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1. Is the current plan not to use LOFT foe a meltdown
experiment in the best interests of nuclear safety?

In view of the present configuration of the LOFT
facility, the program planned for the facility, and the
other elements of the Water Reactor Safety Program now
underway or planned, the answer is yes, the current plan
not to use LOFT for a meltdown experiment is in the best
interests of nuclear safety.

LOFT is a flexible, highly instrumenteo facility, at
the largest scale for a full systpm that. is available for
thermal-hydraulic testing of ECCS-type phenomena. It will
be useful for a variety of water reactor safety research
experiments, and is the only facility available for many
such experiments. An example is the potential use of the
LOFT facility for system transient tests with successively
degraded protective and emergency system conditions. These
transient tests would not involve simulated pipe breaks but
would deal with an assortment of system conditions that are
more likely to occur than pipe breaks. In the safety anal
ysis for commercial water-cooled reactors, a variety of
system transients must be considered. The plant responses to
turbine-generator trips, loss of one or more primary recir
culation pumps, and accidental openings of primary or secondary
safety and relief valves are among the transients calculated
by means of computer codes that model the reactor system.
The same reactor system codes, or extended versions of them,
are used for the class of accidents referred to as "ATWS"
events; anticipated transients without scram. Some checking
of these computer codes is possible during startup experiments
on commercial plants. The startup experiments, however, are
necessarily conducted with the plant protective systems fully
operative. It would be very useful to extend these checks
of the computer models to transients in which the protective
system actions are delayed, or are otherwise degraded below
design performance. This testing could be done with LOFT,
and the results cross-checked against the startup experiment
results as well as used to check the computer models.
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Other experiments for which LOFT should be used include
loss-of-coolant runs with pressurized fuel (these are already
part of the experimental program) and loss-of-coolant exper
iments with different ECCS configurationr Consideration
should be given to LOFT experiments with a l~:ager core, and
separately to the possibility of a core of .arger diameter.
LOFT can also be used for certdin pressure-suppression exper
iments, using the present suppression tank system; these
would be useful in checking fome of the featuc2S 0f the var
ious computer codes used in analyses of pressurc-suppce3sion
type containments.

LOFT has taken many years to reach the present stage of
near-startup. Several major redirections in the type of
testing to be done have, of course, greatly lengthened the
design and construction time of LOFT. Even so, it is clear
that facilities of the LOFT type require many years of design
and analysis, experiment definition and pre-calculation,
instrument development and calibration, and construction and
shakedown time. Having finally brought LOFT to a stage
where the experiments for which it is intended can soon
begin, it would be a ttagic mistake to start yet another
program rcdefi~itiG~ 3~C recr:e~~a~i0~ cy~!~.

The LOFT facility should be used for the experiments for
which it has been so painfully constructed ana reconstructed.
The loss-of-coolant experiments, both non-nuclear and nuclear,
should go forward without further delay. These experiments,
as planned, will take several years. There are bound to be
other experiment3 of the loss-of-coolant type that will be
found to be important as a result of the planned experiments,
so the ECCS-LOCA programs will certainly be extended beyond
the present plans. Beyond the loss-of-coolant experiment,
the other types of experiments for whi~h the LOFT facility
is well-suited, particularly the system transient ey.periments
in abnormal conditions, should be carried out. These will be
of gr~~t ,,?1~~ in rhprking prprli~ted reactor behavior in such
conditions, and, as noted, have the very useful characteristic
that they will apply to more likely reactor conditions than
the large pipe break loss-of-coolant type tests. The system
transient-abnormal condition experiments will also take
several years to perform, and will also generate further
experiments of the type. All together, the LOFT facility
has 6 to 10 years of useful experimentation ahead of it, in
tosting work for which the facility is both well-suited and
unique.

Meltdown experiments in LOFT are unlikely to produce
data that are either useful cr that give any new insights.
There is first of all tp~ open Question as to whether any
large fraction of the LOFT core can be made to melt under
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loss-at-coolant conditions, with stored energy and afterheat
as the driving forces, and that is the circumstance of in
terest in meltdown. The limited melting of a smalJ portion
of the central core region would release some fi£sion pro
ducts, but it is hard to see what auantitative or Qualitative
uses could be made of such data. Second, if any substantial
core melting occurs there is really only one meltdown run
available. The resulting contamination in the crowded and
complex arrav of vessels, oipes, wires, and instruments of
thp· npparatuG w~ulrl b~ im~ossiblp to clean u~ to thp. decree
necessary for the extensive personnel access needed for
experiments, and in the relatively short time necessary if
repetitive experiments ar n to be run. LOFT simply is not
suitable for meltdown experiments in its present configura
tion, either from tne standpoint of assurance of substantial
core melting or with regard to cleanup provisions and possi
bilities to allow more than one meltdown. Since data from
only one run, at best, would be available, there would
always be questions about whether those data were truly
representative.

The ouest ion of using the LOFT facility for meltdown
experiments thus involves balancing many years of loss-of
coolant and system tranSlent experlments, ior which the
facility is well-suited and unique and from which valuable
data are virtually guaranteed, against a single meltdown from
which the data will be suspect, if substantial core melting
occurs, or against a limited series of small local meltdowns
from which the data will be even less meaningful. The choice
is clear: any contemplation of meltdown experiments should
be held for the very end of the useful life of the LOFT
facility for other experiments, and even then is unlikely to
be a productive venture compared to the additional cost and
difficulty of decommissionin, and mothballing the facility.

A comment on what should be ~one about meltdown
phenomena, from the standpoint of any needed safety research,
is in order. In view oC the results of the RasmUSSen ~EPCLt

(WASH-1400) that core meltdown may occur, from one cause or
another, with a higher probability that had previously been
estimated, experimental and analytical studies of meltdown
phenomena are certainly needed. This area of reactor satety
research has been largely neglected until recently, on the
basis that all available resources should be devoted to
methods of avoiding meltdown. As we start now to devise
research programs in the meltdown area, careful attention
must be given to the kind of information that is needed and
to the practicability of experiments in these difficult
phenomena. The need is for better information upon which
to base consequence modeling of the kind done in the
Rasmussen studies. It is not necessary to be able to
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compute in detail all of the aspects of a meltdown, but
rather to be better able to define and bound the phenomena
that mig\t ~ccur. The limiting conditions for steam
explosions, overall heat transfer characteristics of multen
core materials and core debris beds, the general nature of
molten core-concrete interactions, and limiting release
fractions for fissions product species are the sorts of
information needed. These aspects of core meltdown are
bettpr stunied in separate effects exp~riments than in
integral tests. Any decision on integral testing at any
substantial scale could well await some results from the
individual effects experiments, and may not be needed at
all.

The present Water Reactor Safety Program includes a
modest amount of core meltdown separate effects work.
These program elements orovide a start on the needed research,
but the effort should be increased from present (FY 1976)
half-million dollar per year level to several millions per
year.
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2. Should LO~T be used on a timely basis to study the
means of retaining molten cores and measuring the
consequenc05 of st~am explosions and radioactive
releases resulting from a meltdown?

The answer is no, again in view of the configuration of
the LOFT facility and of other elements in the Water Reactor
S~fety P~ogram. The considerations leaning to this conclu
2ion fallcw, in part, from those of Question 1.

The LOFT facility is simply not suited for experiments
with "core-catcher" systems or for steam explosions. As
noted previously, it is not at all clear that a substantial
core meltdown in loss-of-coolant conditions can be achieved
with LOFT. The first essential of the proposed experiments,
a molten core mass, is thus probably not available in LOFT
in a prototypical loss-of-coolant configuration.

The LOFT core is small and is located in a long, narrow
vessel, so that the lower plenum region is too small for
installation of in-vessel core-catcher arrangements and the
~ssociated instrumentation. The vessel itself is embedded
in tightly-packed and complex piping and cabling on the MT~

dolly. There is little space available for ex-vessel core
catcher arrangements beneath the dolly, and what space
exists would be hard to work in, considering the array of
instruments and piping conditions that would be needed.
Cleanup and decontamination after an experiment would be
difficult at best, and probably impractical, as noted in the
answer to Question 1. Much the same remarks apply to steam
explosion experiment possibilities.

Rebuilding the LOFT facility for core-catcher and steam
explosion experiments is certainly possible, but would be
expensive and time-consuming. A new dolly, with a new
reactor system unit, would likely be required. Such a
course could be considered as a follow-on line of work,
after all of the planned LOFT programs are carried out and
after those additional experiments for which LOFT is well
suited have been done. However, in view of the long time
until the facility would be available for core-catcher and
steam explosion work, it would be better to deal with these
matters in separate facilities, as is now being done. The
data from the several separate effects programs on molten
core interactions, steam explosions, fission product behav
ior, and heat transfer are all applicable to commercial
reactors to about the same extent as data from a modified
LOFT test would be. The greater experimental control and
measur~ment capability in the separate effects testing
compensate in large measure for the larger scale, integral
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test aspects of a modified LOFT. Further, for these
effects, unlike the Eees tests, a full-system type of test
is really not needed. That is, i· studying core-catcher
arrangements it matters very little whether there is a
complete primary system and Fees in the facility: what
counts is the molten core, its immediate environment, and
the core-catcher system.

8



,

3. will the small scale LOFT result in experimental data,
including the phenomena associated with a core meltdown,
that is applicable to the large commerical reactors?
Is a larger LOFT type test facility needed?

First, LOFT will certainly yield experimental data that
is applicable to large commercial reactors, largely through
t~~ ~CCS performance computer codes, as detailed below.
Next, LOFT will not yield data on meltdown phenomena, 5,nce
meltdown is not contemplated in the experimental program.
There are some possibilities for incipient meltdown experi
ments, hr.ever, as discussed below. Lastly, a larger LOFT
type facility is not needed, for reasons summarized in the
following discussion.

The LOFT experiments planned in the current program
plan are primarily "checking" experiments for the complex
computer codes used to detail EeeS performance in large
reactors. The computer codes contain various models of
fuel rod heat transfer, fluid behavior in the several parts
of the reactor system, pump dynamic impedance to two-phase
fluid flew, and the action of the several ECCS components.
~ ~e,i~s of ~eparate effects tasts are used to calibrate the
computer models, and indeed to guide the construction of the
models. For most of the phenomena involved, the separate
effects tests provide more carefully controlled and better
measured conditions from which to calibrate the computer
mo~els. LOFT experiments provide the important feature of
~omhining the various phenomena of loss-of-coolant accident
witn £CCS action on a system basis that is generally repre
sentative of the large reactor systems. The LOFT experiments
should provide a check on the way in which the computer codes
combine the various models. Further, if there are interac
tions of the physical phenomena that have not been properly
accounted for in the computer modeling, this should become
a99arent from comparison of LOFT data with the computer
predictions. It is a fair guess that the LO~T e~peri~ents

will lead to adjustments in some portions of the computer
codes. In these ways the LOFT data is applicable to large
commercial reactors.

There is an implication in some of the discussion of
the LOFT program that LOFT is a proof-test for large reactor
ECCS performance, that it is, or should be directly appli
cable to large reactors, and that LOFT will show directly
whether large reactor Eees will "succeed" or "fail" in a
loss-of-coolant accident. The LOFT experiments are simply
not of that nature and the LOFT facility is incapable of
producing results of those sorts. LOFT is a test rig, the
best in existence for loss-of-coolant-type experiments, and
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there will be a great number of experiment. run with it
over a long period of time. None of the.e experi.ent. will
"succeed" or "fail". All of them will provide data of .0••
sort that will be useful for one purpose Or another I so••
of it undoubtedly will show deficiencies in the LOrT appa
ratus itself, and will be the ba.is for improv••ents in LOrT
components and instrumentation.

LOFT has an important place in the array of water
safety experiments, and if there were no such full-system
tests in the program it would be a serious deficiency. But
LOFT, in and of itself, is not the definitive water r.actor
safety facility, and the results from the LOFT experi.ents,
in and of themselves, are not going to be the definitive
water reactor safety results. Nor were they ever intended
to be. There is, in fact, considerable doubt that there
can ever be a definitive set of reactor safety experiments,
in the sense that such a set of experiments would settle
all arguments about reactor safety. The LOFT experi.ents
will certainly improve our knowledge of the phenomena to be
tested, and thereby improve our assurance of water reactor
safety, but they are unlikely to end the debate over water
reactor safety.

The matter of meltdown experiments in LOFT has been
discussed in connection with the previous two questions.
In brief, LOFT is not suited to meltdown experiments in
the present configuration and should not be used for that
purpose in view of the value of the facility for loss
of-coolant and system transient testing. Xt is possible
to develop some information about the early stages of
accident conditions that would lead to meltdown by a series
of runs with successively greater degradation of ECCS
performance. For example, accumulator or pumped injection
of emergency cooling water could be delayed by larger and
larger time intervals in a series of runs until some fuel
failures (small leaks in fuel rod cladding) developed. Such
experiments would not lead to excessive or unrecoverable
contamination conditions, and, in fact, have been considered
by the LOFT group. The information developed would be
useful in checking some of the margins to ECCS failure in
current ECCS designs, and in extending the range of data
useful for checking computer codes. This sort of experiment,
however, should not be confused with meltdown experiments.

On the question of larger integral test facility, it
is fair to say that in the best of all possible worlds it
would be nice to have a "LOFT-XX" facility intermediate
between LOFT and the large commerical reactors. Such a
facility would provide an additional set of data points to
improve the computer codes and to follow the scaling up of
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all the phenomena involved in a loss-of-coolant accident
toward full commercial size. But considering the time,
manpower, resources, and coat that would be involved, it
is a luxury we can well do without. In language dear to
budget managers, it would not be cost-effective. A much
more useful enterprise is to continue the thrust of the
current Water Reactor Safety Program toward large-scale
separate effects facilities and tests. The Plenum rill
Experiments i8 one exa.ple of this type of effort an~ the
on-going FLECHT-SET program is another.
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4. Should licensing of commerical reactors be modified in
any way pending the results of the LOFT experiments
or of expe,iments on a larger facility?

The answer is an emphatic no. Here again there is the
implication that LOFT, or some SImilar but larger facility,
is going to produce a single definitive test that will
":~ccee~'1 0: nfai~" an~ that the =afety of water rza=tor=
hangs on that result. As noted previously, the LOFT exper
iments are not of that character, nor would the exp~riments

done with a large, facility be of that character.

There is a background of knowledge about water reactor
safet! that must be kept in mind in dealing with the ~uestion

posed here. The present licensing basis for nuclear plants
puts heavy emphasis on careful and high quality design and
construction for reactor elements important to safety, and
requires full redundancy in all safety equipment. The
occurrence of piping flaws of the sort that lead to pipe
breaks without prior warning by leakage is relatively rare
in industrial piping built to good engineering practice, but
of g~n~ral1y lower ou~ltty At~ndards than nuclear piping.
Estim3tes of the probability of nuclear piping break~ with~ut

prior warnings by leakage are based on industrial plant data
and run from about one chance in one thousand per plant-year
for small piping down to one chance in ten thousand to one
hundred thousand per plant-year for the largest pipes in a
reactor system. (The probabilities of vessel failure of a
significant nature are much smaller, in the range of one
chance in ten million or so per plant-year.) The events of
concern for Eees performance are thus in themselves of quite
low probability.

In turn, the chances of successful teeS performance are
good, taking into account the possibilities for both equip
ment failure and design deficiencies. On the one hand, the
redundancy in both power sources and components in tees
greatly reduces the vulnerability to equipment failures. On
the other, the considerable effort and argument that has gone
into Eees designs and performance calculations over the years
means that the chance we have overlooked some basic aspect of
the phenomena involved is small. This is not the say that
there are no questions left in the EeeS area, or that the
system performance can be guaranteed in all circumstances,
but rather to point up the fact that, as the American
Physical Society Study Group on Light Water Reactor Safety
put it, "We have no reason to doubt that the teeS will
function as designed in most circumstances requiring its
use." Overall, I find the Rasmussen study result of a one
or two percent failure rate of Eees on demand to be a
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reasonable one. Thus, the basic plplng failure probabilties
noted above are reduced by a factor of fifty to one hundred
to obtain the probability of an unprotected loss-of-coolant
accident that would lead to meltdown of the core.

Finally, the consequences of a core meltdown are shown
by the Rasmussen study to be rather limited in the great
majority of cases, when judged against the consequences of
other major industrial or transportation accidents of com
parable probability. Even the ultimate reactor accident was
found in the Rasmussen study to have consequences within the
range of very large natural disasters and industrial trans
portation accidents, and to have a substantially smaller
change of occ~rring than these events.

The conclusion to be drawn here is that power reactors
designed, constructed, and operated on the present licensing
basis have a better public safety aspect, at least aa far BS
loss-of-coolant accident matters are concerned, than .uch
of the rest of our technological paraphernalia. There ia,
consequently, no reasona~le basis for .odifying the preaent
licer.sing practice for commerical reactors to aw~id LOFT
experiment results.

At the same time, there is every reason to get on with
the LOFT experiments, and with other reactor safety research,
to improve both our understanding of accident phenomena and
our methods of ameliorating and containing accidenta. While
the present safety level and licensing basia for co...rcial
reactors are certainly adequate for the current generation
of plants, and as noted are much better than for .ost other
major technologies, there are many more plants to be built
in future years. It is appropriate to i.prove the safety
level to compensate for the greater nu.b~r of plants and to
reduce as far as practical the residual chance of an accident
with substantial off-site effects. It is clear thBt there
is ~ ~r~~tly in~r~~s~d pQblt~ int~r~~~ t~ M~~in9 all nUt
technologies as risk-free as practical, and wide public
support for the cost and effort to do so.
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5. Present LOFT plans call for the use of a pressure
soppression system in lieu of blowdown to the
containment. Because of this, there are no planned
tests of the containment's ability to control fission
product activity. Do you believe that such a test of
the containment would be appropriate for LOFT?

NO, because such a t~st would end the ue~ ~f ~h~ ~OFT

f2cilit~, for ether, mor~ i~portant work, because it wocle
not be a very meaningful test, and because it would increase
the cost and difficulty of decommissioning the facility.
These points are elaborated in the following discussion.

The pressure suppression system that has been added
recently to the LOFT facility is needed to control the back
pressure on the LOFT reactor system after a blowdown, to
provide post-blowdown system pressure conditions representa
tive of those in a commercial reactor. It is an essential
feature of the ECCS tests in LOFT. It has the further
desirable feature of controlling the minor radioactive
releases that may occur during the nuclear tests, and thus
avoids the need to decontaminate the facility to allow
nersonnel access after a run.

The possible containment-related experiments that might
be done relate first to the ability of the containment to
stand the resulting internal pressure and the effectiveness
of the containment sprays to condense steam and reduce the
pressure, and second to the effectiveness of the sprays to
reduce the burden of gaseous and air-borne fission products
released into the containment.

with regard to pressure retention and reduction tests,
the LOFT facility is poorly suited to this work. The
containment is too large relative to the contained fluid
volume in the reactor system to provide any meaningful test
at either pressure retention or pressure reduction. The
containment was designed for a much larger reactor system
volume, dating back to long-since cancelled plans for the
system. There is a useful ratio in containment work by
which to judge these matters. This is the ratio of the
containment free volume, V, to the mass of fluid in the
reactor system, M. The ratio VIM in large commercial
plants of the PWR-dry containment type is typically 4 ft3/lb.
The ratio for LOFT in its present configuration is about
20 ft3/lb. The result is that containment pressure re
sulting from a LOFT blowdown would be about 8 psig, compared
to the much larger containment design pressure of 35 psig.
A blowdown to the containment would hardly exercise the
pressure-retaining capability at all. With regard to
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pressure reduction, the starting pressure of 8 psig is
simply too small for the subsequent reduction by the
containment sprays to have any meaning for large commercial
plants.

A better case can be made for the fission product
control by spray test, in that it would be the largest
scale test of this type to be done. But the price of this
test would be a s',bst ..nti .. l cor....eitc'lown, to produce a
meaningful quantity of fission products. Running such tests
with the small radioactive releases that might occur from
non-meltdown LOFT tests of the type planned would not yield
much of interest. As noted in discussion of previous Ques
tions, a meltdown test would have to be the last use of the
LOFT facility and would have to be put off for .any years
while the loss-of-coolant and system transient testing was
done. Even as a last hurrah fro. LOFT, the meltdown run
would be of limited value for fission product control data.
Only one run could be made, and in this kind of testing one
needs many runs, with varied para.eters, to develop the
functional dependence of the syste. conditions. There is
the further aspect of the increased cost and difficulty of
decommissioning and mothballing a thoroughly contaminated
plant.
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6. LOFT is a small PWR which has been scaled so the te.t
results will simulate the anticipated effects of LOCA'.
on large PWR's. Will the LOFT results be applicable to
BWR's? Do you believe a LOFT ~xperiment using a BWR
mobile test assembly is needed,

LOFT results will be applicable to BWR's in much the
za~e sense that they are applicable to ~~·s, that is,
through the checking and improvement of the v~rious computer
codes used for accident and ECCS performance calculation••
LOFT results will not, of course, yield any information
relative to the spray cooling used as part of the ECCS in
BWR's. On balance, a BWR LnFT is probably not needed, and
the spray cooling aspects of BWR's can be covered by the
planned full-size fuel bundle tests.

The loss-of-coolant accident conditions in BWR's are
somewhat different from those in PWR's, and are free of .Ome
of the complications that make PWR ECCS performance difficult
to calculate. The most important example is the steam bind
ing possibility in PWR'S, in which rather delicate pressure
balances of the hydraulic head of injected cooling water
~g~j~st the frictional flow resistances of steam ~nd ~ntrained

water in the broken and unbroken steam generator-pump loops
determine the rate of rise of cooling water in the core.
These aspects of PWR ECCS performance make full-system
test~ng an essential part of understanding and calculating
correctly the PWR case. These effects are happily absent
in BWR's and full-system testing of the BWR configuration
is correspondingly less interesting or important.

Further, the BWR ECCS are more diversified, using both
top-of-core sprays and bottom flooding to cool the core.
The flooding part of the ECCS in BWR's is the dominant
element in meeting current licensing requirements with regard
to maximum allowed fuel cladding temperAture, but in a real
accident. where avoiding substantial core melting is the
goal, the spray action is an important back-up.

LOFT results will be useful for BWR computer code
development since many of the thermal-hydraulic phenomena
are similar. Blowdown test results at the larger scale of
LOFT (co~pared to other blowdown tests) will be applicable
to BWR's, for instance, even though the BWR blowdown starts
at saturated conditions. Similarly, fuel heating and cooling
results from LOFT nuclear tests can be translated to some
aspects of the corresponding effects of BWR's.

