PANE L

CHEMICAL REACTIONS

Introduction

1., In 1957, a very serious fire occurred at a non-power reactor located
at Windscale, Emgland, Although the reactor was a production reactor,
it had a number of similarities to the UCLA reacter-- fuel containing
uranium metal clad in aluminum, with a graphite moderator/reflector,

and normal operation at relatively low temperatures, which permitted
build-up of stored "Wigner”™ energy in the graphite., Release of that
stored energy contributed to the cause of the fire, which resulted in
extensive damage and 20,000 curies of iodins-131 being released to the
environment, Milk contaminated with I-13]1 had to be disposed of in an
area of 200 square miles around the reactor because of the accident,

2, In 1960, the UCLA Argonmaut-type reactor began eperation., Its Hazards
Analysis did net address Wigner energy storage, and a brief paragraph
disaissed the potential for fire largely based on the assertion that

"none of the materials of conmstruction of the reactor are inflammable.” (p.62)

3. As the ¥Windscale fire showed, and as shell be discussed inm detail
below, that assertien is dangerously untrue.* The graphite can burn;

the uranium metal can burn; the magnesium can burn; even the aluminum
under some circumstances will burn, And ignoring Wigner energy can like-
wise be dangerous,

4, It has further been asserted that the only chemical reaction of signif-
icance to be considered for the UCIA reactor is a water reaction with
aluminum, and that aluminum would have to be in the form of metal filings
for such a reaction to eccur., That, too, is not the case.

S5« BEach of the destructive power excursions with aluminum-clad, plate
type fuel (SPERT, BORAX, and SL-1) has apparently resulted im significant
metal-water reaction, Much of the core disassembly in those three cases
can be traced to a combination of steam explosion and metal-water reaction,
The aluminum was in the form of fuel cladding; most assuredly, not in

the form of metal filings, A destructive power excursion, thus, could
result not only in fuel melting, but in explosive disassembly of the core
due to explosive steam and metal-water reactions.

6. Similarly, fire suppression response, particularly if ill-prepared as
in the UCLA case, can vastly worsen the situation, Metzl-water reactions
between the aluminum, uranium, and magnesium can be explosive and liberate
considerable energy if water were poured on those substances when burning.
Likewise with burning graphite. Furthermore, use of water in a fire-
fighting situation could have unforeseen reactivity effects,

¥ The original UCLA Hasards Analysis was apparently copied virtually
vertatin from materials provided by AMF and by the University of Florida,
and makes a number of serious errors. As shall be shown further, so do
the new analyses UCLA has copled, This is one of the major dangers of
copying analyses verbtatim from others, rather than performing the analysis
independently,
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7 The potentia® for fire, Wigner energy release, and explosive or
otherwise destructive chemical reactions has been examined for the case of
the UCLA Argonaut-type reactor, It is concluded that the UCLA reactor is

not inherently protected against serious damage from these chemical reactions,
and that significant radicactive releases to the environment could ensue.
Fire is a particularly dangerous hazard scenario for the UCLA reactor since
it could release virtually all of the volatile fission products and could
provide a powerful driving force for substantial release of particulates.

8, It is further concluded that the design characteristics of the UCLA
Argonaut are most unfortunats from the point of view of inherent protection
against such chemical reactions and their effects, Use of combustible
materials such as magnesium, graphite, and uranium metal in an essentially
dry core, without the inerting or sealing employed in modern graphite
reactors, poses a substantial fire hazard., Low-temperature normal operation
makes Wigner energy storage a substantial problem (Wigner energy is not
stored at higher temperatures), providing the potential for significant
release of heat being triggered even in an otherwise minor accident, This is
further complicated by the fact that the fuel and control blades are made

of very low-melting materials., The core constituent materials furthermere
represent substantial potential for explosive or other destructive chemical
reactions in situations such as power excursions or fire. These matters
will be detailed below,

FIRE

9. The original Hasards Analysis for the UCLA reactor dismissed the prob-
ability of damage from fire resulting in the release of fission products
as "very smll” in part because "none of the materials of comstruction of
the reactor are inflammable.” (1960 UCLA Reactor Hasards Analysis, p. 62,
"Fire”)., While other factors my affect the probatility of fission product
release from fire, the statement that nome of the materials of construction
of the reactor are inflammable is simply incorrect. A number of those
materials-- particularly the graphite, uranium, magnesium, and even the
aluminum, among others-- are, under the right conditions, most definitely
combustible,

10, The first and most obvious of the combustible materials used in the
Argonaut resctor is the graphite-- used as moderator, reflector, and thermal
column, Graphite will, under the right circumstances, most definitely

turn, as the Hawley report eorrectly indicates. (Charcoal is, after all,

a graphitic substance, and it will, of course, readily burn,)

11, On page 82 of the Proceedings of the 1958 Atomic Commission and
Contractor Safety and Fire Protection Conference (attached), held at AEC
headquarters in Germantown, Maryland, June 24-25, 1958, hald in part to
analyse the implications for reactor safety of the Windscale accident in
which the graphite moderator and the uranium fuel both caught fire, Dr.

C. Rogers MeCullough of the USAEC is quoted as saying:

By the way, this is an amusing point, The belief had grown up om
the part of many pecple in this country that graphite will not burm.
This is nonsense, Graphite is carbon, and anyone knows that carben
will burn if you get it hot enough, But this glid remark, that
graphite will not catch on fire, had becOome prevalent,
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Craphite can, of course, burnm in air, as the Windscale fire unfortunately
80 clearly demonstrated. A belief to the contrary would be neither correct

nor prudent,

12, As to the matter of the ignition temperature of graphite, it is
dependent upon a number of factors such as the purity and density of the
graphite, the amount of air present and the velocity of the air, the particle
sise and surface~to-volume ratio of the graphite, and structursl coamfiguration
influencing heat loss., Furthermore, there appear to be other uncertainties,
as evidenced by Dr, McCullough's comments at the same page of the above-cited

proceeding:

Research work is going on; we are not satisfied that we knew the ignition
point of graphite.... At any rate, research is going on to learn more
about the ignition temperature. It is a tough probleam to solve, and

we are exploring possibilities.

Thus, there are some uncertainties as to ignition temperature of graphite,

and it might be wise from the point of view of a conservative safety analysis
to place or establish the magnitude of error on whatever estimate of

ignition temperature is used. The Hawley report uses = figure of 650°C as

the point st which graphite will bwrnm readily if sufficient oxygen is supplied.
There are some uncertainties and some exrror limits might be appropriate.

Any temperature estimate is valid only for a fixed set of parameters

(density, purity, particle sise, air supply, irradiation history, etc.).

13, Once ignited, self-sustained combustion of the graphite zust be

assumed if the air supply is adequate. Although this depends upon con~
figuration, and the like, Hawley assumes for purposes of his analysis that
somewhere around 650°C is the critical temperature for induction of a self-
sustained fire in the Argonaut reactor's graphite., This temperature is
above a glowing red heat but below a white heat, The reaction is exothermic,
80 if some of the graphite were ignited, it could release enough heat to
tring other graphite to the ignition temperature.

