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DECLARATION OF BOYD NORTON

I, Boyd Norton, do declare as follows:

1. From 1960 to 1969 I was employed in reactor safety studies
at the National Reactor Testing Station in Idaho. Five of those
years were spent as Group Leader of the Nuclear Test Section

of SPERT (Special Power Excursion Reactor Test). I was in
charge of operation of both the SPERT I and SFERT III reactors.
A more detailed description of my professional qualifications

is attached.

2. The SPERT program centered on investigating the behavior

of various reactors during power excursions in an attempt to

better understand the potential vulnerability of certain induced by
large reactivity insertions. A power excursion is an accident
unique to nuclear reactors in which power can rise from zero

to billions of watts in very much less than a second. This

can result in melting of the fuel and explosive disassembly

of the reactor core.

3, The SFERT I reactor's "D" core was eventually intentionally
iegtroyed in such a power excursion. I was at the reactor controls
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on November 5, 1962, the date of the final test, and was responsible
for ejecting the neutron-absorbing rod from the reactor which

made it supercritical and, milliseconds later, resulted in SPERT
I-D's destruction, through extensive melting of the fuel

accompied by a violent explosion.

5. Perhaps the most significant conclusion of the SPERT de-tructive
tests was the unpredictability of destructive threshhold durine
power eycursions initiated by larg< reactivity insertions, even with
a reactor that had been as thorougnly studied as SPERT had been.
While fuel melting had been expected in the final test (because
melting had been observed in previous tests with somewhat smaller
reactivity insertions), the violent explosion which demolished

the reactor came as a surprise. Although the BORAX and SL-1 reactors
had suffered similar explosions. thers had been no prior indication
at SFERT that going to a period slightly smaller than that of
previous tests represented crossing a threshhold for SPE®T which
made possible the violent pressure pulse which would demolish

the core.

6. Thus, even after an extensive series of actual tests with

the SPERT reactors, there is much about the behavior of those
reactors during power excursions that remained poorly understood

and difficult to predict. This is considerably more the case

with regards the potential behavior of reactors substantially
different from the ones on which we performed our tests--for example,
the UCLA Argonaut.

7. Several analyses, relying heavily on the SPF°RT I tests,

have been performed purporting to predict the potential behavior
of the UCLA Argonaut-type resecarch reactor during pow:r excursions
that might be initiated by insertion of that reactor's available
eycess reactivity. I have reviewed these analyses and a number of
nther documents relative to the application of the University of
California to obtain relicensing of the reactor situated on the
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UCLA campus.l/ Because of the large amount of excess reactivity
requested (far more than that capable of producing supercriticality
on prompt neutrons alone), and because of the highly populated

site and lack of a containment structure, I have paid special
attention to those portions of the documents which attempt to
analyze the capacity of the UCLA Argonaut reactor to undergo a
destructive power excursion, one that could result in release

of fission products to the environment.

8. Based on my review, it is my conclusion that the amount of
excess reactivity requested by UCLA is too high, the safety
margins too small, and the potential for a destructive power
excursion unacceptable, given the population density nearby.

The analyses done to date do not, in my opinion, demonstrate

that such an accident is not credible. In fact, because of errore
made in each, the analyses indicate, when the errors are corrected,
that sach an accident is indeed credible. Questionable methodological
assumptions employed by the analysts suggest that a definitive
answer as to the maximum "safe” reactivity insertion for the UCLA
reactor, or even an answer merely providing reassnable assurance
of its being right, would require further research. Because

of the substantial differences between the Argonaut and the
reactor types previously investigated, that research would likely
necessitate SPERT-type tests on actual Argonaut cores. In the
absence of such definitive research, very substantial margins of
safety are essential at operating Argonaut-type reactors.

1/ Among the documents reviewed were those sections of the following
which address excess reactivity issues: UCLA's 1960 Hazards Analysis
and its 1980 Safety Analysis Report; the critique thereof contained
in the August 25, 1980, Supplemental Contentions of the Committee to
Bridge the Gap: the Contentions as admitted into the relicensing
proceeding by the Atomic Safety and Licensing Board; "Analysis of
Credible Accidents for Argonaut Reactors”" by Hawley, Kathren,

and Robkin; and a November 23, 1981, memorandum from P. Neogy

of Brookhaven National Laboratory to J.F. Carew, subject:

“Transient Analysis of the UCLA Argonaut." Certain other related
documents were also reviewed and are identified in the text of

this declaration.
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9. For these and other reasons identified herein, I conclude

that the original restrictions imposed on the UCLA reactor by

the AEC in the initial license, particularly the condition

limiting excess reactivity to less than that necessary for

prompt criticality, were appropriate, given the operation of

the device by students. The subsequent changes to the facility
have, in my opinion, resulted in a gradual but significant

erosion of important safety margins, increasing both the probability
and consequences of a potentially serious accident at the facility.
The bases for my conclusions are as follows.

10. UCLA stated in its original Hazards Analysis in 19603/s

A reactor which is to be used for student instruction

must be designed so that safety is insured without
exercising greater restraint on the activities of students
than is normally advisable in a university laboratory.
This necessitates: (1) that the total available excess
reactivity be limited to something less than that needed
for prompt criticality, (2) that the reactor have a high
degree of demonstrated inherent safety, and (3) that it

be limited to low-power operation.

Given the operation of the reactor by students, who can be expected
to make mistakes, the limitation to 10 kwgn and approximately
6% B k/k excess reactivity was quite prudent.

11. The Intervenor points to a number of developments over the
years at the UCLA reactor which have considerably altered the
situation: a quadrupling of excess reactivity, a ten-fold increase
in reactor power, discovery of smaller than expected negative

2/ page 19

3/ The power limitation was important, the Hazards Analysis
indicated, because it limits the consequences of an accident,
should one occur, by limiting the radioactivity available for
release to the environment: "/ T /he amount of contained

figsion products will be relatively small since it is limited

to a maximum steady state power of ten kilowatts." ibid.

The increace in power to one hundred kilowatts thus brought

with it a concomitant increase in fission product inventory

and in possible consequences should an accident result in release
of that inventory.
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reactivity coefficients and the unexpected discovery of
several positive reactivity effects, plus the addition of a
pneumatic tube "rabbit"” system which makes possible new mechanisms
for rapid insertion and removal of reactivity. The Intervenor
also points to a series of violations of AEC/NRC regulations and
license conditions, incluiding several relating to rules and
procedures designed to control excess reactivity, as well as
calibration errors, bypassed interlocks, maintenance problems,
and lapses in administrative controls--all of which it alleges
increase the chances of accident at the UCLA facility. I concur
that safety margins have been substantially reduced by these
developments, which will be detailed below.

12. As I understand it, UCLA argues that none of the alterations
or problems that may have occurred during the reactor's operating
history to date are of consequence because there are no credible
mechanisms for significant fission product release. In particular,
UCLA argues in its license renewal request that its reactor can
safely tolerate a far larger excess reactivity insertion than

the reactor's original design limit. UCLA appears to rest moct

of its case in that regard on the assertion that the BORAX IE/
and SPERT I tests conducted at the National Reactor Testing
Station in Idaho in the nineteen fifties and sixties "proved"
that the requested level of excess reactivity is safe in the
UCLA Argonaut. As UCLA put it in its 1980 Applicationi4

“SPERT and BORAX tests showed that plate type fuel
elements survived step reactivity insertions of $3.54."

13. That simply is not the case. In fact, the SPERT I reactor
core was completely destroyed by a $3.50 insertion, which resulted

in extensive melting and explosive disassembly of th: core.

4/ The BORAX reactor was a reactor similar to SPERT used for
a related series of excursion tests at NRTS in the early 1950s.

S/ p. V/3-6, cited in Contention I.3.f.
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Non-exnlosive melting of fuel was observed with even smaller
reactivity insertions.

14, It is also worth recalling that the grisly SL-1 reactor
accident, which occurred at the Idaho Testing Station not far
from SPERT, was initiated by about the same reactivity insertion
(in the SL-1 case, 2.4% 2 ;wzak/k)g/ This resulted in an energy
release several times greater than that which destroyed SPERT I,
sufficient, in fact, to not merely melt the fuel but vaporize
parts of it. The resulting steam explosion was so intense that
the whole nine-ton reactor vessel was Jifted nine feet in the
air. One of the workers was impaled on the ceiling by a control
rod; because of the intense radiation field, it took six days

to remove the body by use of a remotely operated crane and
closed-circuit television. Staying in the building for mere
seconds resulted in a year's allowable dose of radiation for

the rescue workers.

15. Even were it true that plate-type fuel elements survived
step insertions of $3.54 at SPERT--which they most certainly did
not, as is clearly demonstrated in the attached photos of melted
plates from the $3.50 excursion--that would by itself say nothing about
whether plate-type fuel would survive the same insertion in

the UCLA Argonaut, a different reactor design with significantly
different operating characteristics. There is no magical
relationship, as the UCLA statement cited in 12 above implies,
between reactivity insertion and fuel plate response, independent
of the reactor in which the excursion is occurring. A reactivity
insertion of $£3.50 will melt one core, while leaving another
virtually untouched, depending upon a whole litany of varying
characteristics--plate thickness, coolant channel width, void
coefficient, moderator temperature coefficients, the presence

of a non-expellable moderator such as graphite, the metal-water

6/ £3.54 would be the equivalent of between approximately 2.3%
and 2.7%a8 k/k, depending upon the value used for the delayed neutron

fraction.

7/ The SL-1 was a low-power experimental and training reactor
utilizing highly enriched aluminum-uranium flat plate fuel,
cooled and moderated by water, similar to BORAX and SPERT.
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ratio in the core, plate surface area, degree of burnup and
corrosion, prompt neutron lifetime, fuel enrichment and uranium
weight %, starting moderator temperature, and many other factors.

16. Even had SPERT not been destroyed by a $3.50 insertion,

the UCLA statement quoted above could not be true, because

it implies that SPERT and EORAX tests proved that plate fuel

could not be damaged by reactivity insertions of $3.54, no matter
in what reactor and under what conditions it was placed. And

if we found anything through the SPERT tests, it was that seemingly
minor variations, even within the same reactor (e.g., degree

of subcooling), could significantly affect the total energy

release and thus, whether fuel me.ting occurred. Differences
between different reactor types were even more pronounced,
affecting the very nature of the shutdown mechanism that terminates,
and thus limits, the excursion itself. The SPERT and EORAX

tests could not, by any stretch of the imagination, "show" that

a certain general kind of reactor fuel (e.g., flat plate) could
survive a $3.50 insertion in any imaginable reactor.

17. The important question, then, is not what reactivity
insertion destroyed SPERT or BORAX or SL-1l, or even what
ingsertion could be expected to be the minimum necessary to
induce melting in those reactors, but rather, what level is a
safe level for the UCLA Argonaut, with sufficient margins of
safety consonant with student operation in a densely populated
location. After all, SPERT, BORAX, and SL-1 were all destroyed
in the Idaho desert far from any populated center. And the

UCLA Argonaut-type reactor is a substantially different reactor
than the three Idaho reactors mentioned above.

18. The differences are significant. Plate and meat thicknesses
are different, as are coolant channel widths. We used essentially
fission-product free cores, with fresh cladding--UCLA's fuel has been
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irradiated for two decades, can be irradiated for another two
decades if relicensed, and has been sitting in water, corroding

the cladding, for many years. Each of those factors might

affect the heat transfer time to the water, potentially elongating
the transient and increasing the energy release, factors not
analyzed in the eristing reports. Furthermore, SPERT and BORAX were
entirely water-moderated and -reflected, as was SL-1. UCLA's reactor
is moderated by both water and graphite, and reflected by graphite.
This lengthens the neutron lifetime, producing a longer period

for any given reactivity insertion, but it also significantly
reduces the value of the shutdown feature caused by expulsion

of the water portion of the moderator. 1In th. UCLA case, part

of the moderator and reflector, i.e. the graphite, cannot be
expelled from the core during the normal course of an excursion,
thus reducing the effectiveness of moderator voids in limiting

the peak power reached. Furthermore, the reported void coefficient
iz smaller for UCLA than SPERT or BORAX, as is the temperature
coefficient for the water portion of the moderator. The positive
coefficient for the graphite further weakens the size of the
shutdown mechanism for UCLA, and the positive reactivity effzcts
noted when water level initially drops in the core and when fuel
plate spacing is increased, as by oscillation, are other important
differences. UCLA's fuel meat composition is in the eutectic
range, thus meltineg at a significantly lower temperature than

would the BORAX or SF:RT fuel meat. There are a number of other
differences as well.

19. These differences can be very significant in determinine

the energy release from any particular excursion and whether

fuel melting will result. Even different reactors of the same
general type produced widely different energy releases for the

came period, as is shown in the attached plot of energy versus
reactor period, taken from Thompson and Beckerly's Technology

of Nuclear Reactor Safety, inculded in the Intervenor's Supplemental

Contentions at p. V-23. As is shown there, EORAX produc=d
substantially more energv than SPERT, and SL-1 more than either,
given the same initial reactor period. 3eemingly minutec differences

in metal-water ratios, temperature and void coefficients, etc.

had marked effects on total energy released.
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irradiated for two decades, can be irradiated for another two
decades if relicensed, and has been sitting in water, corroding
the cladding, for many years. Each of those factors may
substantially affect the heat transfer time to the water,
substantially elongating the transieni. and increasing the energy
release. Furthermore, SPERT and BEORAX were entirely water-
moderated and -reflected, as was SL-1. UCLA's reactor is
moderated by both water and graphite, and reflected by graphite.
This lengthens the neutron lifetime, producing a longer period
for any given reactivity insertion, but it also significantly
reduces the value of the shutdown feature caused by expulsion
of the water portion of the moderator. 1In the UCLA case, part
of the moderator and reflector, i.e. the graphite, cannot be
expelled from the core during the normal course of an excursion,
thus reducing the effectiveness of moderator voids in limiting
the peak power reached. Furthermore, the reported void coefficient is
smaller for UCLA than SPERT or BORAX, as is the temperature
coefficient for the water portion of the moderator. The positive
coefficient for the graphite further weakens the size of the
shutdown mechanism for UCLA, and the positive reactivity effects
noted when water level initially drops in the core and when fuel
plate spacing ‘s increased, as by oscillation, are other impor-tant
differences. UCLA's fuel meat composition is in the eutectic
range, thus melting at a significantly lower temperature than
would the BORAX or SPERT fuel meat. There are a number of other

differences as well.

19. These differences can be very significant in determining

the energy release from any particular excursion and whether

fuel melting will result. Even different reactors of the same
general type produced widely different energy releases for the

same period, as is shown in the attached plot of energy versus
reactor period, taken from Thompson and Beckerly's Technology

of Nuclear Reactor Safcty, included in the Intervenor's Supplemental
Contentions at p. V-23. As is shown there, EORAX produced
substantially more energy than SPERT, and SL-1 more than either,
given the same initial reactor period. Seemingly minute differences

in metal-water ratios, temperature and void coefficients, etc.
had marked effects on total power released.
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20. This is understandable when one realizes that the process
of a power excursion is essentially exponential. The nature
of the exponential rise is that very minor decreases in exponential
period (the "e-folding time") or increases in total time of

the excursion (by delay in the shutdown mechanism) can cause
the power to increase by large amourts. Thus a delay of a

few milliseconds in the transfer of heat from the fuel meat to
the clad and then to the coolant (caused, for example, by
thicker fuel plate or lowered thermal conductivity because of
corrosion or irradiation) can mean the difference between an
excursion terminated safely and one resulting in melted fuel
and substantial fission product release. Thus, minor errors

in calculation or extrapolation can have potentially disastrous
results.

21l. In the absence of actual SPERT-type excursion tests with an
Argonaut-type reacter, it is understandable perhaps that hazards
analysts would attempt to extrapolate from the excursion tests

that have been performed, albeit on reactors of different type.

Thus UCLA's own 1960 Hazards Analysis, the Hawley et al review,

and the Neogy memorandum all rely on the power excursion tests
performed at the National Reactor Testing Station in Idaho.

UCLA relies largely on the BORAX tests in its orginal analysis;
Hawley et al on the SPERT ID series of tests; and Neogy on the

SPERT IA series. (Surprisingly, none even touch on the SL-1 accident.)
All are based on the fundamental assumption that one can extrapolate
with extremely high precision from the SPERT or BORAX tests to

the UCLA Argonaut.

22. Based on extensive involvement with the SPERT tests, I
take substantial issue with such an assumption. First of all,
we never intended the SPERT tests to be used in such a fashion,
We were attempting to understand the mechanisms of shutdown in
power excursions, not to produce an absolute number that could
be plugged into reactor analyses for significantly different
kinds of reactors. In particular, we never intended that a
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hazards analyst would simply look at the exponential period
at which some melting was expected to begin at SPERT and say
that therefore substantially different reactors could safely
handle precisely the same period. The SPERT tests simply do
not permit such extrapolation to different reactors without
an extremely detailed accounting for differences between the
reactors, which is very difficult to do, and very significant
error bars to take into account the significant uncertainties
in such extrapulation.

23. If the SPERT core was destroyed with a 3$3.50 insertion,
we would have been quite concerned to learn of a reactor operator
using that fact as basis for a $3.40, or $3.00 limitation for
another reactor, particularly of a different type and in an
urban environment. We never intended our SPERT tests to be so
used--the uncertainties are just too large. To say, as the
Hawley et al review essentially does, that the SPERT I-D core
indicating melting beginning around a 7 msec period meant that
the UCLA Argonaut could tolerate a 7.2 msec period excursion
without any melting or release of fission products goes far
beyond the purpose of the SPERT tests and the statistical
significance of our data.

2k, The primary value of the SPERT tests was a significant
advance in the qualitative understanding of reactor behavior
during power excursions and, in particular, the various
components of shutdown mechanisms in differing cores--radiolytic
gas production, water-moderator expulsion, fuel plate expansion,
Doppler effect, density changes, "warm neutron" :ffects, and

the final shutdown mechanism, rapid disassembly of the reactor core.

25. With the above comments about the difficulties inherent
in such extrapolations, I will now discuss the three attempts
that have been made to extrapolate the EORAX and SPERT data to
the UCLA case.
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The 1960 Hazards Analysis (1980 SAR)

26, The UCLA Argonaut-type reactor was designed for a maximum
power of 10 kw,, and maximum excess reactivity of about .6 Zak/k.
As indicated above, these limitations were considered prudent

in light of student operators, lack of containment and dense
population immediately next to the facility. The Analysis
supporting the proposed license argued in particular that the

.6% reactivity limitation was prudent because it was below

that necessary for prompt criticality, above which level engineered
safety features such as scram systems tend to be too slow to
compensate for the rapid power growth. To demonstrate that

not only was .6% safe, but that a sufficient safety margin
existed for a training reactor, the Hazards Analysis attempted
to estimate, quite roughly, the level at which melting could

be expected. This was done to show the magnitude of the safety
margin and to provide further support for the .6% limitation.

27. To make this showing, the Hazards Analysis relied on

BORAX data. Obtaining a proportionality from those tests

for temperature rise per Mw-sec of energy releace, the analyst
determined that it would take approximately 41 Mw-seconds of
energy release to raise the temperature of the fuel plate from
the temperature of boiling water *o the melting point of
aluminum (not of the fuel meat, which melts at a 3f°F lower
temperature). Using a chart obtained from the BORAX tests,

it was estimated that an excursion of _eciprocal period 150 sec™!
would give an energy release of 41 Mw-seconds plus the energy
necessary to raise the plate temperature to the boilire point

of water; i.e., a reciprocal period of 150 sec'l would prcduce
enough energy to raise the plate temperature to the melting point

of aluminum, at the center of the hottest plate.

