12 x !~~cnAo-m

filtered - pH = 2.5 - over H+ 
resin column 0.01 x 1.0' tic0-:Td1 

filtered - pH = 2.5- over H+ OH-0o02 x 0H'C 
resin column and silica gel 0 x c. 'icru

filtered - PH = 2.5 - over 
H+ - OH- resin column, silica 
gel and steel wool 

unfiltered - PH = 2.5 - over 
H+ - OH- resin column 

unfiltered - pH = 2.5 - over 
H+- OH- resin column and silica 
gel 

unfiltered - pH = 2.5 - over 
H+- OH- resin column, silica 
gel and steel wool

0001 X I0>.ic'ml 

0001 x 10 - LC.lm.  

0.01 :x 10L-Cm.cM 

0.01 x 10- •~l/rL

TABLE III

1. Original sample 

2. Original sample 

3. Original sample -

unfiltered - pH = 2.5 
H+- OH- resin (1:2) 

unfiltered - pH = 2.5 
H+- OH- resin (1:1)

4. Same as (2) above but with flow across column 
reduced to half 

TABLE IV 

Retention Basin Water

3 x 10- °c"'I 

l.L • 1-.5 ,.  

4.05 x 4Lc.

1. Original sample

2. Original sample - filtered through a 100 n- filter

3.47 .. ,. ,u " 

2°30) :;: .l" • c',
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. TABLE IV (Contfd.)

3. Original sample - unfiltered - pH = 2.5 
H+ - OH- resin (1:2) 

4. Passing effluent from (3) over second k+ - QH
resin (1:2) after adjusting 
PH to 2.5 

5. Original sample - filtered - pH = 2.5 - over a 
double H+ - Oi- resin 
column (1:2)

9.5 x 10-7 iý.icl 

9.0 x 10-7 4q/ml 

5 x 10-8 4c/m1

TABLE V 

Retention Basin Water

Original sample 

Original sample - filtered through a 100 mýa filter 

Original sample - filtered through #42 Whatman paper

3 x 10 -3 c/ml 

0.75 x 10-3 P Icm1 

0.70 x 10-3 ac/ml
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APPENDIX VIII

DECONTAMINATION - SULECTEi RPERCES 

This list includes references to the decontamination of equipment 

and various plant areas; decontamination of clothing and personnel 

are not considered.  

1. A CONF.15/P/2024 Decontamination of low saline and low activity 

effluents of radiochemical industries, llp.  

2. APAE-43(Vol. II) Evaluation of chemical agents for nuclear 

reactor decontamination. Feb. 1959. 204p.  
Caustic permanganate-rinse treatment; corrosion and metallurgical 
results...  

3. CRR-836 (AECL-850) Contamination of the NRU in Iiay 1958. 1959.  
52 p.  

4. HW-5b509 Chemical decontamination of the internal surfaces 

of reactor coolant systems. C. M. Unruh. Nar. 1958. lop.  
A number of chemical reagents prepared especially for reactor 

plumbing decontamination were evaluated as to corrosiveness, 

cost, effectiveness, safe disposal. Turco-4306-B, composeu of 

sulfamic acid, fluorides, chlorides, sulfonic base soap and wetting 

agent, was recorimendeQ for decontamination of aluminum and stain

less steel surfaces, hand tools, and small parts.  

5. HW-54735 Decontamination of aluminum-plutonium alloys. 1958. 4p.  

6. HW-56001 Interim report on tests performed at the K reactors 
to effectively decontaminate the process piping by internal chemical 
flush. 13p.  

7. HW-56001F Internal chemical decontamination of KW, KE, and B 

reactors, rear face piping, with Turco-4306-B. 1959. llp.  
"...exceedingly safe and effective..." 

8. iNL-5002, rev. 2 Removal of slug rupture products from a 

water-cycling system. July 1953. (Secret Report) 

9. CF-54-3-171 i)econtamir'ation of stainless steel. Mar. 1954.  

10. HW-33710 Decontamination of surfaces - literature survey.  

1954. (Secret Report) 

11. HW-56865 iecontamination of stainless steel with acid 
persulfate solutions. July 1958.