The spray action in cooling a BWR core, of course,
has no counterpart in LOFT, and this aspect of BWR ECCS
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performance is calculated on the basis of spray cooling
tests on electrically-heated, simulated BWR fuel bundles.
An extension of these tests, funded by NRC and EPRI, is now
planned. The test rig will involve an electrically-heated
full size BWR fuel assembly. The tests will cover flooding
action as well as spray cooling. This test series should
cover the spray effects adequately. In view of this planned
testing, and of the simpler ECCS problem in BWR's, the cost
and ti~~ require~ for a n~w ~e~!le t~st assembly with a BWR
system to be run at the LOFT facility does not seem worthwhile.
There is the further consideration that results from such a
LOFT-BWR rig either would not be available for many years, or
the PWR testing that should be done in LOFT would have to be
greatly restri~ted. Neither propect is very encouraging •

•
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RESPONSES TO QUESTIONS ON LOFT

by N. J. Palladino

November 24, 1975

This report responds to a series of specific questions
:~~~~ t~~ ~oss-0f-Fl~id ~~~t ~~0~T~ fa~ility ~ub~i~ted ~(

~he u.s. Senate Committee on Gov~rnment O~era~icr.~ ~o t~e

General Accounting Office for co"sideration by five indivi
dual consultants, myself included among them.

I have prefaced my responses with several general
co~ments which may provide helpful background.

A. GEIIEIl" ~ COMMENTS---_. ----------

In evaluating the safety of nuclear power plants, as in
evaluating the safety of any large devices or structures,
many different operating situations and postulated accident
~o~ditions must be exami~ed ~nd analyzed. I~ general. each
situation will have a different probability of occurrence and
will lead to different consequences. For a nuclear plant to
be acceptable, normal operating conditions must be accom
modatea with little risk to the plant, the operating person
nel, and the pUblic: under accident conditions attention
must be given primarily to protecting the public. The general
philosophy that has been followed is that postulated accidents
leading to severe consequences to the public must have a very
low probability of occurring and accidents with a high prob
ability of occurring must have very small consequences. II
The product of consequences per accident times the probability
(or frequency) of occurrence represents the public exposure
risk per unit time, and this risk must be acceptably low. ~I

The Rasmussen Study, WASH-1400, shows that the risk to
the public from possible reactor accidents from 100 operating
water-cooled reactors is much smaller than from any other man
made devices and many natural events, regardless of whether
measured in terms of human fatalities per year or dollars of
property loss per year. 31 This conclusion is true even for
the highly improbably Loss-of-Coolant-Flow Accident (LOCAl
and for the more highly improbably core meltdown following a
LOCA. This study confirms that in dealing with LOCAs and
their consequences, we are concerned with highly improbable
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accidents with risks to the public well below those from
other sources.

2. Why do more safety research?

Having estimated that the risk to the public from
nuclear accidents is considerably smaller than risks from
other so~rces, why should more safety research on water
COG12d r~actors be 10ne? Aside from learning for the sake
of learning, six purposes might be offered.

1) To determine if the accident conditions postulated
and the ensuing conseauences have been reasonably
bounded in the Rasmussen study.

2) If not reasonably bounded, to determine the bounds.

3) If reasonably bounded, to establish the degree of
margin, which in turn might be used for developing
simpler and more economic designs.

4) To determine conditions needed to assure that
the probabilities of component failllr~ used in the
Rasmussen report are achieved in the design and
operation of nuclear p0~er plants.

5) To determine if any new and unforeseen phenomena
might have to be considered.

6) To learn how to reduce the risk to the public even
further.

3. What areas of research are most important?

Of these purposes, numbers I, 2, and 4 appear to be the
most important at present. It, tor example, purpose number
1 is achieved, there is little value in working on purpose
number 6 for the nuclear field, if greater protection of
public safety is sought, research in other non-nuclear areas
would appear more fruitful. Achievement of purpose number 1
would also probably achieve purpose number 5, I believe that
there is little likelihood of uncovering new phenomena over
and above those already identified, but uncertalnties about
the magnitudes and importance of the currently identified
phenomena during various accidents can be clarified. Also
if purpose number 1 is achieved, purpose number 3 can be
pursued on a more liesurely basis.
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With regard to purposes 1 and 2, it is expected that
there will be continuing assessment and reassessment by a
variety of technical groups on the degree to which reason
able assumptions have been made in the Rasmussen study,
such as presented in references (4) and (5). Detailed
assessments may change as more data are obtained, but the
Rasmussen report shows such a large difference between risks
from nuclear plant accidents and risks from other types of
acC"jG~t3 that the assumptions used in the Ras~ussen report
can chan~e signifi~antly without invalidating the ccnclusion
that the relative risks involved in building and operating
water-cooled nuclear reactors are low. I do not believe
that this conclusion will change.

But work on bounding accident conse~uences, based on
assumed probabilities, must not be done at the expense of
work for achieving purpose nWBber 4 which must be achieved
to make the assumed probabilities valid. One of my major
concerns is that the great attention being given to evalu
ating highly improbable accident. may very well divert
attention from means for avolding .uch accidents. Contin
uing attention must be given to developing and using
<nowledqe about methods for keeping co~nent failure
probabilities at the assumed low level.

4. Development and te.ting of .yste. codes

To achieve purposes I, 2, and 4, primary reliance
must be placed on separate-effect. experiment••ade by
appropriate speciali.ts with facilities in which reliable
measurements can be .ade. The pheno.ena involved must be
then properly characterized by computational model. for use
in concert with other computational .odels to predict inte
grated system results via sy.te. code.. It i. also necessary
to confirm the integrated .y.te. code. by .ystem te.t., but
this can be done only if the scenario during the test can be
controlled to replicate the .cenario which the computational
model is to predict.

If attempts are .ade to te.t .y.te. code. on more
complicated systems in which event. cannot be controlled,
any agreement between the re.ult. of the calculational model
and the results of the giv.n int.grated test would be largely
fortuitous. The reasons ar. a. follow.. At every step in
the description of an accid.nt, on. i. faced with s.lectinG
one of several ensuing alt.rnativ. po••ibilities. The as-
sumption .ade, with r.gard to which alt.rnative applies, can
significantly affect the prediction of the model even if the
assumed ensuring pheno.ena can b. w.ll described. In actual
ity, at each step, the event. th••••lv•• can be probabilistic
in nature. (Por example .lug flow a. opposed to bubble flow



in a fuel channel, or variations in pipe flows due to
burrs, etc.) If the uncertainties are large, as they would
tend to be in complicated systems, the calculational model
cannot give the right answer, especially if the spectrum of
probabilities for various next-step scenarios is broad,
that is if several possible events are about equally pro
bable at anyone time under the given conditions. Hence
complicated systems where the scenario cannot be controlled
are not suitable for testing system calculational codes.

System codes can be properly tested only on systems
in which the scenario during the test can be controlled to
replicate the scenario which is to be predicted.

5. How can system codes be useful?

If the foregoing conclusion is accepted, one must ask,
"How can the codes be useful in estimating the consequences
of a real accident?" To deal with this question it is
helpful to consider two separate types of accidents, those
involving core meltdown and those not involving core meltdown.

If the accident considered involves core meltdown, even
"confirmed" computational models cannot predict, with any
degree of precision, the course of a reactor plant accident,
even one with a specified initiating event. When the core
melts, the accident can take on anyone of a number of
significantly different paths, and thus the problem becomes
computationally indeterminate.

This is the situation if none of the Emergency Core
Cooling Systems (ECCS) is assumed to work. Trying to pre
dict the course of nuclear plant accidents where none of
the gafety features are working is not too unlike trying to
predict the course of an airplane crash when all power is
lo~t. No one ~ingle model can cover all the possibilities
because of uncertainties about what the course of the crash
will be.

The situation is quite different if core melt is
avoided, the range of uncertainties in the course of the
accident in this case is much easier to bound. Thus, in
this case, predictive models can be useful in sizing ECCS
equipment and predicting its effectiveness if due allowance
is made both for uncertainties in the calculational model
and uncertainties in the course of the LOCA accident. Even
for this situation, however, predictions cannot be very
precise. Efforts to improve the calculational models and
the tests used to confirm them can help reduce the uncer
tainty in the calculational model, but little can be done

26



1.

to reduce the uncertainties about the course of the
accident itself.

In summary, separate-effects experiments are needed
to study phenomena involved in nuclear plant accidents,
and controlled systems t~sts are needed to confirm systems
calculational codes. Such codes are useful for sizing ECCS
equipment and pr~d!rting its effectiveness within reasonable
~(r0[ udnJci; but one cannot predict with 3ny precicion the
course of events in a nuclear accident if the ECCS equipment
is assumed not to work. The best that can be hoped for in
this case is to place upper bounds on the consequences of
the accidents based on various assumptions regarding the
course of the accident.

8. RESPONSES TO OU~STIONS

Is the current ~lan not to use LOFT for a meltdown
exper1ment 1n the best interests of nuclear safety?

This question is really a two-part question, as aptly
recognized by Dr. Herbert J. C. louts, Director, Office of
~uclear R~gulatory Pesearch, Nuclear Regulatory Commission.!/

(a) Do we really need meltdown experiments?

(b) If such experiments are needed, should they include
a meltdown of a LOFT core?

with regard to question (al, the need for meltdown experi
ments, one must distinguish between a test (or perhaps more
than one test) involving massive meltdown of a core in a
prototypical reactor and phenomenological experiments to
study and evalaute the characteristics of core meltdown,
including initiation mechanisms, propagation characteristics,
enerqetics involved, and the interaction of molten U02 with
water as well as with steel, concrete, and other mat.erials.

I do not believe that a test involving the complete
meltdown of a core in a reactor plant is a uaeful undertaking.
Such a test, even with the beat practical instrumentation
would provide little insight about what might happen in a
full-sized PWR unless it was conducted in a large plant, even
then the information gained would be applicable only to the
particular situation involved, i.e. the type of event that
led to the meltdown, whether or not water is left or intro
duced into the vessel during the courae of the meltdown, and
how much: to what extent various containment safety features
were operating, etc. In essence even in a full-scale
meltdown test, the test becomea a demonstration of what
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could happen under a given set of circumstances, without
the ability to learn what would hap~en under a different
set of circumstances. Furthermore the probabilistic nature
of some of the events during the accident would not assure
that the course of the accident would be the same in another
test on another identical system.

If one makes a meltdown test using a leas-than-full
size c0r~, such as the LOFT core, additional questions
arise i~vol.ing questions of scale, r.ot only the scale of
the core but of related components and systems as well.

However, I do believe that it is essential to conduct
meltdown experiments of phenomenological nature to under
stand the characteristics of the events involved and to
provide a sounder technological basis for judgement in
predicting the consequences of a large core meltdown under
a wide variety of postulated circumstances.

As indicated in Part A of this report, such experiments
should be separate-effects experiments done by appropriate
specialists in properly designed facilities. Experi.ents
carried on in this way can be controlled to yield results
under a wide range of conditions for use in bounding the
consequences of a variety of possible nuclear plant
accidents.

Such a range of results could not be obtained from any
single core meltdown test: furthermore the events in a core
meltdown in an integrated system test could not be suffi
ciently well measured and characterized to be useful for
evaluation of other nuclear plant accidents.

With regard to question (bl, I do not believe that a
meltdown of a LOFT core should be made. In addition to the
reasons given above, recognition must be given to the many
atypical characteristics of LOFT, such as physical separa
tion at tne reactor vessel from the containment floor
because of the plant's "mobile" nature and the non-typical
type of PWR containment involved. 21 !I !I

2. Should LOFT be used on a timely basis to study the
means of retaining molten cores and .easurin~ the
consequences of steam explosions and radioac ive
releases resulting from a meltdown?

Experiments to study the means for retaining molten
cores and measuring the consequences of steam explosions and
radioactive releases from a meltdown are needed, but these
should not be done on LOFT, in part because LOFT has not
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been designed and constructed for this purpose, and in part
because, as pointed out earlier, such phenomena cannot be
well studied in an integrated test. These phenomena should
be studied as separate effects in appropriately designed
experiments which can yield qualitative and Quantitative
understanding under a variety of postulated conditions. A
few such tests have been done or are underway 10/ 11/:
others are planned. But based on the informatTOn provided
to the ftd~i~0ry Committee on Reactor Safeguards IAC~S) by
Cr. L. S. 70ng, Assistant Director for Light Water Feactor
safety Research, NRC, the amount of effort on such separate
effects ~xperiments is far too little at present. Dr. Tong
reported a yearly expenditure of $500,000 per year on such
work. 12/ Inasmuch as auestions aLout core meltdown, re
sulting-radioactivity releases, and possible steam explosions
are the bases for some of the largest areas of uncertainty
in the Rasmussen report, a ten-fold increase in this effort
is needed so thet the needed information can be obtained in
the next 5 to 8 years.

While systems such as LOFT are not well suited for
phenomenological experiments, one might argue that some such
system could be used to confirm the efficacy of a device to
retain a melter. core, often referred to as core-catcher,
under accident conditions. But the LOFT facility as pre
sently designed is not suited for this purpose. It is so
compact that there is not enough roo. to install a core
catcher. The modifications needed to incorporate such a
device would be extensive, costly, and time consuming. The
LOFT system would have to be al.ost co~letely redesigned,
especially if an in-vessel core-catcher is conte~lated.

Furthermore, appropriate redesign of LOFT could not be
started until far more data from separate-effects experi
ments have been obtained, the results of such experiments
would be needed to design both the core-catcher and the test
itself. It is not believed that this would be worthwhile.
Only if the separate-effects experiments disclose the need
for a core-catcher, to make the Rasmussen report low-risk
conclusions valid, should a core-catcher test of this
magnitude be contemplated. Based on the assu~tions made
about core-meltdown in the Rasmussen report and the large
margin for error in the low-risk results, I do not see the
need for such a test.
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3. Will the smail scale LOfT cesult in experimental
data, 1ncluding the ehenomena assoclated with a
core meltdown, that 1S applicable to the large
commercial reactors?

LOfT will result in data that ace applicable ~o large
commercial reactors, but such data will not include ~ata on
coce meltdown, because meltdown tests ace not planned for
LeFT. Furt~ermore, LOFT is n0t s~iteJ to providing experi
mental data about core mel~down for the re~~ons given
earlier.

LOfT is an integrated test facility for evaluating
system-type computational codes to predict the course of a
LOCA. These codes are developed by coupling calculational
models derived from separate-effects experiments. This
development involves making important assumptions about the
way phenomena interact. The adequacy of the codes depend
on both the adequacy of these assumptions and the accuracy
of the separate-effects models.

To help calibcate the models, in 1973 the AEC developed
sta~da!d ~!0bl~~s whe~eby code predictions and result3 of
tests performed on pcogressi~ely more complicated and pro
gcessively lacgec systems could be compaced. This progra.
will include pcedictions of cesults fcom a variety of tests
on the Semiscale Mod-l system, which is an electrically
heated small-scale model of a PWR, as well as from a variety
of tests on the LOFT facility, with and without nuclear heat.
The compacison of pcedictions and tests results at various
steps in the program will be valuable in identifyinq
deficiencies in these codes and indicating where adjustments
are needed. The need for such adjustments became evident
early in the standacd-pcoblems pcogram. !If

The LOfT tests will pcovide the opportunity to check
these codes in a system involvin~ a nuclear core! where the
heat production patterns and flow problems are more com
plicated than in the Semiscale loop, and where facilities
for emergency coce cooling injection exist. A wide variety
of LOFT tests will be needed to explore the applicability
of the codes under vacious conditions and to test adjust
ments found necessary in the codes. The directions which
such adjustments must take will be obtained not only from
the LOfT tests themselves but also from continued work on
sepacate-effects experiments. The LOFT tests can also be
useful in checking these codes und~r various degree of
degradation of emecgency core c00ling systems.

But as indicated in Pact A of this ceport, the compar
ison of code prediction~ and LOfT test results cannot be
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expected to be precise both because of irreducible uncertain
ties in the computational models and inevitable variations
in the course of each test. However within these bounds,
the LOFT data can be used to check and refine the system
codes; greater reliance can then be placed on them for
sizing ECCS equipment and predicting its effectiveness
within reasonable error bands for large commercial nuclear
plants.

The chief question that will remain regarding the
applicability of these codes to commercial plants will be
that of scale-up to systems of larger size. If LOFT were a
demonstration of the response of a large PWR during a LOCA,
the suestion of scaling would be indeed quite significant.
But scaling, though difficult 14/, is not as crucial in
confirming system codes as long-as the processes involved
in the different size plants are the sa.e and the phenomena
involved in the processes are well characterized; the
approach being taken in the safety research program, of
which LOFT is but one part, though an important part, will
satisfy these conditions.

If building and testing a larger LOFT facility were
simple and not costly, one might consider undertaking such
a task to reduce the questions about scale. But in view of
the costs and efforts involved and the low return in safety
that would be obtained, based on the risks reported from
the Rasmussen study, such an undertaking is not recommended.

4. Should licensin~ of commercial reactors be modified
1n any way ~end1ng the results of tOFT exper1ments
or of eXper ments on a larger facIlIty?

I do not believe that licensing of commercial reactors
should be modified pending the completion of the LOFT
experiments. The reason for this is first that the LOFT
program is concerned with an exceedingly i.probable type of
postulated accident, namely the LOCA, and second it is con
cerned with confirming the efficacy of various consequence
limiting devices which on large plants exist both in redundant
and diverse form. The probability of fatally injuring large
numbers of people because of both a LOCA and failure of all
consequences-limiting devices in a single plant is consider
ably smaller than the probability of fatally injuring a
comparable number of people fro. any other single natural
or man-made event. By the time the number of reactors
becomes large enough to significantly increase the proba
bility of affecting many people, the LOFT data should be
available to confirm the effectiveness of various ECCS
provisions and related conseauence limiting devices.
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It must also be pointed out that licensing of nuclear
power plants involves more than the evaluation of accident
probabilities and accident consequences. It also involves
review of measures to help assure the prevention of accidents.
As a matter of fact it is important that the emphasis placed
on evaluating the conseauences of accidents does not divert
attention from the means that must be taken to avoid them.

Pr~venti0n of accidents is basic t~ nu~leer safety.
All structures, systems, and components important to safety
must be designed, built, and operated so that the probabil
ity of failure is very small. In turn, to assure a low
probability of failure reauires: 151

1) Conservative bases for design (for example the most
severe earthauakes, tornados, hurricanes, and floods
that can be reasonably postulated),

2) An effective quality assurance program for all
components, and

3) The use of redundancy and, where practical, diver
sity in the protective systems so that no singlp
fault can produce failure of the system.

In the protective systems, attention must be given to
preventing common-mode, or systematic failures. To reduce
common-mode failures, the designer must resort to diversity
(the ability to perform a function in a different way).
Diversity in protective systems can be applied to instru-ents
for measuring process variables (signal diversity), to equip
ment for performing a given function (equipment diversity),
and to devices for taking corrective action (activator
diversity). ~I

Engineering safety features also involve the use of
redundancy and diversity. To be worthy of consideration,
engineered safety features must be carefully designed,
constructed, and installed; they must also be equipped with
adequate auxiliary power and continuously maintained in
working order.

Achieving safety begins with the design process and
continues through manufacturing of components as well as
construction, check out, start-up, and operation of the
plant. Attention to these items is an important part of
the licensing process. It is this effort to prevent acci
dents that contributes most to nuclear safety. It is the
means by which accidents, such as the LOeA, are made a
low probability event.
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5. E!~~~~Qr!-E!!ns call for the use of a_Eressure
sUEoression system in lieu o!]bIoWdovn to tbe
containment. Because of tbis

l
there are no ylanned

tests of tbe-containment'. ab lity to contrO -
IISSIon rrod~iCtivi~DOlaOU believe that sucba te!LO thi coiltiI~!!ent wou 6i.pPrOpriit.lor
LOFT?

Testing of the containment's ability to control fission
products is not an activity tbat sbould be undertaken in
LOFT. The control of fission products in a contain.ent is
greatly dependent upon the form, temperature, and arrange.ent
of reactor system components in the containment, as well a.
upon the type and size of tbe contain.ent it.elf and tbe type
of containment spray and air-cleaning syste•• witbin tbe
containment. The LOFT plant is not prototypical in any of
these features.

The ratio of containment-vessel volume to the coolant
system volume is m~ch larger in LOFT tban in tbe usual
commercial nuclear plant. Tbus a LOCA in LOFT would produce
significantly less pressure in the eontainaent than would
be experienced by a LOCA in a commercial nuclear plant.
Furthermore, a LOCA in LOFT would produce a containaent
pressure only about 23\ of the containment de.ign pres.ure
whereas in a commercial plant the containment pre••ure would
be more like 80\ to 85\ of tbe design pre••ure, this differ
ence prevents confirmation of relative leak-tigbtne.s in the
two plants. Hence a containment test on LOFT would not con
firm the pressure-retention capability or .tructural adequacy
of the containment in a commercial nuclear plant.

In addition, the dispersal and deposition of fission
products in LOFT would be different from tbat vbicb would
be experienced in a commerical plant for at least four
reasons: (1) the large differences in eontainaent-to
system volume ratios referred to earlier, (2) tbe .ignifi
cant differences in tbe ma.ses and arrange.ent of .y.te.
components witbin the containment, (3) important differences
in containment-spary and post-LOCA fi •• ion product clean up
capabilities, and (4) tbe fact tbat tbe LOFT containment
vessel is made of steel vberea. commercial PWR'. u.e steel
lined concrete containments. Tbese differences affect tbe
fluid flow characteristics and fission-product -ave.ent in
the containment, the nature of tbe internal beat .ource.
and sinks within-tbe containment, and tbe beat tran.fer
characteristics to the outside of containment, all of wbicb
influence the dispersal and deposition of fi.sion products.

Even if a fission-oroduct retention te.t were to be
made on LOFT it could ~ only a single test and would
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involve core meltdown with all the attendent problems and
shortcomings referred to in responses to the previous
questions. The pressure suppression system being used in
the currently planned LOFT tests, while not suited to
testing fission product retention, does permit performance
of controlled code confirmation tests without contaminating
the containment and interfering with accessibility to the
equipment or introducing delays t~r clean-up.

It is believed that, with regard to fission-product
retention and removal within the containment, e~hasis

should continue to be placed On separate-effects eaperiments
and tests such as being carried out in the COntainment
System Experiment (CSE) in this country and On related tests
being done in Europe. 13/ These eaperiments and tests,
coupled with the analytIcal and test programs used to cOn
firm the structural adequacy and leak-tightness of commercial
plant containments, adequately satisfy the need for data On
fission-product retention and removal within containment.

6. LOFT is a small pressurized water reactor which
bas been scalea so tbe test results will simulate
tbe anticlPatea errects or loss-or-coolant acci
aents On large pressurizea water reactors. Will
tbe tOFT results be arPlicable to boiling water
reactors? Do you bel eve a toPT experiment using
a boiling water reactor mobile test asseiblY is
neeaea?