28. The Analysis then attempted to correct for the different
void coefficients, coolant channel width, figure of merit for
fuel performance, and peak to average power ratio, concluding
that the limiting excursion for UCLA is 9.1 milliseconds.
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Correcting for the different prompt neutron lifetimes,

it was stated that that period corresponds to an insertion

of 2.3%Ak/k. (It is interesting to note that the Hazards
Analysis estimated that the UCLA reactor could tolerate a
considerably smaller power excursion in terms of energy release
than could BORAX, because of the different characteristics

of the reactor -- 41 Mw-sec, pluc the energy to bring the water
to saturation, as the limit for BORAX, and 28 Mw-sec for UCLA.
Conversely, BORAX was stated to reach its limit with a 6.7 msec
period, UCLA with a 9.1. This shows the problems with assuming
that if SPERT, for example, could tolerate a 7 msec period,

so too would UCLA.)

29. There is some confusing language in the text of the Analysis
which I trace to the fact that it was apparently copied, virtually
verbatim, from the University of Florida Hazards Analysis of a

few years earlier. (sections attached). The calculations make
perfectly clear that. if the Analysis is correct, a 2.3% reactivity
insertion will bring the hottest part of the fuel meat to the
melting point of aluminum. Yet the analyst states that the
reactor will tolerate a power excursion of at least that magnitude
without melting occurring at the hottest part of the fuel.

While this could simply be viewed as asserting that a certain
point is the end of the safe zone instead of saying it is the
beginning of the danger zone, another interpretation ics made

clear by reviewing the U of F Hazards Analysis from which UCLA's
is copied, essentially word for word, including the language in

question.

30. UCLA, in its Hazards Analysis, acknowledges the Hazards

Report of the University of Florida, asserte that the reactors

are similar, with the "only significant difference between

the two reactors" being the fuel enrichment--20% for U of F,

90% for UCLA. A comparison of the analyses showes a related
difference--the U of F reactor's fuel was 46 w/o U-Al, whereas
UCLA's is right at the eutectic point, 13.4. (See page 1 of

U of F and UCLA's "Estimation of Effects of Assumed Large Reactivity
Additions.") U of F's fuel meat (where the hot spot would be
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located) melts considerably above the melting point of aluminum,
unlike UCLA's, which melts below the critical temperature for
aluminum. Thus, the original Hazards Analysis for U of F was
correct in asserting that its limiting period and excess reactivity
would not cause melting (because it would be sufficient merely

to raise the center of the plate to the melting point of aluminum,
whereas the center melts at a considerably higher temperature.)8
UCLA, when it copied the U of F analysis, failed to correct

for the different composition of the fuel, thus keeping in
language contradicted by the caliculations. At UCLA, the same peak
temperature predicted by the U of F analysis as not causing
melting would cause such melting.

31. As the original Hazards Analysis calculations make clear,

2.3%0 k/k would be sufficient to cause fuel melting at UCLA,

if the assumptions employed are correct. I have made clear

above my objection to such extrapolations from one reactor type

to another in the absence of empirical evidence from tests

like we conducted at SFERT or very significant error bars at each
point in the calculation. As I read the Hazards Analysis, this

was recognized by its author, who recognized the approximations

he was making required substantial margins for error. These

margins were provided by the fac*t that the analyst was not

trying to show that 2.3%, or 2.2%, or some similar number was

sate, but rather that .6% was prudent and had a sufficient margin
of safety for a training reactor. He did this by estimating,
through some rather crude extrapolations, that danger might be

found in the 2.3% rarge, and therefore limited the facility to

.6% 30 there would be a margin of safety for errors in calculation
or operational errors that might slightly exceed the license limits.
As 1 read that analysis, it shows melting at 2.3%aA k/k, and supports
a .6% limitation. It cannot be used, in my view, to justify

a limit at or close to 2.3%.

8/ Peak temperature will occur in the fuel meat, where the energy

1s generated. If the meat melts above the melting point of aluminum,
the meat won't melt; and the aluminum, which is not where the peak
temperature is generated, will not get hot enough ( just barelyg to melt.
This would not be the situation at UCLA, where the meat melts

at a lower temperature than the clad.
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32. The Intervenor in its Supplemental Contentions points to

a number of aspects of the original Hazards Analysis with which
it takes issue. For example, the Hazards Analysis uses a void
coefficientg/ for UCLA of -.18% k/% coolant void, whereas the
current application cites a value of -.164% (p. III/6-5).

If UCLA's reactor has a smaller void coefficient than initially
thought, its capacity to tolerate certain excess reactivity
insertions is substantially reduced, and fuel melting could thus
occur at substantially less than a 2.3% 4 k/k reactivity insertion.
Uncertaintics in the precise void coefficient (which can vary

by region of the core and other variables) adds substantial
reason for added margins of safety.

33. In addition, as has been pointed out above, the Hazards
Analysis calculations appear to neglect eutectic melting.

The calculations were based on the melting point of aluminum,
whercas the UCLA fuel meat is in the eutectic range and melts

at 20°C lower temperature than aluminum. (Hawley, p. 18).

Thus, a smaller excursion than estimated in the Hazards Analysis
would bring the fuel to melting. Using the figure of Qu.boF/Mw-sec
supplied in the Hazards Analysis, about 1 Mw-sec less energy

would be required than previously estimated, producing a commensurate
reduction in the amount of excess reactivity necessary to produce
fuel melting.

j4. The Intervenor also points out that the Harzards Analysis

used a non-conservative delayed neutron fraction (P ) of .0074,
whereas the Application now cites a figure of .0065. A is important
in the conversion from period to excess reactivity through the
"inhour equation." Use of the form of the inhour equation cited

in the Hawley review (p. 16)shows that use of the smaller A

9/ A void coefficient is a measure of the effectiveness of the
primary inherent safety mechanism in light-water-moderated, highly
enriched flat-plate reactors--production of voids in the moderator.
In a power excursion, the power rice causes the temperature to
rise, which eventually can cause the nearby water to boil. The
dengity reduction reduces the amount of moderation and incr:ases
the neutron leakage, slowing the nuclear reaction and eventually

stopping the excursion. The larger the negative coefficient,
the more reactivity can be compensated by the voids.
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results in a shorter exponential period for the same reactivity
insertion, and thus more energy release and higher fuel temperature.lg/
Conversely, use of the smallerd means a smaller reactivity insertion
will produce the same result (i.e. fuel melting) than estimated

in the Hazards Analysis employing the larger figure.

35. If the Hazards Analysis concludes that a 2.3%A k/k insertion
will bring the hottest parts of the fuel to the melting point of
aluminum--and it clearly does--then use of the smaller figures
for void coefficient and.‘g. as well as consideration of the
eutectic melting point of the meat (below that of aluminum),
would indicate fuel melting occurring with a substantially
smaller reactivity insertion.

36. There are a number of other factors which should further
substantially reduce downward the Hazards Analysis estimate of

the excess reactivity necessary to induce melting--the effect

of cladding corrosion and fuel irradiation (which reduce thermal
conductivity and thus delay shutdown), as well as initial moderator
temperature, to name just a few. Although the Analysis conservatively
assumed the 2.3%4k/k insertion to occur in a subcooled reactor,

the Hawley review at p. 15 rightly points out that excess reactivity
is normally measured at normal operating temperatures of the reactor
and that negative temperature coefficients for the water would

make, for example, 2.3% at operating temperature actually much

more at lower-than-normal temperature. Conversely, if 2.3% is
dangerous on a co.d day, far less than that amount must be installed
if measurement is under warm moderator conditions.

37. Thus, given the basic assumptions employed in the Hazards
Analysis, and the numerical values utilized, the Analysis' calculations
predict fuel melting with insertions in the range of 2.3%. When a few

10/ The version of the inhour equation cited by Hawley is

77
T = .
Lﬂk/k T_I- "?‘; ff) =~ 5 efa
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of the numerical values are changed to reflect more appropriate
values (A, void coefficient, and eutectic melting point),
substantially less than 2.3% A k/k would appear to be sufficient

to induce melting--if the methodological assumptions employed

are correct. If measured warm, even smaller levels are tolorabl-.

8. I have indicated above, however, that I have considerable
reservations about methodology. To use such a method of
extrapolating from one reactor to a different one--to three
significant figures--without error bars, azsumes that there
exists a complete knowledge of all the differeices between the
reactors and how those differences affect behavior. As has been
gshown, a number of differences were not considered, and to assume
that what differences ar: considered can be corrected for using
simple linear relationships is inappropriate for the level of
precision assumed. For example, the Hazards Analysis assumes

a linear relationship between void coefficients and total

energy release, which is unlikely to be correct, given the
exponential nature of energy release in a power excursion.
Substantial errors bars are required, or margins of safety,

which is why the Hazards Analysis was correct in concluding

that excess reactivity at this facility should be limited to
about .6% k/k. The Analysis cannot properly be used to demonstrate
that $3.54, or $£3.00, or any similar value is "safe"; in fact,

if the methodology of the Hazards Analysis were to be accepted,
it must be taken to demonstrate that such levels of excess reactivity
could lead to fuel melting in the UCLA reactor.

The Hawley, Kathren, and Robkin Review

319. The section of the Hawley, et al, report dealing with excess
reactivity issues appears to consist almost exclusively of a
brief literature review and some extrapolations from the SFERT 1
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tests. Whereas the 1960 Hazards Analysis took into account

a number of differences between the UCLA Argonaut and the EORAX
reactor, from which it was extrapolating its data, the Hawley
review does not account for several of the UCLA-SPERT differenccs,
particularly UCLA's smaller void coefficient, which would tend,

if not otherwise compensated, to suggest that an excursion of

the same period in SPERT and the Argonaut would produce greater
energy release at UCLA. The Hawley report's primary consideration
of differences between the two reactors consistes of correcting

for the longer neutron lifetime at UCLA, a factor which is helpful
to UCLA.

40, The Hawley approach was extremely simple--calculate the

period produced by an insertion of available excess reactivity,
estimate the energy release an excursion of similar period would
have produced at SFERT I-D, and then scale temperature linearly

to the peak temperature estimate during the SPERT I-D destruct
test. These approximations are very rough, as can be seen

from the plot of energy release to time of peak power vs.
reciprocal period, taken from p. 1l of the Miller, Sola, and
MeCardell report on the SPERT I Destruct Test, which Hawley

et al used to estimate energy release for a 7.2 millisecond period.

41, And yet, even without taking into account factors such as
void coefficient differences, which would tend to produce higher
temperatures, the analysis estimates peak fuel temperatures only
about 50° below the melting temperature. No error barc whatcoever
are provided for the extrapolation steps nor the final conclusion.
(I note .hat there appears to be a subtraction error in that
Hawley et al assert on page 19 of their report that a hot spot

of 586°C would be 74°C below the melting point of the fuel meat,
which they cite on the previous page as being 640°cC. )

42. I do not consider 50° to be an adequate margin of safety,
mrticularly when so many of the differences between SPERT and

the UCLA Argonaut were not taken into account. Furthermore,
significant effects may appear just below the melting point, such
as volumetric expansion of the fuel resulting in cladding failure,



«]18-
or considerably increased diffusion of fission products
through the hot metal. We noted, for example, at SPERT
that some of the fuel plates were very substantially softened
and warped, even though not truly melted, and that they would
stay in that coftened form for several days thereafter, behaving
something like a wet noodle. This was prior to the final destruct test

43. So even were Hawley et al correct in their estimate of

peak temperatures 50 or so degrees below the melting temperature,
I would still have concerns. However, questionable assumptions
used by Hawley et al suggest far greater temperatures could

be achieved in the UCLA Argonaut than those estimated.

L4, Perhaps the most questionable assumption is that

a 7.2 msec period would produce a 12 Mw-second energy release
in the UCLA Argonaut. Given the linear scaling assumption of
temperature to energy release employed by Hawley (p. 19--
1500°C per 30.7 Mw-seconds, or about 49°C/Mwe), a 13 Mw-second
energy release would cause melting, if Hawley's assumptions
are accepted. That is not much of a margin of safety if his
12 Mw-second estimate is correct.

45, However, it is noted that the 1960 Hazards Analysis
estimates a considerably longer period than the one assumed

by Hawley (9.1 instead of 7.2 msec) will produce an energy
release of 28.4 Mw-sec, plug the energy necessary to raise the
fuel to the boiling point of water. How a longer period is
estimated to produce 2% times the energy assumed in the Hawley
report is not erxplained.

46, Note also that a 7 msec period in the SPERT I-A core is

reported to have released 23 Mw-sec of energy, nearly twice that
acssumed by Hawley based on SPERT I-D data. (Schroeder, 1957).

The plot of period versus energy release (Thompson and Beckerley,
1964), mentioned earlier, likewise shows how the choice of 12 Mw-sec
for a 7.2 msec period is quite non-conservative. GSL-1 extrapolations,
for example, would suggest an energy release five times greater

than that assumed by Hawley. When one recalls that an energy

release of 13 Mw-sec would cauce melting, if Hawley's other
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assamp*tions are correct, then data suggesting releases of

23, 2B+, and even 60 Mw-sec of energy from a 7.2 msec period
excursion indicate an unacceptable probability of a destructive
power excursion, one that could release significant amounts of
fission products.

47, I should add once again, however, that the methodology

of very simplified extrapolation from SPERT or BORAX data to

the UCLA Argonaut case, as done in the Hawley report, seems

to me most inappropriate given the differences in the reactors
and the difficulties in correcting for those differences.

The 5L-1 accident, which took the lives of the only people
nearby at the time, was "non-credible" in Hawley's terms, yet

it happened. It released several times more energy than
Hawley's extrapolatior. from SPERT I-D would predict, even
though it was much more similar to SPERT than is the UCIA Argonaut.
The Hawley extrapolations cannot be relied upon to prevent an
5L=1 type accident at UCLA, one that would occur not in a remote
federal testing station but in the midst of tens of thousands

of people.

The Neogy Memorandum

48. The Memorandum provides very little information on the
methodology employed, primarily reciting the conclusion reached.
The following points can be readily made from what information
igs provided: the choice of a relatively slow ramp insertion

is most unrealistic, the use of clad temperature instead of
peak meat temperature is non-conservative, the utilization of

a computer code designed to model LOCAs and other transients
for BWRs and PWRs for analysis of reactivity accidents in small
research reactors seems of unproven validity, and the use of

an adjusted "lambda" seems little more than a "fudge factor."
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49, Neogy is said to have "qualified" the RETRAN program

for assessing Argonaut research reactor power excursions, a
purpose apparently not intended in the original program, by
comparing the predicted power trace with an actual measured
power trace from a single SPERT I-A excursion. The two did

not match, so a fudge factor "lambda" was added, to adjust

the predicted estimates to the actual data. The comparis-n

of predicted versus actual dati from SPERT was apparently

only done for the one 15.8 msec SPERT transient, where adjustment
with "lambda" was found to be necegsary. No checking of

the program, once modified by "lambda," against other SPERT I-A
transients is reported, let alone againest SPERT I-D, EORAX I,
or SL-1 transients is indicated.

50. Certain non-conservative assumptions appear to have been
ueged in addition. The values for UCLA's void coefficient,
prompt neutron lif:time and delayed neutron fraction are all
larger than valuees reported els=wherc. 1In addition, the
ascsumption of a relatively slow ramp insertion is unreasonable.
A person manually pulling a control rod, as in the SL-1 case,

or withdrawing a neutron-absorbing sample from an irradiation
port, could insert reactivity very much faster than the ramp
rate agssumcd in the Neogy memorandum. The assumption, then,
that the $3.00 insertion would produce an excursion of relatively
long prriod (1¢.8 msec) is inappropriate, and the energy relcase
and temperature estimates that follow therefrom are thus
substantially too low.

1. Again one must emphasize that extrapolations from SPFRT

to the UCLA Argonaut are fraught with peril. But if one is

to make such extrapolations, they should be done with a :~ignificant
clement of cons:<rvatism. The analyses done to dates have

lacked sufficient conservatism and have made a number of other
errors. Rather than indicating that the UCLA facility is inherently
safe with its present or proposed excess reactivity loading,

each suggests, upon careful readine, the opposite.
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52. There are really only two ways to find out for sure
whether fuel melting can occur with the acsumed exzcess
rcactivity insertions. One ic to do a SPERT-type series of
excursion tests at a remote location with an Argonaut core
very similar to UCLA's. The other way is for an accidental
power excursion to occur at UCLA itself. To relicense the
UCLA Argonaut as is would be to risk the latter form of
uncontrolled research.

Related Observations

1. There are numerous credible mechanisms for

initiating a power excursion accidentally at the UCLA reactor.
For example, it is my understanding that the facility has had
repeated problems with control blades becoming stuck, and that
the method of trying to free them is to try to torque them free
with a hand wrench applied to the drive mechanism, which is,

as I understand it, located outside the reactor shield.

While normal ine-»*ion rate of reactivity with the control blades
is limited by the motor, that would not be the case were the
blades te be manipulated manually, as in an effort to free them
or otherwise to do maintenance on them. (It should be noted
that the SL-1 accident occurred during such maintenance to the
control rod drive mechanism and that a history of ctickine
control rods, necessitating torquing with a hand wrench, had
preceeded the accident.)

4. Another such mechanism for rapid insertion of reactivity

is for a large negative worth sample to be irradiated (either

in an irradiation port or through the pneumatic tube "rabbit"
system) and for the sample to be removed without the reactor
operator remembering to first reinsert the control rods. Hav ng
to rely upon the reactor operator to follow correct procedure,
particularly with student operators, is precisely the opposite
of the basic premise of an educational reactor--inh:rent cafcty

such that the worst mistake possibl: cannot cause injury.



«d%a

55. Just as removal of a large negative sample from the core
region, without a compensating prior insertion of control blades,
can result in the equivalent of a large positive reactivity
insertion, initiating a power excursion, so too can insertion

of fissionable material directly into the core. I understand

that UCLA at one point requested 250 grams of U-235 for irradiation
in the reactor's thermal column. If the material were instead
placed in an irradiation port, a very sizeable positive insertion
would result. That such material could be inserted in an irradiation
port instead of the thermal column--as a prank, by mistake,

in an act of sabotage, or as a modification of an experiment--
could certainly occur, particularly if there had been a history

of weak administrative controls at the facility.

56. Furthermore, the fact that Technical Specifications may
contain a limitation of $3.54, or £3.00, on excess r=activity
does not mean that that limit will not be overshot from time

to time, given errors in measurement or violations of Tech Specs.
A history of measurement errors or Tech Spec violations at such
a facility would substantially increase the probability of
excess reactivity limitations being violated.

57, Other mechanisms of insertion involve water level variations.
Should the water level in the core drop for one reason »r another,
and the reactor be kept critical by further withdrawal of control
blades, a sudden rush of water into the core would result in

the equivalent of a substantial positive reactivity insertion.
This could occur during experiments which vary core water level,
or through partial failure of the dump valve due to loss of full
air pressure which holds it in place. The latter would cause
come water level drop, which could rapidly be reversed were a
surge of airpressure to fully close again the dump valve.
Violations of excess reactivity recstrictions during core water
level experiments, or protlems with air pressure to the dump valve,
could thus have serious safety implications.
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8. Some event which induces some coolant boiling could alszo
result in positive reactivity insertion. If coolant channels

were partially restricted, or coolant flow or heat removal

slowed, or power slightly overshot, localized boiling might

ocecur, reducing moderator density and requiring further withdrawal
of control blades to keep the reactor critical. A sudden
fluctuation altering the amount of boiling could result in an
insertion of positive reactivity because of the negative void

coefficient.