14, 1In addition to graphite, the Argonaut reactor at UCLA employs metallic
uranium in a wranium-aluminum eutectic, clad with aluminum, Metallic
uranium readily durms in air if ignited, and under somewhat mere restrictive
conditions, s can aluminum., Aluminum gives off more heat, pound for
pound, than wranium metal when burned, but it is somewhat more resistant
to burning, The fact that the uranium and the aluminum are in a eutectic
will net affect the ability of either te burn, although burming of the
eutectic will give off slightly less heat than if the materials were not
in a eutectic, However, the difference is insignificant., In additien,

the fact that the eutectic melts at a relatively low temperature (640°C--
Hawley, p. 18), will not affect the ability of the materials to bwrn. The
metals can twrm as well in a liquid form as in a solid, In fact, molten
metal can cause fresh aluminum, witheut the normal protective oxide layer,
t0 be exposed to alr, making thurning far mere likely.

15, As to ignition ;upmtm fOr uranius metal, again there are .O;.xf
uncertainties, Charles Russell Qicwr 8, Perganon Press oxd,
1962, p. 115-116, eiting W.C. Reynolds, %’u D-182, "Im;tipuon
of Ignition Temperatures of Metals”) gives the ignition ulgmturo of

80lid uranium metal in oxygen at 1 atmosphere as 608°F (320°C), The
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United Kingdom Atomic Energy Authority, in a report on the Windscale
accident (in which both the uranium and the graphite were burning) states
that, "In still air uranium oxidises, i.e., the reaction is self-heating at
350°C; the corresponding temperature with carbon dioxide is 650°-700°C,"
(Nucleonics, Vol, 15, No, 12, December, 1957, p. 91)

16, Turnings of reactor-grade uranium have ignited when being cut using

a lathe, evidently from friction, Finely divided uranium ignites in air at
roomn temperature, Ts the ignition temperature is a variable, depending
on circumstances, but in general uranium metal must be considered more
combustible than graphite, The details of combustibility of the uranium-
a2luninum eutectic certainly merit investigation, in both solid and liquid
states,

17. The control blades at the UCIA reactor are reportedly cadmium-tipped
and protected by magnesium shrouds, Magnesium can alse burn, and when it
does s0 1t gives off censiderable enmergy. The ignitien temperature of Mg
metal is variable, depending on its particle sise, etc. If one specifies
a desired ignition temperature, from 25° up, one can prepare a specimen
which will ignite at that temperature, One should be aware that slow
oxidation occurs below ignition temperature,

18, Cadmium metal is a low-melting metal with a relatively high vapor

pressure, The Fandbook of M!ﬁ and Physics reports its melting tem-
perature as 320 contre o8 are made of the metal and not

the oxide, it would seen prudent te anmalyse the reactivity and other possible
consequences of an incident which resulted in the melting of the contrel

blades. For example, an incident involving fire or other high temperature

event might cause the low-melting contrel rods te melt out of the core

region, inereasing reactivity as well as making control difficult, Further-

more, the volatility of cadmium could potentially result in cadmium vapor

being released in a fire or other incident involving elevated temperatures.

If s0, the cadmium vapor or its oxide would likely rapidly condense in air as minute
particles and could cause a potential haszard for fire-fighters or others

due to the toxic nmature of cadmium, This, too, should protably be considered,

it would seem, in designing fire-fighting plans and amalysing potential

19. UCIA is requesting a license for 2 curies of plutonium-2%9 in a
plutonium-beryllium neutron source for the reactor facility., Were this
Pu-Be source tc become involved in fire, the consequences could verge on
the catastrophic, Plutonium metal, of course, can burn, releasing minute
particles into the alr, dispersed by the energy of the fire. Fire-fighting
-mnhmuu:dmdmummmdthoplutmmoudou
the air, and the public health implications would be awful, (2 curies of
Pu-239 is by no means an insignificant amount; placed near the skin, it
will cause radiation bwrns in a few minutes; inhalation of even microgran
amounts is exceedingly dangerous,) When Pu metal burns, it goes to PuOp in
liuvited air, to Pu30g in excess air, just like wanium, Be is cOomparable
to Al in its eom on, but is higher melting., Again, the chemical form
of the material is important, i.e. whether in metal or oxide., BeQ is
volatile in steam at high temperatures.
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20. The issue of how to fight a graphite-uranium fire, leaving asids the
possidility of cadmium and plutonium particles being released, has no

easy answers and would require considerable prior analysis of the problems
uhuut;ﬁmuuudmumfmdmm.
There could be great danger, in particular, in employing either water or,
to a lesser degree, carbon dioxide to put out the fire, In either case,
an explesion aight occur, owing to the formatien of combustible gases.

21, Dr, MeCullough's report on the Windscale incident, in the AEC document
referred t0 above, describes how those fighting the fire tried various
methods over a couple of days to put the fire out, which involved both
uranium and graphite, all to me avail, and how they had to try, as a last
resort, water:

lowth-y-mfuduthth.dooiuonoithctcmnmcrtolot
the fire burn wp, They decided there was nothing left for thea teo do
tut put water in, There was some trepidation about this, as you can
imagine, because they well knew that water on glowing uranium makes
hydrogen. Water on glowing carbon makes hydrogen and COj you have
then a nice mixture of hydrogen, CO, and air, and you might have an
explosion,

But they had no other choice.

They, in the end, followed techniques learnmed during World War II in
extinguishing incendiary bombs, and fortunately the gaable paid off,

But they had no other choice, and rightly were extremely worried about

the potential for an explosion. The fact that one did not occur at

Vindscale does not get one around the fact that such an explosion is clearly
possible, could be quite dangerous, and that water should, if at all possitle,
not be used, or if used, used with the potential danger clearly thought

out, As McCullough concluded:

I think 1t took a great deal of cowrage on the part of these people to put
water on this reactor., They did it with fear and trepidation, and

in taiking with them they will not guarantee that they could do it

a second time without an explesion,

It should be noted that the steam that ensued carried with it very significant
quantities of fission products into the environment,

22, The potential for metal-water or metal-steam reactions should be
examined in putting together fire-fighting plans. Aluminum, uranium,
magnesium, and graphite all can react in a steam environment, producing
large amounts of energy, liberating hydrogen which can cause explosion
dangers, Russell indicates the Al-H,0 reaction liberates more than twice
the energy of nitroglycerin, in calories per gram, and five times the
energy of hlack powder; the magnesium-water reaction just slightly less
than aluminum; and the U-H20 reaction just somewhat less than black powder.
(Al + N NO; was used as a cheap explosive in Vietnas, "Dalisy Cutter.”)

23, The use of COp on such a fire could also be dangerous. Graphite
is oxidized by CO2, ylelding carbon monoxide, which is also explosive
in the presence of alr,
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24, Simple carbon tetrachloride extinguishers that formerly were used

for lab fires have a host of problems associated with their use, notably

the toxic phosgens they give off when used on fires, And even some chemical
foans t have a favorable moderating effect that needs to be taken into
account (this can be gotten around, perhaps, by the addition of boron-
containing compounds to such foams),

25, A fire in this reactor raises other serious reactivity questions as
well (e.8. power excursion implications). If water, or some Other moderating
substance, were used to suppress the fire, a power excursion might result.