There are enough similarities between PWR's and BWR's
so that much of the information Obtained from PWR LOFT tests
will be applicable to BWR's, but it is not clear that this
information will be sufficient to confirm Bwa system codes.
In both types of plants si.ilar thermal and hydraulic phe
nomena are encountered during a LOCA. In both, there is a
need for evaluating blowdown rates during a LOCA and for
assuring rapid reflooding of the core to avoid severe clad
damage. But there are several important dissimilarities
between commercial PWR's and BWR's that introduce differ
ences in system codes which will not be checked by LOFT
as presently constituted.

The following differences between PWR's and BWR's bear
On this question. PWR's utilize completely open bundles of
fuel elements, whereas BWR's use fuel bundles enclosed in
boaes open only at the inlet and outlet ends. BWR's use
core spray syate.a to help with core cooling during a LOCA,
whereas PWR's do not. PWR's have primary-loop pumps and
separate ateam generatora through which so.e of the fluid
muat flow to escape through a cold leg break, whereas BWR's
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do not: this added resistance to flow can lead to stea.
binding in PWR's, whereas steam binding is not a problem
in BWR's because the path for fluid escape is .ore direct,
furhermore BWR's are not confronted with the possibility
that tube failures in the steam generators could introduce
secondary steam to the containment and futher raise
containment pressure.

While a number of these differences appear to .ake the
task of predicting the course of a LOCA in a BWR plant

'easier than in a PWR plant, features unique to BWR'a, such
as fuel assembly boxes and core sprays, introduce questions
not addressed in PWR system codes. Although a number of
separate-effects tests have been done and others are planned
to study the effects of these features during a LOCA, no
plans exist to check if they are appropriately coupled in
BWR system codes.

It is believed that so.e attention to this .atter is
merited. Studies should be made to determine the extent to
which features peculiar to BWR'e, euch ae fuel-ele.ent
boxes and core sprays, could be teeted in a later phase of
the LOFT program. It ie recognized that incorporating such
features will require extensive modifications in LOFT, but
I believe they would be worthwhile, even though they .ust
await completion of the PWR teets, several years away. In
the interim I have no concern about proceeding with the
licensing of BWR plants for the reasone given in reeponse
to question number 4.
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1. Is the current plan to use LOFT for. meltdown
experiment in the best interests of nucle.r safety?

2. Should LOFT be used on a timely basis to .tudy the
means of retaining molten core. and measuring the
consequences of steam explo.ion. and radioactive
releases resulting from a .eltdown?

DISCUSSIONS OF QUESTIONS .1 and .2

Since questions .1 and '2 are closely rel.ted, they
will be discussed together.

I do not believe that the LOFT facility .hould be
used to perform core meltdown experi.ents. The pre.ent
LOFT facility was specifically designed and built to
perform simulated los.-of-coolant accidents (LOCA). The
LOFT project is certainly not a panacea for the reactor
safety question but it will provide .o.e u.eful infor.ation.
It would not make sen.e at this ti.e to attempt to .odify
the LOFT facility to acco.odate .eltdown .itu.tion.. A
considerable amount of both time and money would b. in
volved in such a modification progra.. Th. re.ult would
be a reduction in the rate of production of experimental
data relating to the LOCA phenomena and the e.ergency core
cooling system (ECCS) perfor.anc.. I do beli.ve, howev.r,
that core m.ltdown experiments .hould be perfor.ed in
another test facility.

When the LOFT project wa. initiat.d in 1~62, the
intent was to inv.stigat. the core meltdown pheno.ena
and fission product disper.al and r.moval ••ch.ni••••
The main objective wa. to demon.trat. th••ff.ctiv.n.s.
of the fission product r.moval syst.ms .nd the contain
ment and thus show that the r.actor. being built in the
early 1960s could not undergo an accid.nt th.t would
affect the public.

The r ••ctors b.ing built in the .arly 1960s did not
have sophisticat.d ECCS and, cons.qu.ntly, if a LOCA h.d
occurr.d in the .arly power r.actor., the cor. would have
ov.rh.ated and melt.d. Th.r. was no r.liabl. analytical
technique available for pr.dicting the cor. m.ltdown proc.ss.
It was not known how extensive the core m.lting process
would be, i.e., ~ould the core partially or completely melt
and would the molten core ••It through the reactor pressure
vessel. Con.equently, the LOFT-U (Unperturbed) experiment
was initiated to provide experimental data r.lating to the
meltdown process. This infor.ation was important because
the amount of fission product release from the core was
dependent on the actual meltdown process.
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In addition to providing information concerning the
quantity of fission product relea.e from the molten core,
the LOFT project was intended to evaluate the effectivene••
of the containment structure and the fi •• ion product removal
systems. Some basic data would have been obtained which
would have allowed the analytical fis.ion product model. to
be evaluated and improved. In addition, the overall .y.tem
effectiveness would have be.n exp.rimentally determined on
a relatively large scal••

In the mid-1960s the r.actor. b.ing propo••d w.re much
larger than the earlier plant.. The larg.r reactor core.
magnified the potential con.equence. of a reactor LOCA. It
became apparent that not only would an uncooled reactor core
melt but that it would al.o contain enough en.rgy to ••It
through the reactor pr•••ure ve••el and through the bottom
of the concrete containment building. E••rg.ncy cor.
cooling system. were con.ider.d ••••nti.l to pr.v.nt cor.
meltdown in the event of a LOCA. Th. ICCS de.ign. which
were incorporated in t~e n.wer and larger r••ctor. were not,
however, ba.ed on exten.iv. experim.nt.l data or .d.quate
analytical technique••

At that point a deci.ion was made by the AIC to change
the LOFT project from a core m.ltdown experim.nt to an ECCS
verification program. The main objective of the revi.ed
LOFT project wa., howev.r, not stationary in time. Originally
the revised LOFT project was to be a demon.tration proj.ct,
i.e., the effectivene•• of the ICCS would be demon.trated
experimentally. Then the objective was changed to • co.puter
code verification project, i ••• , the experim.ntal re.ult.
would be u••d to verify the adequacy of the computer cod••
which were being u••d to evaluate the performance of the
ECCS. The major objective of LOFT oscillated back and forth
for several year.. It i. now .nvi.ioned a. a computer code
verification proj.ct.

The reason for con.idering LOFT a. a code verification
program i. a. follow.. Due to fluid dynamic and th.rmo
dynamic scaling problem., the ••all .cale LOFT facility will
not respond identically to a large comaerical PWR during
a postulated LOCA .ituation. Con.equently, the performance
of the ECCS in the LOFT .y.tem cannot b. relat.d directly
to that in a large reactor. If the ECCS doe. not work in
LOFT, it doe. not mean that the ECCS would not work in a
large plant. conver.ely, if the ICCS does work ~, LOFT,
there is no assurance that the ECCS will function properly
in a commercial reactor. The data to b. obtained from LOFT
can be used, however, to aid in the evaluation of the
computer prediction methods curr_ntly b.ing us.d.
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It was probably a mistake in judgment to cancel the
original LOFT-U type experiments. The original LOFT-U
experimental facility may have required modification and
enlargement, but the core meltdown experiment should have
remained a part of the overall reactor safety program. The
decision was based on the assumption that the ECCS which
were being incorporated in the newer reactor designs would
prevent a core meltdown from occurring. This was an over
optimistic assumption. The ECCS have never been tested
under actual accident conditions and, at present, there is

'no guarantee that they will function as intended. The
computer codes which are used to predict the LOCA and ECCS
behavior have still not been verified and numerous questions
remain 'concer'ning their adequacy.

Recently, however, it is becoming more apparent that
we can expect LOCAs and core meltdowns in the future. For
example, the Reactor safet

G
StUd! II which was released

last autumn in draft form as In ieated that the possibility
of a core meltdown is 1 in 17,000 reactor-years. Considering
1000 reactors in operation by the year 2000, as anticipated
by the nuclear industry, there would be one meltdown expected
every 17 years. The validity of the statistical methods used
by the AEC in obtaining this value has been questioned 21
and it is possible that the probability of a core m~ltdown is
actually higher. The fire at Browns Ferry reactor in Alaba.a
last March came very close to causing .eltdown without a LOCA.
The normal cooling systems and the ECCS were incapacitated,
and only a hastily improvised pump arrangement prevented a
possible core meltdown. Even though core meltdowns may not
be a common occurrence, it is becoming evident that they will
in fact occur.

There has been one partial core meltdown already in this
country. In 1966, an accident occurred in the Fermi breeder
reactor. Two fuel bundles (clusters of fuel rods) melted
while the reactor was operating at only about 15\ of full
power. All the safety analyses which had been performed
indicated that under the worst conceivable circumstances
only one fuel bundle could be damaged. The safety analyses
also concluded that it was practically impossible for an
accident of such magnitude to occur. Yet, not only did a
serious accident occur, but the .elting of two fuel bundles
exceeded the safety estimates of a maximum of one fuel
element melting.,

Since it appears that .eltdowns will be a reality, it
is imperative that the phenomena which might be expected to
occur be understood. A recent report prepared by Sandia
Laboratories for the NRC, and entitled Core Meltdown
Expe{i~ental Review II, is probably the most complete
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review of the e.peri-enta1 core .e1tdown data available.
The report covered nuaerous aspects of the core meltdown
process such as the physical and chemical behavior of the
melt, the structural behavior and physical motion of the
core, steam explosions, release of radioactivity from the
core, fission product transport and re.ova1, non-condensable
gas evolution, and hydrogen explosions. Many areas of
uncertainty were identified in the technical evaluation
presented. The report concluded that the present under
standing of such critical events as stea. explosions, me1tl
concrete interactions, and non-condensable gas evolution
was very mini.a1. Since these phenomena could signifi
cantly influence the pressure levels in the contain.ent
during a LOCA, it is imperative that they be understood
more completely. It is quite possible that existing con
tainments could be ruptured during a major LOCA because
these phenomena have not been properly accounted for.

As indicated in Reference 3, the NRC is conducting
so.e separate effects tests on stea. explosions, fission
product release and removal, and molten core phenomena.
These experi.ents are all being performed on a relatively
small scale compared to a reactor syste.. scaling effects
can be i.portant and the present s.a11 scale experi.ents
may not be adequate.

For example, the relative proportions of the hot and
cold phases, the phase composition, and the relative tem
peratures have all been shown to be important during steam
explosions. Rowever, there has been very little experimen
tation involving large quantities of both phases such as
would occur during a core .e1tdown. In addition, much of
the experi.entation has been perfor.ed using .ateria1s other
than uranium dioxide and water. Experi.ents involving large
quantities of both molten core .ateria1s (uranium dioxide,
zircaloy, steel) and water should be perfor.ed. Only
through realistic large scale experiments can the steam
explosion pheno.ena be adequately studied.

Other examples where scaling effects must be considered
are fission product transport and heat transfer behavior.
Small scale separate effects tests are not sufficient unless
they are integrated with very sophisticated analytical pre
diction .ethods. Since such techniques are not currently
available, larger scale tests must be employed.

Generally, the results fro. s.a11 scale experiments
alone cannot be confidently extrapolated to large facilities
such as commercial reactors. If these results are integrated
with analytical prediction techniques that are capable of
accurately predicting the physical phenomena occurring during
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a LOCA, then the t.c~niques can b. us.d with so•• confid.nc.
to predict the behavior of large scal••quipm.nt. Unfortu
nat.ly, such analytical methods are curr.ntly not availabl••
Consequently, the .xp.rimental data must b. obtain.d ov.r a
wide range of param.t.rs, including .iz.s charact.ristic of
reactor systems. This is why large scal. experiments are
required in the core meltdown ar.as.

Th. present LOFT facility does not app.ar to be appli
cable to a cor. meltdown experiment. Any meltdown in the

'LOFT facility would not be repr•••ntative of a large reactor
because of the r.latively large ratio of reactor vessel mass
to core mass in LOFT. The LOFT vessel would repre.ent a
larger heat sink than a co...rical v••s.l would. This i.
due to the massive ste.l fill.rl that have b.en plac.d in
the vessel due to hydrodynamic considerations. Thil maslive
heat sink could possibly absorb enough thermal energy from
the molten core to cool the core and, con••quently, prev.nt
a vess.l melt-through. It il also po.lible that the large
heat sink provided by the ve.sel could prevent exten.ive
melting of the core it.elf.

As indicated in previous discussions, the r ••pons. of
the LOFT system will not be the lame a. that for a large
commercial reactor. One very important difference will be
attribut.d to the short five and one-half foot core in LOFT.
The thermal and hydraulic respon.e will be different in the
short LOFT core .nd a larger (12 feet) reactor core. Con.e
quently, the ECCS behavior in LOFT cannot be applied directly
to • l.rge reactor.

Anoth.r major problem in large PWRs that LOFT cannot
resolve bec.use of sc.ling probl.ms i. that of .team binding.
Steam binding c.n greatly r.duce the effectivene.s of the
ECCS.

The funding level for the re.e.rch pert.ining to core
melt phenomena is disproportionately low compar.d to that for
LOCA .nd ECCS. According to the minut.s of .n ACRS Sub
committee meeting on LOFT and r.actor saf.ty r••••rch 7/ the
LOCA and ECCS res.arch is r.c.iving about $50 million,-while
the core meltdown phenomena res•• rch is only r.ceiving $1/2
million. Considering the importance of understanding cor.
meltdown phenomena, it would be appropriate to increase the
funding level consider.bly for these .tudie.. As mentioned
e.rlier, the critical .reas appear to be .team .xplosions,
melt/concrete interactions, and .volution of non-condens.ble
g.ses.
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3. Will the sm4ll sC4le LOFT result in experiment4l data.
including the phenomena associated with a core meltdown,
that is applicable to the large commerical reactors?
Is 4 larger LOrT type test facility needed?

DISCUSSION OF QUESTION .3

My answer to this question will address only the 4spects
of a LOCA and ECCS since that is the present purpose of ~OrT.

The core meltdown phenomen4 is not being considered in the
current LOFT program. I have addressed the core meltdown
question in response to questions .1 4nd '2.

The main purpose of the present LorT progr4m is to
provide additional data for toeA computer code verification.
As indicated in the response to questions .1 and '2, the
actual performance of the ECCS on LOFT will not be the most
import4nt aspect of the tests. The most import4nt informa
tion obtained will be the co.parison of the predicted beh4v
ior of the physical parameters with the actual experimental
beh4vior. If the experimental d4ta C4n be accurately
)redicted ~hen, depending upon the p4rticular an4lytical
)rediction methods used, a certain degree of confidence
can be p14ced in the computer prediction methods. Bowever,
if the results cannot be predicted, a sufficient amount of
b4sic dat4 will not be obt4ined during the tests to allow
the computer codes to be mOdified. Briefly summarized,
LorT is a computer code verification program, not an ECCS
demonstration progr4m or a computer code development project.

Since the complete ECCS have not been tested under
4ctu4l 4ccident conditions (individu4l safety system com
ponents have been separately tested under simulated LOCA
conditions), the NRC and nucle4r industry have relied upon
analytic4l prediction methods coupled with the results from
small scale experiments to determine the adequacy of the
ECCS. This represents a valid engineering ~ppr04ch provided
it is done appropri4tely. unfortunately, the present licen
sing computer codes do not represent 4 soundly engineered
technique. A rational program to provide 4 reliable LOCA
and ECCS prediction technique is summarized below.

First, the appropri4te equ4tions of motion which will
uniquely d.scribe the behavior of the water and steam phases
during a LOCA must be determined. Any assumptions or simpli
fic4tion. made in the solution of these eauations must be
justified by comparison with more exact analyses or with
appropriate experimental d4ta. In those areas where 4naly
tical solutions are not possible, empiric4l correlations
must be used. When these re14tionships are employed, they
must be valid over the complete range of parameters for



which they will be used. Finally, the mathematical model
must be tested against appropriate larger scale integral
effects experimental data to determine its capability to
predict physical events in complicated geometries.

Once a valid best estimate computer model has been
developed and tested, an error analysis must be performed
to provide an indication of the degree of uncertainty
associated with the analytical technique. An analytical
technique based primarily on empirical correlations will

'have a large degree of uncertainty, or error. A method
which is based largely on the fundamental principles of
physics such as that described in the previous paragraph
will have a smaller degree of uncertainty associated with
it. The best estimate and error analysis model could be
used directly in the licensing process. If a special
licensing model is to be used which incorporates ·conserva
tive assumptions,· this model would have to be compared
with the best estimate model and the error analysis to
determine whether the assumptions are in fact conservative
and if so by how much.

Very briefly, so.. of the shortcomings of the present
computer models will be summarized. In general, the equa
tions of motion for both the liquid and vapor phases are not
solved, but the two-phase fluid is assumed to be uniformly
mixed (homogeneous) and a set of equations is solved for
these homogeneous mixtures. These assumptions are not valid
during parts of the LOCA process. An attempt has been made
to account for some of the non-homogeneous effects, but
these correlations are based on small scale data, much of
which was obtained in air-water system, not steam-water
systems as exist in a reactor. In addition, many of the
empirical correlations which are used are not based on
applicable experimental geometries or on data obtained over
appropriate parameter ranges.

At the present time, an experimentally verified
analytical fuel rod deformation model does not exist. Such
models are necessary if accurate predictions of important
parameters and phenomena such as gas gap heat transfer
coefficients and rod swelling and ballooning are to be made.

The NRC maintains that much of the conservatism in the
licensing model is attributable to the heat transfer model.
Claims are made that the heat transfer correlations are
conservative correlations and that the use of correlations
which are based on steady state data are conservative under
transient conditions. These claims are simply not true.
The heat transfer correlations used in licensing models are
best estimate correlations, not conservative correlations.
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In addition, the data which was used by the AEC to justify
the claim that steady state correlations underestimate the
heat transfer rates during transient situations does not in
fact support the claim. There have been analyses performed
for single-phase flow systems, but not two-ph.se syste.s
such as occur during a LOCA, which show that transient heat
transfer rates may in fact be larger or s.aller than steady
state rates depending on the flow conditions.

Another area where a conservatism is claimed is the
break flow model. The model which is used is not very
accurate and so correction factors are applied. Since the
model is not accurate, the NRC requires that several coaputer
runs be made with different correction factors, and then the
run giving the worst consequence be used in the licensing
of the reactor. Unfortunately, there is no guarantee that
this procedure is conservative. In fact, it .ay actually
provide a realistic or best esti.ate calcu4ation and not a
conservative one.

An evaluation of the adequacy or inadequacy of a nuaber
of the submodels used in the licensing model is suaaarized
in the accompanying table. This table was taken fro. a
recent report published by this author, entitled "Nuclear
Reactor Licensing, A Critique of the Computer Safety
Prediction Methods." 4/ This report, a critique of the
nuclear reactor licensing computer prediction .ethod,
discusses in more detail many of the limitations of the
present computer prediction methods.

The comparison of analytical predictions with experi
mental data from small scale integral effects tests have
generally been quite poor. A nuaber of the .ore iaportant
results are summarized in Reference 4. A recent set of
experiments were perfor.ed this summer in the Semiscale
facility by the Aerojet Nuclear Company (ANC). The Se.i
scale MOO-l facility is a scaled version of LOFT. These
experiments utilized a 5.5 ft. long electrically heated
rod bundle to simulate a nuclear core. The total power was
1.6 MW, about 3' of the total LOFT power. The coaputer
predictions underesti.ated the maxiau. cladding teaperature·
by between 200°F and 2500 p in several of the tests. These
results were very significant because they not only showed
that the computer prediction techniques were not accurate,
but they also strongly indicated that the special .athe.a
tical model which is used in the reactor licensing model
was not conservative under this set of possible accident
conditions.
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TAILE 5.1 SUMMARY OF SUIMODELS USED 1M
EVALUATION MODEL

MODEL
• h ..

Homogeneous equations of motion x
Relative velocity relationships x
Pump x

Critical flow x
Friction f.etor x

Radio.ctive dec-v hnt x
Gas gap heat transfer ooefficient x

Fuel rod deformation x
!IIIetal-water reaction rate x
Zircaloy embritttemem x

Nucleate boiling hnt tr.mer x
Forced convection vaporization hnt

transfer X

Critical heat flux x
Transition boiling hnt transfer x
Flow film boiling heat transfer x

Pool film boiling heat transfer x
Forced convection heat transfer to liquid x

Forced convection heat transfer to vapor x

Transient heat transfer X

Reflood hnt transfer x

a Adequate

b Appears adequate - ho_r, requir. further
verification and develolln*lt

c Inadequate
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Based on the fairly poor predictions of Semiscale
integral test data to date, it seems probable that the co~

puter models will not be able to accurately predict the
results from the larger scaled LOFT facility. Hovever, even
if the LOFT test results are reasonably predicted by the
present computer program, the adequacy of the models viII
still be in question. The reason is that the present com
puter models are based to a very strong degree on empirical
correlations which are. in turn. dependent on limited data
bases. The prediction of data from one experimental appara
tus will not guarantee that results from a different sized
facility will be predicted. In order to develop a reasonable
degree of confidence in the present mathematical models which
strongly depend on empirical correlations. the results from
experiments ranging from sizes smaller than the Se.iscale
facility to those much larger than LOFT and possibly to
sizes comparable to large commercial reactors are needed.
This is necessary to validate the use of the empirical
correlations over a very vide range of conditions. Only
then could the present type of computer model be used vith
confidence to predict the behavior of a large reactor.

If better computer models are developed vhich more
realistically describe the actual physical phenomena which
would occur during a LOCA. then relatively small scale test
facilities such as Semiscale and LOFT could be used to
develop confidence in the methods. Small integral facilities
could be used because the predictions would be based more on
the actual laws of physics and less on e.pirical correlations
which are based solely on experimental data over li~ited

parameter ranges.

A project to dev~lop more sophisticated computer models
was started at ANC about )-1/2 years ago. Approximately
1-1/2 years ago work vas started on an alternate and less
fundamental approach at both the Los Alamos Scientific
Laboratory (LASL) and at the Brookhaven National Laboratory
(BNL). Recently, the ANC project has been terminated because
the NRC officials in charge of the co.puter code development
work did not fully understand the complexities of the problem
and consequently supported a less fundamental approach which
had been suggested by one of the NRC officials a number of
years ago. The loss of the ANC project may result in a
several year delay in the development of a badly needed
analytical model.

Due to the extreme complexity of the nuclear reactor in
LOFT, several critical experimental measurements cannot be
made. The absence of these measurements viII limit the
amount of computer code verification that can be done. For
example. there viII be no measurement of the mass flow rate
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at the reactor core inlet or outl.t, nor of the fluid den
sity in the cor. vicinity. Th••••• flow r.t••nd d.n.ity
repr•••nt vit.l pi.ce. of infor••tion in the co.put.r cod.
verific.tion progr.m. Th••b.enc. of this d.t. will limit
verific.tion of the cor. h••t tr.n.f.r .od.l, • very impor
tant p.rt of the r••ctor lic.n.ing co~ut.r .od.l.