59. I understand ' _, that as a result of vibration tests

on the reactor, it was determined that rcactivity oscillations

wer detect.d, traced to the fact that the reactor is substantially
undermoderated with its present plate spacing. If true, this
information would be significant because core distortions, for

eyampl , those crcated in an arthquake or an otherwise non-destructive

power e.cur=ion involving rapid steam formation and water expulsion,
could potentially have the equivalent of increasing plate spacing
and thus amount to positive reactivity insertion. Furthermore,

an undermoderatcd core presents the possibility of power excursion
through increased moderation being introduced. The Hawley

review indicated that up to 18.5% Bk/k e.tra reactivity could
result from catastrophic mechanical rearrangement or flooding

of the core (p. 27)., but concluded that such perfect rearrangement
or complete flooding was not credible. However, with 18.5%
available, far less than perfect rearrangem-nt or complete flooding
is necessary for a disastrous power excursion, which all the
analyses would appear to accept as occurring at least with a 3%
ingsertion, if not considerably less. Thus, flooding from broken
pipes, the shield tank, or the failure of a nearby upstream
reservoir could result in a substantial positive insertion,

as could the use of water to fight a reactor fire.
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0. There are numerous other possibilities as well. One

entailes a power excursion not sufficient to cause melting by
iteelf but which does involve expulsion of the water moderator.
Ne noted with the SPERT reactors that such expulsion would on
occasion lead to repeated criticality as the expelled water
condensed and dropped back into the core. An excursion limited
by moderator =xpulsion, as at SPERT or BORAX, can =end a plume

of water and steam high in the air. When that water returns,

it does so at a significant velocity, which amounts to a very
rapi1 insertion of substantial excess reactivity. e called

such behavior "chugging," and found on several occasions incidents
in which the initial reactivity insertion was not sufficient to
cause damage, but the repeated excursions caused by rep-ated
reintroduction of the moderator after expulsion caused increasingly
larger excurcsions which, had the event not been terminated

by us through scramming the reactor, might have essentially

torn the reactor apart. (A history of sticking control blades
which could make final termination of such a series of excursions
impossible woulid thus have safety significance. Similarly,

if the UCLA Argonaut doee not have the deflector plates described
in the original Hazards Analysis as designed to prevent such
repeated excursions by preventing expelled water from returning
to the core, then an important safety feature is lacking.)

61. A fire in this reactor raises serious reactivity questions
as well. If water, or some other modcrating substance, werc

ugcd to suppress the fire, a power excursion might recsult.

If the control blades melted out of position, the equivalent

of a large positive reactivity insertion might ensue.
Furth-rmore, the positive temperature coefficient of the graphite
means that as the temperature rose in the graphite, reactivity
eould increase as well. All of these factors would necessitate

very careful plans for fire response, andcould make a fire at
the reactor quit. =serious.
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62. The positive temperature coefficient for the graphite is
troubling for other reasons as well. A research reactor usad
by students needs to be innhcrently safe. Inherent safety
necessitates large negative temperature and void co:=fficients.
Any positive coefficients (which are thereby autocatalytic)
are to be strongly avoided. This is ¢specially true when the
value attributed to the positive temperature cozfficient

for the graphite (+.006%4 k/k/°F) is lareger than the negativ
temperature coefficient cited for the water (-.00487 ak/k/°F).

£3. During a power excursion the positive temperature

coefficient of the graphite could provide a feature which makes
the excursion more destructive than would otherwise be the

cacze. A portion of the energy liberated in a power excursion

is given off as prompt neutron and gamma radiation, resultine

in a prompt temperature rise in the graphite and other surrounding
materials bombarded by that radiation. Even a few degree

rise in the graphite temperature would mean th: addition

of positive reactivity at a time when negative reactivity is
needed to limit the power excursion. The addition of even
relatively small amounts of positive reactivity can produce

a slight delay in the shutdown mechanism taking hold; because

of the exponential natur: of the excursion, even a millisecond
additional delay can be significant. Given the extremely small
margins of safety, e.g. Hawley's 500. even assuming all the
assumptions made are correct and the absence of other uncertainties,
a slight addition of positive reactivity during the excursion

can cause a small margin of safety to become far =smaller,
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64, Hawley (p. 15) has pointed out that excese reactivity
in Argonaut-type reactors is usually meacsur<d under normal
operating conditions and that the negative temperature
coefficient of the water thus makes it possible that a
reactor with a meacured level of excess reactivity of, -~ay.
$3.00, will at times of cold coolant have considerably more
than $3.00 of excess reactivity available. The same is true
in reverse for the positive coefficient for the graphite,

65. Graphite temperatures rise significantly after an

extended run of several hours in the Argonaut. Plots of
reactivity versus time and temperature, included as Exhibit

A in UCLA'e November 9, 1981, interrogatory answers to CBG,
indicate a rise of approximately 100°F in ” hours, to a temperature
sienificantly above the temperature of the water coolant,
apparently because the water's heat is continually extracted

by the reactor's heat removal system for the coolant and because
much of the graphite temperature rise is due to the cumulative
effect of heating by radiation from the fuel. Coolant temperature
levels off rapidly after start-up and then remaine constant;
praphite temperature is shown to steadily and continually rice.

66. Thus, if ercess reactivity of, say, $3.00, was measured

near the beginning of a run, or during a short run, when the

water was warm but the graphite temprrature risec not yet anywhere
near its marimum level after a long run, that £3.00 could actually
be the squivalent of substantially more at the end of =such a long
run, where the csolant temperature would be the same as as at

the time of the measurement but the graphite, with its positive
coefficient for tempe rature, substantially warmer.

67. The poritive temperature coefficient has been reported

as approximately + .006$A.k/k/°F (A C inspection report 50-147/
68-1, p. 6). A temperature rise of 100°F in the eraphite,ac
normally observed after a two hour run, could thus mean an increase
in reactivity of .6% Ak/k, or nearly a dollar. A rractor, thus,
that was thought to be limited to £3.00 could thus at timec

have available $4.00 becaus: of the poritive t mp-ratur- co-fficicnt.
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Convergely, a keep to a licensed limit of $3.00, it would
thus be neccssary to have a measurcd ma. imum of around 3°.00,
if these figures are correct.

£#. There can, furthermore, be occacions when the positive
graphite coefficient and negative water coefficient intecract

in such a fashion ae to produce a gr-ater reactivity addition
than can either coefficient acting alone. Lecause heat is
cxtracted so much faster from the water coolant than from

the graphite moderator/reflector, tempsrature c2n drop more
<lowly in the graphite than the water after shutdown, particularly
{f the reactor coolant system remaine functioning aft r the
control blades are reincerted. Thus, after an hour chutdown

or =0, the reactor might have water cubstantially cooler and
graphite still substantially hotter than the conditions at

which the £3.00 limiting value of excess reactivity was measured.
One could then have far more than $3.00 available because

of the hotter-than-normal graphite, and additional reactivity

on top of that because of the cooler-than-normal water.

This, in fact, may be tne normal reactivity situation of the
reactor a few hours after shutdown from a few-hour run.

These reactivity coefficients then would necessitate limiting
the measured value of reactivity to less than $2.00 in order

to ensure that no more than $3.00 is ever available. I have
indicated elcewhere that I think £3.00 itself ic dang=srously
excesgsive,

60. The UCLA Argonaut, with the levels of reactivity being
requested, is not inherently safe. Becaure of the large amount
of exc:ose reactivity, its safety is dependent upon the proper
functioning of engineered sai-.y features, strict adherence

to proper procedures, absence of operator errors, thorough

and careful calibration and maintenance of the equipment,
adequate funds and attention devotecd to keeping the facility

in rood condition, strong managerial and administrativ controls,
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atrict adherence to regulations and technical specifications,
and perhape most .mportantly, a healthy respect for the danger
to tihe public that could result from an accident. A belief

that no operator error. equipment failur=, or other event could
possibLy ecause an accident such as a des ructive power escursion
would greatly .iwrease the probability o. such an accident
happening. So would failures of the Radiation Use Committee

to adequately review proposed experiments or new procedures.

So would a pattern of violation of regulations and technical
specifications, as would a pattern of operational unreliability
evidenced by repeated unintended scrams caused by equipment
malfunctions or operational errors, or, more worrisome, causes
that could not be determined. Failure to calibrate adequately
devices which activate scram systems, malfunction of such devices,
stuck recording pencs that lead to reactivity increases--these
would all have safety significance.

70. Permitting unlicensed operators like high school or junior
high school visitors to operate the reactor controls would
likewice increase the ricks. SPERT III, for example, suffer<d

a scrious accidental power excursion when an unlicenesed operator
was permitted to bring the reactor to critical. A licensed
opcrator was present in the room, but th unlicens=sd operator
was at the controls and., in violation of our rules at the time,
a scnior operator was not also present.

71. Use of a low-enriched fuel would add some safety margin
to the facility, because of the incrsased Doppler effect.

At SPrST we found a low-enriched, uranium oxide core able to
withetand larger reactivity incsertions than the high °nriched

uranium-aluminum plates=.

72. Samples of large reactivity worth, negative or positive,
could be incerted in the reac.or, cither through the pneumatic
tube system or into irradiation ports. There are a number of

substances, such as cadmium, that are highly absorbing and would

represent significant negative reactivity worth. Fissionable
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materiale and perhaps some good moderating materials could

have subcstantial positive worth., Rapid removal of the negative
materials or rapid insertion of the positive materials would
have the same effect--a potentially large reactivity incertion.
If large samples such as these are not anticipated to be used,
then there is no reason not to bring the e.cess reactivity level
back down to less than .6%Q k/k, where it used to be,

because there would never be large camples to irradiate for
which substantial erxcess reactivity was necessary to compensate
for the neutron absorption.

73. Steam e.plosion and metal-water reaction are possible

if a power excursion of the magnitude that appear- possible

at UCLA were to occur. OCPERT, BORAX, and SL-1 all had such
reactions explosively occur. As indicated above, the onset

of such reactiones and the initiating conditions are not fully
underctood. 1 am not certain, for example,that such reactions
could not cccur even if maximum temperatures attained in the fuel
were clightly below the melting temperature. An incident that
approached but did not quite reach the meltineg temperature could
atill release fission products through claddineg failure, ete.

74, Furthermore, were substantial Wigner energy stored in

the graphite, an excursion not produci=ng enough energy to

melt the fuel alone may still have cnough to trigger the
digner releaze, which could add enough energy to bring the
fuel to melting or ignition of either the graphite or fuel.
Furthermore, the means of shutdown, rapid expulsion of water,
generatecs substantial pressure pulses capable of subctantial
alterations to the core configuration. This could increase
pathways for airflow to feed the fire. If the s.cursion werec
very severe, chield blocks weighing several tons could be thrown
in the air; ac mentioned above, the SL-1 reactor vessel itself
was lifted nine feet in the air during the excursion.
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CONCLUSION

75. Based upon the reviews that have been done to date of
the potential for power excursions capable of causing fission
product in an Argonaut reactor with a 3$3.00 or $3.54 licensed
limit on inetalled excess reactivity, such an accident is
credible at the UCLA facility.

76. The fission product release from such an accident could

be substantial. The consequences would be considerably ereater
than those arising from damazine one of the reactor's 24 fuel
bundles during a fuel handling accident. A considerably larger
fraction of the core inventory can be released in an accident
at this facility than the .2% of the gaseous fission products
assumed in the Hawley study (2.7% of the gaseous products in a
=ingle bundle containing 7% of the core inventory) at p. 48,

An accident involving dropping a single fu-l bundle is not

the mavimum cr-dible accident at the UCLA reactor.

77. Ytoor managerial controls, violations of regulations and
technical specifications, inadequate maint _nance, aging =quipment,
operation by unlicensed operators, %perational unreliability,
and an attitud= that no accident is possibl: could all substantially
increase the probability and magnitude of a potentially destructive
power cycursion.

78. The UCLA reactor is not inherently safe, with the levels

of <xcese reactivity being requested. And even were the licensz=d
level substantially reduc:d, mechaniems for insertion of larger-than-
licensed amounts would still remain (violation of the license,
mistaken incertion of a large positive cample, core flooding, etc.).
Ite lack of inherent safety makee it egcential that the cstrictest
obedience to regulations and proc-dur-s be observed, adequate
managerial controls enforced, and excellent maintenance and
calibration be conducted. Because it ic used for student
instruction, these controls cannot be counted on, which is why
inherent safety or added engineered cafeguards are necessary in

training reactors.



79. Copying of Hazards Analysecs, which turned out to be
copied from other analyses for other reactors, is a poor approach
which can reproduce and magnify errors.

80. The lack of containment structure, emergency core cooling
system, em=rgency radiocactivity removal systems, shields for
the control blade drive mechanisms located outride the reactor
shi 1ld, HFPA filt.rs, spare control blade motors,

emergency radioactivity holding tanks, and most particularly,
siting characteristics which provide substantial distance
between the reactor and densely populated areas all can
exacerbate the consequences of an accident at the facility
and/or increase the likelihood thereof. Sticking control
blades and the problems discussed above regarding eraphite

add to the potential for trouble.

8l. A destructive power excursion, of the SPCRT/BORAX/SL-1
type, cannot be ruled out at the UCLA Argonaut-type reactor.
Such an accident can credibly occur there, and the consequences
could be severe, given the high population density and lack

of containment.

I declare under penalty of perjury that the for:gning is
true and correct to the best of my knowledge and brlief.

—

iﬂL;% '\ ~ ?:l:%él_,/“

Eoyd yorton?’/

\\( \
Dated this /- day of __ /B~ , l9§?? at Evergreen, Colorado




Professional Jualifications

BOYD NORTON

My name is Eoyd Norton. From 1960 to 1969 I was employed in
reactor safety studies at the National Reactor Testing Station
in Idaho.

During that period I was in charge of operation of both
the SPERT I and SPERT III reactors. The SPERT program
(Special Power Excursion Reactor Test) was designed to investigate
the vulnerability of c:rtain kinds of reactors to accidents
induced by large rractivity inscrtions and to undsrstand better
the b havior of rractors during power excursions.

From 1960 to 1962 I was staff physicist at NRTS, assigned
to SPERT 1.

From 1963 to 1968 I was Group Leader of the Nuclear Test
Section of SPERT. I was in charge of operation of both SP®RT III
and the rebuilt SPERT I.

In 1968 I became Section Chief, E.periment and Analysis
Section, of the Power Buret Facility at NRTS. I was in charege
of the 3afety Analysis Report for the PBF.

Prior to my arrival at NRTS, I received a Bachelor of
Seience degree in physices from Michigan College of Mining and
Technology. 1 worked summers during 1954-59 at M&C Nuclear,
later a subsidiary of Teras Instruments. M&C Nuclear was a
metallurgical laboratory where I did research on fuel elementes
for nuclear submarines.

In 1969 I was offered, as a result of extensive involvement
in conservation work in Idaho, a job with the Wilderness 3Society,
where I remained till 1971. I am now a freelance writer and
photographer, mainly on conssrvation themes but also on nuclear

matters.
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1 siogle slug. The water level [n the tank was
about 2.5 & (76.2¢m)belowthetopof the vessel and
the slug, therefors, had this distance to acquire
kisetic energy. This siug hit the bdottom of the
of the plate area (n thecentrai 15 slements reached
the vaporization !emperature and this caused
more steam production and violent destruction
af this regicn. Abcut 20% of the eatire core shows
meiting proceeding to the clad surfices. Gegeral
Electric estimates that the total nuclear transieat
energy was 133410 Mw-sec and that no more thaa
an additional 13 )Mw-sec of energy best estimate
24 + 10 Mw-sec) was reieased inchemical reactions
hetween 'he moitea or vaporized metal and water.

The formation of the steam void terminated
the asuclear transient, but it also created 1 high

, 0)~ l/ <MCA)"[4

pressure region. The pressure wave [roat which
deveioped 30 doubt spread out i il directions,
striking the vessel side walls zex I3 the core
first and bulging them, then striiag the dottom
head and giving a net downward force on the
vessel, " and {inallv acceleratiagupvards the entire
mass of water above the core, [t ippears liiely
that the water moved upwards more or less as

*Apparently 20 one has locked (ato thls down-
ward forceandogecan only conjecturs asto whether
this dowmward {orce was sufficient to sever the
pipe connections o the tank. I (s dlfficult o
‘udge the resistaace 0 such a shock proviced
hy the vessel supports.
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8.0 QESIGN 3ASIS, ACCIDENTS, AND CONSEQUENCES

Calculations pertinent to 0BA's and Consequences were presentad in
the 1960 “NHazards Analysis" (Reference 1) that attended the
ariginal license application. These are reproduced in the original
form and attached herewith as Attachment A and 3.

Attachment A (titled Appendix 8 fn “Hazards Analysis”) treats with
step changes of reactivity (4k/k < 0.006) and limits the maximum
Ticensed excess reactivity %0 0.006 to avoid prompt criticality.
Amendment 7, approved in 13966, increased the maximum allowable excess
reactivity % 0.022 with the restriction that no single exposure
cavity would contain an excess reactivity of 0.006. The axcess
reactivity limit of 0.023 was justified on the basis of SPERT and
*B0RAX experimental results (see Attachment A). The provisions of
Amendment 7 remain in effect today.

Attachment 3 (titled Appendix C in "Hazards Analysis”) treats with
Radiation Doses Resulting from Release of Fission Products inte
(the) Atmosphers. The release is not caysally related 0 2
specific accident, and from the SPERT and 30RAX experiments, one
can only state that the calculations attempt %0 suggest a scaie
of events that might follow a catastroghe of unknown cause. The
calcylation of fission oreduct inventory is based upen a steady
state equilibrium inventory at 10 .wt, and certain assumpticons
concerning leak rate from the building.

The consequential dose calculations were apparently unreviewed in
the approval of Amencment 3 (1363) that increased the maximum
Ticensed power level 20 100 kwt. They were reviewed 2y the
Oivision of Liccising and Regulation in processing the applicaticn
for Amencment 7 (referred t0 above). [n view of the current
restriction of the UCLA Reactor operating hours %0 5% of the year,
the maximum average Jower is now 3 kwt, 3 factor of two less than
the 10 kwt used in the original calculations.

Secause the basis of the earlier calculations are not axceeded in

the present appnlication, those representations and actions are
herewith incorporated in the Technical Specificaticns.

0";3 .
“aa/ -



APPENDIX I1I

ARGONAUT SAFETY ANALYSIS REPORT (ASAR)

Attachment A

© Estimation of Effects of

Assumed Large Reactivity Additions

from

UCLA TRAINING REACTOR HAZARDS AMALYSIS,
Final Report, R. 0. MacLain

UCLA Department of Engineering

Report #60-18, UCLA-NEL 2

March, 1960 (there titled Appendix 3)
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ESTINATION OF EFFECTS OF ASSUMED LARGE REACTIVITY ADODITIONS

[t has been demonstrated repestedly in the Borax and SPERT reactors that water-
cooled, water-moderated resctors of suitable design may have a very substantial seli-
protection ageinst the effects of resctivity accidents, even in the absence of corrective
action Sy the reactor control system. This self-protection 1s provided by tie negative
stesm-vord coefficient of resctivity and the negative temperature coefficient of resctivity,
both of whach can result 1a important reactivity reductions as the rescior power rises.

The UCTR has been designed wmith a high degree of self-protection of this type. In this
appendix estimaces are made of the behavior of the reactor under various hypothetical con-
ditions of excess resctivity addition with no corrective action Dy the control system.

The charscteristics of the UCTR which determine its behavior Quring power transients
resulting from large resctivity additions are quite similar to, but noc identical wath,
those of the Borax I resctor. [ts behavior can be predicted most réliably By utilizing
the Borax [ daca with sumple correcrion {actors to convert them to the UCTR conditions.