If the control blades melted out of position, the equivalent of a large
positive reactivity insertion might ensue. Furthermore, the positive tem-
perature coefficient of the graphite means that as the temperature rose

in the graphite, reactivity could increase as well, All of these factors
could make a fire at the reactor even more serious,

26, Firefighters would have to be prepared to deal with potentially

toxic substances such as cadmium fumes ir the air, and work in an enviromment
possibly contaminated with fission products and perhaps plutonium, They
would need good information as t0 what materials had been released into the
air and in roughly what concemtrations, good detectovs for those materials,
and abdlity to read and interpret that information, They would need
appropriate equipment to protect themselves from inhalation of the

materials and froam direct exposure, They would need to know the appropriate
way to fight such a fire witheut making it worse.

27, It is not likely that a group of firefighters arriving on the scene

of a fire at the UCLA reactor would have the competence to judge whether

t0 use water, and if so, how, etc, This is acknowledged in the Fire
Departaent's ome-page fire response plan included in UCLA's proposed
energency plan, which essentially says that the Fire Department, upom arrival
at the scens, will suppress the fire if the reactor is mot involved, and
will "confer” if it is, VWithout an emargency response having beea carefully
considered in advance, and without stockpiling of carefully chosen, non-
noderating materials that could be used to smother the fire without reacting
explosively with bwrning oore cemponents, a fire could be made immeasurably
worse, And instructions to not attempt tO0 suppress the fire if the reactor
is involved until conferring with reactor personnel and others (who might
not be available, for example, at night or on weekends), while sensible in the
absence of a earefully-thought-out plan for safe response, could mean
substantial delay before suppression was attempted, permitting the fuel to
be at greater risk,

28, Both the NRC Staff's Safety Bvalustion Report (p. 9-2) and the Hawley
report (p. 30-43) indicate that the UCLA reactor is not inherently protected
against fire, and that protection against radiatien release is dependent
upon prompt and ecrrect fire departsent response, The Hawley report outlines
a nunber of scenarios that have poteamtial for leading to such a fire, and
indicates that, “"depending on the length of time before discovery of the
fire, the aluminum fuel boxes and fuel could be at risk for melting.” (p. 43)
As noted above, discovery alone would be insufficient, because of the lack
of preparedness and the difficulties inveolved in fighting a graphite-~uranium-
magnesium reactor fire without causing the reactor to explode.



Fire Scenarios

29, The Hawley report presents a number of potential fire scenarios,

Among them: welding torch acecidentally igniting outer graphite; power
excursion sufficient to ignite a flammable solvent ( a common mode scemarie

for this event would be a power excursion caused by tweakage of the sample
container in which a large sample dissolved in solvent is being irradiated;
renoval of the neutron-absorbing material from the core could initiate

the power excursion which, even though perhaps insufficient to melt the fuel
itself or ite the grsphite, could ignite the solvent with its lower

flash peint); nuclear heating of inserted materials "to a temperature high
enough to ignite various flammable substances seems well sithin the reala
of possibility”; btuilding fire; and so on, One cam suggest numerous others
as well, but it is sufficient to indicate that the reactor is not inherently
protected against fire.,* The Hawley report indicates that a number of these
scenarios ceould put the fuel at risk,if proper and prompt response were not sade
t0 suppress the fire, The report also indicates that because graphite
produces little smoke when it burns, the fire might go unnoticed for sub-
stantial periods of time. There is no procedure in the emsrgency plan for
actually fighting a reactor fire., Given these factors, a reactor fire can
occur and can put the fuel at risk, Fires are common events,

30, The NRC Staff has asserted that a graphite fire in the UCLA reactor
would occur omly if an experiment falled and a general building fire cccurred
and the reactor's graphite blocks were exposed to a free flow of air, The
Staff cites pp. 41-43 of the Hawley report, We must not be reading the

same report., Page 41 refers t0 a credible scemarie in which a btuilding

fire occurred while the shield blocks were removed; there is nd mention of the
neceasity of a falled experiment as well, Credible common-meéde causation is
suggested by the authors, Page 42 of Hawley describes a credible accident
scenario cauced by a falled experiment alome. The bottom of p, 42 cen-
tinuing onto p.43 describes another credible scenario, a simple building
fire while the shield blocks were removed, The Staff appears to have misread
its consultants' report.

Sufficient Airflow for a Firs

31, The current Safety Amalysis Report of UCLA (1982) no lenger makes
the nistake of its original Hazards Analysis im denying the combustibdlity

* In addition to the reactor itself catching fire, significant hasards could
ocour through radicactive release due to other kinds of fire at the facility,
For example, there could be considerabtle danger if the plutonium source at
the facility was involved in fire, Other radicactive substances (for example,
"hot” samples that had been irradiated in the cors) could ignite, either
in-core or outside, A fire in the "rabdiit roem”, where the samples retura
after being irradiated in the core, could be quite serious. (See photos of
the rabbit rooem, showing plastic btags containing hundreds of plastic vials
containing redicactive samples, being stered.) A fuel-handling accident
could likewise involve fire, were, fOor example, the fuel placed in a vat

of solvent to clean off surfaces for inspectiom and were the solvent to igaite.
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of the resctor's constituent materials, A new assertion is made, howevar,

that there is insufficient air present £or a fire, Once started, t0 be sustained
for extended periods, UCLA cites as tasis for its assertion an asserted
neasured airflow out of the core extract line, In s0 doing, they completely
aiss the point,

32, PFirst of all, UCLA contradicts itself in several places as to the actual flew
rate out of the core extract line., Secondly, it is simply incorrect to assert
that the air flow rate in and out of the entire core is identical to the

flow rate in the small diameter core extract pipe. If that wers true, one

would merely have to seal off the core extract line and there would be
no Argon-41 emissi

¢
:
:
:
§
:
§
:
:
:

reactor stack, The core is full
of air, and that air passes in and out of the core through the many interstices
in the graphite blocks and the eracks in the shield btlocks and the numercus

the flowrate in and out of an unsealed core,

13. lastly, and most importantly, the measured flowrate during non-fire
situations is completely irrelevant to the flowrate that would occur during
a fire., Fires are self-feeding-- they creats oomvection currents that
draw in and exhaust air, If this were not so, and the UCLA assumption
were correct, no fire could ever ocour unless a mechanical ventilation
systen were feeding the fire with air., No house with closed windows could
ever catch fire inside, if the UCLA assumption were coOrrect, because no
fans were present and measured flow rate inside was low, One dces not need
to provide a fire with air; it provides itself,

34, Thus, even were the University correct in its estimate of flow rate during
normal conditions, in which an extract line fan produces forced circula~

tion, such a measurement is irrelevant with regards the air flow pessible

in case of a fire, The fire would produce convection currents, drawing

air in and exhausting depleted air., After all, the airflow rate into a gas
water heater is essentially sexrc when it is off; once the gas is ignited,
however, the nmatural convection currents created by the released heat provide
the necessary airflow, And so it would be with the UCLA reactor,