The instru.ent.tion th.t will b. u.ed in LOFT prob.bly
repre.ents on. of the .ignific.nt w••kne•••• in the LOFT
progr... Thi. i. not due to inco.pet.nc., but to the diffi
'culty in obt.ining two-ph••• flow ••••ur••ent. in g.n.r.l
.nd in-core ••••ur••ent. in • nucl••r cor. in p.rticul.r.

The in.tru.ent which will b. u••d to obt.in the ••••
flow r.te .nd d.n.ity d.t. in the downcomer of the cor., •
combin.d dr.g di.c-turbin. met.r, h•• both .ccur.cy .nd r.nge
limit.tion.. Th. dr.g di.c which .e••ur•• the .o••ntum flux
h.s been c.libr.t.d und.r .te.dy .t.te condition. to + 19'
.ccur.cy. Th. turbine .eter .e••ur•• the v.locity .n3 h••
been c.libr.ted to ! 8'.

If the.e two .e••ure.ent. .r. combined to obt.in the
•••• flax, the co.bin.d .rror for this qu.ntity would b.
approxim.tely 25'. The.e c.libr.tion. were p.rfor.ed under
ste.dy .t.te condition.. Th.re h•• b••n no .t.ted tr.n.ient
error c.libr.tion.. Th••rror und.r tr.n.ient condition.
would prob.bly b. l.rger th.n tho.e quoted .bove.

A fund.ment.l que.tion exi.t. reg.rding the int.rpr.
t.tion of the .e••urement•••de with the dr.g di.c-turbine
.eter. In. two-ph••e .ixture, the .tre••lin. p.tt.rn. of
the lighter .nd he.vier ph•••• will be .ff.cted differently
by the dr.g di.c which i. pl.c.d perpendicul.r to the flow.
It i. not cl•• r .x.ctly wh.t qu.ntity i. being .e••ur.d, •
me.n of the liquid .nd v.por ph•••• or • l.rger contribution
from the liquid. A .i.il.r b.sic qu••tion .ri.e. in the
velocity ••••ur•••ntl wh.t doe. the velocity ••••ur•••nt
.ctu.lly me.n? Dr.g di.c .omentum flux met.r. h.v. b••n
used in other two-ph••e flow .itu.tions such ••• g••-solid
suspen.ion flow .y.t.m. In the•••pplic.tion., the re.ult.
were not very reli.ble.

An .ddition.l probl•• exi.t. in the p.rticul.r dr.g
disc-turbine ••ter de.ign u.ed in LOFT. Th. dr.g di.c i.
pl.c.d in front of the turbine whe.l .nd sh.dow. the turbin~

It i. po.sibl. that the dr.g disc will interfere with the
velocity ••••ure••nt••

Another critic.l .e••urement th.t will b. needed in the
LOFT te.t. i. the fuel rod cl.dding .urf.ce t.mper.tur••
Th. fu.l rod••re instrum.nt.d with .xtJrn.l ther.ocouples.
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These external Te. can act a. fin. on the fuel rod. and
affect the fluid flov patterna and, con.equently, the heat
transfer rates. The .paded Te junction can act a. a nucle
ation site and cause pre.ature boiling and critical heat
flux. The external ther.ocouple. could al.o act a. vetting
sites during the core reflood and alter th~ heat tran.fer
processes.

The u.e of external Te. i. dictated by the use of
nuclear fuel rod.. Since there appear. to be no alternative
available, .ore effort .hould be .ade to determine the .ag
nitude of the error that vill be inherent in the u.e of
these instru.ent••

The a.ount of funda.ental data to be obtained during
the LOFT te.t. vill be li.ited due to the complexity of
the experi.ent. Due to this lack of data, analytical .ub
model. vill not be modifiable if they are found to be
deficient during the te.t.. ror example, BCCS by-pa.s,
dovnco.er, .ub-channel analy.i., and heat tran.fer model.
are all critical models, but none could be modified on the
ba.i. of the data vhich vill be o~tained during the LOrT
tests.

It i. recommended that additional effort. be devoted
to the in.trumentation proble•• on LOrT. More empha.i.
should be placed on the advanced computer code development,
in particular, the method vhich vas being developed at ARC.
A best estimate and error analy.is project .hould be given
high priority in.tead of the lov priority it currently
receive.. Only through .uch a program can the ~~~r ~ oi
conservati.m in the licen.ing .odel. be evaluatwd in a
quantitative .anner.
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4. Should licensing of commercial reactors be modified in
any way pending the results of the LOFT experiments or
of experiments on a larger facility?

DISCUSSION OF OUESTION .4
I believe that the validity of the computer models used

in the reactor licensing process is still in serious question.
The computer codes which are currently being used are basi
cally best estimate models. not highly conservative models
°as claimed by the NRC. Many of the models used in the com
puter programs are inadequate and need further development.
A summary of the weaknesses of the present NRC evaluation
model is presented in a ucs critique of the computer predic
tion models if and was discussed in response to ouest ion '3.

The real test of the computer codes is their capability
to predict the results of experiments. In this regard. the
computer codes have been shown to be significantly deficient.
~eference 4 summarizes the major comparisons between the
analytical predictions and the experimental data which are
available today. In those cases where accurate comparisons
have been attempted. the compute~ codes have failed badly.
As the computer codes have undergone improvements over the
past few years, tile comparisons hsve improved but. as the
most recent comparisons with data from the Semiscale MOo-l
experiments have shown. the computer programs are still not
capable of accurately predicting experimental results.

There have been only a few comprehensive comparisons
of the evaluation model which is used in the licensing
process with experimental data. The comparisons that have
been made have generally been of fluid dynamic response but
not of heat transfer behavior. The fuel rod cladding tem
perature is one of the most critical parameters to be con
sidered in the licensing process. yet very few of these
comparisons exist. Although comparisons of the .valuation
model with the results from the recent Semiscale MOD-l heat
transfer tests have not been made. it is highly probable
that such compar-isons would show that the evaluation mod.l
would underpredict the fuel rod cladding temperature. i ••••
the evaluation model would produce a non-conservative cal
culation. This statement is based on the fact that the best
estimate model which was used in the analytical comparison
study and which underestimated the cladding temperature is
very similar to the evaluation model which is used in the
licensing process.

Even though the Semiscale t.sts were performed last
May. an evaluation model prediction has not yet b••n made
by the NRC and released for public inspection. Th. NRC
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has an obligation to provide such information for the
public.

I believe that, because of the repeated inability of
the computer codes to predict experimental re.ult., the com
plete LOCA and ECCS licensing policy .hould be reevaluated.
At present, the NRC is relying on inadequate vord argument.
and paper studies to justify the present licen.ing computer
models. References 4-6 discuss and .ua.arize many of the
weaknesses in the mathematical model.. The con.ervati.m
of the NRC evaluation model has not been demon.trated
experimentally.

It is quite doubtful that the LOFT proj.ct viII re.ult
in a reduction in the conservatism of the evaluation model
assuming that the model is conservative to begin vith.
Fluid dynamic data in selected part. of the LOFT .y.tem and
cladding surface temperatur.s (subject to the error involved
in using the finned external thermocouples) viII allow the
computer programs to be partially evaluated. Even if the
evaluation model should be shovn to be con.ervative for the
test conditions under which the experiments viII be perfor.ed,
there will be, however, no vay to determine which specific
part of the evaluation model is con••rvativ.. The detailed
data needed to check each submodel in the overall .odel
simply will not be available from the LOFT exp.rim.nt••

I believe that the pr.sent licensing proce.s .hould b.
slowed drastically and possibly halted until the current
questions regarding reactor safety are .ati.factorily
answered. The LOFT data will be an ••••ntial part of the
computer code verification progra., but other ongoing
experimental programs such as Semiscale, CSE, core .elt and
interaction experiments, stea. explo.ion te.t., etc., and
analytical computer code development progra•• viII all pro
vide valuable data regarding reactor .af.ty. Much of the
data necessary to determine the eff.ctiv.ne•• of the !CCS
will not be available for at least .everal year.. The
commercial reactor program has simply developed too fa.tl
large numbers of reactor. are being built and planned, but
the required safety research has still not been completed.
Considering the potential consequence. of a .ajor reactor
accident, this is not a prudent cour.e of action.

58



S. Present LOFT plans call for the use of a pre.sure
suppression system in lieu of blovdown to the
containment. Because of this, there sre no planned
tests of the containment's ability to control fission
product activity. Do you believe that such a test of
the containment would be appropriate for LOFT?

DISCUSSION OF QUESTION 15

I do not believe that the LOFT experi..nts would provide
'a good test of the containment system because neither the
containment structure nor the fluid dynamic and thermodynamic
conditions would be representative of a lsrge PWR system.
When the LOFT program was reoriented from an unperturbed
meltdown test to an ECCS evaluation test, the fission product
behavior and containment response aspects of the LOCA acci
dent sequence were dropped from consideration. For economic
reasons, the original containment structure was retained.
Design and construction were well under way.

The LOFT containment structure is all steel, while
lar.ge PWR containments are steel-lined reinforced concrete
structures. The heat transfer characteristics of the two
systems would be different, thus the results obtained from
LOFT could not be applied directly to large reactor
containments. The data obtained, however, would be useful
in the evaluation of some portions of the containment
analysis computer codes.

The LOFT containment is designed to withstand a pressure
of 3S psi. Most large PWR containments are designed to with
stand pressures in the range of 50 to 60 psi. The present
LOFT system is only capable of generating a containment
pressure of 8 psi. This would occur if all the water in the
reactor system were allowed to flash to steam and fill the
containment building. A larger reactor system would be
required to obtain higher pressures in the containment
during a LOCA.

It might be possible to inject additional amounts of
steam from som~ other external source during a LOCA to
obtain higher pressures. However, only a maximum of 35 psi
could be obtained due to current design limitations. In
addition, the fission product concentration in the contain
ment building would be diluted by the addition of the aux
iliary steam and, thus, a realistic test of the fission
product removal systems would not be obtained. The current
LOFT containment is not instrumented with appropriate
equipment to determine fission product levels and removal
rates. Such equipment would have to be installed if LOFT
were to be used as a containment test.
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Some useful information regarding the fission product
removal efficiency· of a vapor suppression system might b.
obtained. Such systems are us.d in curr.nt BWR d.signs.
There are basic differences, however, between the LOFT
suppression tank and a BWR suppression system. In LOFT,
all of the steam injected into the suppression tank will
remain in the tank, while in a BWR the .xce•••t.am would b.
vented to the drywell. The amount of applicable information
obtained from LOFT will quite likely b. very limited.

There are other containment and fi •• ion product re.oval
tests being perform.d by the NRC. Th. Cor. M.ltdown
Exeerimental Review 3/ briefly di.cu•••• contaInm.nt t ••t.
belng carrled out In-th. NSPP (Nucl.ar Saf.ty Pilot Plant)
and the CSE (Containment Sy.tem. Exp.riment) faciliti•••
The largest facility, the CSE, i. approximately on.-eightieth
as large as a typical PWR containm.nt. In the CSE t ••t.,
non-radioactive isotope. are being u••d to .imul.t. radio
active isotopes. The u.e of non-radioactiv. mat.rial.
eliminates the time consuming cleanup proce•••

Unless more sophi.ticat.d computer program. are
developed to describe the heat and ma•• tran.f.r proc•••••
in the containment., larg.r containment .xp.rim.nt. will
probably be nece••ary. The curr.nt computer cod•• r.ly
heavily on empirical correlation. which have b.en d.veloped
on the basis of data from .mall te.t faciliti... A. long
as empirical correlation. provide the backbon. of the com
puter model., data from larger .cale facilities will b.
necessary.
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6. LOfT is a small pressurized water reactor which h~s ~~0~

scaled so the test results will simulate the anticic.atr,o
effects of LOCAs on large ~ressurized wat~r rea~t0r3.

will the LOFT results be applicable to boiling water
reactors? Do you believe a LOFT experiment using a
boiling water reactor mobile test assembly is needed?

DISCUSSION OF QUESTION 16

The majority of the government-funded safety research
programs regarding LOCA and ECCS have been directed towaro
the PWR system. The BWR system should receive a comparablr,
amount of attention. To date, there has actually been less
verification of the computer codes for BWR systems than
there has been for PWRs. The majority of the standard test
problems designed to check the computer codes have been
oriented to the PWRs. The Semiscale facility which has been
used to provide much useful information on reactor safety
simulates a PWR. There has been no extensive independent
government assessment of the LOCA and ECCS phenomena which
would occur during a LOCA in a BWR.

Much of the general discussion pertaining to computer
model development and verification which was provided in
answer to question 13 is also applicable to BWR analyses.
Computer models based on realistic descriptions of the
anticipated physical phenomena are highly desirable. If
reliance on empirical correlations is to continue, then
larger test facilities will be required.

I believe that a test of a BWR nuclear reactor is
highly desirable. In designing such a facility, we would
hopefully avoid many of the mistakes that have been made in
the LOFT program. The size of the BWR facility re~uired

would depend on the sophistication of the computer programs
which would be used to predict the test results. If the
computer models relied heavily on empirical correlations,
then a relatively large experimental facility would be
necessary. If a more sophisticated computer model is used,
then a smaller facility could be used. In any event, the
size of the reactor should be large enough to employ full
length (12 feet) BWR rod bundles. Only a full length core
will provide a realistic test of the ECCS under simulated
conditions.
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ueview of the NRC/ERDA LOSs-of-Fluid-Test Facility

A response to questions posed by the Senate Committee

on Government Operations to the U.S.

~eneral Accounting Office

Fred C. Finlayson

Question:

1. Is the current plan not to use LOFT for a meltdown
experiment in the best interests of nuclear safety?

The best interests of nuclear safety would be well
served by an improved understanding of the physical
phenomena associated with core meltdown. Uncertainty in the
release fractions, transport, and removal mechanisms of
certain critical fission products could have important
implications with respect to the risks associated with light
water reactor operation in the U.S. However, the practi
cality of using LOFT as the vehicle for resolving these
uncertainties is not immediately apparent. The ~tailed

justification for additional research in meltdown
phenomena has been appended to these questions.

Let us consider the relative positive and negative
aspects of using the LOFT facilities for a ..ltdown experi
ment. In its favor, LOFT is a large scale event. The LOFT
cOre weighs 4,140 pounds which is much larger than any melt
down experiment to date. LOFT was also designed to resemble
a pressurized water reactor (PWR) -- at least with regard to
its major operational components. This might also have been
a positive attribute, but use of the LOfT facility has many
negative aspects. For example, the LOFT pressure vessel is
relatively much heavier (containing proportionally much more
steel) than a similar large PWR. The ratio of the mass of
the core to the mass of the steel in the pressure vessel is
nearly ten times greater in LOFT than a similar large PWR.
As a consequence, the time phasing of ..It processes may be
substantially altered. A more serious complication is that
the relatively massive amount of steel compared to fission
product decay heat available furnishes such a large heat
sink, that when convective and radiative heat tr~nsfer from
the vessel are considered, it is not certain that the
meltdown of the vessel can be assured.

The mobile test assembly upon which the reactor is
constructed also complicates the containment structure

67



confi~~r~tinn ~~J ~9ltdow~ ~rncesses causinq them to depart
r~rt~cr frum a tY9ical large ?~F..

30",~ of the ~ore critical asoects cf ~eltdown fission
oroduct release mechanis~s would be poorly simulated in
LOFf. 7he interoction of the molten core with the concrete
foundation of t~e containment structure would be poorly
simulated, since no effort was made to adequately model, in
the LOFT focilitj. the concrete pad beneath the reactor for
a large PWH. Moreover, though the mechanism of soil
scavenging of the fission products (assumed to oroduce a
decontamination factor of 1000 in WASH-1400) is one of the
more im90rtant areas requiring investigation, meltthrough
oi the LJ=f vessel and subsequent downwind disoersal of
fission 9roducts at the Idaho National Engineering Labora
tory does not seem at all desirable. Similarly the
uncertainties with respect to the probability and .agnitude
of stea~ explosions makes the use of the LOFT facilities
an undesirable test vehicle. If an explosion should ruoture
the containment vessel accidently. the results again would
be most undersirable. Better test facilities are needed to
test these imQOrtant aspects of fission oroduct release
wher~ the risks of tincontrolled release are ~inimized.

From the above discussion, it is apparent that the LOFT
facility is not particularly desirable for a meltdown exoeri
",ent. Tne LOFT test bed is now designed as a vehicle for
testing the effe~tiveness of the Emergency Core Cooling
System (ECeS) against a large break in the primary system
~ipinq. The facility is evidently much better suited to the
problem for which it is now desi~ned than it would be
relative to its earlier planned function as a meltdown
experiment.

2. Should LOFT be used on a timely basis to study the means
of retaining molten cores and measuring the consequences of
steam explosions and radioactive releases resulting from a
weltdown?

Four im~rtant release mechanisms have been recognized
which contribute to the fission product source term in the
reactor meltdown. These are respectively:

1) Gap release; A reasonably well understood mechanism
pertaining to the noble gases and more volatile fission pro
duct com90nents. This mechanism is only important with
respect to understanding of the timing of release. since
ultimately all of these gases and volatile fission product
components would be essentially completely released at so~e

time during the meltdown orocess.
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2) !'!eltaawn; Results dur ing this 9hase are ouit.e
uncertain. cerhaps orimarily due to the small size of the
fuel elements UDon which exoeriments have been conducted.
,10st exper iments have been conducted with particles
aooroximately the size of a large oea - a single Dellet
o( fuel - weighing a[)out 30 grams. A few tests have been
conducted with samoles aoproaching 100 grams in size and
the ~er~ans are currently planning on conducting tests with
saT.cles as large as 2 Kg (using simulated fission
croducts.) 3/ As a result of the small particle sizes and
i: he 1imited- thermodynamic analyses wh ic •• have been conducted
relative to fuel/cladding interactions. only the simplest
of models have heen used to date, equatinq the fis'sion pro
ducts released with the fraction of the core melted.

3) vaporization; This mechanisM occurs when the molten
fuel comes in contact with the concrete of the containment
building floor. At that time rapid decomposition of the
concrete produces large quantities of gases such as carbon
dioxide (C02) which are assumed to bubble rapidly throuqh
the molten core - 's!,arging" the fission products from the
~elt. Contact with the oxygen in the containment buildinq
atmosphere. as well as the steam contained therein. also
contributes to the vaporization celease component. Only
highly simplified analyses have been 9I!rformed for the
processes involved in the vaporization release com~nent.

There are many unknown detail~ to this mechanism concerning
most of the chemical/physica~. thermal, mechanical and
metallurgical properties of the complex system. Results of
analytical models are strongly dependent upon basic
assumptions wh'~h differ widely fros model to model. No
large scale experimental work on relevant systems has been
performed to guide the modeling. As a result. there are sub
stantial uncertainties with respect to the magnitude of this
component. Vaporization is an important. fission product
release mechanism since it is assumed to carry to completion
the release of all the volatile components including the
nOble gases, ilJuiut::i. Li:lluL'iiJma, and cc=urh:~e. MOt~~'!~!'.

vaporization is a dominant contributar to release of the
volatile and nan-volatile oxides. Thus it is highly im
portant to understand and properly model this release com
ponent because of its important relationship to same of the
~ost hazardous fission product com9Qnents.

4) Jxidation/steam explosions, Steam explosions may be
produced when appreciable amounts of aolten core (probably
of the order of a kilogram - or acre) are brought into
sudden contact with water -- either by falling into the
water -- or vice versa. The explosion is expected to



disperse finely divided fission proouct particles throughout
the containment building -- and outside if the containaent
fails in the blast. The mechani••• of molten fue~-liquid

interaction have been widely .tudied -- but are still
poorly understood. con.equently the oxidation relea.e
mechanism is modeled only in a very gro•••en.e. More
experiments with larger .ample. of material need to be
conducted to assure scaling mechani.m. are batter under
stood.

This rather lengthy explanation .erve. to highlight the
depth of uncertainty in the relea.. mech.ni••• a. well ••
the dispar.te n.ture of the phy.ical pheno..na involved in
each of them. The wide v.ri.tion. in the phy.ic.l
mechanisms involved in the relea.e sechani.m make it
difficult to conduct an experiment which will permit .11
three of the objectives of the question to be satisfied.
That is, the three concepts of (1) retaining molten core.
(core-catchers)l (2) investigating ste.m explo.ionsl and
(3) measuring the radio.ctive rele... co.ponent. are
probably mutually exclusive goal. in a single experiment.

Moreover, as described above, the LOFT phy.ical con
figuration is not well ~uited for investig.tions of core
meltdown phenomena. The rel.tively m••sive pre.sure vessel
complicates meltthrough mech.ni.... The mobile te.t
assembly is also a complicating f.ctor with respect to
thermal mechanisms during meltdown a. well a. fi.sion
product dispersal thereafter. Thu. the relevance of u.e of
the LOFT facility to investigate any of the phenomena in a
meaningful fashion relative to the results in .. large PWR
is questionable.

If a well defined analy.i...thod for fi •• ion product
release and di.persion existed which was .ufficiently
general to model the co.plex geo..try of the LOFT facility,
then the te.t might be u.eful for model verification -
similar to the basic objective. of the LOFT-toeA program.
However, the meltdown model. are not .ufficiently well
developed to ju.tify performing this te.t at this time.
Much of the information needed to develop .uch a model
should be obtained initially in a well organized program
of separate effect. te.t. and theoretical analyses. Such
separate effects tests would be es.ential prior to conduct
ting a system level te.t -- perhaps at a .cale similar to
LOFT -- which will ultimately also be needed.

3. Will the small scale LOFT result in experimental data,
including the pheno~ena associated with core meltdown, that
is applicable to large commercial reactors? Is a larger
LOFT type test facility neeoed?
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LOFT is a system level test of the effectiveness of a
reactor cCCS against a large break LOCA. Systex level tests
fulfill an essential role in assessing reactor saf~ty. They
proviae an experimental mechanism for the evaluation of a
well-developed model of system performance. Their principle
[unction in this evaluation is to assure that the <,0del nas
no overlooked physical elements of significance to system
per formance, no synergistic effects have been miGsed in
model development, non-linear aspects of the model are
i,:Jp2~:Y acc0unted for, a~d th~t ~uto-catalytic eff~cts h~ve

not been overlOOked.