The signiiicant guantitative characteristics of the UCTR and the Horax [ reactor are
compared in _able Hel.

TAsLl C-l

COMPARISON OF UCTR AND 30RAX I CHARACTERISTICS

! |
CHARACTERIST!C 1 UcTR ! J0RAX | ol

1
! ]
L ]
i 1 '
| Fuasl alate *seat” ‘ 13.4 wio U=ai alloy | I8 wio L=Al ailoy
| | 30% enriched : fully=enriched
| { ‘
| | |
| Fuel plate cladding } 11 aluminua ; 1100 aluminua
! 1 \
| |
"Maat® thickress i Q.04 inch ! 3.320 inch
| . |
|
Cladaing thicxness | 9.018 inen J.320 ineh
i
Coolant<channel thicxness | 0.137 ineA 0.117 inch
lare volure (acorox.’! 71 liters | 108 iiters
Yaid coefficient of -J, 8% /% coaiant «3.29% /% csolant
| reactivity (caiculated) | void | veia
Temperature coefficient of «0,009% «/°% (estimatea) «2.31% «/°¢
reactivity (room temgerasture)
- - 22 -
fffective Jromgct-neutron 4 2 |0 sec G.58% 1 Iy sec
‘et 2e (calculates
Power ratic n 23re, .83 "

B4y muR avarage




Ia sddition to the muantitative differences, the UCTR differs from Borax I in that
the saxisum coolant water level 13 only & {ew inches above the uper ends of the fuel plates
(instesd of about 4 {t) and the coolant water, once it has been ejected forcibly {rom the
core by a power excursion, camnot fall or flow back into the core.

Effect of 0.5% Excess leactivity

An excess resctivity of 0.6% ko¢r will be available in the reactor if its temperacure
13 abnormaily low (nesrly {reszing).

The aadition of ail this excess resctivity will cause the resctor to operate st a
power such that the resctivity losses associated with the temperature incresse and the voids
formed w1ll equal the initial excess resctivity.

If the resctivicy is added siowly, after the resctor is critical, the power will aoproach
such o equilibrium level slowly as che reactivity is added. [f the reactivity is added
suddenly, when the resctor is initially suberitical or ac very low powar, the power wil!l
ar first mise sxponentially wizh a period not shorter than 0.3 sec which is the asymptocic
period corresconding to the full excess resctivicy of ).&% kory. Many experimencs mch the
Sorax resctors have demonstrated that for periods of this order of magnicude, the transition
{rom the exponential power rise to the eguilibrium power level (in which excess resczivity
is balanced Dy temoerature and stemm void coefficients) is a mmooth one iavaiving lictle
9: no power overshoot. On the basis of this experience, it can be said that the magnitude
of the power excursion enich results from the 0.5% reactivity addicion w1l noc depend
grestly on wnether the resctivity 13 added siddenly or reiatrvely slowiy and in neither
case mill it approach a level which would cause 2 fuel plate to bum out.

In order to computs the power level at which the resctor wil! ooerate after the addi-
tian of the 0.5% excess resctivity discussed in the foregoing, 1t i3 necessary o know the
vater-cemperaturs coefficient of resctivity. The relative importance of the two modera-
tors, griphite and wacer, in determining the effective neutron temperacures incroduce une
certainties in the theoretical comoutation of this coefficienc. The coefficient sannoc,
Nowever, Nave an absoiute zagnitude less than that of the water-density coefficimat of
feactinity referred to 4 lampersture scale, i.e., the meificient comput:d on the assumotion
that:

d Rett 3 keqr 55
dT 52 3

shere O refers to the water demsity and | :0 the tesperature. (n the assumption thac =is
ninimum value 13 the true value, a rise of wacer tesperature ‘ram aear 0°C o 30°C woulc
reduce resctivity by 0.8% koo,

The capacity of the reactor-coolant system 13 such that 1f the outside air temperacure
vere 0°C and tle average water tempersture in the reactor wers 30°C, energy would Le remaved
at the race of 163,000 STU/hr or 107 kw. Under these conditions the rescior water-inlet
temoerature wouid Se 50°C and the exit temperscure, coincidencally, eould be 100°C. It is,
therefore, concluded that if the full aveilanle excess resctivity of J.5% Kef! were addec
L0 the reactor on 4 coid dav w1th the coolant system operating, the resctor would ocerate
'L an squLliDriwn Dower level about :en times higher (100 kw)/ than 1ts normal maximum ik
+ALLlie Or NO NeL sleMm UrOGUCTiION. Lelore reschlng Lie SQUL.IDrium Dower, wnen Lhe sarer
A0 (he Cociant Svsism wou.d Le Jeatey L0 Lhe eQulliilmium vajue, L@ reactor would Queratre
AL 3 samewnat lughier DOwer .evel ANG some net SCEMM Lrowuction wmiant sccur., [ the coelant
vere 704 '.;J‘llq ;ur'.nq e Line Jf eXCess TeBcClivIlY SGJILiON, Lthe =Ul.iuliul Dower ‘evel

ree a4 =

haa =g



would be quite low and equal to the heat losses. In no case would the power level spprosch
s high encugh value 20 justify any fear of f{uel-place burnouc.

Addition

In order to assess the safety factor which exists between the normal excess resctivity
available in the resctor and the excess reactivity necessary [Or a4 serious power excursion,
it i3 useful to estimate the value of excess resctivity which, i{ suddenly inserted and not
removed by the contrel system, would raise the maximum temperature 1n the hottest fuel plate
to the melting point. Such an excursion would damage the reactor core but would not resulc
in any substantial release of {ission products. ‘

. The first step in the procedure is the estimation of the 3»r nential period corresponding
to the excess resctivity enich would have charscterized a power excursion of simlar effect
in Borax [. The estimate requires that (1) a relationship be established between the maxi-
mum tewpersture of the fuel plate and the energy release of the excursion aad (1) the energy
release De relaced to the period of the excursion.

Far the case of power excursions of shocst period, with reactor water at sacuration tem-
perature, it is showa in Reference | thac the maximum {uel-plate temperacure rise i3, 0
within experimental error, proportional to the maximum energy ﬁuuc of the power excursion.
The proportionality was determined Lo bDe constant 24.4°F per W-sec.” Measursments of the
same type with cold resctor wacur (the case directly applicadble to the UCTR ) showed a mamu-
lar relationsaip mut with a proportionality constant of only abouc 10°F per MW. sec (Rei-
erence 1). The difference is not an unressonable one siace the subcooled water represents
s more effective heat sink than the sacurated water, However, the experiments with the
sacurated water were carried L0 ShOrt periods in the range of interest vnereas the subcooled
experiments were limited %o longer periods. There{ore, more conservative sacurated wacer:
data will be used.’” To raise the naxymum temperature of the fuel plate {rom the tempera-
ture of boiling water w0 the melting poiat of aluminum, a temperacure change oi -nproxmnlv

1000°F, wouid require & power excursion with a tocal energy release of 0
ar 4l M% -sec. 24.4°T /MW - sec

According to the data of Reference I, replotted in Figure D-la "subcooled” power excur-
sion of reciprocal period 150 sec-! would five an energy release of 4] MW -sec in addiciln
10 the energy necessary to raise the fuel plate temperature o the saturacion temperature of
uur. It i3, therefore, concluded zhat a power excursicn of period at least as short as
1,150 sec (6.7 millisec) could have been toleraced by Borax [ with subcocied water without
melting at the hottest point in the fuel plates.

Sxperimentcs af the Borax and SPERT types nave not Leen made sath reactors having
ndely d1f{ferent neutron lif{etimes. The general evicence of the sxperiments, nowever, sup-
ports the supposition that of the three related variables--neutron |1ietime, excess
resctivily, and exponential period--enich characterize the neutron pnysics of a power ex-
cursion, it is the exponential period eshich determines the total energy release and the
temperscures attained. 1he excess resctivity and neutron lifetime have large etfects only
as they joint!y determne the period. Thus supposition is consiscenc, for exampie, with

“Actusily, the emergy data of Reference | vere revised 1o Aeflerence 2 decavase of later and
Dettar calildrstions Of the iBsirumencaction. Th. SuMbears abovae are tasen {rom 2@ .atar

‘Sore Desaimiacic) deta,
.

[{ subcoeied data were used, the case directly applicadie to UCTR, this snsivsis wouid
ARGLCAaLe thet step resctiviiy esdaitions :.‘ LiMmes A3 (Afge A8 LDOAE® 1lAcCuANed jere wou.d
NGL damaye ‘Ne resctor.
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that the total energy transferred to the coolant water during a power excursion is sany
tunes the amount *hich would veporize encugn water LO compensate {Or the excess reactivity,
and that the actual resctivity reduction which occurs during the excursion is much larger
than the lnitial excess resctivity. The extension of the Borax results to the UCTR 1is
sade o the basis of tiis evidence.

[t is convenient, firsc, to tresc only the eifects of the slightly grescer fuel-place
spacing and the slightly lower void coefficient of resctivity of the UCTR relative to the
Borax [. Information will also be drawn {rom the HBorax [] experiments. The Borax [I re-

actor differed from Borax | in that the coolant-channel thickness was greater in the ratio
0.264 in.

0.117 1a.

ratio.

= 2.25 and that the calculated void coeificient of resctivity was lower in the

0.10% kert/% vord " R
0.24% kqft/% voad 2.4

Boch of these differences would be expected %0 cause a higher energy release per iuel place
in Horax [I than i1n Borax | for a power excursion of given period. The beasuremencs made
with sutcooled water at periods down to 23 mllisec showed that the energy reiease cer fuel
plate in Borax [l ~as Lecween ..7 and 2.0 times thac of Borax [, #icth the smaller racio
applying to the shorter periods (Reference I). Therefore, it seems Juite conservative 20
assume, in the case of any twe reactors, (1) and (2), of the Borax type having a ratio of
fusl piats spacings, S1/S7, and 3 racio of void coefficiencs of reactivicy, Cy/Cy, thac
the ratio of energy relesse per fuel plate f{or a subcooled power excursion of given period
will be no grester tham EE| = 52/8) er EyE| = C/C; whichever i3 the larger. For the

UCTR and Borax [ the ratios are

S, 037 . . Cae . 0.3 o
e o7 MU Ty Ul v

It 1s concluded, therefore, tlac a Borax reuctor having a coolant-channel thickness and 4
void coefficient of resctivity egual %o ticse of the UCTR would release not more than 1.33
tines as much energy per fuel piate as Borax [. The limcting nonmelting period fo~ such a
reactor would be that which in Sorax [ gave an energy release of 41,/1.33 = J1MN-sec. The
period abtained [rom Figure 5.1, corresponding to a total emergy release of IlMW-sec, is
3.1 mllisec.

In comparing the behavior of different fuel plates, it must be recognized thac the
total energy release of ihe power excursion can 00 longer be considered as a definitive
variaple wcause a large fraczion of tbe total energy released is stored in the fuel place
during Lhe important stage of the resc:or shut-down. For example, a reactor composed of
iue! plactas of hagh hest capacity undoudtedly will experience a larger tocal energy re-
Lease, Sut N0t necessarily a Nigher mAXimum temperacure, Juring a power excursion of given
period, than a reactor having plates of low hest capacity.

from examination of zhe Sorax results, 1L seems clear chat two distinct phases of the
resctor shut-down Jrocess OCCUr consecut.velv and thiat S0th may be ImOOrtant 1N Jeterminiag
the mAXimum center Lemperature of a [uel piate. The [irst snase covers the intarval defore
an impOrtant amount of 501ling occurs ac the fuel-glate surface. Ouring tlis incerval, tne
At .083 10 Lhe ealer is !l’l-u-; ANG the LTLOortany consiceracion 13 evigent.iy e racio Ji
fU‘L'CAll! lul‘flcl Lerperature (which cetermnes (he scare 3{ S01.iN2) LO center tembera-
ture. ::Ol’ Jeriods i1n the mange unuer conalgeracion, 1S tamperacure ratio 13 '.‘WYKMA;V
a0t iar ‘rom unity (0.7A minimum for a .0emillisec period in Horax [). Ixperimencaily, the
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..



temperacure ratio was unity for periods down o 3 millisec in the borax | measuremencs.
Since the zotal effect is small and since the temperacture ratio f{or Horax and UCTR fuel
plates should not be much diiferent, the thinner cladding «ill tend to balance the eifect
of the poorer “sesd’ comductivity. [t is concluded, therefore, that there will be no im-
portant difference in fusl plate performance during this initial phase of the excursion.

The second ;Mu of the power excursion begins when & significan. rate of boiling is
established at the plate surface. Reactivity and consequently generation are reduced at a
rate which must be a function of the rate at which heat can be transierred inco the boiling
water. At the same time, the transfer of heat 1nto the water removes heat from the fuel
plate and [imits its temperature rise. The impor:iant charscteristic of the plate during
this phase of the excursion 1s the heat flux which it can supply =0 the water for a given
temperature difference between the piate center and surface. A {igure assumed t0 be rougnly
indicative of the relative performance or merit of fuel places during this phase is the
ratio of hest [lux to temperature diiference under steady-state conditions. This ratic
(figure of meric) will overemphasize the difference between fuel plates since the tem-
peracure distrilucion in the plate will be more pesked during a steady-state conduction
than during conduction whien the general temperuture level 13 rising. The ratio of these
figures of merit for borax [ and for the UCTR 1is

o -

i gey . UCTR
[Huc Flux':
Arc-t ‘

[ch Flux]

Horax

A conservative procedure would be to apply tlie above factor o the permssidie tocal energy
of excursion on the Morax [ curve. AL the same time, however, the difference in gross
mxizum tO average power ratio (or the two resctors should be taken into accouat since it
i3 the temperacure of the hottert point in the hottest fuel place which 1is seing considered.
The power ratio for the two resciors .s

Max

AV corax s L 5112
Wax 1.63

Ave ycm

The compination of these two {actors reducey the permissible equivalent energy of the
Sorax -type excursion to

31 x 0.82 x 1.12 = 28.4 MW -gec

The corresponding exponential period irom Figure -1 1s 9.1 sallisec. [t 1s, thereiore,
concluded that the UCTH eill tolerate 3 power sxcursion ot period at [esst as shor: as 2.

mllisec without the meiting of any part of any fuel plate. The excess reactivity corres-
panding t0 this period 1s 2.3% kg ¢y,

Successive Power Fxcursions

[t 13 typacal of the Horax and SPERT reactors, unless the excess rescziviiy 1S removed

Oy externsl means, hat an iniliai pOwer exculsicon ~nich Lerminales ii3eil 3V expel.ing
sater {rom the remcior czore eil. be [ollowed 3y subsesuent excursions is Lhe water {3..l%

ang {lows Dack 1nCo the core. An exception 10 thlS Denavior occurs enen the inilial




excursion i3 violent enough o cause a permanent loss of resctivicy by throwing a large
@mount of water completely out of the resctor tank. In the UCTR the total quantity of
sster in the core is mmall, the suomergence of the core is small, and baffles above tne
care are 3o arranged that any water splash i3 directed to the outside so that it cannot
retum to the cors. Consequamtly, even & relstively mild power excursion (e.g., one hav-
ing an exponential period of from 20 vo 30 millisec) in the UCTR should result in perma-
aent sel{-induced shutdown of the resctor. By these same design {eatures, the possibilicy
of large miccessive power excursions, such as those scudied in the SPERT project, resylt-
ing from the remp sadition of excess resctivity is eliminated. [t can Se anticipated that
the UCTR w1l be safe ageinst quite large remp saditions (larger than 2.2% Xeff) provided
anly that the ramp rate i3 not so rapid a8 o add an excess resctivity of more than 2.1%
“y(f before the reactor power reaches a hign level. To exceed this limic the resp race
would need to be of the order of 1.0% ke¢s per second or larger.

Seam Tube Reactivity Effects

The UCTR has two 5-inch diameter besm tuces which extend to «ithin 1l inches of the
fuel-graphite interfaces. The saximum change an the core resctivity which can be effected
Sy these wo deam-tube facilities was calculated to be 0.18% 2K/X or 0.09% AKX per
beam tupe. The caiculation i3 hased upon the effect of a black absorter six inches in
Gamecer placed in the lame position as the beam tubes. The recuction iun the reflector
savings due to the black aosorber was calculated using the following equatioa.

* (reflector savings) = Rcore) . [ (refleczor). tan h Tlreflector thickness)
D(reflectar) Lireflector)

Reference: Llements of Vuclear Reactor Theory, Glasstone and Zdlund.

The reflector savings for the 49.5 == and 28.0 @ of graphite were caiculated o he 7.33
cm and 5.26 @ rwspectively. The area of the black absorber is 131% af the adjacent core
face area. Using the reflector 3avings given above and the area ~eighting factors, the
reflector savings «ith and without the six-inch diameter Slack agsorper werw caiculaced o
S .10 @ md 7.3 =@ respectively.

The reactivity effect of the singie six-inch diamecer 5lack iAbsorber was then deter-
maed calculating the critical buckling with and without the 3)ack absorber.
1
Lsing the value of -0.09% AKX, for a single beam tube the shortest period shich the
FRRCIOr couid go on, due to the sudden eithdrawal of a black absorper from tne six-inch
Jeem “ule, wouid be spproximately 30 seconds. Therefore, the resctivity change wenich can
e sifected Dy the Dems tuDes does not represent a hazard Lo rescior eracion.

In agdition to the two 5-1ach besm tubes *hich penetrate the outar reilector, there
are {our s-inch deam tubes shich terminate outside of the reflector. No zaiculations wers
Bade {or the 4-inch tubes since their effect an resctivity *1.] be much mmaller zhan zhat
af the Se-1nch tupes.

e
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RADIATION DOSES RESULTING FROM
RELEASE OF FISSION PRODUCTS INTO ATMOSPUERE

Estimaces have Deen made of the radiation dosages which would be received Ly persons
outside the resctor building should chere be a rwlesse of reactor fission products into the
resctor bui.ding and leskage of the building air to the outside. The radiation exposures
considered here are those wnich would result from the passage of the air-borne cioud of
radioactive contaminants over the ground. These include the extarnal beta and gamma
radiacion exposures and the internal exposure of critical body organs resuiting from inna-
larion of the air-borne contaminancts. The most important of the internal exposures are the
iodine dose to the thyroid and the strontium dose to the bones.

The radiation exposure received by a person standing at a given distance ‘rom the
resctor building obviously depends on such factors as (a) curies of fission products
stored within the core at the time of relesse, (b) fraction of the core fission proaucts
escaping into the building ar, (c) building ouc-leskage race, and (d) scmospheric dis-
persive properties. Hence, in the analysis, cerzain basic assumptions are required as to
the circumstances surrounding the release of the fission products, as 20 atmospheric con-
dicions and, as to the tightness of the building at the time of reiease. The resulits ob-
tzined herr are Dased on assumpcions which, except for the arbitrary one that a raiease
has occurred, are considered ressonable for the resctor and building design. The calcula-
tjon method 13 described and illustraced in sufficienc detail that additional calculations
based on other assumptions can De made 1{ desired.

The material presented here 13 divided into thiree sections. The {irst section de-
scribes the mode! assumed {or the release and spreed of radiosctivity and gives the nec-
essary references and formulae used in calculating the radiation doses. The second section
1llustrates the calculation procecure. The third section presents the results obtained
{or the radiacion sxposure lazards with the assumed model.