35. The airflow argument is spurious, BEven if airflow were substantially
restricted, that could well merely slow the rate of reaction rather than
prevent it, The airflow produces twe opposing effects~- it provides oxygen
and remCves heat., Restricted airflow will reduce heat loss, which can help
to sustain the fire, There are obviocusly lower limits to airflow capable of
sustaining the fire, tut with the convection currents produced and the lack of
& sealed structure, there is no evidence that those lower liaits are
approached for the reacter, (Furthermore, there are numerous scenarios
involving the exposed graphite with a ready source of air-- insertion of
experimental apparatus inte the core, welding near the thermal column, etc,)

Not Inherently Protected Aminst Fire

36, The primary materials of the reactor (graphite, uranium metal *,
magnesium, and 80 on) are combustitle, The reactor is not sealed; it is

*# In this respect it appears unfortunate that the fuel is not an oxide,
which would be far less susceptible to burning.
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essentially a pile of graphite and concrete blocks with numerous penetrations
for control blades, piping, and the like, The core is diffused with air;
otherwise there would be no Argon-4l probtlem from the activation of

normal Argon in air, And the air within the core can readily be trans-
ported in and out of the core; again, if this were not the case, there
would be no Argon-4l problem. Fires can occur in such graphite pile

type reactors-- witness the Windscale reactor fire, which occurred with

the ventilation shut down, Modern graphite reactors are generally contained
inside a leak-tight vessel in an inert atmosphere to prevent fire. The

UCLA reactor has no reactor vessel, isn't inerted, and has no containment,
The UCIA reactor is c not inheren ted fire.

Wigner Energy

32, As indicated earlier, the UCIA reactor's primary constituent material of
construction is graphite, which serves both as moderator and reflector,

and ovrovides some structural support, The reactor's fuel plates are cooled
ana additionally moderated by light water. The fuel is in the form of
metallic uranium alloyed with sluminum, at 13,4 w/o U, forming the low-
melting eutectic, The fuel is clad with aluminum, which also melts at

a relatively low temperature; in fact, both meat and clad melt at consider-
ably lower temperatures than the constituents of most other reactor fuels,
The control blades are alsto made of a very low-melting substance, cadmium,
melting at 320°C,

33. Because there is no pressure vessel, containment structure, exclusion

tOne, Or radicactivity removal system for use in an emergency to prevent fissien
products from reaching the public if released from the fuel, the primary
arrier against fission product release is the fuel cladding, 0,015 inch

thick aluminum, Because of the low melting temperature of the aluminum

clad and the fuel meat, considerable attention has been given in analyses
related to the UCLA reactor to the maximum temperature rise within the

reactor that could accompany various credible accident scenarios,

J4. One of the potential sources of heat in such an accident, either singly
or as one of multiple contributors t0 a temperature rise in moderater or
fuel, is the energy stored in the graphite due to its long-term bombardment
by neutrons, Such bombardment causes damage in the graphite structure
itself, knoecking carbon atoms out of their normal positions, and in the
process storing significant amounts of energy. This is known as the
"WVigner effect,” after Bugene Wigner who first predicted its occurenmce,

35. This stored emergy can be rapidly released if the graphite is heated
over a certain threshhold temperature, beginning around 170°C, It thus
poses a significant accident potential, because in the process of releasing
the stored energy, more of the graphite is btrought to the temperature
where it can relsase its energy, and thereby exists a potentially dangerous
positive feedback mechanism, The more graphite that is heated, the more
heat is released,

36. In additiem t0 posing a simple thermal threat from Wigner release that
could endanger the fuel's integrity, the graphite is, as indicated above,
combustible, At cerjain temperatures (estimated in the Hawley report to

be approximately 650 C), it will ignite in the presence of air, in an
exothernic reaction that releases large amounts of energy. The Hawley report
(pe 34) indicates that the combustion of 1 g of graphite will raise 38 g to the
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ignition tempersture if no heat is lost, once again creating a dangerous
positive feedback situation which, if started, could readily put the
reactor fuel at risk of melting or of igniting, Uranium is likewise
combustible, with an apparently considerably lower ignition temperature
(~350°C), This is also true of the magnesium of the centrol blade
shrouds, S0, if sufficient Wigner energy were stored in the graphite,

a relatively small initial temperature rise (to about 170°C) eould be
sufficient to igznite or malt the core's contents,

37. The relatively low temperature required for annealing the radiation
damage in graphite and releasing the stored energy points out one of the
unfortunate aspects of the inherent design of the UCLA Argomaut, Whereas
the low normsl Operating temperature of the reactor would be a favorable
feature in most reactors, it has adverse effects in the Argonaut because
of the graphite design., Progressively larger amounts of self-annealing oceur at
higher operating temperatures; conversely, larger amounts of Wigner emergy
are stored at lower Operating temperatures, such as those found at UCLA,
Thus, a low-temperature reactor such as UCIA's would be far more vulnerable
to probleas from Wigner energy than a high-tsmperature reactor, in which
virtually all of the Wigner energy would be comstantly annealed out of the

graphite,

1
38, Furthermore, the small sise of the UCLA reactor does not necessarily
nean that the amsunt of Wigner snergy absorbed per gram of graphite is
likevise small, In fact, vere a large-sised reactor and UCIA's far ssaller
reactor te both produce 1 Mi-day of energy, all other things being equal,
the amount of Wigner energy absorbed in each gram of adjacent graphite
would be congiderably greater in the UCLA reactor than in the larger
reactor, for the simple reason that the larger reactor has far more graphite
t0 absord the same amount of energy, thus the energy abserption per
of graphite is "diluted.” All other things being equal
the same neutron flux as the UCLA reactor, run for the same length of time,
would produse the same amount of energy absorbed te
UCIA reactor, And it is the energy absorbed per
the key to whether enough energy has been stored to tring any part
graphite te ignitionm if enough air is present; given the
uration, ome unit of graphite ignited could release enough heat to wing
many additional units of graphite to the ignitien point,

i
ge

Assesument of Wigner Enerzy Storage in the UCLA Reactor

39. The 1957 Windseale accident-- in which VWigner energy release contribd-
uted to ignition of both the wranium and the graphite in the core and resulted
in substantial fissien product release to the enviromment-- pointed to

the importance of recogniszing possible accident sequences involving stored
energy in graphite, It is thus necessary to have an accurate idea of the

of such energy that might be stored in a reactor subject to irradiatien
wmt‘. particularly in reactors operating at low temperatures

8.