They key element of the usefulness of a system level
test is associated with the existenece of a well-developed
physical model of system performance. If the model is
based essentially completely upon fundamental theoretical
physical laws, with a minimal dependence upon empirical
(or semi-empirical) elements. then there would be a good
possibility that an experiment of LOFT scale would be very
useful in model verification. Unfortunately. however,
system level models of ECCS performance for reactors are
heavily dependent upon empirical elements which have com
~lex scaling relationships. Great caution must be used
;" extrapolating the application of thes~ F,C~S mndels over
ranges substantially beyond those for which measured
results have been obtained. In scaling a complex system
like the ECCS in LOFT to large scale PWR applications-from
55 mit to 3300 MWt. a scaling factor of 60-the coupled
thermodynamic, hydraulic. elastic-plastic mechanisms have
many such scaling relationships which must be satisfied
simultaneously. These range from the familiar Reynold's
number (relating viscous flow regimes in the system), to
the Prandtl number (heat transfer). the Froude numb~r

(relatin~ inertia and gravitational forces). and Mach
number (relating wave propagation in the multi-phase
hydraUlic system) to name but a few of the pertinent para
meters.

It has been acknowledged that it is physically
impossible to design the sub-scale model LOFT to assure
simultaneous satisfaction of all these parameters 4/ in the
scale model identically to their values in a full scale
system during a LOCA. Consequently, it will be impossible
to extrapolate LOFT results directly for application to
large PWRs. ThUS, the results are primarily ~seful for
verification of model elements by comparison of experiment
predictions with measured results.

It the analytical system model was essentially
perfect, then model "verification" could be accomplished by
the test. The probability of this occuring with the present
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3e~eration of Bees ~odels (o~ any of the i~mediate future
~cnerations) is essentially zero. Conseauently, although
co~e veriticzticn ~ay oe unlikely. LJFT will 3erve the
~5~ful ~lt~rnative our~ose of ·'~aturing· the codes a~ainst

: ~ew anJ lar;er syste~. ryerivation of a new set of
effi~irical naraweters for the model is t~e orobable result
::>f 3ucil a 'llaturation pr.:>ceBS. Though thi3 is a useful and
necessary function for the LOFT program, it should not be
expecteo that LOFT will result in a 'verified- code. On
the contrary. it will result only in another semi-emoiri
cally defined analysis method which will next reauire
verification aqainst a still larger scale model system
test before its verificatior. can be adequately assured.

Th~ inevitable conclusion is that a larger (near full
scalel syste~ test will have to be conducted before
confidence in the ap?licability of the ECCS models is as
sured to the satisfaction of ~ost reasonable members of the
engineering and scientific community.

The same line of logic will probably apply to
sub-scale system tests of core meltdown phenomena. In the
long run, verification of results of analysis methods
against a relatively large scale test program will be
required.

4. Should licensing of commercial reactors be modified in
any ~ay pendinq the results of the LOFT experiments -- or of
experiments on a larger facility?

:10 dramatic changes are recommended in reactor licensing
procedures for commercial reactors such as restrictions on
licensing of additional new reactors prior to completion of
LOFT tests (or larger tests). However, changes might
reasonably be ma~e to the NRC-ECCS Acceptance Criteria,
Title 10. Chapter I. Code of Federal Regulations. Part 50
(10 CFR SOl ~ppendix K. Soecifically. limits should be pre
scribed on ~ini~um allowable calculated reflood r~tes in
?:,rtS and a'iRs. rec;uir ing rates greacer than two inches per
serond. A reauirement for a reflooding rate this hioh will
unJoubteoly ?Ose problems for the current PI1R ECCS designs-
an" is ,robably tantamount to requiring redesiqn. aeverthe
less, an exolicit Boecification of ~inimum refloodinq rate
in the ~cceotance Criteria is a~ significant a parameter as
3pecification of the oeak cladding tem?erature -- for which
a ffiaximu~ caLculated temoerature of 2200 F is currently pre
scribed. In absence of the empirical evidence for ~ssured

ECCS gerformance. such a minimum would reflood rate criterion.
act ~s a redundant statement of the engineering objectives of
a conservatively desiqned e~erqency core cooling svste~.
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The reactor risk 2nal!'sis cf WASH-1400 has ShOt~';1 ti,;,):
core meltdown may cc~e about as a result of several other
mechanisms besides large pipe breaks in the primary systenl.
wASH-14UO shoula be reviewed in detail to analyze whether
requirements for additional redundancy in power supplies.
cr itical valves, switch gear, pumps, etc. should not be
levied in the reactor design criteria (e.g., as part of
10 CFR 50, Appendix \, or other appropriate Regulatory
Guides).

Whether any of the conservatively prescribed regula
tory criteria may be relaxed as a result of the LOFT
program is uncertain. The most significant data expected
to be obtained from LOFT will be associated with blowdown
parameters such as critical flow models for fluid flow
from the ruptured pipe and the use of transient critical
heat flux (CHF) models. In the case of break flow models,
criteria requirements are more 'lrealistically" specified
than conservatively, and allowable changes on the basis of
LOFT results are expected to be minimal. In fact, it may
be shown that more sophisticated transient break flow
models accour.ting for metastable periods of flow -- such
as the "Fauske" model -- should be eXl'licitly incorporated
into the specifications.

It is possible that the current conservative restric
tions may be relaxed on the use of steady-state critical
heat flux models and on the absolute restrictions against
the use of nucleate boiling heat transfer coefficients
after CHF occurs. Data from LOFT may be sufficient to infer
the adequacy of these specifications (or conversely -- to
show the continued need for conservative models). Data of
sufficient adequacy to permit relaxation of other elements
of the criteria is unlikely to be obtained in LOFT.

~hough CHF and critical break flow models are
important, relaxation of conservatisms in the models in
these areas would not be pxn~~tpn to demonstr~te an overall
margin of conservatism for the ECCS criteria, or
substantially increase the confidence in ECCS performance.
The critical areas of uncertainty with respect to ECCS
performance, probably dominating predictions of peak clad
temperature histories, are: steam binding which restricts
reflooding rates; and fluid flow restrictions and blockage
in the core and consequent three-dimensional third
diversion resulting from fuel rod swelling and rupture
during the severe LOCA transient. No significant information
on these vitally important problems is likely to be obtained
from the LOFT program.
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5. Present LOFT Dlans call for the use of a nressure
suporession syste~ in lieu of ~lowdown to tne containm~nt.

,ecaU3e of this, there are no planned t~sts of t~p. con
t3in~ent'3 abilitv to control fission oroduct activitv.
00 you believe th~t suc~ a test of containment would be
approoriate for LOFT?

Tne useful~ess of LOFT for investigating questions
associated with meltdown fission product release has
already ~een briefly addressed. The limited usefulness of
LOFT in this aspect appears to also be the case with
resoect to the tests of the containments ability to control
fission product activity. In the first place. estimates
of the contai~ment ?ressure as a result of a LOC~ show that
it the ECC3 is successful in preventin~ core meltdown -
but allows the release of fuel rod gary components of the
fission products. by some mechanism -- the amount of steam
released from the LOFT primary system would result in
relatively low pressures being developed in the containment
vessel. This event would result in containment plessure
build-up less thatn 10 psi: compared to a containment
design pressure of 35 psi. The probability of defining
meaningful leakage tests from the containment or evaluating
the ade~uacy of pressure reduction mechanisms under these
conditions seems remote.

In addition. it appears that implementation of state
of-the-art fission product spray removal and heat removal
systems wi thin the containment ,structure has not been a
high priority element of LOFT design requirements. Con
sequently available devices appear to be primitive and their
usefulness in extrapolation of results to comnercial PWR
designs is probably limited.

Moreover. radioisotopic contamination of the facility.
especially the mobile test assembly would be extensive.
Clean-up of the facility followinq such an experiment would
be extre~ely difficult. if possible. Re-use of the facility
could only be made after an extensive waitinq ?eriod. far in
excess of customary turn-around periods between LOF~

exneriments. Consequently. if such an experiment were con
ducted. it should probably be done only after all other
significant L0CA experiments have been conducted.

Since the suppression tank. with its fissicn oroduct
limiting characteristics. seems to be useful for exoeditino
ECC3 investigations in LOFT. and the pay-off for LOFT 
investigations of containment fission oroduct control
mechanisms seems low. retention of the'suooression tank in
the orogram is reco@~ended and an investigation of the con
tainment's ability to control fisslon product activity does
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~Ol e~~ear to De warranted.

lJ. Lvf'!' is ;'! s:!lall !=,ressurized water reactor ·....hich has of?en
scaleu so the test results will ~i~~late t~e a~tici~at~d

cr Lects at LOCAs on large pressur ized water reactors. 'ii 11
tne LOFT results be applicable to boil~ng water reDctors?
DG you believe a LOFT experiment using a boiling water
reactor mobile test assembly is needed?

A very li:nite~ portion of the LOFT data will ~e general
enoogh to be useful for ver if ication of elements of "HP
D~alysis models. In particular, data for critical ~reak

flo~s ana results related to transient CHF models may be
useful for verification or maturation of models used in
i,\iR-ECCS anal ys is. Data obtained dur ing the LOFT blowdown
period relative to these parameters will undoubtedly permit
cross-checking and evaluation of BWR analysis routines.
LOFT results in other periods (refill and reflood) will be
"ntirely oissi!1Jilar to the thermo-hydrodynamic pheno:nena of
G.,!'\s during these periods. Consequently, it is not rea30r.
aole to expect to obtain any significant amount of relevant
data applicable to BWRs in these periods from LOFT.

\vith rp~pect t.o the need for large ~c~le sy~t~m t0S~S of
ECCS ~erformance in a BWR, although performance analysis in
a llIiR is somewhat simpler than a PWR, there is still a neeo
for ECCS model verification through large scale testing for
LW~S also. Some of the difficult analysis problems for ECCS
aesign in a P~R (such as steam binding) are mini~ized in a
mil<. On the other hand, BWRs have their own set of an31 ys is
problems.

For example, considerable uncertainty exists with
res~ect to the adequacy of ECCS core spray cooling models.
without dealing with the question of the adequacy of the
tests by which the criteria core spray heat transfer coeffi
ciants were derived, it is sufficient to observe that these
coefficients are acknowledged by the NCR to have large
statistical error bounds associated with their definitions.
r:,0'Jgh the selected values are low and about what mi"ht be
~xpected for the ~chanisms of natural convection and
raoiation to steam, the uncertainty in their definition
permits a variance of + 2000F to be calculated in the oeak
claoaing termperatures; under some circumstances. Thus the
uncertainty in core spray heat transfer coeffici~nts is
evidently associated with a non-trivial factor in the
OwR-ECCS performance analysis, and deserves better defini
tion.

Similarly. clai~s have been made that the horizontal
flow isolation associated with the use of vertically orientea
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c~anncl boxes around each bundle of 9WR fuel rods (7x7 or
3xd rectangular arrays of fuel rods) eliminates oro~lc~s of
radial flow resulting from core blockage associated with
fuel rou swelling and rupture during the LOCA. This is a
so.ew~at deceptive argument: It is true that fluid. once
entrained within the channel. cannot be lost (or gained)
through radial flow to (or from) another neighborinq channel.
dut it is not obvious that blockage in certain channels
will not tend to cause preferential flow distribution of
fluid frow tha lower plenum into unblocked chan~els wit~

lower flow resistance during reflood. Under these circu"
stances. it is easy to visualize that the prevention of
radial flow returning to the blocked channel above the
swollen area of the fuel rods (by the channel box) may. in
fact, exacerbate the meltdown orocesses. instead of aiding
cooling mechanisms (as the arguments infer to be the case).
'hus core blockage and resulting three-dimensional flow
variations between channels in the core may prove to be at
least as serious a problem in a BWR as it appears to be in
a PWR.

70 date, no tests have been conducted, or are known to
ba in the ?lanning stages. which might investigate core
blockage and resulting radial flow ?hcno~enon in a 1~lR. So~e

single channel tests (approximately the eQuivalent of the
Semi-scale tests at I,lEL -- a 1/30 scale version of LOFT)
are being conducted under the joint sponsorship of ~RC, GE.
and the Electric Power Research Institute (EPRI). Though
these tests represent a useful first step in analysis
verification for BWRs. it appears that larger scale BWR
tests -- at least as large as LOFT (and probably larger) -
will be reguired before confidence will be achieved in the
adeouacy of BWR-ECCS analysis methods and oredicted results.
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I(LVIc~. Gf lhL NCh/£hLA LOSS-OF-FLUI~-T~~1 PHOGh~.~

,\ ~?sponse to O~estions Posed by the Senate (o~mittee

o~ uover~~ent Jperations to the U.S. General ~ccounting OffIce

i. Historical heview ana 3tatement of Proble~

--- -------l'he-Eoss::oI:FluTJ-Test(I.6f~..r-f de iIi ty is a
major ele::-,ent ot the u.S. ;Juclear kegulatory Com,~:i!5~~ion'~

(.JR:) nuclear reater safety research prograQ. LOFT. a 5S
f-l'fW (thermal power·) nuclear pressurized-.ater reactor (P\,£\).
is presently designee to investigate the penenomena
associateo witn the principal "design basis accident" for
nuclear reactors, the loss-oi-coolant-accioent (LOC~). Uatc
fro~ tne tests conducteu in LOF~ will, in principle. prOvide
a basis for evaluation of the desi~n metilocis for the
"er.lergency core cooling system" (£((5). the primary ele:;:er.t
of toe sarecy equipment whico is supposea to 9revent seriou~

..:ialr;age ana overneating of the reactor core in the event ol a
LueA.

When LOfT was initially conceived, in 1962 -- nearly 14
fears ago. it W~~ intenacd to provide 6at~ on the effecti~e

ness of the reactor containment building to retain (or
:I~itigate the loss ano aispersion of) nuclear reactor fis3ion
products from an accident which resulted in ~ltaown of the
intensely raoioactive nuclear fuel in the core. At t~e

conception of LOFT, commercial reactors were being ~esigned

~ith relatively low power outputs (generally less than 200
Ii .. electrical power). For these relatively low powered
co~mercial reactors, reactor containment ~uildin~s were
expecteo to be able to withstano the results of reector
~eltaown without danger of catastrophic failure or suffering
any consequent substantial losses of fission products
released by the meltdown. However, the design power output
(..f co ..r.Jn~rcial reactors increased rapialy in the next few
Jears as utilities a~o vendors trieo to take advant2ge ot

*l'hi3 paper presumes a certain familiarity with the basic
teatures of nuclear power reactors. For these readers
Jr;f,;;;iliar witt; the basic features of boiling-water (6"f.)
ana ~re5sur iZE:o-",ater (P\.R) reactors, an elementar}'· .jescr ip
tion of them, their relateci equipment. and the physical
~echanisms by which they operate is contained in the
American Pnysical Society's review of reactor safety 1/. A
brief glossary of some of the more significant technical
terms (ana definitions of acronyms) used in the paper hes
been appended to the document.
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scale economi·?s. Bv l~o5 reactor electrical ;')Ower outJ?uts
were approaching 1000 M. (equivalent to aF;roxiwately 3300
No; ol tt,errr.al power for typical plant efficiencies of about
jU~) tor sEveral reactors for which licensing proceourEs had
been initiateD. Safety experts began to be seriously con
cerneD aoout the ability of containment structures to retain
a meltdown of a nuclear reactor of this size. vesign
empnasis sniftea Quickly from meltdown containment to melt
ao.n prevention. The concept of permitting a reactor core
to ~elt uS a result of an accident becane in~onc~iv~~le

as the consequences of such an event for large reactors
began to be perceive". In 1!l66/1967. the Ergen Committee
(an A~C select committee of reactor engineers ana
scientists) investigatea the cor. meltoown problem area and
recommenoeo that safety research be redirected toward
development of emergency core cooling systems (E.CCS) in
oraer to prevent core meltdown.

~hortly thereafter, the LufT program plan was revised
to retlect this new emphasis on the ECCS. By 196~. the LOFT
design had been revised. taking advantage of as much of the
original planning for the program as possible. Thus the
current L0fT facility has essentially the same containment
hu U 'i i '19 conf igur ation planne<i for the or iginal concept.
However, the L0fT power reactor itself resembles the
original design only in approximate external dimensions (the
pressure vessel outside diameter is about 0 1/2 ft. height
aoout 24 ft) ana thermal power (originally planned for
"about 50 fiW··, it is now designed for 55 Hli). A complete.
major reoesign was required of the reactor vessel and
internals as well as supporting equipment for the primary
coolant system to accomodate the conceptual change from
investigating core meltdown. fission product release.
Oispersion. and control to its present objectives of
supporting the verification of analysis methods for tCCs
oesign.

from 19uu to 1973. the AEC retained their prescription
01 core meltDown accident unconceivability. Conseauently.
reactor design basis accicent limits were revised to require
fuel roo temperatures to be limited to peak values of less
that 220U oF by action of the ECCS during the LOC'
(substantially beneath fuel melting temperatures of about
4000 0 to 50uuOF).

In 1973. a review of the probabilistic aspects of risks
ano consequences of reactor accidents was commissione<i by
the AEC. under the direction of Prof. Norman C. Rasmussen of
the Massachusetts Institute of Technology. Results of the
"f<eactor Safety StucJy." WASH-1400. 2/ published in draft
torm in August 1974. ana finalizea In October 1975.
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r0li~ct~o anew toe i~portancE of the reactor meltcohn
o\.:~lJ~nt a~a ri;lseu its ~robability to levels wnere con
slceratinn 01. :neltaown is detinite-Iy no lor:ger incon
cei'/oole.

As a result of regrettable delays ano an inefficient
ul... proOcn to design ana construction, the LCf7 exper i;-.lental
pro~(am has not yet begun, although t'IOst ot its haroware ana
construction are finally co~plete. Since the experi~ents

n~ve nOl yet be-gun, a cncice is once again available 5houlo
the oujectives of LOFT be reoriented to again incluoe an
investigation of core meltdown; or shoula the object ives
cGn~inue to be restrictea to obtaining oata related to
al~i11ysis oJ. ECLb per~_ormance. In accordance with the
request of the U. S. Senate Committee on Government
vperations, this question is the principal object of this
review. ~he suoject has been broadeneci somewhat to include
questions relatea to the probability of the current program
[or LUf~ being able to meet anti satisfy its own oCJectives.

II. Analysis of Technical Issues

Questions related to whether the objectives for the
L\'f'r progra'Tl Should be increase.::: in scope tn i~-:luae cere
meltuown investigations. ana the creaibility 01 the program
to meet its o~n current objectives center around several
~ivotal issues. A fundamental question is relatea to the
relative significance 01 the core-meltdown problem to
reactor safety. In ad"ressing this question. some of the
pertinent results ot the WASh-14uu (Rasmussen "Reactor
;;afety Stuoy") 2/ will be reviewec;. A brief summary and
evaluation will-also be presenteo of the status of our
unaerstanoing of the mechanisms of fission product release
associate<J witn core meltdown. 'i-he ilflplications of the
possible accident scenarios outlineo by kASH-1400 leaaing
to core meltdown, witn respect to the design of the LOFT
facility will also be reviewed. Finally, tne basic LOFT
program will be analyzed, celative to the probability of
meeti~g current oDJectives. This section will attem~t to
make a briet, but unified, presentation of these issues and
to esti~ate (at least qualitatively) the ~agnitude of the
proulems associatea with the issues.

~he most current and cocprehensive analysis of nuclear
reactor accidents. their probabilities, ana consequences is
founo in liA;;h-140\,. Figure I presents a composite curve
sumr.'ar izing the results of tne oraft ana final versions of
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the study in term. of the fatality risks associated with
reactor accidents. Results are Qresented in terns of the
number of early fatalities (those occurring shortly after the
accident, and clearly associated ~ith radiation d&~aqe) from
a single event as function of the calculated frenuency (di
r~ctly related to event ~robability) of the events per year -
assuming 100 operational nuclear ~wer ~lants. Comoared to
A'SH-1400 draft results. the final curves show a reduction
in estimated probability of the smaller accidents to less
than 1 in 10.000 that an accident will occur which causes
~ore than IJ fatalities. ~lthough the ~robability conse
~uence curves of the final report decrease more gradually
~ith increasing fatality levels than they did in the dr~ft

version. they still falloff rather abruptly as the number
of fatalities for an event exceed 400 or 500. The largest
number of fatalities ~redicted by W~SK-1400 for a single
event was 3300 deaths. with a probability/year of 1 in 10
rnillion for the postulated one-hundred operational reactors.
If for the moment we assume that the values given by the
curves are correct. the rapidly decreasing event ~roba-

bility for higher consequence accidents im9lies an aoparent
asymptotic approach to a maximum number of early fatalities
from nuclear reactor accidents of less than In.OOO with
exceedingly low ?robabilities for such events. ~nder these
curcumstances. the probabilistically weighted risk of death
from the operation of the 100 postulated reactors of the
study is much less than one? rson per year (i.e •• about
3/1000 person/year).

~xpressed on an annuali~ed basis in this way. it is
unlikely that a risk so small would be of grave concern to
t ~e public. It is. however. 'the 9Qtential for tak ing a
large number of lives with a single accident, perhaps on
t~e oraer of lv.OOO lives. and contaminating large areas
of lanJ for years w~ich changes the r.elative concern which
t~e public feels for the ~roblem -- no mattter how infre
quent the accident may be. Few other man-made things have
this ?Otential for such l~rge-sca\e disastrous consequences.
Only natural events such as earthquakes. hurricanes. and
famines are relatively common sources for disasters where
thousands of lives are at risk from a single event. In my
opinion. it is this ?Otential for large-scale catastrophe.
even though extremely infrequent. which motivates the
concern of the public. There seems to be a psychological
limit to the maximum number of deaths from a single man-made
event which can be tolerated -- and reactors are susnected
of being ca~able of approaching that limit. .

Figure 1 shows a comparison of the relative risks
deuuced in W~SK-1400 for other man-made accidents with
large conseguences. The WAS~-1400 results clearly SU91est
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that several other man-maae activities could lead to
acciaents witll much larger probaoilities at occurence and
with vEry large numbers at associateo fatalities. fhe
implication at the report is that since these non-nuclear
mechanisms for high fatality accidents are a~parently

tolerateo by society. it should also find the much lower
estimatea prouabilities for nuclear accidents acceptable.

Not everyone. however. has acceptea the wASH-1400
results without challenge. Superimposed upon the curves ot
Figure 1 are variations upon the results of ~ASH-1400

suggesteD by Dr. Frank von Hippel, based upon an independent
study of reactor safety conducted by the American Physical
Society 3/. 'I'he result shown by point "x" on the curve
indicates the possible increase in the consequences
associated with one particular accident scenario calculated
by WASH-140U, it all deaths (delayed as well as early) are
incluDeD in the estimate. fatalities calculated for the
draft report would be increased to a total of 372 (62 early
ana 31U delayed -- from cancer) under these circumstances.
Based upon corrections to the WASH-1400 estimates of the
biological consequences ot the referenced accident recom
mended by the APS review 4/, von Hippel suggests that total
fatalities for the accident could potentially be increasia
to values as high as 10,000 to 20,000 cancer deaths -- as
inciicatea by the point marked "0" on the curves. It should,
however. be observed that von Hippel's consequence calcula
tions are dominated by delayed cancer deaths, which would
probably be spread rather unifor~ly over about 30 years.
'Ihus the acciaent produces an equivalent increment in the
annual cancer death rate ot about 300 persons/year, compared
to a natural cancer death rate in excess of 300,OOO/year in
the u. S. This will represent an increase of only about
U.lo in the cancer deatn rate. It will clearly be difficult
to even iuentify the increase in the cancer rate, against
this background, in spite of the potentially large total
number of addeo deaths as a result of the accident.