Nethod and Assumntions used {u Dose Calculations

Althoush such an event 13 not considered even plausible bLecause of the limictacions on
Available excess resctivity and because of the inherent seif-|imcting characteristics of
the reactor, it is postulated that an accident has occurred in which the reactor power
level has risen to the extenc that local meiting of the fuel plates has occurred. The
TRACTOr 18 assumed 0 have been operated continuousiy at the 0 kw power level [ong enouuh
t0 have attained sguililrium concentrations of the reiatively short-iived {1ssion products,
i.e., the iodine, bromine, and Xrypton i1sotopes. 1he iacident i3 assumed to resul: n tle
transier of (0% of the volatile {ission prouucts from the resctar ‘uel plates to the zuild-
ing axr. It 13 assumed further that none of the nonvolatile fission procucts are trans-
ferred o the building air although they may Be reiessed to the reactor cooclant water and
recained within the resctor building.

The ioregoing set of circumscances 1s consistent #1th -he reasonable assumption mace
here that the incident 13 not viglent enough to dlow of{ e 20p and sade >iociog:cal shieids
S0 a3 L0 csuse an intense Iprav of eater-steam-radicectivity MiIXTure 1aco the duilding air.
The reiease of (0% of the volatile {ission products 13 srogably too high for the assumec
incident Sut L3 ysed L dive an ypper .imatl L0 Lthe rayiation 2xposure invaoivey. :‘e voia-
tile {i1ssion oroducts are nsromine, «rvpton, iodine, and xenon. Hence, the [13sicn arouuct
chalns +N1ch TusSt de consigered are of atomic sasses 32 o 30 ana 13l o 113, PRe:ierence .
Jresencs tLat.ies [Or each chain gzvxng Qie squiiilrium actlivity 31‘ each i tle ikalléﬂ sroducs

.
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i3otopes in the chain and the decay (or buildup) toilowing reactor shut-down. The informe-
tion presented in Reference | i3 used hers for the fission proauct activity reiease 1nto
the building air following the assumed incident.

The most likely poiut at which radiosctive contamination of the room air eould be
dstected 13 in the resctor room exhaust duct, since the air is pulled from the resctor room,
and exhausred through the f{an room atop the building. The air would not be considered con-
taminaced uatil the activity exceeds that associaced with the A*! normally being discharged.
Upon detection of redicsctivity the air conditioning unit wi1l] be shut off, and the dampers
in the inlet and outlet vencilation wil! be closed. (The ™ajor avenues of |eakage of the
volatile fission products and daughter nongasecus products) (row the reactor room are the
tWo Nign day room entrance doors {rom the control room and the three emergency exits in
“he reactor room. Access o the coatrol room is bv way of an electrically controlled door
from the reception ares in Eagineering Unit II1. All access doors will be weachar-scripped
and emergency doors leadiny directly to the outside, caulked and sesled for mnimum |eakage.
These doors will be ciosed at all times Quring reactar operation and any breeching will be
indicated in the control mom on n audiovisual alarm sysuem.

To obtain an upper bound for the radiation doses, the outieskage, L, in curies per
aour of {ission proauct activity, is obtained from

Ly = ;A Ci.mes (1)

‘e

g
wnd i3 assumed comstant during tie exposure time. In Souacion (1), v+ the milding

leskage rate, has teen taken as 20% of Uie rescior room volume, B, per hour for a 30 WPY
wind. This leak-rate value is assumed L0 Le directly proportional to wind velocity., The
quancity Cy gey 18 the maximum activity in curies of is0tope ,i, present cutside the fuel
platas following the assumed reiense of 0% of the volacile {issicn products. For most of
the isotopes in the volatile {iavion product chains, Ci,sax 13 the activity of the 1sotope”
it the time of reiease [rom the fuel plates. The importanc exceptions are Sr-39 and 3r-30
g are :'omd Qutside Lie reaclor and reach a mAXIoWM ICTiViiy outside the reactor ac
some time after the {ission product reiemse. The tables in Reference | permt easy calcu-
lacion of the activizies of Sr-39 and Sr-90 actribuctable only o the decay of the isolated
parent proaucts.

The concentration of fission product activity in the atmosphere outside the resctor
Suilding and the resultant radiation exposure will depend on the wind 4’ “ection and velocity
and cthe degree of atmospleric turtulence. The highest dose race is 98¢ .ned when the person
exposed 13 directly downwind {rom the leak. The comoutation method i1s Sased an O. G. Succton's
formuia and utilizes equations and curves given in Reference &s

For calculation of the extermal beta dose and inhaiacion doses ‘rom the radicacsive
lodines ana strontiums, Lhe concentrution of activity in the atmospleric air eas calewl aced
Sy the formule 1n Reference 3, Puue 133, For ground-levei continuous em ssicn of ragdio-
activity, this {ormuia requces to

2 |

ra

BO0=CT y xo-e
snere,

{ - COnCent Fut ilon A1 activity, curies ler SUNIC Meter 91 airs

= SOntinuous source sLrengt, 1.e. SUL.QIn QUL+ eaxage rate .n suries fer Ir



distance downwind f{rom source, meters

mean wind speed, meters per second

generalized di f{usion coefficient, meters n/2

dimensionless parameter associated with atzmospheric scability

2 NE x
LU T T )

The following represencative values of the diffusion parameters for two different ac-
mosgheric conditions are used Lo calcu.ate the concenrratiun of activity, L, for a speci-
{ied leak rate and atmospheric condition in the outside air for various distances, x,

{rom the leakage source.

Atscspheric Candition “ ¢ ! M
severs inversion Q.5 008 i
aild lapse 0.2% Q2% 3

The external beta dose rate during passage of the cloud of radicactive f{ission products
i3 obtained {rom the following equation given in Reference 1, page 100.

lr

1ns0 Vev
‘!.a x ‘0 —-!
where {; i3 the concentration of J-eneryy in Mev per sec per cubic meter of air and D is
the extarnal beta dose rate in roentgens per sec. lhe relation between {; and { of Equation
(2) is '

(=)

Dz = (0.5) (0.64)

is
-

X5 s 3.7x2100¢¢E . (4)
where £ 13 the effective beta energy in Mev per disincegration.
The activity A deposited per second in the critical orgzans is given by
A= JF X (3)
where -
activity deposited in organ, millicure/sec

inhalacion race, 17/60 liters per sec
inhaled {rsction of activity retained 1a critical orwan

n Lo »
LU LI 1

2

The corresponding iaitial internal dose rate for a person standing in the fissian product
sLream 13 Ziven 3y the expression
-
A 00 ¢ == 6)
-

0

initlial inter.si 30se rate rep, day
time of exnosure, ar

C
"owu

-
"

TeLlgnl Ol SFIticCa.l organ, <&



The total integrated dose to the critical organ is related to the initial incernsl dose
rate by the equat.on

TID = D1.&4T (

-4
~

TID = total integrate:d dose, reps
T = effsctive half-life of the radicisotope, days.

The vaiues of F,, E, ¥, and T appesring in Squations (5), (6), and (7) may be abtained
from Reference 4 {or the variocus radioisctopes and critical organs involved. Reference 3
gives additions: information on the various iodine Lsocopes.

For calculation of the external gewmms dose rate, the J. Z. Holland nomogram given as
Figure 3.1, Reference 3 i3 used. The nomogram gives the gamma Josage resulting {rom sudden
discharge into the atmosphere of the contents of a mucleear reacior which Las been operacing
at 2 stesdy power level. The dosage resd from the nomogram firsc musc De correctad o
account {or the fact that none of the nomvolatile and only a iraction of the volatile fission
products are assumed .0 escape {rom the reactar for the case being considered. Also, since
the activity i3 not wwmediately relessed into the atmosphere, but leaks out of the bualding
at s f{inite rate, the Josage obtained 3y use of the namogram must Je converted to dose race.

The corrections (actually scaling) applieu to the values ovtained from the nomogram wers
calculaced as {oilows:

fAe gamma actiusty of the volatile fizziom dvoducts dssumed 0 de e3c3Ping
deom the ~eactor was letavmingd dy wse 9 the curves Jiven A feference 1 for
20 win time after sAut-down. {uation (3.5) af Refevence J i3 used 2 calou~
late the gamma activity 3f 3il the fizstom droducts for the 3cme iima 3fter sAut-
down Id the 3ama ~eactor Power level (10 ww. Pecw this the fraction of the
10tal fig31on Product jamma 3IcTiusty 3ftriduted 10 the szsumed 0% escage 3 tha
volatile fission product. i3 duierwines 3and tAe jowea 30re -ead from fle nome-
7vam 13 3caied dowm 3y Ay fraction. 0 20t3sn lhe 1038 r3ta resuiting ‘rom thae
Fintte ~ate 3f radioactiusty leGk A0 the atmorPidre, the jammg 103¢ 3caled from
tAe romogras wuitiplied v tAe Juantity ¥/ 1‘.

Illustrative Calculations

Probles 1 Calcalate the I-131 dose to the tiyroid of a person standing ac & distance
of 61 meters downwind of the lesk for eight lours. Ouring the exposure a
saevere inversion condition exists In the atmosphere.

Solution:  From Reference |, tie equilibrium curies of [-11l in the resczor luel
places following L0 kw operation is
3.307 x 1048 < . 002610
1.36 x 104¢

= 2§ curies

For a 30 WPH weind, 3/Vg =

L

.20, For a severe inversion & = . meter/ sec
s 29 AY & e »
2.28 MPH) so thae B/V, = 0.20 x=:== = 015, For i0% reiease ai

1

L
v 14y ¢ -
L*ied irom L@ TeMCLOr,

T A A a=-

x (247 % .i0 g 0.37 curieas:ir

o

11
- = av



2 x 0.37 / curies
S— = . S92
3600 x ,008 x | x 5143 necer”

The thyroid from [-131 1s calculated from Equactions (§), (6), and (7)

-
N A

e« x 0" mllicurie/ses

9

= 14 rep/day

The values of FLE W, and T the calculations were obtained {rom Reference 4.

Probles 2: Caiculate the externali S -dose from the [-131 lsotope for a person standing
8T 4 Aastance of 51 meters downwind of the leak for e1gnt hours.

- . [ *
Soldtion: F i } curies,/m” obtained in Proglem
——

A An -
X Veiow -

J.5 x 0.64 x

For eight-hour exposure,

-y 1
‘A

0= 6.6 x10 ) 019 r = 19 ar aczribuced to oaly the [-131

isotope.

To obtain the total excarnal 3edose. the same procedure must be {ollowed for all of
the {ission products assumed to be escaping {rom the resctor. For the conditiaons af this
propiem, the air concentration of all of the {ission products assumed 0 de escaping {ram
the resctor is 1.2 x 107 Mev/see *’, in which case “he total extarnal bdeta dose for eignt-
Jour exposurs 1s 1.5, Because the decay of the fission products in the Suilding and en-
Foute to the person cutside the bwilding was neglected, the dose value caicuiated is higher
“han the actual value which wouid be obtained {or the assumed condit:ons.

Protlem 2: Calculate the tocal faoma Jose L0 a Derson stanaing 31 weters downwind
of the lesk {or eignc hours.

Lirect use of the nomogram (Reference 1) gives (Ir for the tocal zemma
i0se caused Dy sudden release of the total contents af the ~ore

1
i 3

3

the atmospnere. From Reference 5, the zamme accivity

‘Oistile li3sion drogucts 1s 5.9 x 10°¢ Mev/sec ac 20 mnutes after

thie (1ssi0n procducts ac 0 niNULeS ajlter si

Relersnce 1 zives - Jamma activity af

Tence, on ihe average, (0% of the volatile araducts
~ua o 01324 a1 ¢ ’ LY 3 \ the fis~

e J03e




valatile products into the aunosphere 13
2 x 01328 = .16 r = 160 ar

[nassuch as the concaminancs leak out from the building at a finite race (BN. = .01S hrl),
the gesews dose rate i3 simply

160 x 015 = 2.4 ar/hr
and for an eight-hour exposure, the accumulated gamma dose 1s

2.4x8 = 19.2 ar

Results of Radiation Exposure Calculations

The resulcs for signt-hour exposure at four di {ferent distances dowawind of the point of
relesse undar two different acmospheric conditions, calculated as i1llusctraced sbove, are tabu-
laced below. In all cases, 10% of only the voiatile [ission products are assumed o e re-
lessed {ro. the rosctor fuel plates. The building leakage rates are B/V, = .05 hr-l for
the savers-inversion condition and BIV‘ = .045 hr"' for the mild-lapse condition (caused
oy di{ference 10 wind speeds assumed to be prevailing for the dii{ferent acmospneric conditions).

f TOTAL INTEGRATED DOSE (rep) FROM AN EIGHT-A0UR EXPOSURE
AT YARIOUS DISTANCES DOWNWIND FROM REACTOR BUILDING LEAK

Severe [nversionm

i, maters Extermal jasma Thyraid i jone }
fetz Dose Jose Jose Jose |
15 f |
8 4.9 , .08 1800 . .gos f
182 1.8 Q19 222 | . 3007 ‘
108 3.4 .10 59 l 2002
0.15% .008 20 ' cnn ;
L ' ‘
$1ld Lapse |
| 7
i 8 : 2.2 080 %0 | 201
5 .19 ! .007 28 . 2001
182 .38 ! .30 5 : .-

308 ' g.012 .302
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INTRODUCTION

This report has been prepared for submission to the U. S. Atomic Energy
Commission as part of the facility license application for a nuclear training

reactor which is being constructed by the University of California at
Los Angeles.

The UCLA reactor is similar to the training reactor at the University
of Florida at Gainesville, Florida, and reported in University of Florida
Training Reactor Hazards Summary Report, J. M. Duncan, Bulletin Series,

No. 99, Vol. XII, No. 10, Florida Engineering and Industrial Experiment
Station. The only significant difference between the two reactors is the
fuel enrichment. The UCLA reactor uses 90% enriched fuel as opposed to the
20% fuel used by the UFTR.



SECTION I

A. REACTOR SITE

The reactor is located in a newly-constructed, permanent, reinforced concrete build-
ing on the campus of the Iniversity of Califorma at Los Angeles. The location of the
building and its relationship to its surroundings is indicated in Figure I-l.

The normal building populations during a school day are gavez in Figure I-2. At
times other than school days, campus huilding populations are redcced to small fractions
of che figures shown.

The 400-acre campus is located on coastal plain approxizateiy five miles east .f the
Pacific Ocean and 15 miles west of the Los Angeles civic center. To the south of the
campus 1s a business and shopping district, and to the north, wes: and east are residen-
tial areas. A map of this general area is given in Figure I-3.

Geology

The UCLA campus is situated on a coastal plain, and is apprcximately 400 feet above
ses level. The cces:al plain consists of a terraced alluvia: fi1l., 200 feet deep at the
reactor site, overlying sedimentary rock of rather recent omigin. The coastal plain lies
at the base of the Santa Monica Mountains which are 2000 fee: kig.. The most important
formation in these meuntains is Santa Monica s!ite, an old sedimextary layer 2000 feet
thick. Overlying this slate stratum are several more recent sedirentary layers. A cross
section of the coastal plain near the campus is given in Figure I<4. This section is at
right angles to the anticiinal folding of the Santa Monica Mountains.

Hydrology

No deep wells have been drilled on the campus of UCLA or in the vicinity of the
campus. The water table is estimated to lie 200 feet below the surface in this area.
A log of a typical test well made by a foundation engineer near tie site of the reactor
building is shown in Figure I-5.

Surface runoff water is collected in courrrie-lined stomm drains which empty iato
the ocean. This drainage system has been adequate to preven: any flooding of the campus
by heavy winter rains. The maximum rainfall in any 24-hour perio: during the last 75
years was ten inches, as indicated in Figure I6. It is barely conceivable that runoff
from the watershed area north ot the campus could flood Westsood Brulevard and the area
to the west of the reactor site. However, the reactor core lies about ten feet above
this level, and a rainfall equal to the largest ever recorded wouid not flood the re-
actor. In the unlikely event that such flooding should occur, it would pose an extreme
operational inconvenience, but would not create any radiatioc hazard.

Seismology

Southern California is seismicallv active. The locatiams of known active faults
are indicated in Figure I-7. The nearest of these to the reactor site is the Inglewood
fault running in a north-vesterly direction about two miles east :f the campus. In
Southern Califormia, the region from the Mojave Desert to bevor.d -he off-shore islands
is traversed by a series of active faults. These faults extenc irom 20 to 50 to many
hundreds of miles in length, and the trend is generally betwser north and west. How-
ever, they are only roughl!y parallel, and in certain instances a major fault zone
divided into two or more wvell defined faults. In general, tzese iaults are from five to
twenty miles apart and aprarently extend to depths of 15 or nore mles below the surface.



SECTION 11

TRAINING REACTOR DESCRIPTION

Introducticn

: A reactor which is to be used for student instruction must be designed so that safety
1s insured without exercising greater restraint on the activities of students than is nor-
mally advisable in a university laboratory. This necessitates: (1) that the total avail-
able excess reactivity be limited to something less than that ceeded for prompt criti-
cality; (2) that the reactor have a high degree of demonstrated inherent safety, and (3)
that 1t be limted to low-power operation. These requirements are met in this reactor by
combining & water-moderated, plate-type fuel section with a graphite system for maintaining
a fixed geometrical arrangemen‘.

There 1s no credible way in which the fission products of this reactor can be made to
escape, and the amount of comtained fission products will be relatively small since it 's
limited to a maxamum steady state power of ten kilowatts. Nevertheless, because of the
reactor location on the campus envirors, 1t is housed in a structure with a minimum num-
ber of penetrations sealed against gas leakage.

A. BASIC DESIGN FEATURES

This reactor is of the same general type as the Argonaut Reactor and similar to the
University of Florida Training Reactor.® The basic element of the reactor is a rectan-
gular prism ( 5 x 5 x 9 feet) constructed of graphite bars. The fissionable material is
introduced into the graphite prism in the form of aluminum-uranium alloy plates in six
aluminum boxes, each of which contains a small amount of water. The abject of this con-
struccion is to have the convenience of a solid moderator-reflector and the safety of the
water plate arrangement. The convenience of the structure is illustrated by the fact that
three large, plane neutron sources are obtained. These plane neutron sources can be con-
verted to thermal columns merely by adding sufficient graphite, or one of them can be
used i1n shielding and o her experiments merely by placing the structure to be tested
aguinst the plane source. The upward direction can be used conveniently as a neutron
source for exponential experiments. The distribution of weight on the reactor 1s a minor
problem because the reflector structure 1s solid graphite.

The 9% enriched uranium-bearing plates are immersed in sufficient water so that a
power excursion which would eject the water from the aluminuz boxes certainly would reduce
the reactor to below criticality. Since the reactor is to be operated at a maxamum of
10 kw, only a smal]l amount of reactivity is required for the temperature coefficient and
xenon poisoning. Thus, it is possible to operate the reactor with an amount of excess
reactivity which is well below that required for prompt criticality. Under these condi-
tions, the reactor meets the safety requirements of a training reactor and can tolerate
considerable operational error without damage.

The fuel is contained in MTR type plates assembled in tundles. These fuel bundles
are contained in six watertight aluminum boxes set in a two-slab array in a 5-ft prism
of graphite bars, The control rods are the swinging-amm type sizilar to those used on
CP-3 and CP-5, and Universaty of Florida reactors. Four cadmiuc vanes protected by
magnesium shrouds operate within the spaces between the fuel boxes. These are moved in

.- s . s
Jniversity of Florida fraining Reactor Kazards Sumeary Repc-t, .. M, Duncan, Bulletin

Series No. 99, Vol. XII, No. 10, ¥loride Engineering and Irdustria Experiment Station.