Hi
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40, The Hawley, Kathren, and Rotkin review treats the Wigner matter in

two trief paragraphs on page 37 of their report. They conclude that the
amount of stored energy that may have accumulated in an Argonaut-type reactor
like UCLA's s approximately 5 cal/g, which they indicate is insufficient,

if released, to heat the graphite by more than a trivial amount,

41, wiey, et al, estimate, howeve low factor of Oximate
25-40, The true level of Wigner energy that may be stored in the graphite

an Argonaut-type reactor such as that at UCIA is between 125 and 210
cal/g. given the calculational assumptions employed in the Hawley report
and substituting numerical values that are more correct for the UCLA case
than those used by Hawley. Such a level of stcred energy is sufficient,
if released, to raise the graphite temperature 600 to 1000°C above the temperature
which had triggered the release, assuming adiatatic conditions. In sunm,
an incident involving a relatively modest initial temperature rise in
the graphite-- of roughly 120~C-- would be sufficient to trigger release of
sufficient Wigner energy to ignite the phite or otherwise put the reactor
fuel at risk Of igniting and/Or melting., *
"2, The Hawley report underestimation is caused by a series of cumulative a
errors, First of all, the value chosen for the rate of energy storage at 30 C
is low by a factor of between 1.2 and 2, Next, the ratio of energy storage
at 50°C to that at 30°C is low by about 40%, In addition, Hawley uses
a thermal flux that is low by a factor of 3.3, btased on empirical measurements
at UCLA, And he estimates a total operating history of 12 MW-days, whereas
the UCLA reactor has already run 19 MW-days in its first 20 years and, if
relicensed, can run an additional 37 MW-days through the licensed period,
given the operating restrictions at the facility. This is a further error
of 4,7, The cunulative effect of these errors (1.2 x l.¥ x 343 x 4,7 = 26
t0 2 x 1.4 x 3.3 x 4.7 = 43), a factor of 26 to 43, depending on which initial
value is chosen for the rate of energy storage at 30°C, is quite substantial,
The errors are discussed in more detail below,

43, The Hawley report takes the value of 0,5 cal/g rer MH-day/At as the best
value for the rate of energy storage in graphite irradiated at 30°C, citing
Nightingale's Nuclear Graphite, p. 328, However, on page 345 of the same

text (attached), Nightingale states that "more accurate” values at low exposures
range from 0,6 to 1,0 cal/g per Mi-day/At.

44, 1In order to correct these rates for the somewhat higher temperature

found in the Argonaut's graphite, cited to be approximately 5o°c. Hawley

uses a correction factor of 3/5ths, Data given by Nightingale (p. 330)

for the change in the rate of energy storage with temperature, however,

when graphed (see next page) produce an actual ratio of 5/6ths (inverse 1.2).
This ylelds storage rates of 0,5 to 0,83 cal/g per MW-day/At at 50°C, as opposed
tc the 0,3 assumed in the Hawley report at this stage of the calculation,

* 1.e., assume an inifigi temperature of 5o°c and some incident which raises
the temperature, not 600°C to the melting point of the fuel, but rather a mere
120°C to the temperature at which Wigner energy is released. Assuming no heat
loss, the released stored energy would be sufficient to raise the graphite

to 770 to 1170°C, well above the ignition temperature of the graphite or

the ignition/melting temperature of the fuel,
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45, Using the equation given by Nightingale relating thermal flux and M¥d/At
(p. 328 of Nightingale), Hawley then obtained a rate of enargy storage in
the UCLA reacter, The Nightingale approximation * iss

Thermal nvt ( ke uivalent T 6.5 x 1017

Inserting the correct values ylelds a uotmotongorermpuu
in the UCLA resctor of 7,8 to 13 x 10-19 cal-cw?/g-n, compared to Hawley's
value at this stage of 4,7 x 1019,

46, Hawley ,:9" attempted tO estimate integratcl thermal neutron flux
(nvt, in n/em?) in order to comvert, through the approximation provided
above, into u.l/gh TO estimate integrated flux, Hawley assumed a flux
rate of "about 10 sec.” This Order of magni estimate was
quite crude, as Hawley assumed the flux to be 1,0 x 10*“, whereas actual
neasurements made at UCLA indicate neutrom flux as high as 3.3 x .

47, Hawley then assused that the reactor had logged 120 full power days,
in order t0 estimate integrated flux (1.e., flux in n/ex® per second as
determined in 46 above, times number of seconds, t0 produce n/cm? integrated
dose,) However, UCTA (Amended Application, p. III/8-7) that it

had logged 19.4 Mi-days (or 194 full pewer days) in its first 20 years, In
addition, Hawley failed te consider the next 20 years for which UCLA has
requested the license., At a 5% operating limitation, as in the Technical
Specifications, that would be approximately an additiomal 37 Mi-days, for a
total of about 560 full power days to the snd of the licensed period, ia
contrast to the 120 assumed in the Hawley report, *#+

48, Inserting the mere correct integrated thermal neutron flux into the
relationship obtained from Nightingale in 45 above “ne gets a potential
stored energy of

560 full pewer days x 86,400 sec/day x 3.3 x 1012n/cm?-g x 7.8 te 13x10"19cal-cn?

&-n
yielding a petentinl stoved energy of 125 to 208 cal/g of graphite., This
is in sharp contrast t6 the 5 cal/g estimated in the Hawley report.

* Hawley does not demenstrate that this approximation from Nightingale

is universally applicable. It ias used here only in following the Hawley
methodology in Order to demonstrate that given the methodological assumptions
employed, but using more correct numerical values, a substantially different
result is obtained,

** “Camma Flux Mapping of the UCLA Training Reacter” by George B, Eradshaw,
Masters Thesis, 1965, p. 3. The study measured both gamma and neutren flux
at a series of locations in the graphite. The messurements were in limited
loeations and therefore even higher fluxes elsewhere in the cOre cannot be
ruled out,

#*% Furthermore, there appears t0 be sOme uncertainty as to the past
irradiatien history of the UCLA reactor's graphite-- whether, for example,
it might have been previously used in another reacter prior to the con-
struction of the UCIA reactor, Thus, the true maximum expOsure may de
greater than the 56 Mi-days assumed here,
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49, Thus, using the Hawley methodology and more appropriate numerical
t than i t be stored in

50, Mr., Ostrander, in his September 1, 1982, declaration asserts that

it would take hundreds or thousands of years of operation of the UCLA
reactor to produce enough ¥igner energy storage to be of concern. He
tases that assertion on the experience of the Hallam reactor, which was
shut down because of swelling and cracking of the graphite moderator, and
asserts that such deleterious effects were Observed at Hallam after a far
greater integrated fast flux than could be generated in the UCLA reactor,*
There are a number of flaws in Mr, Ostrander's assertion (among them, that
it is not at all clear that the swelling was due t0 neutron bombardment
as Opposed t0 thermal or other effects), but one need only examine one of
the errors-- the ignoring of differences in Operating temperature-- to
dispose of the matter,

51, Mr, Ostrander cites as tasis fOr his assertion above an answer by

CBG t0 an interrogatory about the Hallam flux, but fails to mention the
graphite Operating temperature at Hallam cited by CBEC in that answer., That
normal temperature during operationm is 600°C for the graphite, well above
the annealing temperature for the graphite. Above about 200°C, virtually
all of the radiation damage is constantly being annealed out of the graphite
by the high Operating temperatures. That is why high temperature graphite
reactors have essentially no Wigner problem. It is the low temperature
graphite reactors, i.,e. those reactors which opsrate at temperatures below
which significant annealing of the graphite takes place, which must worry
about stored enmergy. And UCLA's is a 1ow temperature reactor, Hallam

was not,

The Critical Temperature for the UCLA Reactor

52, The Cort and Hawley analyses, as well as the Staff and UCLA reiterations
thereof, are btased On the premise that essentially no fission product
release can occur should reactor temperatures remain in an accident below
about 640°C, the melting temperature of the fuel meat. They therefore con-
clude that if, in the case of Cort, airflow in the fuel boxes were cut off

in a seismic event, the reactor would not be at risk because the maximum

* The graphite in the UCIA reactor has, by the way, apparently exhibited

in the past sOme swelling or dimensional change, which could be physical

evidence of Wigner energy storage.because, in addition to storage of Wigner

energy, radiation damage in graphite can cause dimensional changes in the

graphite, Furthermore, the UCLA reactor is occasionally used to color diamonds,

If this effect is due to changes in the diamond's crystalline structure and not

t0 impurities in the diamond, this would be further evidence of this reactor's

capability of causing radiation damage in graphite, as graphite and diamond

go the two crystalline forms of carbon and would react similarly to neutron
mbardment,
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temperatures attained would be bslow that critical temperature; likewise
in the Hawley report, which indicates temperatures just below the melting
temperature in case of power excursior, and concludes that no fission pro-

duct release would oeccur.