Nevertheless, it appears that the public awareness of
the possioility for accidents with such large numbers of
fatalities. irrespective of the rate at which deaths occur,
couplea witn the mystique of radioactivity as a cause of
death, is the essential source of a major stumbling block to
public acceptance of nuclear reactors as 3n energy source.

Large vertical error bars are shown in von Hippel's
estimates ot the probability ot the accident -- in accor
dance witn WASH-1400 estimates of the uncertainty in the
probaoility ot the reterenced accident. Subsequently in
this review, the need will be discussed for adding horizon
tal errors bars showing possible additional perturbations to
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~5tih~te~ conseouences resultinq from uncertuinti~3 in t1e
nllentities of fission ~roJucts rel~a5~J in t~e ~~ltdow~.

3etore considering in detail any of the individual
fact0rs influencing the ootential risks of a reactor core
~eltdown, let us consider the several elements contributino
to the ovcrall ~icture. There are basically three domin~nt

f~ctor~ which control nuclear rc~cto. accident risk~. ?isks
~0Y be considered the product of the ~robability of the
event times the conseauences resulting from it. Thus the
~ontributing factors to nuclear reactor risk ~ay be repre
sentee as: 1) the initiating event and resulting accident
scenario, along with its estimated probability: 2) the
~aqnitude of fission product release estimated to be as
sociated with the accident scenario: and J) the predicted
~iological conseauences of a fractional release of the
fission ~roducts to the environment -- outside of the
control of the reactor contaiment building.

Prior to WA3~-1400. little auantitative work had been
done to carefully define the probability of the ootential
initi~ting events and accident scenarios leading tn reactor
accidents. WASH-1400 applied logical .ethods of fault and
event tree analysis to the proble.. In this manner, seQuen
tial steps leading to an accident. along with estimates of
the orobability of each element in the seQuence. were gen
erated for a very large number of possible accident
scenarios. Though the absolute values of the probabilistic
results of the study have been challenged. it is generally
acknowledged that the results of the analysis reoresent a
significant contribution to providing more insight and
credibility to estimates of reactor risks. The probabilis
tic elements of the accident scenarios are only peripherally
significant to this review of the tOFT study. Consequently.
no serious attempt was made to evaluate the probabilistic
aspects of the wASij-1400 results. They have been generally
utilized in this study where they were applicable.

On the other hand, the -agnitudes of fission product
release factors are critically relevant to this review.
Results of an evaluation of the ~S3-l400 results and the
general state-of-the-art in prediction of fission oroduct
release in a nuclear reactor core -eltdown are briefly
presented in the next section. A detailed review of
the biological consequences of the reactor meltdown was
felt to be beyond the scope of the objectives of this
study.
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I.~s~ !2!U~!.2!!!!£~_ R~!~l!~~_f;!t iJ!l!~!~

The first ele~ent in estimating fission products
released to the environment (and ultimately their conse
quences) is to eef ine the source terms -- the fission
?roeuct release mechanisms and the respective quantities
released from the fuel Qurinq the several physical
~rocesses associateu with the meltdown. ~able I presents
afi inte~rateri description of the important isoptopic sub
groups of the fission products; relative fuel release
tractions in terms ot the several recognized release
mechanisms: estimates ot the influence of several natural
and ffian-maee fission product reduction mechansims utilized
witnin the containment building to reduce the quantities
released to the environment; and estimates of biological
consequences expressed in terms of whole body doses received
as a result ot exposure to the penetrating radiation of the
tission products.

An operating reactor develops an inventory of highly
raoioactive tission proQuct isotopes in excess of a billion
curies. with half-lives of an hour or longer, after a
relatively short period (a few weeks) of operation.
~lt ,ough a substantial ftaction of the radioactlvit.y decays
rapiuly away during the first few hours after the reactor
is shut down, the intensely penetrating radiation of the
remainder must be controlled (retained) or it can induce
the serious consequences discussed earlier. The basic
elemental SUbgroups of radioisotopes are given in Table I.
in terms of isotope groups exhibiting similar chemical
behavior. Details of the isotopic breakdown have not been
presented. Those who wish more detailed discussions of
specific elements of the radioisotopes should consult the
APS review !/ or ~A~H-1400 ~/.

84





Table I Radloactlv. I.ot..,. Inv.ntory. R.l.... Ralatlon.hlp.. and SlIl.ctM Bl"opeal
Convaralon Relatlon.hlp.

M.ltdown Source Release Fractlon.b Fraetional Rein•• to Eavtr. e
....1. Body Do••_d " .....

~O'f' Melt- Cu....

isotopic GreN, .....ory Ga, down Vapo.... Expl>1o*~ .!!!:! PWR-Z PWR-3 API 18cfPft-2) Rlak Factor

(10' e.ne.t (10' n.an•••nt 1106 man-rem)

1) Noble Ga•••
Xe, Kr 351 .03 .87 0.1 (.9) 1. 0.9 0.9 11.8 .0.4 .049

Z) Iodine. 715 .017 .813 .1 (.9) 1. 0.7 0.7 0.2 1.631 2.33

3) Telluruima and 17J • 10-· .15 .85 1.6) 1. 0.4 0.3 0.3 .399 1.329e••uaml 1.. ' .05 .76 .19 1. 0•• 0.5 0.2 .110 1.6z0

4) Vol.file 011.. 5i5 .03 e .• 05 (.9t .01 O•• .02 .03 .033 0.518
Mu,Te. R'l. RIa 1.01-.1) 11/5 (.OZ

to
..t~5t

10-6
Sa)

S) Alkalln. Eartlaa 405 .01 .01 .11 .05 .06 .02 .9,. •. 15
Ba, Sr. I. 02-. 2t (1/5 (.03

to to
Sat . ZSt

6) Nonv"la tile Oxide. 1.12 .003 . 01 .013 .003 • 004 .003 • 534 1.01
Y, ir, Nb. a, I. 001-. 01Ul/5 1.006
ee, Pre Nel. Pm, to to
Pu Sat .06) •

a) WASH-1400(Dt. App VI. p. 6
bt WASH-14UO(D). App. VII. ,.JO
c) WASH-1400. Main Report. ,. 97
d) ...PS Rovle.ll). App. U. ,. 5105

>10 Numbere encloead III pareadMe•• r.pn.ent dM R ..... of uacertalnty for the .,.cUlad (I..lon ,1PO&Iuct r.l••e
fr.ctlon... tlley appear III Draft W....H-l ..00•

••. N ....bera (in pareadM•••t U.t.d UDd.r eaploal". r.l••• col_ r.pr•••• mll1tipUcatlv. fec:tor. to be applied
to remalni... uaral...ed lat tim. of ••1oal_t (racti•• of: lndlYlduallaotoplc ,roup. to ObtaiD ......1.. ral....
fractioD.

85





Unioue among the isoto~ic sub~rouos are the noble
gases, xenon and krypton, which are qases at all te~oera

tures of interest to reactor analysis and not stronqlv
bounD c~e@ically to the ~elt. These gases wo~ld be
ex?ecteJ to escape from the melt under almost any set of
circumstances in which the fuel rods are postulated to at
least rupture. The elements of various ~eltdown 3cenarios
00 not generally restrict the quantity released. but onl~

dictate the timing of the release of the noble gases.

The relatively volatile elements a~ong the fission
oroducts are next in their ease of release from the binding
~atrix of the fuel. In decreasing order of volatility.
these are represented by the iodines. telluriu~ and cesiu~

isotooes. and the volatile oxides (for~ed from the isotooes
of the elements molybdenum. technetium. rhenium. and
Ruthenium). In this latter category (volatile oxides). the
boiling points of the ~ure forms of the elements ar~ well
above the melting temperature of the uraniu~ oxide of th~

fuel elements. However, if there is sufficient free oxygen
in the core during the processes leading to meltdown, the
elements can form staole oxides which are volatile at much
lower temperatures and would consequently be exoected to
CGCdpC the I~elt reasonably reaJily. As indicuted in Tat,le I.
the range of uncertainty in release fractions cited in Jraft
';!\:5Il-l41l0 for these radioisotopes is fro~ 2 to 35 o~rcent.

depending upon the degree of oxidation.

The alkaline earths, barium and strontiu~. ~av~

chemical reactions which are almost the ODDosite of the
volatile oxides. Barium and strontium are relatively
volatile in their pure elemental forms, but in the presence
of free oxygen, tney form nonvolatile oxides. ~arium and
strontium are important contributors to radiation dose to
the body. They represent a large fraction of the shutdown
core inventory; and if they were released to the at~osohere

at the upper limits of the uncertainties suggested in
~~SH-14QO. c~ul0 contribute an ir.:r~~:~t to t~e whole cody
dose equivalent to the total estimated value of the dose
received in the W"'SH-1400 reference acc ident case (p:m-2).

The nonvolatile oxides: including yttriu~, zirconium.
~iobium, lanthanum, cerium, 9rageodymiu~, neody~ium.

oroaethium. an~ plutonium (and several other trace iaotones)
are all elements'which react with water and carbon dioxide
to form stable oxides. Carbon dioxide will be formed in
abundance by thermal decomposition of concret~ in the con
tainment vessel. Thus the stable radioisoptooic oxides ere
expected to be mixed intimately with the molten ura~i~~

oxide fuel and be released i~ roughly the sam~ oroDortion
that the fuel itself is vaoorized. Considerable uncertaintl
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exists concerning the amount of vaoorization to oe expectec
witn the molten fuel mixture. ~im?lc energy balances indi
cate thut in the aJsence of constraints relative to t~e vol
ume (ana hence carrying capacity) of the containment. Dr un
less limited by reauced decay energy due to loss of vaporized
fission product themselves from the melt. a vaoori7.ation rate
of from l~ to 40 tons ?Cr hour ~ight be exnected. For a ~l

ten core mass of about 100 tons, this would reoresent a maxi
mum vaporization loss rate of from 10 to 40\ ~er hour. Other
simple- 2stimates of the maximum carryinq caDacity of t~e con
tainment for the vaporized fuel aerosols due to natural gravi
tational settling Drocesses, indicates a maximum steadv-state
capacity of approximately two tons of vaporized fuel aerosol
would be expected to fill the containment. ~/

Estimates of this sort aooear to have been used to
establish the limits on the range of nonvolatile oxide re
lease used in Draft WA39-1400, as shown in Table 1. 90wever.
it should be noted that if the containment building leaks,
there appears to be amole energy to volatize the fuel at any
given leak rate up to the energy balance limits of from 10-40\
of the fuel per hour (a containment leak rate equivalent to 5
to 20 complete changes of the containment atmosDhere per hour).
Thus. it is not all all obvious that the 1 to 6\ vaDQrization
limits suggestea by WASH-1400 represent u?per limits to non
volatile oxide release. Horeover, if the vaporization rate of
the molten fuel were increased, the ranges of expcected limits
on release of volatile oxides and alkaline earths would also
appear to require at least similar increases.

The four most important core meltdown fission product
release mechanisms, providing the source terms for subsequent
release to the environment are: qaD release I meltdownl vaDori
zation: and fuel-water interactive explosions. Of these four
meltdown source release ..chan isms , the WASH-1400 analyses in
dicate substantial uncertainties exist in essentially three of
them ~/ -- eapecially in regard to the relatively low volatil
ity elements of the fission oroduct groups.

Gao release is a relatively well understood fission
product releaae mechanism. As soon as the fuel rods swell
and rupture (very early. in any accident scenario) the
gaseous ana volatile fission products derived durinq normal
reactor oreration -- principally, Xe. ~r. and the iodines
gradually accumulated under pressure within the "ntact fuel
rods -- would escape through the gao between the fuel
oellets ~nu the zirconium cladding of the fuel rod. The
r~l.tively small fractions shown in the gao release column
of Table I, rcoresent only that portion of the fission
',roduct available at the time of ruoture. Even if emerqencv
core cooling measures were effective. there is a high· .
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orobability that essentiallv all of the noble oases and
iodines woula be exoected to be released to the cont2inment
vessel. in addition to the relatively small fractions
designated as-qap-release.

As the meltdown orocesses continue. the less volatile
components will be driven off. However. the release mecha
nisms associated with the meltdown Drocess itself are quite
uncertain. This is orobably largely due to the small sizes
o[ exoerimental sam~les which have been examined to evaluate
this element of the· fission product release mechan;.sms. 110st
exoeriments conducted to date have measured releas~s from
sam~les about the size of a large pea -a single pellet of
fuel -- weighing about 30 grams 7/. A few tests have been
conducted with samples up to 100·-grams in size and the Germans
are planning on conducting tests with samples as large as two
kilograms (using simulated fission products) a/. Scaling of
these results to equivalent masses of a melting core (on the
order of 100 tons) is clearly uncertain and data on fuel melt
down in real reactor configurations is unavailable. As a re
sult of uncertainty in emoirical results and the absence of
definitive thermodynamic analyses for meltdown release mecha
nisms (evidently cor relatable weaknesses). only the simolest
of models of meltdown fission product release have been used
to date. These models e~uate fission product release, from
products of suitable volatility. with the fraction of the
core melted. 9./

Vaporization is a very ~orly defined release mechanism.
fhe customary boil-off mechanisms themselves have not been
thoroughly investigated. Estimates of vaporization rates de
pend upon gross extrapolation of experimental results for
thermodynamic properties of the elements and oxides beyond
their measured temperature ranges by approximately 10000C
(from about 20uO oC or 2S000 C to over 30000C). These lar~e un
certainties in the basic vaporization processes are further
compounded (in fact probably overwhelmed) when the supplemental
vaoorization mechanisms associated with interaction of the mol
ten :ore with the concrete of the containment building floor
are considered (after melt through of the reactor pressure
vessel). Gases released during concrete decomposition are ex
pected to pass rapidly through the melt. ., sparg ing" the f iss ion
products from the molten mass.

Jnlv highly simplified analyses nave been ~rformed for
the processes involved in the vaporization release comoonent.
There are many unknown details concerning most of the .
chemical. physical. thermal. mechanical. and metalluroical
orocesses of this comolex system. Results of analytical
models are strongly dependent uoon basic assumptions which
differ widely from ~odel-to-model. ~~ large scale
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ex~erimental work on relevant systems has been performed to
9uide the modeling. As a result. as previously noted. there
are substantial uncertainties associated with estimates
of the magnitude of this comoonent. Based upon the simple
bounding estimates oreviously discussed, there is little
ev idence that the vapor hat ion release comoortent will be
~onstrained to be as' small as the WASH-1400 esti~ates sug
~p.st in the presence of a ruptured and leaking containment
0uil~ing. especiallY in connection with the failure
scenarios included under the referenced WASH-1400 accident
groups (PWR-l, PWR-2. and PWR-)).

An additional. and in some ways supplemental. release
mechanism is associated with the rapid oxidation of the
molten fuel occurring during an explosive fuel-water inter
action. This explosive release mechanism is also ~orly

understood. Steam explosions resulting from such inter
actions may be produced when appreciable amounts of the
molten core (probably of the order of a kilogram Or more)
are brought into sudden contact with water. The resulting
explosion is expected to disoerse finely divided fission pro
duct particles throughout the containment building -- and out
side also if the building fails during the blast. ~he ~echa

nisms of molten fuel-liquid interactions have be~n wirlely
studied, but are still poorly understood. Conseauently. the
oxidation/explosion release mechanism (like the meltdown and
vaporization processes) is also modeled only in a very gross
fashion. More experiments. with larger samples of :llaterial.
apparently need to be conducted to aSSure that the scaling
mechanisms for this process are adequately understood.

The estimated results shown in Table 1 for releases by
tilis mechanism are intended to indicate that if an exolosion
occurs. it will disperse and release the indicated fraction
of whatever 9Qrtion of the fission product in that category
had not been released at the time of the explosion. For
p.x~mnle. if only 10\ of the volatile iodines had been re
~c3sed at the time of the ~olten fuel-water exptoRion. 0.9
of the remaining 90\ -- Or 81' -- would be released in the
explosion -- for a total cumulative release of 91' of the
nonvolatile fission products. This obviously is an important
fission product release mechanism which deserves further ex
perimental investigation to support development of meaningful
~ethods of analyzing the molten fuel-water interactions.

The fundamental message of this brief examination of
the Source terms for ~eltdown release fractions is that
physical models for essentially all the dominant mechanisms
(with the exception of the relatively insignificant gap
release terms) are only defined in the crudest of fashions.
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A well defined 9roqram of experiment. and analvses of each
of the co~oonents and a subseauent integrated large-scale
test program to verify the model3 apoears to be needed. It
was not possible to thoroug~ly evaluate the current NRC
program in this area to deterrni~e whether it will ~eet these
broad goals. !!owever. a brief review of the past "istory of
ilRC stud ies shows that invest igat ions of :nel tdown processes
have received the lowest priorities. ~hen funds were needed
to sUP91ement ubi~uitous ovecrunn i~ expensive exneri~~ntal

?roglams (such as LOFT), ~eltdown studies were co:nmonly
expendable. Future 9rograms in this area should be given
priorities commensurate with the importance of meltdown to
reactor safety.

The columns of Table I, labeled "fractional release to
the environment'· show the relative i:nportance of esti~ates

of fission transport and removal mechanisms as thev function
within the containment. These mechanisms are reportedly
well enough understood to !"'rillit "conservative overall'
prediction of fission product reduction processes within the
containment following meltdown. qowever. it is also
acknowledged that insufficient data exists to be able to
accurately predi~t individual isotooic removal
processes. ~ll/

As a result of concentration on the design basis
accident goal of successful ECCS performance. most attention
in decontainmination studies has been given to understandi~g

and developing removal mec~anisms for the more violatile
fission product components. especially the iodines. Short of
cryogenic reilloval, the noble radioisotopic gase3 Xe and Kr
are not readily accessible to removal during their residence
within the containment. Thus, except for the fraction
retained naturally within the containment building during
its decomoression <as a result of an accident induced leak).
essentialiy all of the noble gases will escape to the
environment.

To provide quantitative insi~ht into the significance
of fission product transport and removal mechanisms for
decontamenation within the containment building. scecific
results from W~SH-140U for several accident/conseouence
categories (designated P~ffi-l. ~lm-2. P~R-3) have been shown
in Taele 1. These three referenced accidents have t~e

following characteristics: ~~/

PWR 1 This release category is characterized by an
accident-sequence initiated by various mechanisms. but
dominated by • core meltdown followed by a steam exolosion
when the molten fuel contacts residual water in the reactor
vessel. The steam explosion is assumed to ruoture the upoer

91



portion of tne reactor ve••el whicn become. a ~issile and
oreaches the containment barrier re.ultinq in a .ub.tantial
amount of raoioactivity being expelleo frail tile contain
rr,ent. 1"oe containr.!ent .pray anu heat removal sy.tem are
also assumea to have failea.

~'!L~ Inis category include. failure of core cooling
systems. ana core melting concurrent with a 10•• of
containment spray ano heat removal .ystem.. P~ilure of
tne cont~inment barrier occur. through overFrossure
causing a substantial fraction of the containoent atmo.phere
to be releaseo in a "puff" from the containment.

PwR 3 lhis category involves an overpres.ure failure
of tne-COotainment due to failure of contain.ent heat
removal. The core cooling sy.te•• are operating until th~

containment overpressure failure occur.. These sy.te•• are
assumea lost when coolant. at the point of incipient boiling
in the containment sump. flashes to .teall a. a result of the
containment decompression ana re.ult. in cavitation of the
core cooling pumps. Core melting then proceed. to release
fission proaucts through a ruptured contain.ent barrier.
Th is ..eltdown case occurs over a .ubstantially longer ti.e
p~rioo than the preceding case••

As a result of the failure of containment .pray and/or
heat removal mechani.... these three reference ca.e. from
wASH-14U~ result in the large.t e.tiaated release. of fi •• ion
prouucts to the atmo.phere. when spray ..chan i ... fail. only
natural deposition mechani••• (di.cu••ed in greater depth
sUbsequently) are effective for fi •• ion product removal.
According to WASH-14~U. only natural fi •• ion product removal
mechanisms were con.ioerea for these type. of accident/
consequence categorie•• Horeover. no creait was reportedly
taken in these ca.es. for leakage path aecontamination
factors (through the break in the containaent) which would
probably. in fact. be operative. 12/ Thus the basic
assumptions relative to the ca.e.-'xa.ined ap~ar to be
conservative (i.e •• would tend to increase estimates of
fission products relea.ed to the environ.ent). The
application of the assumptions. and their i.plications to
ultimate results. will be discussed in -are detail.
together with the discu•• ion of the ba.ic fis.ion product
transport and removal mechansims.

loaine removal mechanis•• are reasonably well under
stOOd and developed. If the contain.ent .pray re.oval
mechanisms function properly. iodine concentrations can be
reauceo by factor. of 100 to 1000 in relatively .hort times.
Until the concentrations fall below one percent of initial
values. ioaine r~aoval .odel. are well sub.tantiated by
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experimental results. If iOdine removal with containment
sprays is successful to at least the.e level. (a decontami
nation factor of 100 ~r more) the hazard. a••ociated with
core meltdown could be greatly reduced. The more .eriou.
accidents (including those designated PWR-l. PWR-2. and
PWR-3 in Taole 1) are those in which the contain.ent .pray
aevices fail by any of several mechani•••• inve.tigated in
detail in wASH-1400. If the containment .pray aevic•• fail.
only natural (gravitational) deposition mechani••s are
operativ~. I.hen iodine concentrations are high. natural
deposition processes have been e.tiaated to produce
reauctions by factors of about 1/4 of the initial concen
tration in an hour. 13/ Thus even if the .pray. fail. if
containment failure IS delayed. or leaks are ••all. then
substantial reductions in iodine level. could be achieved in
relatively short times by natural depo.ition. For large
leaks occurring while meltdown i. still in proce••• natural
deposition may not be this effective. a••ay ba ob••rved in
cases PWR-l. and PWR-2.