APPENDIX B

ESTINATION OF EFFECTS OF ASSUNED LARGE REACTIVITY ADDITIONS

B-1

It has been demonstrated repeatedly in the Borax and SPERT reactors that water-
cooled, water-moderated reactors of suitable design may have a very substantial self-
protection agains. the effects of reactivity accidents, even in the absence of corrective
action by the reactor control system. This self-protection is provided by the negative
steam-void coefficient of reactivity and the negative temperature coefficient of reactivity,
both of which can result in important reactivity reductions as the reactor power rises,

The UCTR has been designed with a high degree of self-protection of this type. In this
appendix estimates are made of the behavior of the reactor under various hypothetical con-
ditions of excess reactivity addition with no corrective action by the control system.

The characteristics of the UCTR which determine its behavior during power transients
resulting from large reactivity additions are quite simlar to, but not identical with,

those of the Borax I reactor.

Its behavior can be predicted most reliably by utilizing

the Borax I data wath simple correction factors to convert them to the UCTR conditions.

The significant quantitative characteristics of the UCTR and the Borax I reactor are

compared in Table B-1.

TABLE B-1

COMPARISON OF UCTR AND BORAX I CHARACTERISTICS

CHARACTERISTIC

UCTR

BORAX |

Fuel plate "meat"

Fuel plate cladding
"Meat" thickness

Cladding thickness
Coolant-channel thickness
Core volume (approx.)

Yoid coefficient of
reactivity (calculated)

Temperature coefficient of
reactivity (room temperature)

Effective prompt-neutron
lifetime

Power ratio in core,
max imum average

13.4 w/o U=Al alloy
90% enriched

1100 aluminum
0.080 inch

0.015 inch

0.137 inch

71 liters .

-0.18% k/% coolant
void

~0.009% k/°C (estimated)

.4 x 10°% sec
(calculated)

1.63

18 w/o U=Al alloy
fully-enriched

.

1100 aluminum

0.020 inch
0.020 inch
0.117 inch
106 liters

=0.24% k/% coolant
void

-0.01% k/°C

0.66 x 10°% sec




in that

In addition to the gquantitative differences, the UCTR differs from Borax I
fuel plates

the maxizuzs coolant water level i1s anly a few inches above the upper ends of the

instead of about 4 ft) and the coolant water, once it has been ejected forcibly from the

core by a power excursion, cannot fall or flow back 1ato the core.

Effect of 0.6% Excess Peactivity

An excess reactivity of 0.6% keff wall be available in the reactor if its temperature
1S almommally low (nearly freezing).
cause the reactor to operate at a

The addition of all this excess reactivity wall

power such that the reactivity losses associated with the temperature increase and the voids

formed will equal the initaal excess reuctivaty.

[{ the reactivaty is added slowly, after the reactor is critical, the power will approach

such an equalibrium level slowly as the reactivity i1s added. If the reactivaty is added

suddenly, when the reactor is initially subcritical or at very low power, the power will
shorter than 0.8 sec which is the asymptotic

at first rise exponentially with a period not
Many experiments with the

the full excess reactivity of 0.6% k.¢g.

period corresponding to
for periods of this order of magnitude, the transition

reactors have demonstrated that
rise to the equilibrium power level (in which excess reactivity

vord coefficients) i1s a smooth one involving little
of this experience, i1t can be said that the magnitude
0.6% reactivity addition will not depend
slowly and in neither

Borax

froc the exponential power
1s balanced by temperature and steam

or no power overshoot., On the basis
f the power excursion which results from the

greatly on whether the reactivity 1s added suddenly or relatively

ase w1l! 1t approach a level stuch would cause a fuel plate to bum out.

In order to compute the power level at which the reactor will operate after the addi-

tion of the (.6% excess reactinity discussed in the foregoing, 1t 1s necessary to know the

/
water-tezperature coefficient of reactivity, The relative importance of the two modera-
determaning the effective neutron temperature introduce un-

graphite and water, 1n
The coefficient cannot,

the theoretical computation of this coefficient,

certainties 1n
have an absolute magnitude less than that of the water-density coefficient of

referred to a temperature scale, i1.e., the coefficient computed on the assumption

tors,
nowever,
reactavaty

that

the water density temperature, Un the assumption

Lrue 'viil\l’, a temperature (ram nearl

he reactor-coolant Jut si1de air temperature
average water temperat energy wouid be removed
ITU /hr or 107 k t 3 ondi tic he reactor water-inlet
17 O~ T
wouid be UV, it 18,
were added

0% Keff
reactor would operate

normal maximum with
omer when the water

or wouid
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would be quite low and equal to the heat losse:. In no case would the power level approach
a high enough value to justify any fear of fuel-plate burnout.

Haximum Ioler:ble Sudden Reactivity Addition

In order to assess the safety factor which exists between the normal excess reactivity
available in the reactor and the excess reactivity necessary for a serious power excursion,
it 1s useful to estimate the value of excess reactivity which, if suddenly inserted and not
removed by the control system, would raise the maximum tempersture in the hogtest fuel plate
to the melting point. Such an excursion would damage the reactor core but would not result
in any substantial release of fission products.

The first step in the procedure is the estimation of the exponential period corresponding
to the excess reactivity which would have characterized a power excursion of similar effect
in Borax I. The estimate requires that (1) a relationship be established between the maxi-
mum temperature of the fuel plate and the energy release of the excursion and (2) the energy
release be related to the period of the excursion.

For the case of power excursions of short period, with reactor water at saturation tem-
perature, it is shown in Reference 1 that the maxiium fuel-plate temperature rise is, to
within experimental error, proportional to the maximum energy release of the power excursion.
The proportionality was determined to be constant 24.4°F per MW-sec.” Measurements of the
same type with cold reactor water (the case directly applicable to the UCTR) showed a simi-
lar relationship but with a proportionality constant of only about 10°F per MW- sec (Ref-
erence 3). The difference is not an unreasonable one since the subcooled water represents
a more effective heat sink than the saturated water. However, the experiments with the
saturated water were carried to short periods in the range of interest whereas the subcooled
experiments were limited to longer periods. Therefore, more conservative saturated water
data will be used.”® To raise the maximum temperature of the fuel plate from the tempera-
ture of boiling water to the melting point of aluminum, a temperatur= change of.nppmxiut.ely
1000°F, would require a power excursion with a total energy release of 10007F
or 41 MW -sec. 24.4°F MW -2ec -

According to the data of Reference 3, replotted in Figure D-la “subcooled" power excur-
sion of reciprocal period 150 sec-! would give an energy release of 4] MW-sec in addition
to the energy necessary to raise the fuel plate temperature to the saturation temperature of
water, It 1s, therefore, concluded that a power excursion of pariod at least as short as
1/150 sec (6.7 millisec) could have been tolerated by Borax I with subcooled water without
melting at the hottest point in the fuel plates,

Experiments of the Borax and SPERT types have not been made with reactors having
widely different neutron lifetimes. The general evidence of the experiments, however, sup-
ports the supposition that of the three related variables--neutron lifetime, excess
reactivity, and exponential period--which characterize the neutron physics of a power ex-
cursion, 1t 1s the exponential period which determines the total .nergy release and the
temperatures attained, The excess reactivity and neutron lifetime have large effects only
as they jointly determine the period. This supposition is consistent, for example, with

*Actually, the energy deta of Reference | were revised in Reference 2 because of later and
better calibrations of the instrumentation. The numbers above sre taken from the later
(ore pessimistic) data.

-
I{f subcooled data were used, the case directly applicable to UCTR, this enalysis would
indicate that step reactivity additions 2.4 times as large as those discussed here would

not gamage the reactor. -
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that the total energy transferred to the coolant water during a power excursion 1s many
times the amount which would vaporize enough water to compensate for the excess reactivity,
and that the actual reactivity reduction which occurs during the excursion 1s much larger
than the initial excess reactivity. The ext:nsion of the Borax results to the UCTR is
made on the basis of this evidence.

It is convenient, first, to treat only the effects of the slightly greater fuel-plate
spacing and the slightly lower void coefficient of reactivity of the UCTR relative to the
Horax I. Information will also be drawn fram the Borax II experiments. The Borax II re-
actor differed from Horax I in that the coolant-channel thickness was greater in the ratic

éd ; i
————2;;’5 1:' = 2,26 and that the calculated void coefficient of reactivity was lower in the
. ¢ in. i

ratio. _ B
L ) 0.10% keff/% vord 1

7 0.38% koge/% void 2.4 0-416

Both of these differences would be expected to cause a higher energy release per fuel plate
i Horax Il than in Borax I for a power excursion of given period. The measurements made
«ith subcooled water at periods down to 23 mllisec showed that the energy release per fuel
plate in Borax II was betweenil.7 and 7.0l times that of Borax I, with the smaller ratio
applying to the shorter perim 2). Therefore, 1t seems guite conservative to
assume, in the case of any two reactors, (1) and (2), of the Borax type having a ratio of
fuel plate spacings, S1/S2, and a ratio of void coefficients of reactivity, C1/Ca, that

the ratio of energy release per fuel plate for a subcooled power excursion of given period

w1l] be no greater than E2/Ej] = S2/8) or Eg/Ey = C1/Cg whachever is the larger. For the
UCTR and Borax I the ratios are

Sur 0.137 _ Cgo . 0.24 .
- - S cmmm— = 1‘33
Se.  oarm Yooy o 01

It is concluded, therefore, that a Borax reactor having a coolant-channel thickness and a
void coefficient of reactivity equal to those of the UCTR would release not more than 1.33
times as much energy per fuel plate as Borax I. The limiting nonmelting period for such a
reactor would be that which in Borax I gave an energy release of 41/1.33 = 3J1MW-sec. The
period obtained from Figure B-1, corresponding to a total energy release of 31MW-sec, 1is
8.3 mllisec.

In camparing the behavior of different fuel plates, it must be recognized that the
total energy release of the power excursion can no longer be considered as a definitive
variable because a large fraction of the total energy released 1s stored in the fuel plate
during the important stage of the reactor shut-down. For example, a reactor composed of
fuel plates of high heat capacity undoubtedly will experience a larger total energy re-
lease, but not necessarily a higher maximum temperature, during a power excursion of given
period, than a reactor having plates of low heat capacity.

From examination of the Borax results, 't seems clear that two distinct phases of the
reactor shut-down process occur consecutively and that both may be important in determining
the maximum center temperature of a f{uel plate. The first phase covers the interval before
an important amount of boiling occurs at the fuel-plate surface. During this interval, the
ieat loss to the water is small and the important consideration 1is evidently the ratio of
‘ysl-plate surface temperature (vhich determines the start of toill ) to center tempera-
rure. For periods in the range under cons_xderauon. this temperature ratio 1s theoretically

‘ar from unity (0.7 minmimum for ¢ 10-%1]lisec period in Borax I}, Experimentally, the
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temperature ratio was unity for periods down to 5 millisec in the Borax | measurements.
Since the total effect is small and since the temperature ratio for Borax and UCTR fuel
plates should not be much different, the thinner cladding will tend to balance the effect
of the poorer “meat’ conductivity. It is concluded, therefore, that there will be no im-
portant dif{{erence in fuel plate performance during this initial phase of the excursion.

[

The second phase of the power excursion begins when a significant rate of boiling is
established at the plate surface. Reactivity and consequently generation are reduced at a
rate which must be a function of the rate at which heat can be transferred into the boiling
water. At the same time, the transfer of heat into the water removes heat from the fuel
plate and limits its temperature rise. The impo-tant characteristic of the plate during
this phase of the excursica is the heat flux which it can supply to the water for a given
temperature difference between the plate center and surface. A figure assumed to be roughly
indicative of the relative performance or merit of fuel plates during this phase is the
ratio of heat flux to temperature difference under steady-state conditions. This ratio
(figure of merit) will overemphasize the difference between fuel plates since the tem-
perature distribution in the plate will be more peaked during a steady-state conduction
than during conduction when the general temperature level is rising. The ratio of these
figures of merit for Borax I and for the UCTR 1s

[Helt Flux
AT c.q ] UCTR x
[Hent Flux]
AT ces Borax

0.82

A conservative procedure would be to apply the above factor to the permissible total energy
of excursion on the Horax I curve., At the same time, however, the difference in gross
maximum to average power ratio for the two reactors should be taken into account since it
is the temperature of the hottest point in the hottest fuel plate which is being considered.
The power ratio for the two reactors 1s

Max
Ave
Borax = 182 -1
Max 1.63
Ave Ucm

The combination of these two factors reduces the permissible equivalent energy of the
Borax -type excursion to .

31 x 0.82 x 1.12 = 28.4 MW -sec

The corresponding expanential period from Figure B-1 1s 9.1 mallisec. It is, therefore,
concluded that the UCTR will tolerate a power excursion of period at least as short as 9.1
mallisec without the melting of any part of any fuel plate. The excess reactivity corres-
ponding to this period 18 2.3% kg¢y.

Successive Power Excursions

It 1s typical of the Borax and SPERT reactors, unless the excess reactivity is removed
by external means, that an initial power excursion which terminates 1tself by expelling
water from the reactor core will be followed by subsequent excursions as the water falls
and flows back into the core. An exception to this behavior occurs when the initial
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excursion 1s violent enough to cause a permanent loss of reactiv.ty by throwing a large
amount of water completely out of the reactor tank. In the UC.3 the total quantity of
water in the core 1s small, the sutmergence of the core 1s small, and baffles above the
core &re 50 arranged that any water splash is directed to the outside so that it canot
return to the core, Consequently, even a relatively mild power excursion (e.g., one hav-
ing an exponential period of from 20 to 30 millisec) in the UCTR should result in perma-
nent self-induced shutdown of the reactor. By these same design features, the possibility
of large successive power excursioms, such as those studied in the SPERT oroject, result-
ng fram the ramp addition of excess reactivity is eliminated. It can be anticipated that
the UCTR will he safe against quite large ramp additicns (larger then 2.3% k,.¢¢) provided
only that the ramp rate is not so rapid as to add an excess reactivity of more than 2.3%
koif before the reactor power reaches a high level. To exceed this limit the ramp rate
would need to be of the order of 1.0% k.¢¢ per second or larger.

Beam Tube Reactivity Effects

The UCTRE has two 6-inch diameter beam tubes which extend to within 1l inches of the
fuel -graphite interfaces., The marumum change on the core reactivity whic: can be effected

by these two beam-tube facilities was calculated to be 0.18% AK/K or 0.0% AR/K per
beam tube. The calculation 1s based upon the effect of a black absorber six inches in
{)ameter placed 1n the =ame position as the beam tubes. The reduction in the reflector

savings due to the blac! absorber was calculated using the following equatian.

oe ¥ e~ - \ ( '2 e~ vl !
reflector savings) = Dicore) . L (reflector). tan h T(reflector thickness)
D(reflector) L(refiector)

Reference: Elements of Nuclear Reactor Theory, Glasstone and Fdlund.

reflector savings for the 49.5 cm and 28.0 am of graphite were caiculated to be 7.83

LY

and 5.26 cm respectively. The area of the black absorber is 13% of the adjacent core

ce area. Us.ing the reflector savings given abcve and the area weighting factors, the

ector savings with and without the six-i1nch diameter black abhsorter were calculated to
33 cm and 7.83 am respectively,

The reactivity effect of the single six-inch diameter black abserber was then deter-

alculating the rictical tut‘)l.;xr::z with and without the black arsorber.

sing the value of -0,09% AKK, for a single beam tube the shortest period which the
reactor could go on, due to the sudden withdrawal of a black absorber froc the six-inch
bhe an ube, would pe a;x(\rr)xxmfrl\ 80 seconds Thervir:e. the reactivily change which can

he eflfected DY the Deam tubes does not represent a hazard to reactor aoperation.

addition to the two H-1nch beam tubes which penetrate the outer .'-I";e"'.or, there
$-1inch peam tud=s whicl. terminate outside 0! the reiflector. No calculations were

in tierr efiect oOon reactivity will be much Spmalier than that
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SECTION III

REACTOR HAZARDS EVALUA TION




GENERAL SAFETY CONSIDERATICONS

The inherent safety of this reactor is based on four
points, First, the amount of excess reactivity in the reactor is li—!:.xited to
about 0.6 per cent. Second, the reactor has negative the:ju;‘al‘a.nd void
coefficients. In addition, the reactor is provided with sufficient interlocks
and safety trips to make a bazardous incident extremely improbable.
Third, the amount of contained fission products will be relatively small
since the reactor is to be limited to a maximum power of 10 kw, Fourth,
thare is no credible way in which the fission products can be made to
escape,

Although the reactor is designed to operate at a maximum
steady power of 10 kw, it is not planned to operate it at this power level
continuously. Much of the operation for the training program will be at
considerably lower power levels and will be intermittent, It is estimated,
that the reactor will be in operation (about 1800 hours each year or about

20 per cent of the total time).®* With this type of operational péogram. no

very large amount of new fission products will ever exist in the core.

The excess reactivity will be limited to 0.6 per cent k by
adjustment of the original core loading. (Any additional fne ces will
be kept in a locked storage cabinet or fuel storage holes as described in

Section II-E). * Loading or rearrangement of fuel in the reactor will be

* To be verified by University.
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E. INITIATION OF REACTOR HAZARD BY EXTERNAL MEANS

¥ Fire

Since none of the materials of construction of the reactor are
inflammable, and since the reactor core is very well protected froﬁ any
external fire by the concrete shield, damage from fire renultin" in the re-
lease of fission products ig extremely remote., (The reactor bnildiug is
fireproof construction and will not be used for sfonge of quantities.. of

O
inflammable materials,) #

& Phenomena of Nature

None of the phenomena of nature such as hurricmeq, tornadoes,
lightning or floods offers a credible means of initiﬁting a hazard related to
the pr=sence of the reactor., Adequate production has been incorgortted into
the reactor decign to prevent lateral movement of the sbielding l;’l'oék. due to
earthquake forces, and to SCRAM the reactor in the event of any displace-
ment of the shield blocks due to thees forces. (Hurricanes and tc;rnadoea
have been rare and not severe over Los Angeles. Lightning is frequent but,

with proper construction and protective devices, should offer no hazard to

the reactor. The heaviest rainfall for a 24-hr period recorded during the

last 20 years occurred in ( ) ** with no

evidence of flooding in the area of the reactor gite, ) *

® To be verified by UCLA,

** To be specified by UCLA

56
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o APPENDIX A

REACTOR CALCULATIONS

.

Two-group diffusion-theory ealculations have been made to estimate the reactor-physics
characteristics, For the calculations, the actual configuration of the tr vining-reattor core and
reflector assemblies was transformed into an equivalent one-dimensional model naing the con-
cept of reflector savings to account approximately for the neutron leakage in the other two di-
rections, Figure 195  is a sketch of the one-dimensional morel sho\.wing’thc three separate
regions considered in the calculations. Region [ is the central graphite zone coupling the twe
core slabs, Region I are the core slabs, and Region [Il is the external graphite reflector.

“osr the training-reactor configuration, a reasonably accurate value of over-all reflector
savings is required to account properly for the neutron leakage, principally from the graphite
regions, in the two directions transverse to that considered in the one-dimensional model (two
directions perpendicular to the X-direction shown in Fig. 15 ). In addition to the diffusion
Jealkage of neutrons (accounted for by use of the reflector savings), streaming of neutrons oc-
curs through the four narrow air slots (3/4-in. air gap) provided for the control blades. The
leakage current of streaming ncutrons cannot be determined accurately by any practical calcu-
{ational technique and so can be estimated only roughly. For the initial calculation, the leakage
of streaming neu.rons through the air alots is neglected, [ts effect on the critical-mass re-
quirement is roughly estimated later.