53, However, all of these analyses ignore the cruci:il additional energy
that could be added to the incident from release Of stored Wigner energy
in the graphite, Whereas Hawley indicates a power excursion could produce
fuel temperatures of 590°C, just below that of the melting temperature, a
graphite temperature rise of only about 120°C is sufficient t0 release
what appears t0 be enough Wigner energy to push the reactor far Over the
threashhold temperature for ignition and melting. Thus, were substantial
Vigner energy stored in the graphite, an excursion not producing enough
energy t0 melt the fuel alone may still have enough to trigger the Wigner
~slease, which could add enough energy to tring the fuel to melting or
ignition of either the graphite or fuel.

54, The same is true with the Cort analysis. Even accepting all of Cort's
other assumptions *, peak temperatures of about 360°C are predicted.

¥hile insufficient in and of itself to melt the fuel, such temperatures
would not necessarily be insufficient to push the graphite Over the Wigner
threshhold, releasing sufficient energy to melt the fuel or ignite the core,
Similarly, heat sources deemed in the Hawley study insufficient to ignite
the graphite by themselves may not be insufficient to0 cause relsase of the
Vigner energy, which could then btring about such ignitionm,

55. Thus, a commop-mode accident inyolving an incident insufficlient in
itself to bring about ignition Or melting could well trigger release of
sufficient .g?g energy tO bring about that result, And, in a sense,

the concept stored energy means this is an accident mode present through-
out the lifetine of the reactor, just amaiting the triggering incident.

56, S0, the critical temperature for the UCIA reactor is about 170°C, the
Vigner threshhold, not 640°C, the melting temperature of the fuel meat.

57, (Note that the Applieation (p. II1/8-9) indicates that fission product
release from al aluminum-uranium alloys is significant at temperatures
of 400°C or higher, Furthermore, the Hawley study indicates the ignition
temperatures of materials that may be placed in-cOre are substantially lower
than the maximum temperatures Hawley assumes fOr a power excursion, And

none of the analyses examines the effects of cladding softening and volumetric
expansion that can occur at temperatures substantially below that of the
sutectic melting temperature. BEven were there no Wigner potential, the
critical temperature for this reactor would thus be considerably below the
melting temperature of the fuel or the ignition temperature of the graphite.
Note alse, as indicated earlier, that uranium may ignite in air at tempsratures
well below that of the U-Al melting temperature, and th.i cadmium metal
control blades melt at around 320°C,)

* Note that Mr, Cort assumes no effect on thermal conductivity of either

the fuel or the graphite due to irradiation effects., This erronedus assumption
invalidates the final results, as they are dependent upen the values used

for thermal conductivity,
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Conclusions as to Wigner Enexgy

58, Accepting the Hewley methodology and substituting numerical values

nore accurate for the UCLA case indicates substantial Wigner energy can bde
stored in the graphite of the UCLA reactor during the license period,

This energy, if released, could raise temperatures well above ignition and
melting temperatures. The energy release can be triggered by a relatively
small initial temperature rise; thereafter the reaction is self-heating.
Thus, a number of scenarios of credible accidents which result in temperatures
asserted to be below the melting temperature of the fuel could actually result
in putting the fuel at risk, due to release of the stored energy, through
fire or melting, or both,

Corroston. Cladding Damage

59, As indicated at the ocutset, the primary barrier to fission product
release at the UCLA reactor is 0,015 ineh thick aluainum cladding, Severe
corrosion of that cladding could produce substantial fisgsiorn product
release, including release of soluble, non-gaseous fission products.

60, Because of the low utilization of the reactor, fuel originally installed
in the core in 1960 could remain there until the end of the proposed license
period, the year 2000, due to the small burnup rate, Forty years, much

of which is spent in water, could produce substantizl corrosion of the

thin cladding, particularly if water quality is not adequately maintained,
Failure to properly calitrate or maintain the resistivity monitor for the
Primary coclant, and an inadequate secondary coolant monitor, could prevent
liscovery of substantial release until after it had occurred.

61, The University now claims that the primary coolant leak that developed
after the 1971 earthquakes and required major maintenance and a lomg shutdown
were not due, as Originally stated, to the sarthquake tut rather to

corrosion of the aluminum primary coolant piping., If the far thicker
aluminum pipiag was s° substantially corroded in ten years of oOperation

by exposure to the primary coolant, then the far thinner aluminus fuel cladding
could well be at substantial risk Over the forty year period being considered.
(The University of Maryland converted its reactor te low-enriched TRIGA fuel
in part because of its inherent safety from power excursions and its non-
proliferation advantages, but also because of concern that its MTR-type fuel
plates might be losing the integrity of their aluminum cladding after 1l years
of use in a water-cooled reactor,)

62, Much werk has been dene on the attack of uranium ingots, clad in
aluminum, through a pin hole, At elevated temperatures, air or water
enters the pinhole, reacts, and the resulting oxide swells, This treaks
more Al skin, and the process continues faster; oOxidation is retarded so
much the ignition temperature is not reached., Powdered uranium (from
decomposition of UHj) can react with 1iquid water and glow red, forming
UO2 and Hz. Massive U metal must be heated to react.

63. Numerous materials attack aluminum, Accidental insertion into the
coolant of chemicals detrimental t0 aluminum, Or experimental addition of
sOme such material, or an attempt to remove material clogging parts of the
coolant piping through addition of a flushing compound, or other acts

could all result in severe and rapid degradation of the cladding and release
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of fission products. Some materials react axplosively with aluminum,
which could be even more devastating, NoOte also that hydrogen is produced
when aluminum corredes, and that underwater aluminum tanks have exploded
at reactors due to the explosive hydrogen-sir mixture that evolvad, (see
Reactor Operating Experience Report 70-3, attached.)

Explosive Reactions

64, We deseribed earlier the extreme danger of explosive reactions that
could occur were water or COp emplOyed on a fire at a reactor containing
graphite, uranium metal, aluminum, and magnesiua, such as at UCLA.

65, Steam explosions and metal-water explosive chemical reactions are
possible if a power exeursion of the SPERT/BORAX/SL~1 type were to oceur

at UCLA. The three reactors all had their ccres explosively destroyed Wy
such reactions, the Oonset of which and the initiating conditions recessary
for which are not fully understoed, It is not even certain, due to their
unpredictability, that such reactions couldn't Occur even if the maximum
temperatures attained in the fuel were slightly below the melting temperature.

