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Consideration has been given to the consequences of water enks in tha

zo1 of the FNR reactor9 The most likely sources of water leaks have been reviewed

and calculations of leakage rates for various sixe holes have been made9 onsidercztion

has also been given to the possibility of fuel meltdown due to fission product heating

afrer operation at 2 MW end after tee complete loss of warer from xhe pool0 Possible

corrective measures following a pool water leak have been listed0

Source and Characteristic Behaviour of Potential Leaks

An investigation of the primory loop piping system and the poai construction

details of the FNR suggest the following potential sources of water leaks in order of

decreasing probabliuiyt

1 Glass window and flow itte lnd$ccrior in hot dcionizer system0

2 Beam ports0

3 Pneumatic tubes0

$ Primary loop cornponentt

50 Catastrophic occurrences such as earthquakes and explosions0

These various possibilities suggest leaks ranging from a few inches In dktmeter

to several inches in diameter (neglecting a tank rupture)0 To obtain: conservative

etimcmtes of leakage rates and the time to empty the poci,, calculations weie, made

using the equation of iorrceHi for exhaust velocity0 Since the pneumatic and

beam port leaks wou!d probably occur at or near the same elevation as the cores the

IflLflCi ecd s assrac o an z’ ce0 The eafjcnon s wittsen in terms of Ii (‘e waler

is then ;ntegratet irom h h0 to tj= Doe wee varied from t Osor se9

Veneard9 J ay John Wiley and Sons inc0
New York f2 77Q



The solution is given by

2h
te=.& *$

Ac g

where te = time to empty pool

h = water head at any time t

Ap surface area of pool water

Ac = area of leak

h = initial head
0

g = gravity0

The calculations were made for leaks ranging from V3 diameter to 8 diameter0

The results are presented In Table IL Friction and flow losses were neglected and

the results give the minimum time in which the pea1 would drain0 To aid in designing

an a-oily warning leak detector, calculations were made for the instantaneous tate of

change of the water level @h/dt)at heads of 20 feet and 21 feet0 The results are

&V€:n in Table lÀ which sho that (dh/dt) is essentially constant during the first foot0

A leak detector which annunciates when the water level has dropped by 1 foot will

alarm within 20 minutes after a leak of U’ diameter or greater has occurred0

The available time for moving the reactor bridge and installing the gates will

depend on the radiation intensity generated as the pool drcdns0

flot tue in the poa1 storage rocks will become exposed when the water level

has dropeed approximately 10 feet0 Thus calculations were made to estimate the time

recu lied to expose the storage racks for various leak diameters0 The results are

uroserted in Tohie IL it should be noted that the available time for bridge relocation



n

is limited to the time to expose the hot fuel in the storage racks0

Assuming 30 to 40 minutes is required to move the core into the south pool

and insftdi the gates, one may conclude that the largest unconfroibble leak which

would allow sufficient time for this operation is approximately 2 in diameter0

The corrective measures can be laken for the more probable leaks that have

been listed0

i Should the glass window of the hot Døt or flow rate indicator

be broken, readily accessible vaNes can be closed to isolate

the unit from the reactor pool

2 The beam ports may rupture in different ways and under different

conditions0 There could be a complete shearing or uncoupling

of the tube or alternatively a small crack in the weld seams0

The presence of a plug in the port would reduce the leakage

rate in those cases where the port rupture was very large0 Also,

c!osng c-he lead shield door would decrease the leakage rate if

it were very large0 For cracks which result hi rather low leakage

rc1tes biank tktnges are available on the beam hole floor for

scaling the parc- opening0

3, Should a leak occur in the pneumatic tubes, the leaking tube can

be crimj,ed shut within minutes. A crimping tool is permanently

cuted at the point of intended use in the basement (adjacent to

the Hot SumpL



4. The only primary loop component which cannot be isolated

from the pool system by valving is the holdup tank

in cdl the above cases the tote of drop of the pooi level may be reduced by

opening a 4 inch city water main to the pool system.

i’roductHg

One may postulate sevemi conditions which would result in the loss of oil

the water from the pea1. Thus the effect of fission product heating must be inve

tIgoted0

The only pertinent dab found in the lIterature is an ORR Report (ORNLe2B92)

which ives the measured temperature profiles in ORR fuel elements while suspended in

Cir(. The rca,dreum temperature recorded was 650°F0 in an element producing

in

The decay heat for the FNR has been estimated with the aid of decay heat

curves in Fig0 7-2 of ANL6469. A 19 element core operating at 2 MW with fission

product equihbrium gives c!nafter heat immediately followhig a scram of 116 KW,

Ten minutes inter the level is down to 48 KW. Hence a 19 element core 10 minutes

rifier shut down gives cc n average power density of approximately 39 BTU/hr./in,3

This essumes that all the decay heat is absorbed in the core and that the after heat power

dsznsty distbution is constant0 This power estimate for the FNR is well below the

\.CihJC: ntt Ii hTU/hr/in which gave a maximum cladding temperature of 650°F, in

sz;nsn;v G?i’



Since the melting point of aluminium is 2OO°F01 it mc!y be concluded

that there is little probability of fuel element meltdown in the FNR resulting from

fission product after’heata

J iL Bullock
Reactor Supervisor

WS., Dunbar
Lcibcra tory Director

6 June1 l962
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Ti;ne to Exease 5tmoe Rcaks t

Leak Dkwaeter Leak Area tfre!nG)

I 228

I 1/2 O1228 100

2 ,021$ 5ó5

3 ,0491 251

4 0872 141

S 61362 92