To obtain a reliable value of over -all reflector savings, advantage was takenof the reactiv-
ity meoasurements made at the Argonne National Laboratory and reported in ANL-5647 for the
Argonaut reactor., There are no air glots in the Argonaut design, One of the Argonant config -
urations for which reactivity values were experimentally determined consisted of two groups of
fiel-box clusters arranged so as to approximate closely two core slabs facing each other and
separated by two ft. of graphite. The reflector -savings value used is based on obtaining agree-
ment between calculated and measured critical-mass requirements of the Argaonaut two-slab
configuration. In the calculations, the two-group nuclear constants used for the core regions
wore determined by standard methods generally found satisfactory for water -moderated cores.
The resonance absorption of the U-238 in the 90 -per -cent-enriched fuel used was included in
ihe caleulations. The nuclear constants for graphite of average density equalto 1.6 gm/ccwere
obtained from Appendix B of ANL-5647.

The critical -mass requirement for the training reactor, neglecting the effect of neutron
jtreaming through the control-blade air slots, was determined in the same manner as thatused
to check the Argonaut critical-mass value, In addition, calculations were made of (1) the uni-
{orm water -void coefficient; (2) the temperature coefficient; (2) the effective prompt-neutron
lifetime; (4) the reactivity chaage attributed to loss of water from the core slabs; (5) the re-
activity change resulting from consumption of the U-235 content in the core slabs; (6) the ef-
fect on the critical-mass requirement of bringing the two core slabs tog=ther.

The core aluminum -to-water volume ratio is(Q,5] and the separation distance between core
slabs is 1.0 ft. for the UCTR design. The fuel is g0 -per-cent-enriched U-235. The critical
mass required for the training reactor in the cold-clean condition, neglecting the effect of neu-
tron streaming througn the air slots, was calculated as 2.6 kg of U-235, Additional calculated
regults obtained are tabulated as follows:

Uniform water -void coefficient - --=~-<-= e -0.18% k/% void

Temperature coefficient ---c-ccncnmncocce- «Ns9 = i0-% x/°C

Prompt-neutron lifetime -----sc-cconoo==a= 1.4 x 10% sec

U-235 mass coefficient ~ccemcmcsccccrcnaex NN 7% k/% U-235 mass
- A<1
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omplete removal of water from the core slabs gives a kg of 0,56 which represcnts a

, reactivity loss from the system.

[#Calculations made for the two core slabs placed side by side against each other with gra-

ite completely surrounding them give a critical-mass requirement for the cold-clean condi -
won of 1.9 ke )
£ In Figure 14 , the critical masses calculated for the two-slab separations (zcro and
1, 0-ft separation) are plotted versus separation distance. In addition, the critical-mass data
obtained for several Argonaut configurations are shown in the plot. The points plotted are
(1) 246 kg. calculated for 1,0-ft separation used in the UCTH . design; (2) 1,%kg. calculated
for zero separation between the two core slabs of the UCTR (3) 3.748 kg. measured for 2-1t
geparation in the Argonaut experiments; and (4) 2.2 kg. measured for a slab loading on one
side oaly in the Argonaut experiments, The slab dimensions are indicated on the plate. The
core compositions for the fuel boxcs used in the UCTR design and in the Argonaut experiments
are closely comparable in neutron slowing -down and thermal -neutron absorption properties.
It is evident from Figure 16 that as the core slabs are brought together, the critical mass
requirement decreases. This {8 undoubtedly due to increased coupling between the slabs (i.e.
a greater fraction of the neutrons born in and leaking from one core slab causes {issions in
the other slab). The points in Figure 16 show generally good agreement between calcu-
jated and experimentally measured critical -mass requirements, :

The calculated -void coefficient, temperature coefflicient, neutron lifetime, and U-235 maes
coefficient for the UCTR are of the same order of magnitude as measured for the Argonaut
two-slab configuration. The small differences are generally in the direction to be cxpected
from the better coupling between core slabs in the TR design. )

Data reported in ANL-5647 for the two-slab configuration show that a 4 x 6-in. void, 36
in. high, in the onter graphite reflector zone, next to a fue! alab, gives a reactivity decrcase
of 2.2 per cent k. This reactivity decrease corresponds to about an 8-per-cent increasein
required critical mass. On this basia, it is estimated that the increase in critical mass for
the 1GTN  caused by the air slots could be as high as 20 per cent of that calculated for a struc-
ture with no air slots, This gives a cold-clean critical -mass requirement of about 3,2 kg.

The core average the:mal and fast fluxes are calculated as B8e2 x 1019 and 1.9 = jol!
n/cm?e -sec, respectively, for 10-kw operation. Figure 17 is a plot of the thermal and f[ast
flux distributions along the X-axis as defined in Figure 146 . The abscissa in Figure 17
(s measured from the line of symmetry of the reactor configuration (center line) of internal
graphite zone. Also plotted in Figure 17 are the fast and thermal adjoint fluxes useful for
determining the important functions for materials placed or changes made, at various positions
in the reactor system,

Calculations have been made to establish a lower limit to the control effectiveness of the
control blades used in the design. The calculations indicate that a minimum of 1.5 per centk
per blade (three blades) can be expected. The remaining blade used for regulation purposes
will be adjusted to give 0.6 per cent k.
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APPENDIX B

ESTIMATION OF EFFECTS OF ASSUMED LARGE REACTIVITY ADDITIONS

It has been demonstrated repeatedly in the Boraxand SPERT reactors that water -cooled,
water -moderated reactors of suitable design may have a very substantial self-protection against
the effects of reactivity accidents, even in the absence of corrective action by the reactor control
system, This sclf-protection is provided by the negative steam -void coefficient of reactivity
and the negative temperature coefficient of reactivity, both of which can result in important
reactivily reductions as the reactor power rises, The TR has beendesifned with a high degree
of sclf-protection of this type. In this appendix estimates are made of the behavior of the re-
actor under various hypothetical conditions of excess reactivity addition with no corrective action
by the control system. ,

The characteristics of the TCTR which determine its behavior during power transients re-
sulting from large reactivity additions are quite similar to, but not identical with, those of the
Rorax [ reactor. Its behavior can be predicted most reliably by utilizing the Borax [ data with
simple correction factors to convert them to the UCTR conditions.

The significant quantitative characteristics of the UCTR! and the Borax [ reactor are com-
pared in Table g-1.

TABLE B-1

COMPARISON OF UCTR AND BORAX | CHARACTERISTICS

Characteristic UZTR' ) Borax I

Fuel plate "meat" 13.4w/o U-Al alloy 18 w/o U-Al alloy
(20 per cent (fully -enriched)
enriched)

Fuel plate cladding 1100 aluminum 1100 aluminum

""Meat'' thickness 0. 040 in. 0.020 in.

Cladding thickness 0.015 in 0.020 in.

Coolant-channel thickness 0. 137 in, 0,117 in,

Core volume (approx.) 71 liters 106 liters

Void coefficient of -0,18 per cent k/ -0,24 per cent k/

reactivity (calculated) per cent coolant void per cent coolant void

Temperature coefficient ~0,009 per cent k/°C -0,01 per cent k/°C

of reactivity (room (estimated)

temperature)

Effective prompt-neutron 1.4 x 1074 sec 0.65 x 1074 sec

hifetime (calculated)

Power ratio in core, 1.63 1.82

maximum average

B-1



In addition to the quantitative differences, the NCTR differs from Borax I in that the maxi-
mum coolant water level is only a few inches above the upper ends of the fuel plates (instead of
about 4 ft) and the enolant water, once it has been ejected forcibly from the core by a power
excursion, cannot fall or flow back into the core,

Effect of 0.6 Per Cent Exceas Reactivity : « "o

An excess reactivity of 0.6 per cent k g will be available in the reactor if its temperature
{3 abnormally low (nearly freezing). .

The addition of all this excess reactivity will cause the reactor to operate at a power such
that the reactivity losees associated with the temperature increase and the voids formed will
equal the excess reactivity.

If the reactivity is added slowly, after the reactor is critical, the power will approach such
an equilibrium level slowly as the reactivity is added, If the reactivity i{s added suddenly when
the reactor is initially subcriticalor at very low power, the power willat first rise exponentially
with a period not shorter than 0.8 sec which is the asymptotic period corresponding to the full
excess reactivity of 0.6 per cent kegf. Many experiments with the Borax reactors havedemon-
atrated that for periods of this otder of magnitude the transition from the exponential power
rige to the equilibrium power level (in which excess reactivity is balanced by temperature and
steam void coefficients) is a smooth one involving little or no power overshoot. On the basis
of this experience, it can be said that the magnitude of the power excursion which results from
the 0.6 per cent reactivity addition will rot depend greatly on whether the reactivity is added
suddenly or relatively slowly and in neither case will it approach a level which would cause a
fuel plate to burn out, v

In order to compute the power level at which the reactor will eperate after the addition of
the 0.6 per centexcess reactivity discussed in the foregoing it {s necessaryto know the water-
temperature coefficient of reactivity, The relative importance of the two moderators, graphite
and water, in determining the effective neutron temperature introduce uncertainties in the theo-
retical computation of this coefficient, The coefficient cannot, however, have an absolute mag-
nitude less than that of the water-density coefficient of reactivity referred to a temperature
gcale, i.e,, the coefficient computed on the assumption that:

d kyyr 5 kg 50

dT 6p 5§ T 5P

where p refers to the water density and T to the temperature. Notethat 777 is just the negative
of the void coefficient of reactivity, Onthe assumption that this minimum value is the true value,
a rise of water temperature from near 00C to 800C would reduce reactivity by 0.6 per centk ¢s.

The capacity of the reactor-coolant system is such that if the outside air temperature were
0°C and the average water temperature in the reactor were 80°C, energy would be removed at
the rate of 365,000 BTU /hr or 107 kw., Under these conditions the r~actor water-inlet tempera-
ture would be 60°C and the exit temperature, coincidentally, would be 100°C. It is, therefore,
concluded thatif the full available excess reactivity of 0.6 per cent keff were added to thereactor
on a cold day with the coolant system operating, the reactor would operate at an equilibrium
power level about 10 times higher (100 kw) than its normal maximum with little or no net steam
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Before reaching the equilibrium power, when the water in the coolant system would

Bd to the equilibrium value, the reactor would operate at a somewhat higher power level
e net steam production might occur, 1f the coolant were not flowing during the time of
&Pss reactivity addition, the equilibrium power level would Lo quite low and equal to the heat
fssca. In no case would the power level approach a value high cnough to justify any fearof
o el-plate burnout. ' :

/ Maximum Tolerable Sudden Reactivity Addition S

In ordsr to assess the safety factor which exists between the normal excess reactivity avail-
able in the reactor and the excess reactivity necessary for a serious power excursion, it is
useful to estimate the value of excess reactivity which, if suddenly inserted and not removed by,
the control system, would raise the maximum temperature in the hottest fuel plateto the melting
point. Such an excursion would damage the reactor core but would not result in any substantial
release of fission products. ' p

The first step in the procedure is the estimation of the exponential period corresponding to
the excess reactivity which would have characterized a power excursion of similar effect in
Aorax [. The estimate requires that (1) a relationship be established between the maximum
temperature of the fuel plate ard the energy release of the excursion and (2) the energy release
he related to the period of the excursion. -t :

For the case of power excursions of short period, with reactor water at saturation tempera-
ture, it is shown in Reference | that the maximum fuel-plate temperature rise is, to within
experimental error, proportional to the maximum energy release of the power excursion. The
proportionality was dctermined to be constant 24,40F per MW -sec.* Measurements ofthe same
tvno with cold reactor water (the case directly applicable to the UCTR ) showed a similar relation-
ship but with a proportionality constant of only about 10°F per MW-sec (Reference 3). The
di{ference is not an unreasonable one since the subcooled water representsa more effective heat
sink than the saturated water. However, the experiments with the saturated water were carried
to short periods in the range of interest whereas the subcooled experiments were limited to
Jonger perinds. Therefore, more conservative saturated water data will be used, To raise the
maximum temperature of the fuel plate from the temperature of boiling water tp the melting
point of aluminum, a temperature change of approximately 1000°F, would require’a power ex-

cursion with a total energy,release of 10000F or 41 MW -scc,
24.40F /MW -sec

According to the data of Reference 3, replotted in Figure 6. 1A, a ""gubcooled'' power excur-
sion of reciprocal period 150 gec-! would give an energy releascof 41 MW -sec in addition to the
energy necessary to raise the fuel plate temperature to the saturation temperature of water, It
is therefore concluded thata power excursionof period at leastas shortas 1/150 sec (5.7 millisec)
could have been tolerated by Borax [ with subcooled water without melting atthe ho'lest point in
the fuel plates. '

Experiments of the Boraxand SPERT tynes have not been made with reactors having widely
different neutron lifetimes, The general cvidence of the experiments however supports the sup=-
position that of the three related variables --neutron lifetime, excess reactivity, and cxponential
period--which characterize the neutron physics of a power excursion, it is the exponential period
which determines the total energy release and the temperatures attained, The excess reactivity
and aeutron lifetime have large effects only as they jointly determine the period. This suppos: -

R
&

#Actually, the energy dataof Reference 1 were revised in Reference 2 because of later and better
calibrations of the instrumentation. The numbers above are taken from the later (mo-e pessi-

mistic) data.

- B=?
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P nsistent, for example, with the observations that the total energy transferred to the

Py water during a power excursion is many times the amount which would vaporize enough

> to compensate for the cxcess reactivity, and that the actual reactivity reduction which

Feurs during the excuraion is much larger than the initial excess reactivity, The extension of
™ forax results to the UCTR {s made on the basis of thia evidence,

{t is convenient, first, to treat only the effects of the slightly greater fuel-plate apacing and
the slightly lower void coefficient of reactivity of the NCTR. relative to the Borax . Information
will also be drawn {rom the Rorax Il experiments The Dorax 11 reactor differed from DoraxI
{n that the coolant -channel thickness was greater in the ratio 9__%&_4_1.’3_ = 2.26 and that the cal -

0,117 in.
culated void coefficient of reactivity was lower in the ratio
' ' e
0.10% kefs/% void =_l___=0.4l6

0.247% kogf/T void 2.4

noth of these differences would be expected to cause a higher energy reclease per fuel plate in
Borax II than in Borax [ for a power excursion of given period. The measurements made with
subcooled water at periods down to 23 millisec showed that the energy release per fuel plate in
Borax Il was between 1.7 and 2.0 times that of Borax I, with the smaller ratio applying to the
shorter periods (Reference 2). Therecfore, it seems quite conservative to assume«, in the case
of any two reactors, (1) and (2), of the Borax type having a ratio of fuel plate spacings, 51/S2.
and a ratio of void coefficients of reactivity, C1/C2, that the ratio of energy rclease per fuel
plate for a subcooled power excursion of given period will be no greater than E2/E| = S2/8)] or
Ez/E| « C1/C2 whichever is the larger. For the UCTR and BoraxI the ratios are:

Sur _ 0.137 _ Cno _ 0.24
SBo  0.117 117 Cur 0,18

It is concluded, therefore, that a Borax reactor having a coolant-channel thickness and a void
coefficient of reactivity equal to those of the UCTR would release not more than 1,33 times as
much energy per fuel plate as Borax [. The limiting non-melting period for sucha reactor would
be that which in Borax [ gave an energy release of 41/1,33= 31 MW-sec. The period obtained
from Figure 18 . corresponding to a total energy release of 71 MW -sec, is 8,3 millisec.

Al

{n comparing the behavior of differcnt fuel plates, it must be recognized that the total energy
release of the power excursion can no longer be considered as a definitive variable becausc a
large fraction of the total energy released is stored in the fuel plate during the important stage
»f the reactor shut-down. For example, a reactor composed of fuel plates of higa heat capacity
undoubtedly will experience a larger total energy release, but not necessarily a higher maximum
temperature, during a power excursion of given period, than a reactor having plates of low heat
capacity.

From examinationof the Borax results it seems clear that two distinct phases of the reactor
shutdown process occur consecutively and that both may be important in determining the maxi-
mum center temperature of a fuel plate, The first phasecovers the interval before animportant
amount of boiling occurs at the fuel-plate surface. During this interval the heat loss (o the water
g small and the important consideration is evidently the ratio of fuel-plate surface temperature
(which determines the start of boiling) to center temperature. For periods in the range under
consideration this temperature ratio is theoretically not far from unity (0. 76 minimum for a 10-
millisec period in Borax ). Experimentally the temperalure ratio was unity for periods down
to§ millisec in the Borax [ measurements. Since the total effect is smalland since the tempera-
ture ratio for Borax and UCTR fuel plates should not be much different, the thinner cladding will

B-L



Baiance the effeet of the poorer "meat" conductivity, 1t is concluded, therefore, that
{11 be no important difference in fuel plate performance during this initial phase of the
sion,

The sccond phase of the power excursionbegins when a significant rate of boiling {e estab-
Fahed atthe plate surface, Reactivity and conscquently generation are reduced at a rate which
P uat be a function of the rate. at which heat can be transferred into the boiling water, At the
% .ame time the transfer of heat into the water removes heat from the fucl plate and iimite its
temperature rise, The important characleristic of the plate during this phasc of the excursion
is the heat flux which it can supply tothe water for a given temperature difference between the,
plate center and surface, A figure assumedtobe roughlyindicative of.the relative performance
or merit of fuel plates during this phase is the ratio of heat flux to temperature difference
under steady-state conditions, This ratio (figure of merit) will overemphasize the difference
between fuel plates since the temperature distribution in the plate will be more pesked during
a steady-state conduction than during conduction when the general temperature level is rising.
The ratio of these fipures of merit fcr Borax 1 and for the UCTR is

[H—at Flux]
/\Tc -9 UCTR

Heat Flux
AP

A conservative procedurc would be to apply the above factor to the permissible total energy
of excursion on the Borax I curve, At the same time, however, the difference in gross maxi-
mum to average power ratio for the two reactors should be taken into account since it is the
temperature of the hottest point in the hottest fuel plate which is being considered, The power
ratio for the two reactors is

= 0,82

Borax

Man
Ave
Borax - 1.B2 . .12
Max 1.63
Ave
UCTR

The combination of these two factors reduces the permissible equivalent energy of the
Borax-type excursion to

N x 0,82 x 1,12 =28, MW-sec,
The corresponding exponential period from Figure 98 is 9,1 millisec. It is, therefore,
concluded that the TUCTR will tolerate a power excursion of period at least as short as 9,1

millisec without the melting of any part of any fuel plate, The excess reactivity correspond-
ing to this period is 2,3 per cent k. ¢s.

Successive Power Excursions

It is typical of the Borax and SPERT reactors, unless the excess reactivity is removed
@ by external means, an initial power excursion which terminates itself by expelling water from

8§
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tor core will ha followed hy subgsaquent excurslons as the water falls and
Fhack into the core, An exception to this behavior occurs when the initial
raion 1s violent enough to cause a permanent, loss of reactivity by throwing
argn amount of water completely oub of the reactor tank, In the UCTR the total

:{uantity of water in the core 43 small, tho oubmergence of the core is emall, and
Fyafflea above the core are go arranged that any water splash is directed to the

o @ 30 that 4t cannot return to the core, Consaquently, even a relatively
mi1d power excursion (e.gey one having an exponential period of from 20°to 30
m111986) 4n the UCTR should reault in permanent self-induced shutdown of the
reactor. By these same design features the possibility of large successive power
excuraions, such as those studied in the SPERT project, resulting f{rom the rap
addition of excess reactivity is eliminated, It can be anticipated that the UCTR
411 be safe apainst quite large ramp additions (larger than 2.3 per cent kaff)
provided only that the rarp rate 13 rot o rarid as to add an excess reactivity
nf more than 2.3 per cent keep before the reactor power reaches a high level,

To avceed this 1imit the ramp rate would need to be of the order of 1.0 per cent
Kopp POT second or larger,

Raam Tiha Reactivity Tffects

™a TOTR has two 6-inch diameter beam tubos which extend to within 11 inches of
tha fuel-granhite interfaces, The maximum shange on the core reactivity which

nan ha affected hv these two beanm tyho facilities was caleulated to be 0.18% AK/X
or 0.09% AK/K per beam tvhe. The calculation is based upon the effect of a black
+wanrher 6 inches in diameter placed in the same position as the beam tubes, The
raduction in the reflector savings due to the black absorber was calculated using

the following equation,

¢J’(reflector savings) = D(core) « L(reflector), tan h T%rcflector thiclmess)
- reflector ’ reflector)

Anference: "lementsof Nuclear neactor Theory" Olasstone and Edlund.