66, Other explosive reactions could result from the explosion of NEL
experimental apparatus or irradiation of explosive materials, due to
improper exrvorimental review, lack of adequate pro-sdures Or supervisiem,
rule violacions, failure to recognize the exp_osive nature of certain
materials, or other mistake,

Cenclusion

67. The original Hasards Analysis was in considerable error when it
dismissed the risk of fire on the tasis that none of the constituent
saterials of the UCLA ArgOnaut reactor was combustible, On the contrary,
the graphite, uranium metal, magnesius, and even the aluminum can burm.
In particular, the graphite, uranium and magnesium all have relatively
low ignition points (i.0., temperatures that could quite credibly Occur
at some point in the reactor's Operating lifetime, through accident,
equipment malfunction, building fire, ete.)

68, Subsequent analyses relied upon by UCLA are also® seriously flawed

in their assessment of the potential for fire and Other destructive

react: ons in the UCIA reacteor. In particular, the estimatea of Wigner
energy that may be stored in the reactor's graphite are vastly undervalued;
the potential for a graphite, uranium metal, magnesium fire improparly
assessed; the predictions of peak reactor temperature that can be attained
in an accident are far too lowy; and that consequently predictions of the
magnitude of fission product release in case of accident are severely
underestimated,

69. The reactor is not inherently protected against fire, Substantial
fission product release could ensue-- Over 90% of the gaseous material
(those es volatile at the temperatures attained in the fire) and
rm:!htly % of the particulate matter, dispersed by the driving force
of L} tir.o
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70, Sufficient Wigner energy storage can occur in the UCLA Argomaut
t0 cause melting and/or ignition, if released, Even were a fire not
to follow, fuel melting could ensue, releasing greater than 25% of the
volatiles.

71. The UCLA reactor is vulneradle t0 numerous Other reactions as well,
including metal-water reactions during pOwer excursions or fires and
cérrosion of fuel cladding.

72, The threshhold temperature for the UCLA reactor in accident is

not 640°C, the melting temperature of the fuel, but 170°C, the trigger
temperature fOr Wigner energy .eleass. Thus, numerous accident scenarios
which in themselves are not sufficient to put the fuel at risk may bs
sufficient to trigger the Wigner release, which could push cOre temperatures
Oover the ignition and melting points.

73. The UCLA Argonmaut is not inherently protected against severs core
damage from fire, Wigner release, and explosive and Other destructive
chemical reactions, In fact, numerous inherent design features make

the UCLA Argomaut reactor uniquely vulnerable t0 serious accidents of

the sorts described above: low temperature normal operation, low-melting
fuel and control blades, fuel made of uranium metal rather than oxide,
control blade shrouds made Of magnesium, moderator/reflector made of
graphite, all with no sealing or inerting,

74, lastly, we cannot emphasize encugh that using water On a graphite-
uraniun-magnesium fire in the UCLA reactor could be disastrous,
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CHEMICAL REACTIONS
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Description
“The Windscale Incident”, by C. Rogers McCullough
Nuclear Graphite by Nightingale (excerpts)
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"Aluminus Tank Explosion” (ROE 70-3)
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Now, Wigner predicted that this effect would take place in 1.2 early days cf constructing
graphite piles in this country at Hanford. The Hanford reactors are water-cooled piles, by the
way. But nothing was known about how to take care of this situation.

Quite by accident the British found out one time that annealing took place in one of their
reactors. At the same time the graphite is distorted, nonuniformly or nonsymmetrically, energy
is stored in the graphite and, il the graphite is heated up to something on the order of 400°F or
80, the release of this energy can be triggered, and the temperature will go up still {urther.
During this process you get annealing just like you do when you anneual tempered steel; the en-
ergy comes out, and the graphite returns to somewhat its original dimensions

So it has been customary in the case of the British and American reactors to periodically
anneal the graphite to avoid this distortion to channels.

At the time the incident occurred they were carrying out one of their routine annealing op-
erations. Now, as [ will point out later, you must remember that this is an operation for which
the reactor pile was not designed originally, This is something that was added for good and
sufficient reasons after the pile was built,

Anyway, on Monday, October 7, at 7:25 p.m., they started up the reactor in the nuclear
sense. The gpstom was to keep the air flow down to a very minimum; actually, when they start,
they turn the air off completely. (I will go through the time table and we will come back and
pick up the slides.) They ran this until 2:00 a.m., Tuesday, October 8, and then they shut the
nuclear heating off recause the temperature had reached the point at which they knew, from ex-
perience, that the triggering of the energy release would start.

However, as they watched the thermocouples, which they had in the reactor, they began to
fall; whereas in the normal annealing, the couples would rise slowly and level off, spreading the
energy throughout the pile and uniformly annealing the graphite.

Now, remember that the objective here is to get all the energy out of the graphite, I may
point out another thing, that, if you keep on storing this energy in graphite without annealing it,
you reach the point at which there is enough energy stored in the graphite, so that, if it were
triggered, it would 3o up to a temperature beyond control. In other words, the stored energy
would exceed the specific heat of the graphite, and you could have a runaway condition; obvi-
ously, you want toc anneal in order not to have this occur,

The objective therefore is to anneal the pile completely. You do not want any pockets of
unannealed graphite building up this stored energy.

When the Windscale people at least thought they had found thermocouples falling off, a de-
cision was made that they had better give the reactor a second shot of heating., They applied
this second shot at 11:00 a.m. on Tuesday, the 8th. Then at 5:00 p.m. they shut it off again.

During this second annealing, the operator slipped a little bit and ran the rate of reaction
faster than the rules called for; however, this was not considered a very serious violation of
the procedures, The rate of heating was not considered dangerous. It was merely a little bit
faster than that normally carried out.

At 2:15 a.m., Wednesday, the 9th (they had been watching these thermocouples all the
time), they discovered they were slowly rising. Some of them had gotten to greater than 400°C,
80 they deciaed that they had better cool the reactor. This was part of the procedure they had
been given.

They opened the dampers. (There is a stack connected with this reactor which, when the
dampers are open, lets air suck through them.) They opened them for 10 minutes or 15 min-
utes first, and the temperatures came down a little and then came up again.

On Thursday, October 10, rignt after midnight, they opened the dampers again for 10 min-
utes to try to cool it off, This cooled it very slightly,

Again at 2:15 a.m, they opened the dampers for 13 minutes, at 5:10 a.m. for 30 minutes,
again trying to let the draft effect {rom the stack pull air through to cool the reactor. This did
not work, and at 5:40 a.m. they noticed an activity up in the stack—— radioactivity, There are
filters in the top of the stack; therefore there is a very high background, so the sensitivity of
this method of detection is not very good.

Nevertheless, they got a rise. This did not bother them too much because they had found
in the past that, when you open the dampers, it pulls some radicactive dust through; this is
more or less routine,
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Isometric diagram of a Windscale pile.
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On Saturday afternoon, a day or two after they kncw they had an accident on thelr hands,
they began to realize that they had an excess of tedine released. At this point they began to
sample milk, They took, of course, the first milk samples near the plant site, The analyses of
the milk took a little time.