In the case of the other fission product aero.ols (all
others except the noble gases and the iodine.) .pray re.oval
mechanisms are not as veIl under.tood. Though the model.
are generally held to be con.ervative (i.e •• they under
preoict measured removal rates) they are acknowledged to be
pnysically unreliable. "oreover. reproducibility of
results in similar experiment. i. poor. Deviation. by
factors of 10 may be observed in .ea.ured decontaaination
factors for otnerwise apparently .iailar experiment•• 14/

For the cases of particular e.pha.i. in this .tudy. the
evaluation of maximum consequence event•••pray reaoval
mechanisms have been as.umed inoperative for the accident
scenarios. Under these circu••tance•• concentration reduc
tion for non-iodine aerosols waa e.ti.ated to ba very
slow -- relative concentration factor. baing reduced only
to about 9/10 of initial concentrations in an hour. A.
previously discussed. the inherent fi •• ion product decay
energy within the melt evidently has the capacity to readily
replenish the aerosols of the low volatility fillion
products so that the aero.ol. re.oved by natural depo.ition
could apparently be maintainea at the natural carrying
capacity of the containment for extended period. -- even in
the presence of large leak••

Examination of Table 1. doe. not indicate that this
fission product repleni.hment mechani.a was recognized by
the authors of WASH-14UO. In reViewing the draft document.
no explanation wa. found for the very low fractional
releases (i.e •• relatively high attenuation factor.) for
volatile and non-volatile oxide•• in particular.
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Considering both sourc~ release fractions and fission
?roouct transport and re~oval mechanism analyses for
~ASH-I'uu. it appears that results have not necessarily
been conservatively (or sometimes even realistic.lly)
aerived.

The implications of higher rele••e r.t•• were .x.min.d
relative to the p.rticular biologic.l con••~u.nce. of the
.. \.;,-2 release c.tegory. Det.U.d .naly.e. of the whole body
dose resulting from the PWR-2 r.l.... model were pre.ented
in the ~PS reactor safety study. IS/ Re.ult. were obt.ined
on the basis of simplified, but .aequ.t., do••-d.po.ition
~odels for dose ev.luation one. the fi •• ion product. w.re
released from the containment structur.. Results of the
study are summarized in Table 1.

In an attempt to assess the implications of the r.ng.s
of uncertainty relative to fission preuuce .ource r.l••s.
ana transport and removal models, values of fission products
releasea near the upper limits of vari.ble unc.rtainty
ranges were assumed to h.v. r.ached the .nviron..nt .nd
~iolagical consequences, in terms of whol.-body dose, w.r.
estimated on that b.sis. The r.sults h.ve be.n l.bel.d
"i"eximu", Dose" Risk Factors in T.ble 1. The r.sultant
whole body dose would apparently be incr••••d by about •
tactor of four if relea.. fr.ctions w.r. to .ppro.ch th.S.
values. Results .lso demonstr.t. the .ubst.nti.lly
heightened roles of the alk.line earths .nd non-volatile
oxides. If this upper r.nge estim.te w.re correct. the
importance of the plutonium, cerium .nd zirconium isotopes
would be signific.ntly enh.nced -- wh.r••s they played.
relatively minor role in the WASH-1400/APS r.sults. Not.
that the iodines dominat.d the source of the dose in the
~ASH-1400/APS calcul.tions of the PWR-2 r.sult••

Assuming the v.lidity of the st.nd.rd lin••r dos.
fatality relationships, incr••sing the whol.-body do.. by •
factor of four would indue. four ti ny de.th. from
that source. Though the whole-body do.. i. ju.t one element
of a complex biological dose-conversion/f.t.lity 9icture.
it is interesting to extr.pol.te the implied increment in
results to the curves of Figure 1. Sine. PWR-2 is on. of
the highest consequ.nce .ccid.nts, if the con••quence
estimates for the tail of the curv. wer. incr••••d
represent.tively, f.t.liti.s would .xc.ed 12,000 -- .nd
would begin to be simil.r to von Hippel' •••tim.t. of
fatalities. If th.y w.r••pplied to von Hipp.l' •••tim.t•• ,
the extr.pol.tion could imply 40,000 to 80,000 d••th.
resulting from the .ccident.



How significant is an increase in estimated fatalities
by about a factor of four? Applied to the annualized
i~dividual risk factor of about 3/1000 deaths/year from
100 ooerating reactors. it increases the result to only
about- 1/100 death/year -- a seemingly insignificant oertur
bation. ~hen the factor is considered in terms of the
difference between about 3.000 and 12,000 deaths. perhaps
the significance deoends upon how close the public is to
reaching a tolerance limit on the acceotable nu~ber of
fatalities from a single incident (or conversely or. how
abstract the number appears considering the extremely low
probability predicted for the event). Considering the
factor in isolation however. unless there is reason to
believe the value should be rather sUbstantially larger.
there does appear to be reason to feel that there are
probably more significant problems in nuclear safety than
the uncertainties associated with fission product release
from meltdown. Taken collectively along with the other
uncertainties implied by the APS reactor safety study. and
others, there is reason to believe that investigation of
tne ohysics of meltdown source release fractions and fission
oroduct transport and removal processes should be included
as oart of a systematic theoretical and experimental
urogram for investiqation of the oroblems associated with
the most severe problem imaginable for the liqht water
nuclear reactors. the meltdown accident.

One of the more signific~nt :esults of WASH-1400 was
the ouantification of the probabilities of many different
initiating events relative ~o their leading to an accident
with consequences ranging from serious to minor. Prior to
:>ubl icat ion of :iASIl-1400 it was generally conceded that the
large double-ended oO']uillotine oO break of the "cold" leg (the
pipe -- approximately one meter in diameter -- containing
the relatively colder fluid returning to tin! ceactol, for
le"ilculation. irom the steam generator) LOCA led to the
most severe consequences which were expected to be met by
the reactor. Table 2 presents a synopsis of some of the
WASH-1400 results which have led to altered concepts with
respect to the most orobable scenarios for these severe
accidents. -
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Table 2 - WASH-1400 Estimates of the Probabilities of
Certain Initiating Events Leading to Severe ConseQuences. !~/

Initiating Probability (by Consequence Category)
Event (Events/year/reactor)

PWR-l PWR-2 PWR-3

1. Large LOCA -9 -8 -7
(0)6') 2 x 10 1 x 10 1 x 10

2. Medium LOCA -9 -8 -7
(6 ,0 ) 0 ) 2" ) 3 x 10 2 x 10 2 x 10

3. small LOCA -7 -7 -6
(0 0") 1 x 10 3 x 10 3 x 10

-7 -6 -7
4. Check Valve 4 x 10 4 x 10 4 x 10

s. Transient -7 -6 -7
(electr ical) 3 x 10 3 x 10 4 x 10

Median -7 -6 -6
Probabil ity 9 x 10 8 x 10 5 x 10

The results indicate that for the three most serious
consequence categories. that other initiating events are
from 10 to 100 times more probable to lead to a meltdown
than the large break LOCA. In particular. failure of
check valves which isolate the low-pressure ECC injection
system from the high pressura of the primary reactor coolant
system will lead to a 6" diameter break which not only has
a direct piping path outside the containment. but also
simultaneously fails one of the most important elements of
the ECCS. The dominant transient failures (unanticipated
events producing reactor shutdown) leading to serious conse
quences are those associated with electrical failure (both
offsite and on-site power) to t~e decay heat removal systems
for the reactor and containment vessel. 'lthough a longer
time is required for meltdown in this mode. unless power is
restored to the heat removal systems within a period of
between 1 and 3 hours. failure of the containment by over
pressure is predicted. The s..ll LOCA sequences contribute
the largest overall probability to PWR core melt (when all
other consequence categories are included). These sequences
have relatively low leakage rates for which make-up fluid is
added to the primary systam by high pressure ECCS elements.
Failure of the high pressure ECC system along with the break
leads to the indicated consequence categories.



LuFT has been designea to evaluate Eecs repsonse under
large break LOCA conditions. would it be suitable for
investigation of response under other conditions? Probably
major redesign and reworking of hardware and perhaps
instrumentation would be neeaed to make the system suitable
for investigation of any of these other mechanisms.
Dr, H. J. C. Kouts, Director of NRC's reactor safety
research, notea to an Advisory Committee on Reactor Safe
'Juards (ACl<S) LOf'l' Subcommittee meeting that LOFT
respcnse to 3r.,all break LCCAS would probably :lot be tY1=,ic31
of the response in a commercial reactor. Differences in
the LOFT high pressure injection system ana the predicted
dynamic system pressure responses would tend to make
results atypical of small breaks in large commercial
reactors. 17/ Similar problems would evidently exist in
aaapting LOFT to investigations of other types of initiating
events.

Although LOFT may not be directly applicable to the
lnvestigation of other initiating events, because of their
significance to reactor safety, it would be appropriate to
now begin to perform the advanced planning for utilization
of the LOFT facility to meet revised objectives of
investigating the more probable accident initiation
sequences. Perhaps in this fashion it would be po.sible to
have a firm design for facility reVision before it was ti..
to start construction and fabrication activities. The
practice of simultaneous program planning, facility design,
and hardware fabrication during the current LOFT e~ rci.e
appears to have been one of the major contributor. to co.t
overruns ana schedule slippages. It would be wi.e to avoid
such practices, if future revision. are to be made to the
facility.

~y~luation_of ~2FT_!!latiY!-~~!1!-£~!~~si9nQ~ective.

In a recent presentation of the status of the LOFT
program to the ACRS, the following objective. were listed
for LOFT: !!!L

1) TO verify realistic code predictions of the
transient coupled thermo-hydrodynamic behavior of a reactor
to a simulated LOCA in an integrated reactor system, and to
verify the conservatism of "evaluation" models used in
reactor licensing.

2) To check the correlations developed in separate
effect and "semi-scale" tests with predicted scaling
effects. Such correlations include: Time to Critical Heat
Flux (CHF) and break discharge flow;
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Post-CHF and reflooa heat transfer I ECC coolant bypass of
the core (flowing out the break instead) during blowdown.

3) fo explore the ability of computer codes to pre
dict the system behavior under varying modes of ECes fluid
injection, such as varying the injection location fro. the
conventional cold 189 location to direct injection into the
lower or upper plenum, or to the hot leg.

Only an integral system test-co.bining in ODt co.plete
facility all the functional elements of the reactor nuclear
steam supply SUbsystems could hope to s.tisfy the .bove
objectives. LOFT represents NRC's culmin.ting progr.m in
whicn all of the elements of the individu.l s.p.r.te .ff.cts
investigations conducted can be integr.t.d into. complete
unified system for verific.tion. Dr. kouts d.scribed the
function which a syst•• test like LOFT perfor.s for r••ctor
safety research. 19/ H. obs.rved th.t only through such •
test can calculatIon.l ..thods and models for .v.lu.tion of
reactor response to • LOCA be ex•• ined tal (1) detect
potential oversimplific.tions in the .n.lysis routinesl (2)
aiscover significant ph.nomena which may h.ve been ov.r
lookea in modelsl .nd (3) reveal f.ilur. of the mod.1 to
account for non-line.r, synergistic or .uto-c.t.lytic
effects which m.y occur during the tr.n.i.nt r.sponse of
the reactor.

It is true th.t • bal.nc.d progr.m for r••ctor s.fety
research must cant. in d.t.iled ex.min.tion of s.p.r.t.
effecta of isol.t.d .l.ments of the syst•• , s.p.r.t.d from
other complic.ting .l.m.nts of the syst... T••t. and
analyses must be conducted on thes. individu.l subsystem
elements until ad.qu.t. -ad.ls h.ve be.n d.v.loped to
describe the individu.l compon.nts. Howev.r, only .n
adequately simul.ted .yst.. t ••t will provide • me.ns for
detection of th.s. critic.l .l.m.nts of the problem -
perhaps uniquely r.l.ted to the int.gr.ted syst.m perfor
mance.

Adequate syst•• simul.tion, however, is not .ssured
simply by integr.ting sc.l. mod.Is of the subsyst...lements
into a whole without r.g.rd to critic.l ••pects of system
scaling. A nucl.ar reactor pre.(:ts a complex physical
picture to describe during the sr~u.nc. of ev.nts associated
with a LeCA. In the brief cour.. at the .ccid.nt, fluid
flow in the syst•• ch.ng•• fro. r.l.tiv.ly incompre.sible
~igh pressure liquid to two-pha.. (.team-liquid) flow, and
finally to relativ.ly stagnant conditions of saturated
ana/or superh.ated .t.... a.at transf.r during the proce••
is equally difficult to analy•• on the basis at first
principle. or with complete theoretic.l rigor. Helt
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transfer analyses have historically been conducted on a
semi-empirical basis (i.e., combined theoretical and experi
mental analyses are pre-requisites to modeling the
processes). Application of semi-empirical analysis methods
unoer unusual conditions, or to a new configuration for a
piece of equipment. or for larger or smaller visions of
geometrically similar equipment requires a thorough under
stanaing of the scaling relationships upon which the semi
emplclcal ~odels have been constructed. In the case of
heat transfer in the reactor, many of the important analysis
methods are being used in regi..s where these applications
are uncertain ana considerable extrapolation frc. measured
data is requirea. In these cases, the appropriate scaling
relationships to use with the analysis ..thods may be quite
uncertain.

~ven the mechanical response of the system is important
during the LOCA and intimitately coupled to the fluid flow
ana heat transfer processes. Preservation of the mechanical
integrity at the core, prevention of fuel roa bending and
distortion, ana minimization of fuel rod swelling and
rupture (as their temperatures increase) are vitally
important in the design of the reactor. Loss of core
lntegrity or possible development of blockage can lead to
restricted flow (analysis of locally three-di..nsional flow
is beyono the scope of current LOCA/ECCS computer codes)
with strong coupling between resulting fluid flow patterns
and consequent altered heat transfer.

This discussion has highlighted only a few of the
complicating factors which make the development of methods
difficult for analyzing the transient response of a reactor
ouring a LOCA. As a consequence, it should be recognized
that computer codes for LOCA/ECCS transient response
analysis are of necessity siaplified engineering analytical
tools. The are not ideal codes derived froa the basic
principles of phySIcs I such as a simple application of
numerical methods to Newton's laws of motion, coupled with
funaamental relationships for conservation of aass,
momentum, and energy, and equations of state for the
materials involved. On the contrary, the simplifications
required to provide an analysis tool for these complex
geometries and phenomena have requirea analysts to model
the system in terms of a large number of seai-empirically
oefined inaiviaual "components". Figure 2 presents a
schematic diagram of the system relationships of DOSt of
these components. Models for each of these components are
basea upon individual ·separate effects· tests and analyses
ana upon representative individual scaling studies. These
"components" include a considerable breakdown of the
reactor system. For example, the following elements are
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consiciereci to be "colr.?onents" for modeling purposes: the
reaclor vessel suadivided into eight ciistinct portions
(upper plenum, ~ppEr head, reactor core, fuel cl~ddinq,

fuel pellet, lower plenuffi, do.ncorner, ana upper annulus):
tne steam generator, the pressurizer; the primary coolant
pump: the ECCS (incluoing separate descriptions (mooels) of
the accumulator, the low-pressure injection system (LPIS):
the nigh-pressure injection system (HPIS). and Eces
injection methoo/location); the piping; the break: and the
containment builciing. Each of the component pieces is then
integrated into the LuC"'/ECeS analysis code. 1'he adequacy
of this cocie then depends not only on the adequacy of the
inaiviaual component mooels (and their own scaling
relationships) but also on the aciequacy of the integration
routines (incluciing descriptions of inter-relationships
between "components" -- SOIlle of which were br iefly alluoed
to earlier) ano the cooes completeness in modeling all
aspects of the system.

To verify the validity of the integrated code,
integral systems tests must be conducted. "'s Dr. Kouts
noteci, there is no other way that over-simplifications in
the cooe, overlooked phenomena. or unpredicted effects
~hich ar~ r.onlinear, synergistic, or aut~cata]ytic in
nature can be detected. But since the codes themse;ves are
aepenaent heavily upon semi-empirically cierived models, for
which scaling may in most cases be uncertain, then scaling
of the experiment becomes a critically important part of the
test equipment oesign.

The scaling of LOfT has been reviewed in considerable
oetail. In aver a century of engineering practice.
classical scaling relationships have been developed by which
mooels of facility designs can be evaluated. These scaling
relationships show important interrelationships between
physical var iables which must be preserved between sub-scale
ana full-scale pieces of equipment. Generally speaking, in
;! :J[0c!e~ in,!('!vi,,':J ~~ m~ny physic,,} !'t'tpnnmpn", i'tA a reactor
undergoing a LOe.... it will not be possiale to scale the
equipment dimensions in such a way that all of the important
scaling relationships can be simultaneously satisfieci. If
the difference in physical size is not large between the
sub-scale mooel ana full-scale equiplllent. then the effects
of the necessary compromises between the more important
scaling parameters on the system response may be relatively
insignificant. AS a general rule of thumb. extrapolation
of the results of complex hydrodynamic systems (or solio
elastic plastic systems) over a factor of no more than
3 or 4 in volume scaling has been reasonably successful.
Extrapolation of results over much larger ranges is
generally impractical.
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Tnere are basically two integral system tests for
evaluat ion of LOCA/ECCS models, the LOFT and Se~li-scale

facilities. At" Hn of nuclear thermal power, LOFT is
about a l/bU scale model of a commercial 1000 Mill (electrical
power) reactor -- ~hich will have approximately 3300 MW of
thermal power. However. not all elements of LOFT have been
scaled to the same geometric relationships. LOfT required
many scaling compromises to attempt to model the LOeA
response phenomena in the way which the designers felt would
be representative of actual practice. These design scaling
compromises were generally based upon analyses of the
reactor performance made with the analysis methods which
the models are intended to verify. It is evident that many
opportunities for circularity in the facility design and
consequent measured performance are possible in the
implementation of a program involving such scaling compro
mises ana interrelated design and performance analysis
metnods. Though at 1/&0 scale, compromises may have been
requireo to improve the probability of simulation of full
scale system performance, they are certainly undersirable
for assuring that verification of the adequacy of the code
predictions will bi-achervea:-

"Se::liscale" is a 1.07 Mill (maximum thermal power)
electrically heateo, "little brother" of LOFT. As a result
of many scaling compromises included in the Semiscale design,
it is difficult to make a direct comparison of its scaling
relative to LOFT or a full-scale commercial reactor. It is
frequently asserted to be approximately 1/30 scale of
LOf'T -- and hence 1/1800 of the scale of a commercial
reactor. However. on the basis of its thermal power to
volume scaling, it may be nearer 1/3000 scale of a
commercial reactor.

In spite of its extremely small scale, Semiscale plays
a very important role in LoeA/ECCS system analysis. It is
the only integrated system test facility available for which
any serious attempt has been made to incorporate all of the
previously described individual 'components' properly into
the system facility. Thus practically all of our current
evidence for system code adequacy is now dependent upon
correlation of Semiscale results and code predictions.

Q~servat~_~~l!!!!!-~~Q!TPr09£!!-Adeg~£I

1. There is an important need for integral system
tests of reactor performance under accident conditions. As
such, LOFT performs a significant role in increasing confi
dence in the evaluation of ECe system performance. It is
not, however, desiqned to address many other significant
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~leme~t5 of reactor oerfor~ance with equal ~r ~reater

signlficance to reactor accid~nts.

2. ~t a scale of about 1/60 of a com~ercial reactor.
LO?~ performance cannot be exoected to be ~xtrapolatable to
cO~!TIercial r~ac~or oec for,nance -- .hether LOFT results are
qood or bad. Nor can LJ~T be considered as a "demonstration"
test of the adeouacv of ECCS oerformance, as a result of the
reauisite 5cali~g c~m9romises' incor?orated into the facility.
7hese ~=allng co~?romiscs assure that the ~imilarity of the
LOfT response to that for a LOCA in a full-scale reactor will
not be comol'?te.

3. LOfr will provide an opportunity to test the
validity of integral system performance codes. Some sub
system ~oJels have a fairly high probability of being
adeouately verified such as break flow and time-to-critical
heat flux estimates, etc. Other important elements of the
analysis will be poorly simulated such as ECC fluid bypass
during the blowdown; and as a consequence, time required to
refill the lower plenu~; steam binding phenomena: reflood
rates, fuel 3welling and rU9ture with consequent influences
on core blockage and resulting three-di.ensional flow
~ffects about the blocked portions of the core. Many of
these phenoffiena are of great apparent significance to the
tilermal response of the core dur ing a LOCI,., irresl;lective of
uncertainties in their modeling in the integrated LOC'
analysia methods. Poor simulation of these phenomena in
LOfT. with conseauent lack of model verification for the
pehnomena in the LOCA/ECC codes, makes the ohenomena
increase in relative significance -- almost in direct
proportion to the uncertainty in their predictability.

4. Important information pertaining to the relative
performance of alternate ECC delivery modes will be
obtained in LOfT. The results of investigations of ECC
fluid insertion into upper and lower plenums as well as the
hot and cold legs of the reactor will provide significant
insight into relative strengths and weaknesses of such
alternate ECCS concepts.

5. LOf'r results will not be complete enough to provide
verification of ECCS performance analysis methods to the
satisfaction of the majority of the reasonable members of
the scientific community. They will provide a~ important
basis for maturation and i~provement of the codes -- but
this is not the same as code verification.

6. The probability that another. larger scale. more
definitive test will be needed to truly ?rovide code
verfication is very high. ~lanning for such a test should
be initiateD at once.
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Supplement

F. C. Finlayson

14 February 1976

Cost Effectiveness of Large-Scale Testing
of Reactor Core Meltdown Prevention Systems

If nuclear power is to remain a viable energy source in
this century, a high probability exists that LOFT will
ultimately need to be supplemented with a large-scale test
program of reactor core meltdown prevention systems. Con
vincing demonstration of the effectiveness of Emergency Core
Cooling Systems (ECCS) is obviously cost-effective, even if
such large scale testing is reauired. Theae tests would no
doubt be expensive, with costs conceivably a9proaching the
order of a billion dollars. However, compared with the
annualized busbar costs of energy production from the
reactor industry (of the order of tens to hundreds of
billions of dollars) the experimental orogr•• coats see.
relatively insignificant. This is especially true when it
is recognized that the accumulated value to electrical
utilities of the energy production from the reactor industry
over the period from 1975 to 2000 AD is of the order of •
trillion dollars.