™e reflector savings for the 1%,5 cm and o8.0 cm of graphite were calculated to
ba 7.83 cm and 5,25 em respectively, The area of the black absorber is 137 of
the adjacent core face area. Using the reflector savings given above and the
area weighting factors, the reflector savings with and without the 6" diameter
Wlack absorber were calculated to be 7,33 em and 7.83 cm respectively.

™o reactivity effact of the single 6" diameter black absorber was then determined
e~tenlating the critical buckling with and without the blaclic absorbers

Uaing the value of =0,09% AX/K, for a single beam tube the shortest period which
the reactor could go on, due to the sudden withdrawal of a black absorber from
the 6" heam tube, would be aprroximately B0 seconds. Therefore, the reactivity
shanpe which can he effected bv the heam tubes does not represent a hazard to

reactor operation,

8.6
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APPENDIX F

ESTIMATION OF EFFECTS OF ASSUMED LARGE REACTIVITY ADDITIONS

It has been demonstrated repeatedly in the Borax and SPERT reactors that water -cooled,
water -moderated reactors of suitable design may haveavery substantial self-protection against
the effects of reactivity accidents, even in the absence of corrective action by the reactor control
system. This self-protection is provided by the negative steam-void coefficient of reactivity
and the negative temperature coefficient of reactivity, both of which can result in important
reactivity reductions as the reactor power rises. The UFTR has beendesigned with a high degree
of self-protection of this type. In this appendix estimates are made of the behavior of the re-
actor under various hypothetical conditions of excess reactivity addition with no corrective action
by the control system.

The characteristics of the UFTR which determine its behavior during power transients re-
sulting from large reactivity additions are quite similar to, but not identical with, those of the
Borax [ reactor. Its behavior can be predicted most reliably by utilizing the Borax [ data with
simple correction factors to convert them to the UFTR ‘conditiuns.

The significant quantitative characteristics of the UFTR and the Borax I reactor are com-
pared in Table F -1,

TABLE F-1

COMPARISON OF UFTR AND BORAX I CHARACTERISTICS

Characteristic UFTR Borax I
Fuel plate "meat" 46 w/o U-Al alloy 18 w/o U-Al alloy
(20 per cent (fully -enriched)
enriched)
Fuel plate cladding 1100 aluminum 1100 aluminum
'Meat'" thickness 0.040 in, 0.020 in.
Cladding thickness 0.015 in 0.020 in.
Coolant-channel thickness 0,137 in. 0.117 in.
Core volume (approx.) 71 liters ‘ 106 liters
{

Void coefficient of -0.21 per cent k/ ; 0.24 per cent k/
reactivity (calculated per cent coolant void per cent coolant void
Temperature coefficient -0.01 per cent k/°C -0.01 per cent k/°C
of reactivity (room (estimated)
temperature)
Effective prompt-neutron 1.4 x 10™% sec 0.65 x 10™% sec
lifetime (calculated)
Power ratio in core, 1.63 1.82
maximum .r.'erm;c "
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The U-238 in the 20 per cent enriched fuel of the UFTR introduces a negative Doppler
coefficient of reactivity estimated to be of the order of 4 x 10-7 k/°C equivalent to . 004 per
cent reduction in k per 100°C rise in fuel temperature. Although the Doppler coefficient acts
instantaneously and would cause the shutdown of the reactor in case of a reactivity accident, its
effect 1s not expected to be important because expulsion of the water moderator will terminate
an excursion before the fuel temperature has risen appreciably.

In addition to the quantitative differences, the UFTR differs from Borax [ in that the maxi-
mum coolant water level is only a few inches above the upper ends of the fuel plates (instead of
about 4 ft) and the coolant water, once it has been ejected forcibly from the core by a power
excursion, cannot fall or flow back into the core.

Effect of 0.6 Per Cent Excess Reactivity

An excess reactivity of 0.6 per cent k¢ will be available in the reactor if its teraperature
1s abnormally low (nearly freezing).

The addition of all this excess reactivity will cause the reactor to operate zt a power such
that the reactivity losses associated with the temperature increase and the voids formed will
equal the excess reactivity.

If the reactivity is added slowly, after the reactor is critical, the power will approach such
an equilibrium level slowly as the reactivity is added. If the reactivity is added suddenly when
the reactoris initially subcriticalor at very low power, the power willat first rise exponentially
with a period not shorter thar 9.3 sec which is the asymptotic period corresponding to the full
excess reactivity of 0.6 per cent keff. Many experiments with the Borax reactors havedemon-
strated that for periods of this order of magnitude the transition from the exponential power
rise to the equilibrium power level (in which excess reactivity is balanced by temperature and
steam void coefficients) is a smooth one involving little or no power overshoot. On the basis
of this experience, it can be said that the magnitude of the power excursioan which results from
the 0.6 per cent reactivity addition will not depend greatly on whether the reactivity is added
suddenly or relatively slowly and in neither case will it approach a level which would cause a
fuel plate to burn out.

In order to compute the power level at which the reactor will operate after the addition of
the 0.6 per centexcess reactivity discussed in the foregoing it is necessaryto know the water-
temperature coefficient of reactivity. The relative importance of the two moderators, graphite
and water, in determining the effective neutron temperature introduce uncertainties in the theo-
retical computation of this coefficient. The coefficient cannot, however, have an absolute mag-
nitude less than that o the water-density coefii:ian: of reactiviy referred to a temperaiure
scale, i.e., the coefficient computed on the assumption that:

d kegg _ 6 kg 5 ¢

dT &0 5§ T 50

where p refers to the water density and T to the temperature. Note that 5 T 18 just the negative
of the void coefficientof reactivity, Onthe assumption that this minimum value is the true value,
a rise of water temperature from near 0°C to 800C would reduce reactivity by 0.6 per centk ¢

The capacity of the reactor-coolant system is such that if the outside air temperature were
09C and the average water temperature in the reactor were 80°C, energy would be removed at
the rate of 365,000 BTU /hr or 107 kw. Under these conditions the reactor water-inlet tempera-
ture would be 60°C and the exit temperature, coincidentally, would be 1009C. It is, therefore,
concluded thatif the full available excess reactivityof 0.6 per cent koff were added to the reactor
on a cold day with the coolant system operating, the reactor would operate at an equilibrium
power level about 10 times higher (100 kw) than its normal maximum with little or no net steam
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production. Before reaching the equilibrium power, when the water in the coolant system would
be heated t, the equilibrium value, the reactor would operate at a somewhat higher power level
and some net steam production might occur. [f the coolant were not flowing during the time of
excess reactivity addition, the equilibrium power level would be quite low and equal to the heat
losses. In no case would the power level approach a value high enough to justify any fearof
fuel-plate burnout,

Maximum Tolerable Sudden Reactivity Addition

In order to assess the safety factor which exists between the normal excess reactivity avail -
able in the reactor and the excess reactivity necessary for a serious power excursion, it is
useful to estimate the value of excess reactivity which, if suddenly inserted and not removed by
the control system, would raise the maximum temperature in the hottest fuel plateto the melting
point. Such an excursion would damage the reactor core but would not result in any substantial
release of fission products,

The first step in the procedure is the estimation of the exponential period corresponding to
the excess reactivity which would have characterized a power excursion of similar effect in
Borax [. The estimate requires that (1) a relationship be established between the maximum
temporature of the fuel plate and the en:rgy release of the excursion and (2) the energy celease
ve relatea to the period of the excursion, -

For the case of power excursions of short period, with reactor water at saturation tempera-
ture, it is shown in Reference | that the maximum fuel-plate temperature rise is, to within
experimental error, proportional to the maximum energy release of the power excursion. The
proportionality wasdetermined to be constant 24.4°F per MW-sec,* Measurements ofthe same
type with cold reactor water (the case directly applicable to the UFTR) showed a similar relation=
ship but with a proportionality constant of only about 10°F per MWe-sec (Reference 3). The
difference is not an unreasonable one since the subcooled water represents a more effective heat
sink than the saturated water. However, the experiments with the saturated water were carried
to short periods in the range of interest whereas the subcooled experiments were limited to
longer periods,. Thgrefore, more conservative saturated water data will be used. To raise the
fmaximum temperature of the fuel plate frorm the temperature of boiling water tp the melting
point of alumr.inum, a temperature change of approximately 10009F, would require’a power ex-
cursion with a total energy release of 10009F _______  ,r 4] MW-sec.

24.40F /MW -sec

According to the data of Reference 3, replotted in Figure 6. 1A, a "subcooled" power excur -
sion of reciprocal period 150 sec~! would give an energy releaseof 41 MW -sec in addition to the
energy necessary to raise the fuel plate temperature to the saturation temperature of water, It
1sthereiore concluded thata power excursionof period at leastas shortas 1,150 sec (6.7 millisec)
could have been tolerated by Bo~: ' [ with subcooled water without melting atthe hottest point in
the fuel plates. A

Experiments of the Borax and SPERT types have not been made with reactors having widely
different neutron lifetimes, The general evidence of the experiments however supports the sup-
position that of the three related variables--neutron lifetime, excess reactivity, and exponential
period--which characterize the neutron physics of a power excursion, it is the exponential period
which determines the total energy release and the temperatures attained. The excess reactivity
and neutron lifetime have large effects only as they jointly determine the period. This SUpposi-

*Actually, the energy dataof Reference | were revised in Reference 2 because of later and better

calibrations of the iastrumentation. The numbers above are taken from the later (more pessi-
mistic) data.
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tion is consistent, for example, with the observations that the total energy transferred to the
coolant water during a power excursion is many times the amount which would vaporize enough
water to compensate for the excess reactivity, and that the actual reactivity reduction which
occurs during the excursion is much larger than the initial excess reactivity., The extension of
the Borax results to the UFTR is imade on the basis of this evidence.

It i1s convenient, first, to treat only the effects of the slightly greater fuel-plate spacing and
the slightly lower void coefficient of reactivity of the UFTR relative to the Borax [. In’ormation
will also be drawn from the Borax [I experiments, The Borax [I reactor differed from Borax!]

in that the coolant-channel thickness was greater in the ratio %?_;_L“_ = 2.26 and that the cal.
. in.

culated void coefficient of reactivity was lower in the ratio

0.10% keff/% void _ 1 _0.416
0.24% Keff/% void 2.4

Botk of these differences would be expected to cause a higher energy release per fuel plate in
borax [I than in Borax [ for a power excursion of given period. The measurements made with
subcooled water at periods down to 23 millisec showed that the energy release per fuel plate in
Borax [I was between 1.7 and 2.0 times that of Borax [, with the smaller ratio applying to the
shorter periods (Reference 2). Therefore, it seems quite conservative to assume, in the case
of any two reactors, (1) and (2), of the Borax type having a ratio of fuel plate spacings, S1/S;,
and a ratio of void coefficients of reactivity, C)/C2, that the ratio of energy release per fuel
plate for a subcooled power excursion of given period will be no greater than E2/E| « S2/5] or
E2/E| « C)|/C2 whichever is the larger. For the UFTR and Borax [ the ratios are:

Syr 0.137 & Cro 0.24
SBo 0.117 - Cur 0.21

[t is concluded, therefore, that a Borax reactor having a coolant-channel thickness and a void
coefficient of reactivity equal to those of the UFTR would release not more than l.17 times as
much energy per fuel plate as Borax [. The limiting non-melting period for sucha reactor would
be that which in Borax [ gave an energy release of 41/1.17=35 MW-sec. The period obtained
from Figure 6, lA, corresponding to a total energy release of 35 MW .sec, is 7.7 millisec.

The remaining difference between Borax [ and the UFTR is in the composition of the fuel
plates, The UFTR plates are thicker;their uranium-aluminum alloy has a somewhat lower con-
ductivity because of the higher uranium concentration, and their aluminum cladding is thinner.

In comr.paring the behavior of different fuel plates, it must berecc,nizd that th: total enery
release of the pow=r excursion can no longer be considered as a definitive variable becausea
large fraction of the total energy released is stored in the fuel plate during the important stage
of the reactor shut-down. For example, a reactor composed of fuel plates of high heat capacity
undoubtedly will experience a larger total energy release, but not necessarily a higher maximum
temperature, during a power excursion of given period, than a reactor having plates of lowheat
capacity.

From examinationof the Borax results it seems clear that two distinct phases of the reactor

shutdown process occur consecutively and that both may be important in detcrmining the maxi-

mum center temperature of a fuel plate. The first phase covers the interval before animportant

unount of boiling occurs at the fuel-plate surface. During this interval the heat loss to the water
is small and the important consideration is evidently the ratio of fuel-plate suriace temperature
(which determines the start of boiling) to center temperature. For periods in the range under

msideration this temperature ratio is theoretically not far from unity (0. 76 minimum for a 10-
Experimentally the temperature ratio was unity for periods down

nillisec period in Borax I).
millisec in the B rax [ measurements, Since the total effect is smalland since the tempera-
ratio for Borax and UFTR fuel plates should nol be much different, the thinner cladding wils



tend to balance the effect of the poorer ''meat' conductivity, It is concluded, therefore, that
there will be no important difference in fuel plate performance during this initial phase of the
excursion,

The second phase of the power excursion begins when a significant rate of boiling is estab-
lished atthe plate surface, R activity and consequently generation are reduced at a rate which
ust be a function of the rate at which heat can be transferred into the boiling water, At the
same time the transfer of heat into the water removes heat from the fuel plate and limits its
temperature rise, The important characteristic of the plate during this phase of the excursion
is the heat flux which it can supply tothe water for a given temperature difference between the
plate center and surface, A figure assumedtobe roughlyindicative of the relative performance
or merit of fuel plates during this phase is the ratio of heat flux to temperature difference
under steady-state conditions, This ratio (figure of merit) will overemphasize the difference
between fuel plates since the temperature distribution in the plate will be more peaked during
a steady-state conduction than during conduction when the general temperature level is rising.
The ratio of these figures of merit for Borax | and for the UFTR is

[Heat Flux

LT..s + UFTR

- -
Heat F!ux_{
A

t‘ Te-s 4

A conservative procedure would be to apply the above factor to the permissible total energy
of mxcursion on the Borax | curve, At the same time, however, the difference in gross maxi-
mum to average power ratio for the two reactors should be taken into account since it is the
tempe rature of the hottest point in the hottest fuel plate which is being considered. The power
ratio for the two reactors is

Borax

Max

Ave
Borax

Max

AveurTR

The combination of these two factors reduces the permissible equivalent energy of the
Borax-type excursion to A

35 x 0,82 x 1,12 = 32 MW-sec, \
The corresponding exponential period from Figure 6,1A is 8,3 millisec. Itis, therefore,
concluded that the UFTR will tolerate a power excursion of period at least as short as 8.3
millisec wathout the melting of any part of any fuel plate, The excess reactivity correspond-
ing to this period is 2,4 per cent kogf.

Successive Power Excursions

’
it is typical of the Borax and SPERT reactors, unless the excess reactivity 1s removed

]

)y external means, an initial power excursion which terminates itself by expelling water from
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the reactor core will be followed by subsequent excursions as the water falls and flows back
\nto the core, An exception to this behavior vccurs when the initial excursion is violent enough
to cause a permanent loss of reactivity by th -owing a large amount of water completely out of
the reactor tank. In the UFTR the total quurcity of water in the core is small, the submergence
of the core is small, and baffles above ne core are so arranged that any water splashis directed
to the outside so that it cannot return to the core, Consequently, even a relatively mild power
excursion (e.g., one having an exponential period of from 20 to 30 millisec) in the UFTR should
result in permanent self-in‘uced shutdown of the reactor, By these same design features the
possibility of large successive power excursions, such as those studied in the SPERT project,
resulting from the ramp addition of excess reactivity is eliminated. It can be anticipated that
the UFTR will be safe against quite large ramp additions (larger than 2,4 per cent Kqgg) Pro-
vided ot.y that the ramp rate is not so rapid as to add an excess reactivity of more than 2,4
per cent ko¢¢ before the reactor power reaches a high level, To exceed this limit the ramp
rate would need to be of the order of 1,0 per cent keff per second or larger,
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RESPCNSE TO NRC STAFF'S A3SERTED MATERIAL FACTS

J £ Ay
V ¥4 a

1y “The 10 C.7.B. Part 20 Appendix B release linit for unvestricted ar
‘1 Ar 1s 4 x 10°€ uCi/ml,” ‘ e 2.

NOT DISPUTED o N
1 | V2
2, "The hlAr releases from the UCLA reactor into unrestricted areas are

3.8 x 109 pci/m1.*
DISPUTED

(Foster declaratisn for VI, P4-8; Lyon declavation for VI, B 20;
Pulidn declaration for XV, P 4)

3. "The UCLA radiation monitoring system data has been verified by an
environmental monitoring program.”

DISPUTED
(Faster declaration, P3-26; Lyon declaration, B3-20)

4, "The most conservative interpretation of the UCLA environmental menitering
progran 1s 30 nren/yr from reactor radiological releases into unrestricted
areas,"”

- DISPUTED
(Foster declaration,P 10-11, 13-15,24-26)

€, “A dose of 30 mrem/yr. is 6% of the permissible level in 10 CFR 20,105(a)¥
NOT DISPUTED

Counterfact: A dose of 30 mrem/yr in unrestricted areas of UCLA

would violate 10 CFR 20,1(c) and would be the equivalent of membters of

the public, without their permission or irowledge, receiving ile

equivalent of an additioral chest X-ray per year without any medical need therefor

(¥onosson declaration P 1f; Lyon declaration, F 16-17; 10 CFR 20.1(e);
ICRP Publication 22)

e "The radioactive emissions from the UCLA research reactor could not be
significantly reduced by additional stack height.,”

DISPUTED

(Fulido declaration for XV, E3-5,7=8,34; larch 13, 1975, Response by
UCLA to Notice of Violation, second-to-last page, indicating raising
stacg the 17 feet to the origirally required height would inerease
iispersion and decrease radicactive concerntrations in putlic areas by

a factor of five),



Vi-2

RESPONSE TC UCLA'S ASSERTED MATERIAL FACTS

27. "“Based »n conservative assumptions the maximum argor-4l concentraticn
seen in _Ee past ‘1ve years at the Mathematical 3ciences alr intake is
2.6 x 1077 uCt emd,"

DISFUTZED.

(Foster declaration, Bf; 3AR to Amendment 10 to UCLA license; Reg Guide 1,111)
28, "The highast radlatioen level on the unrestricted rooftop areas adjacent
tn the reactor hullding exhaust stack does not exceed 22 mrem per year above
tackground,”

DISFUTED

(Foster declaration, P 10-21; plus the TLD raw data)
29, "The radinactive emissions from the UCLA reactor have been reduced to a
level that i35 as low as reasrnably achievatble.”

DISPUTED

Fnaster declaration, F3-26; Pulido declaration for XV, P 4-11,34;
Lyon declaration, B4=5,2,16=17,20)