They began to find radioactive fodine and they kept extending the area of milk sampling.
Volunteers caine in to help them carry out the sampling program, The Army went out to help
them by gathering the samples; meanwhile, there were up to 200 workers in the laboratory an-
alyzing milk samples.

They finally ended up with 200 sq miles under a milk ban, They analyzed samples from all
the different dairy farms in the area,

No tolerances had been set up for iodine in milk because this had not been foreseen as a
problem, and they had to make a quick decision, which they made on Monday, I believe. They
decided to set the limit of radioactive iodine in the milk at ¥y uc/liter, which is an exceedingly
low value,

It turns out that a medical board has endorsed this figure, and I think the International
Committee on Radiation Protection will come along with a figure very similar to this, if not
the same one,

Now, in reference to the activity on the people, those who worked there worked at a toler-
ance of 3 rads (or roentgens) to the worker in a 13-week period.

Over the 13-week period up to October 24, they read the film badges. They did not have
any really good way of telling how much radiation the pecple received at the time of the acci-
dent except the levels shown on those film badges covering the 13-week period. This was not
an exactly accurate reading for the accident, Fourteen of the workers exceeded the permis-
sible limit of 3 r. The highest figure was 4.68 r. Two workers were estimated to have re-
ceived 4.5 r and four others, 2 r. "

Thyroid surveys for iodine in the workers’ thyroids were made, and nothing alarming was
found on that score. At the last report they were still surveying thyroids and were finding
nothing very significant. The highest activity found in the thyroid was about ‘/, pe.

They offered to let the people of the vicinity come in on a voluntary basis and be examinea
for thyroid activity, Quite a number of people did this, and in no case have they found any-
thing — the last I knew-— very alarming.

During the milk survey, they developed an instrument right on the spot that would enable
them to take a milk can and check whether or not its activity was low encugh to let the can
pass without further examination. In this way, many samples were eliminated. Otherwise, it
would be difficult to see how they would have gotten through. Again | want to point out that they
did not need to dump this milk; in the first place, within a couple of weeks it would have been
found to have decayed to tolerance, The highest sample was only 20 times the tolerance of Yy
pc/iiter. .

Moreover, ii they had made the milk into cheese or some other dairy product, there would
have been no real radioactivity problem, But, since children were consumers of milk, they
wanted to be very sure, so they just dumped it.

Now let us talk about the lessons learned, 1 made the point that these reactors were de-
signed In the early days and were not designed to cairy out the Wigner release. This was an
operation which had been added. o

Therefore, the first point is that the Wigner release was an operation for which the pile
was not originally designed. Point two: the Windscale piles had operated so well that con-
fidence in continued operation without trouble had built up to a dangerous degree. The subtle-
ties of nuclear reactors had been lost sight of to some extent (especially the possible diffi-
culties of the Wigner release had not been recognized).

Three: there had been no systematic study of the accidents that could happen during the
operation of the Windscale pile, including the Wigner release operation and the provision of
adequate facilities to cope with burst slugs during the Wigner release.

Four: the means of ‘detecting burst slugs during the Wigner release were not adequate,

Five: means of measuring slug and graphite temperatures throughout the pile were not
adequate. They had very few, relatively, thermocouples.

Six: means of detecting the graphite fire were not provided. .
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Seven: there were no written procedures for carrying out the Wigner release with cri-
teria determining the steps to be taken in case of an abnormal operation,

Eight: there was insufficient technical manpower available to the operating crew to study
the problems, if they became abnormal, and to advise of the actions to be taken.

Nine: organization and procedures for dealing with the consequence of the accident when
it occurred were inadequate,

From the viewpoint of these lessons, we have examined our own reactor procedures (I told
you earlier that we have two graphite reactors that are air cooled in this country). It did not
take many minutes really from the time we heaid about the Windscale incident until the operat-
ing groups of those two reactors were right on the ball studying their own problems to be sure
that they would not fall in the trap that had beset our British friends.

Now, I want to make another point here. 1 think it is pretty obvious that the British had not
foreseen what would happen. 1 do not believe that we can foresee everything that can happen,
but I do think we can work very hard at it. As a result of having worked hard at it over quite
a few years, I think the results of this care and foresight show up in our operating safety
record.

At the same time [ want to warn you that we have been lucky, very lucky; I am sorry, but
I just do not believe that we are humanly perfect enough to avoid radioactive releases or acci-
dents in an industry as big as this. Thus we must be prepared to face socme oversights that
will occur. This does not mean, however, that we should not Keep trying to keep our accident
record as good as we possibly can. Thank you.

DISCUSSION

HAYES: Dr. McCullough, I am sure there may be some questions asked. I would like to
ask you one, myself. I notice that as a last resort they turned to water; I did not realize that
the British had to do that at Windscale. Do you have any recommendations or suggestions as
o when we determine whether we can put water on the fire? We would like *0 know whether
research is needed or whether, as a result of this accident, any studies are beirg carried on
which will give us some clues to what should be done in the case of a fire.

McCULLOUGH: Yes. We are making studies at Brookhaven on how you would go about
putting out a fire if one cccurred, but, first, | should say that we have assured curselves that,
barring some very extraordinary change of conditions, we will not experience a graphite fire.
However, if a graphite fire should occur, we have taken steps to be able to smother it. So far,
we feel this is a safer procedure than nutting water on it, because, if you once get a fire in hot
uranium and hot graphite, I do not quite know how you would get around the danger of a hydrogen
or CO air explosion. Research work is going on; we are not satisfied that we know the ignition
point of graphite, By the way, this is an amusing point. The belief had grown up on the part of
many people in this country that graphite wil! not burn. This is nonsense. Graphite is carbon,
and anyone knows that carbon will burn if you get it hot enough. But this glib remark, that
graphiie will not catch on fire, had become prevalent. At any rate, research is going on to
learn more about the ignition temperature. It is a tough problem to solve, and we are exploring
possibilities,

HAYES: It seems too bad to have to depend on a bucket full ¢f sand as they did at the NRU
reactor to put out a fire, Does anyone in the audience know oi any research that is being done
which will be helpful in the practical matter of putting out a uranium fire? We have heard a
lot about the theories that have been developed. Dr. Quigley, have you any words of wisdom on
this? Are there any other questions that you would like to ask Dr. McCullough?

KNAPP: This was definitely a metal fire rather than graphite fire?

McCULLOUGH: Both. Metal was burning and graphite was definitely burning,

KNAPP: Graphite did not produce any extinguishment problem, but the metal fire did?

McCULLOUGH: Even a hot graphite fire and water will give you hydrogen and CO.

KNAPP: Would your hydrogen necessarily have been danserous? They apparently showed
by putting the water on that they could have yotten rid of the hydrogen before it caused trouble.
In metal it is so complicated you might get 1nto trouble anyway.
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Total dose
measured, r.
—aouioUs +

Table

Total nuutxon

flux, neu/ cmﬂggc.

C.,V.T, at 1 kw for 1 hr.

6" 19,000 £ 600
1™ 44,000 + 1200
18" 63,700 £ 2500
24" 77,300 £ 3330

wonn 64,000 £ 3000
30" 64,000 %1600
36" 