Demonstration of the effectiveness of the ECeS, and
other related meltdown prevention systems, would eliminate a
large portion of the basis for public concern over the ricks
of high consequence accidents. In the abaence of such a
demonstration, the potential appears to be high for
continued growth in public cuncern over reactor aroblema -
when amplified by outspoken, highly visible nuclear critics.
The growth of legal action (similar to the current
California anti-nuclear initiative) ia the apparent alterna
tive to failure to recognize the need and rapidly initiate
th.. !le"e'Ssary s"p!,orting planning progra.s for a large-scale
test program. Those arguments which oppose large-scale
testing based largely upon its costs, appear to be insensi
tive to the potential magnitude of the ultimate costs of
failure to convincingly demonstrate the effectiveness of
systems designed to prevent core meltdown and resulting
high-consequence accidents.
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1.0 SUMMARY AND CONCLUSIONS

The U.S. General Accounting Office requested that I and
four other consultants review the ouest ion of whether the
LOFT test program and facility are adequate to answer today's
relevant light water reactor safety questions. I ~ruly

believe that, because of the numerous "separate effect" and
"system effect" tests (some key ones in support of the LOFT
program) already performed and the philosophy used in the
design of nuclear power plants, i.e., upper bound and range
of assumptions rather than best fit assumptions, there are
no unanswered relevant safety ouest ions in the area of ECCS
performance following a pipe rupture. Therefore, I de not
expect any "safety breakthrough" from the LOFT program.

The LOFT program will contribute, however, toward
improving the understanding of localized phenomena following
a pipe rupture such as pump performance, break flow, flow
regimes in various components, test instrumentation adeouacy,
nuclear fuel rod behavior, steam generator heat transfer, etc.

Should we then redirect the LOFT program? I do not
believe so. We should go ahead with the current plan of
"producing experimental Nuclear Steam Supply System (NSSS)
data capable of validating or maturing analytical LOCA
predictive codes over a full range of ECCS performance
levels." We should also finalize plans for utilizing the
LOFT facility for non-LOCA experiments (Attachment 4).

In particular, I do not believe that LOFT should be
used "to study means of retaining molten cores and measur
ing the consequences of steam explosions and radioactive
releases resulting form a meltdown" or to study "the
containment's ability to control fission product activity."

This report is organized in three main parts. The
first part illustrates the approach I chose in addressing
the GAO guest ions: the second part gives my ideas on the
overall philosophy of a safety R'D program and the role of
LOFT in it: and the third part addresses each GAO question
in detail.
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2.0 INTtRPRtTATION OF AS&IGNMtNT

The U.S. General Accounting Office requestea that I and
four other consultants review the LOFT program from both the
standpoint of cost and schedule and whether the test program
and facility is adequate to answer today's relevant light
water reactor safety questions. They also requested that we
express ourselves in as non-technical terms as possible.

At the briefing on September 18 in Idaho Falls the GAO
representative also informed the consultants that GAO was
looking for individual reports to them and not a consensus
report. GAO would undertake the task of responding to the
Senate Committee on Government Operations utilizing whatever
they felt appropriate in the consultants' reports.

In carrying out the assignment, I have chosen not to
address every scientific or engineering detail under-con
troversy in this or that arena. In order to do this I would
have needed a significant additional amount of time which
may not have been of sufficient benefit to GAO. My report
would have been another scientific or engineering critique
that would have added my opinion to already existing thou
sands of opinions on this or that microscopic detail. I
strongly feel that we have already been polluted, above safe
limits, by opinions on various types of details. We must
leave discussions and resolutions of scientific and techno
logical details to constructive and cooperating scientists
and engineers, in the proper forums like the pertinent
departments of universities, national laboratories,
regulatory agencies, manufacturers, consulting agencies,
etc.

I have chosen, instead, to a) consult with selected
specialists, b) study selected material, c) utillze my more
than 10 years experience in the nuclear safety field, and
d) fo:m~latc bread, microscopic answers to the questions
posed to us by GAO. Today's vast amount of printed asterial
and large number of experts and pseudoexperts forced .. to
be selective in order not to make a career project out of
this assignment. I am not a specialist in any single field.
Instead, I consider myself a nuclear safety engineerl
manager. By this I mean I consider myself an "integralist"
with the capability to ask questions of specialists, listen
to them and their answers, put these in perspective with
regard to their costs and their benefits, draw an overall
judgment and translate this judgment back into "microscopic"
terma so that scientists and engineers can design and build
separate pieces wnich will have high likelihood to fit to
gether and yield something that works usefully and safely.
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This concept of safety engineer/manager is graphically
illustrated in Figure 1.

I wil stand behind my overall recommendations and the
reasoning that led me to them. If the GAO or the Senate
Committee on Govern.ent Operations is interested in pur
suing a 'microscopic' scientific or technological point, I
am sure many experts can be found to address that detail.
If requested, I will be happy to assist in the identification
of such specialists.
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1.0 SAfETY R&D AND THE ROLE OF THE LOFT PROGRAM

I have chosen to spend some time in the following pages
to present my viewpoint on the overall philosophy of an R&D
program based on my own experience as well as that of many
scientists and engineers I have been in contact with over
the years. I believe that this discussion is pertinent to
the as~;g~ment at hand and will make much easier future
j:SCUSE:O~S more closely related to the LOFT progra~ role.

Therefore, I plead with you to bear with me for a few
minutes.

In planning a safety RiD progra. or any RiD program
in general, the whole 'system' is first investigated
theoretically. An RiD program does not spring out of
nowhere. Instead its scope is defined relative to its
impact on the "final answer." For exa-rle, when the re
Quirement for "maintaining the core in a coolable geometry
following rupture of any reactor coolant pipe" was imposed,
all affected parties (e.g., reactor vendors, regulatory
agencies, consultinq outfits, etc.) increased their efforts
in analyzing the behavior ~f the reactor coolant system ~nd

the nuclear core contained in it. Overall theoretical
system models were developed. Using these models, sensi
tivity analyses to variations of all pertinent parameters
were conducted. These studies contributed to the identifi
cation of those parameter8 or areas which not only had
a major impact on the "final answer' but a180 could cause
large variationE in 8uch "final answer" aa a cOn8eqUenCe
of only small changes in their value. So.e areas were so
complex that the s~atus of the art could not allow a com
plete analytical representation of their behavior. For
the sake of this discussion, let us asau.e that the "final
answer" is the peak temperature of the uraniu. fuel clad~ing

pellet (PCT). The intent is to keep such PCT below a pre
established value, say 2200·'. We will not discuss here
the need for this li.it and whether we could tolerate higher
PCT or even localized .elting.

At that point in ti.. , the nuclear industry adopted a
four-pronged approach. The approach was a logical one and
it is applicable to any other induatry. Firstly, the in
dustry concentrated in making the initiating e~ent, i.e.,
reactor coolant pipe rupture, even .ore unlikely than before
by improving the quality of the pipe, inatalling leak detec
tion systems to give early warning of amall crack appearance
well in advance of when they .ay propagate around or along
the pipe, improving techniques and procedures for periodic
inspections of the reactor coolant syatem, etc. Details
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on this point can be found in the licensing documentation
of a typical nuclear power plant.

Secondly, a significant, high priority effort was
started to improve the analytical tools in order to get a
better understanding of the behavior of various systems and
components under accident conditions. This effort not only
addressed the hydraulic, thermal and nuclear behavior but
also the mechanical one and, in the most critical areas,
their relative interactions.

Thirdly, whenever available analytical tools were not
advanced enough at the time to give a realistic representa
tion of system/component behavior under accident co~ditions

bounding assumptions were adopted: either an upper bound
or a range of assumptions wide enought to have reasonable
assurance to have bracketed the actual value. Whenever
knowledge is not complete, a scientist and a safety engineer
sometimes depart in their viewpoint of how much knowledge is
necessary before something can be built and operated safely.
The scientist tends to search for the exact behavior of a
given parameter or a given component. A safety engineer
starts the same way but he does not wait until he knows
everything about everything. When he has reached an amount
of knowledge that allows him to establish upper bounds or
safe ranges, he studies the pros and cons of waiting for
more knowledge or going ahead. If the benefits of going
ahead outweigh the costs he will decide to go ahead in a
safe way. For this reason, critiques by specialists must
be viewed in context. They are very useful in making mi
croscopic decisions in the area of specialty of that given
expert. However, these critiques are only one of many in
puts necessary to make a policy decision. Policy decisions
should be made by "integralists" not by ·specialists·.

An example which illustrates this point is represented
by the report to the American Physical Society by the Study
Group on Li9ht Water Reactor Safety (28 April 1975). This
report contains a series of good ·scientific· suggestions.
The report states "Many (if not most) of the scientists and
engineers involved with reactor design feel that the re
quirements of the ECCS Acceptance Criteria are excessively
conservative and would be relaxed if better quantitative
data were available. Nevertheless in our opinion, there
is a substantial need for quantification of ECCS adequacy.·
But, the report also states that ·We have not studied the
benefits of nuclear power, much less attempted to weigh them
against the ri.sksl therefore, we cannot answer whether exist
ing reactors are safe enough.· Thus, these specialists have
recognized that, before people take the American Physical
Society report and run with it to either slow down nuclear
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power plants or to invest millions of dollars in additional
safety research, the benefits and the costs of such actions
must be studied and balanced.

Going back to the main train of thought (Le., the four
pronged approach to safety), the fourth direction adopted, in
parallel, by the industry was an agressive R&D program. The
nuclear safety R&D program in general proceeded along the
following main directions:

a) Obtain experimental results in the areas where, due to
limitations of the state of the art, unrealistic con
servative assumptions had to be made. The intent here
was to get a better handle of reality so that, at a
later date, the excessive conservatism could be reduced
and used to either reduce the cost or to increase plant
availability through more maneuverability.

b) Obtain better analytical and/or experimental knowledge
in areas where the state of the art might have been
extrapolated too much but still considered adequate
because of high confidence of large conservatism in
other areas. The intent here was to shift, in time,
from high confidence of an ov~r~ll conservatism, i.~.~

peT less than a safe value, to high confidence that
each separate area or assumption having an impact on
the final result (e.g., peak clad temperature) is
conservative by itself.

c) Obtain pure and simple verification that interpolations
or extrapolations of existing knowledge with the added
tough of conservatism were indeed adequate.

I am not including here various R&D programs undertaken
with private goals in mind, e.g., to develop less expensive
systems or to improve verification to obtain a market edge.

As a result of numerous meetings, private and public.
among scientists, engineers and safety engineers, many
different R&D programs were initiated.

No matter whether the experimenters were national
labor,to[:es, NSSS manufacturers, universities, etc., they
all decided to run separate effect tests first. I will
cover i.,Her on how the LOFT program fits in the picture.
The reason is obvious: if you try to understand a pheno
menon, you do not clo~d it with many other phenomena in a
complex integral test, otherwise you do not know what af
fects what and it is very difficult to develop correlations.
For this reason, you waste a lot of time, money, sleep and
achieve very little with integral tests. On top of it,
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pseudoexperts, parasites and people with their own goal in
mind raise hell everytime you run an integral test without
exactly matching your ante-facto prediction forgetting that
the main reason for running the test was to learn. The same
people also forget that to take care of the temporary lack
of specific knowledge in a given area, upper bound assump~

tions or more margin in another area were adopted so that
the final result, e.g., PCT, is conservative.

Going the route of separate effect tests really leads
to getting an answer. Furthermore, separate effect tests
can be directed and run by the experts in that particular
field. If you run integral thermal, hydraulic, mechanical,
nuclear, etc. tests at one time and in various areas like
vessel, pumps, steam generators, etc., it is pretty diffi
cult to pull together a team covering all these disciplines.
Also, while earlier I said that we do not want specialists
to make policy decisions, at the same time we do not want
"integralists· to run specific tests. Separate effect tests
can also be run in the proper test facilities since they
are limited in scope and size and they can be properly
instrumented. The approach of concentrating on separate
effect tests and running system tests only when necessary
to bound the ·system inputs· to the separate effect teAts
is not peculiar to the nuclear industry. Industties in
volved in large structures which, if they fail, could put
public safety in jeopardy, such as ships, dams, airplanes,
buildings use the same approach. I have not heard of any
large building, seismically designed and provided with anti
fire systems, sUbjected to the large forces of an earthquake
or put on fire to check whether the structural design and
the fire extinguishers are adequate.

Attachment No. 2 contains a list of all the core
cooling related separate effect tests since the mid-sixties
at the best of my recollection and the recollection of my
files. As you can see the list is impressive. But before
going on, I believe it is worthwhile to elaborate on what a
separate effect test really is. Figure 2 contains a schmatic
of the reactor coolant system which provides a boundary to
the core coolant. PWR vendors and the NRC and their consul
tants using different computer codes have concluded that the
behavior of the Reactor Coolant Pump during all phases of
the accident plays a significant role in what final temper
ature the nuclear fuel cladding reaches. In reaching this
conclusion, not just one analysis was performed but literally
hundreds of analyses varying all significant parameters to
make sure that there was not combination of parameters which
gives a surprise. Data were not available on the actual
behavior of a pump of this type under the extreme conditions
represented by the double-ended severance of a reactor
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coolant pipe, e.g., two-ph••e flow with ch.ng•• fro. on.
phase to the other, high flow r.t•• , .tc.

While planning a te.t progr••, .gr••••nt w•• r ••ch.d
on what would be a con.erv.tiv. beh.vior or ••t of beh.vior.
for safety design of nucl••r pow.r plant.. Ag.in, in ord.r
to proceed with the de.ign of nucl•• r pow.r pl.nt., th.
characterizations of a r ••ctor cool.nt puap which g.ve th.
highest uranium fuel clad t.mper.tur. w.r••dopt.d ind.pen

.dent of whether they w.re r ••l or not. In p.r.ll.l v.rious
test program. were initi.t.d by priv.t. indu.tri•• with .nd
without government funding to bett.r ch.r.ct.riz. th. puap
behavior and remove th. exce••iv. con••rv.tis. in th.
nuclear reactor design .t • l.t.r d.t••

It may be worthwhile to ..ntion at this point th•
. significant contribution to ••f.ty th.t co... fro. k••ping

the results of private R'D progr••• confid.nti.l. By
proceeding this way .ffect.d v.ndor••r. obliged to run
their own test progr•• since th.y do not g.t th. r••ult.
of their competitors' t ••t.. Th. NRC th.n g.t••11 of th••
with the benefit of comparing on••g.in.t th. oth.r .nd
making sure that nothing h.s b.en ov.rlooked.

Going back to the .aaple of the .ep.r.t. eff.ct t ••t
program on the reactor coolant pu.p, the .ntir••y.t•• w••
analyzed in order to deter.in. wh.t the pump h.d to be
tested against. By running ••eri•• of .n.ly••s v.rying
all pertinent parameters, including v.riou. size br••ks
from a simple cr.ck to the rupture of the l.rg••t pipe,
the test conditions (e.g., cool.nt flow, t.mper.tur.,
pressure, density, etc.) and how th.y v.ry in ti.. , w.r.
selected. Figure 3 illu.trate. this point. Att.ch..nt 3
describes the we.tinghous•••parat••ff.ct t ••t progr••s on
the Reactor Coolant Pump. Th. intent h.r. i. to give .n
idea of the extent and complezity of the•••ep.r.te .ffect
tests. sometimes I get th. f ••ling th.t ••ny people to not
really .ppreciate ••par.te .ffect. t ••t. but they f ••l they
are quick and dirty test. run in .o..body'. g.r.g••

As Figure 3 .how. the input. to the puap te.t progr••
are represented by the ov.r.ll .yste. r••pons. to the
initiating event, e.g., pipe rupture. Th••e input••re
determined by running •••rie. of ••nsitivity .n.ly••••
Sensitivity studi•••r••n.ly••s p.rfor••d by v.rying the
imput parameters to d.t.r.ine how ••n.itiv. the "fin.l
answer" is to th.se v.ri.tion.. A controv.r.y .t.rts .t
this point. The typic.l qu••tion .sked i.1 "We beli.ve
your sep.r.te effect t.sts on th. pu.p .re ok.y. By thi.,
we mean that you know how your pu.p beh.ve. under the
conditions you have specified •• '.yst•• input•• ' But
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how do you know that what you call 'system inputs' is
correct? After all they are only based on your theoretical
analyses performed with your .imperfect codes. You need
'system tests' to make sure that the 'system inputs' to your
'separate effect tests' are accurate. You need 'full seal.
system tests."

The answer to this combination of statements and
questions is as follows. Fir.t of all the ·.ystem inputs·
for the separate effect te.t. (th. pump t••t in this ca•• )
are not superficially d.t.rmin.d. A. I .aid .arli.r,
hundreds of sensitivity analy••• ar. perform.d bafor. the
test facility is built and during the p.riod the actual
testing take~ place. Such analy.e. are r.vi.w.d by expert.
from the manufactur.rs who decided to run the te.t., the
regulatory agencies and any con.ultant they f.el appropriate.
Not just one set of te.t condition. i••elected but a long
series going even outside any r.a.onable .y.tem bahavior
following a catastrophic pipe ruptur.. Al.o the r.sults of
the tests are plugged back into the ••n.itivity .tudi•• to
again confirm applicability of the .eparat. effect. te.t••
tet's remember again the diff.r.nt role of the .afety .ngi
neer and the pure .cienti.t. The .af.ty engin••r do•• not
want necessarily to exactly understand nature but he want.
confirmation that his upp.r bound. or rang•• of a••u.ption.
are reasonably conservative. When this goal i. kept in mind,
analytical studies of overall syst•• b.havior with today'.
knowledge are quite r.liabl••

I do not want to give the impr••• ion that I am flatly
against ·system t ••ts.· I am not. What I am .trongly
a~ainst is the implication that s.parat••ffect t ••ts ar.
no good unless they ar. coabined with full .cale .yst•••
tests. People who .upport this th.ory .ith.r have n.v.r
run R'D program., e.pecially saf.ty .'D program., or have
different objectives in .ind. Th. r.qu••t for a full .cale
or near full scale te.t facility i., in my opinion, com
pletely unwarrant.d. Could th. obj.ctiv. of th.ir propo
nents be to kill the nucl.ar progr.. by .low death? t.t
us assume w. find a coupl. of billion. of dollar. or more
to invest in .uch a facility. In today' ••nvironm.nt with
a great majority of DOUbting Tho..... and v.ry fev Saint
Augustine., it might take 3 to 5 y.ar. to agr.e on what ve
want to do with such a facility and to g.t a con.truction
permit. It might take about 10 year. to build it and pro
bably an additional 3 y.ar. bafor. any m.aningful nuclear
test can ba run. S.nc., vith a d.ci.ion to go ah.ad today,
it will take more than 15 y.ar. bafor. v. get any u••ful
ansver. And we knov v.ry v.ll that a deci.ion to appro
priate that ..ount of mon.y vill not ba mad. ov.rnight.
Sene., the qu••tion of wh.th.r we need a larg.r LOFT
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facility approaching present reactor size is an academic
one. We must decide on whether to exploit nuclear power to
its fullest potential with no such facility. We cannot wait
more than 15 years to make such a decision. It would then
take more than an additional 10 years beyond that before
commercial nuclear power plants can be put on line assuming
that we can turn off and on the nuclear industry.

But, would it be desirable? Additional knowledge is
always desirable. Only broad cost/benefit analyses can
determine whether such desire warrants such large investment
with a return more than 15 years from now when a decision on
the extent of nuclear power utilization must be made today.
I would like to submit that a broad cost/benefit analysis
has already be performed. You are all aware of the so
called Rasmussen Safety Study. Rasmussen and his team have
performed a study of the adequacy of ECCS, if called upon,
put such results in perspective ana concluded that the risk
to the public from potential accidents in nuclear power
plants are very small. He has also concluded that non
nuclear events are about 10,000 times more likely to produce
large accidents than nuclear plants and that nuclear plants
are about 100 to 1000 times less likely to cause comparable
large dollar value accidents than other sources. The taul~

on Figure 4 is taken from the August 1974 Draft Summary
Report by the U.S. AEC on the Rasmussen Study.

At this point, I would like to submit that, if we have
one or two billion dollars to invest in pUblic safety, we
do not improve it a darn bit by running more ECCS tests or
by increasing reactor safety in general. Such money should
be invested in making automobiles, firearms and airplanes
safer, or in medical research or in many other things that
control our lives to a much larger degree.

Going back to the point I made earlier, I do not want
to leave you with the impression that I am flatly against
"5yst~m tests.- I am very much in favor of using them when
appropriate and not to verify every system input to every
separate effect test before the results of such tests can
be used. Attachment 2 includes system tests already per
formed or planned. As this attachment shows, system tests
have been performed in many areas. Such "system tests"
(e.g., Flecht-SET, Semiscale, etc.) have confirmed the
adequacy of the safety assumptions made in designing
nuclear power plants based on separate effect tests.

The LOFT program fits logically in the progression of
R'D aimed at improving the understanding of the phenomena
associated with a sudden rupture of a reactor coolant pipe.
Will LOFT contribute to the understanding of the reactor
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behavior following a pipe rupture? The answer probably is
yes. Scientific knowledge will be improved in localiaed
areas, such as pumps, break flow, flow regimes in various
equipment, test instrumentation, fuel rods, steam g~nerators,

etc. Will the LOFT program significantly contribute to im
proving the safety and licenseability of co..ercial reactors?
I do not believe so. Let me say it again, a safety engineer
bases his design of power plants on upper bounds and ranges
of parameters. The LOFT program will mainly provide, as
formulated by the Aerojet Nuclear Company: "••• exp~rimen

tal NSSS data capable of validating or maturing analytical
LOCA predictive codes over a full range of ECCS performance
levels." I do not believe LOFT will provide a major break
through in safety-related areas. The answer would have been
different 5 years ago. As shown in Attachment 2 a signifi
cant number of "separate effect" and "system effect· tests
have already been performed. Some of them were directly in
support of the LOFT program, e.g., seaiscale, etc. These
tests due to their scope and their timeliness have been very
useful. Further discussion of the various aspects of the
LOFT program is contained in the sub~equent sections which
deal directly with the specific questions asked by GAO. I
wcujd like to address in this section only the general ques
tion wh~ther the test program and the facility is ~dequate

to answer today's relevant light water reactor safety
questions. I truly believe that, because of the numerous
"separate effect" and "system effect" tests (some key ones
in support of the LOFT program) already performed and the
philosophy used in the design of nuclear power plants, i.e.,
upper bound and range of assumptions rather than best fit
assumptions, there are no unanswered relevant safety ques
tions in the area of pipe rupture and ECCS performance.
The LOFT program missed its chance to directly address
relevant safety questions in this area when it started
running more and more behind schedule. As I said earlier,
the LOFT program will surely contribute to a better scien
tific understandinq of many phenomena but this understanding
will have littl~ i~pact on the safety design of nuclear
power plants.

The other question that can be asked is whether the
LOFT program will improve public confidence in the adequacy
of the Emergency Core Cooling System and therefore in the
safety of nuclear power. I am sorry to be obliged to give
another negative answer because of the way the nuclear
controversy has shaped up. Some of the most outspoken
critics of nuclear power still reject the claim of adequate
safety because ECCS did not work as proved by "six tests at
Idaho." These tests conducted by Aerojet Nuclear Company
and labeled tests 845 through 851 have been time and time
again recogniaed as completely atypical of comaercial light
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~ater reactors and they disappeared even from the list of
contentions in the ECCS rulemaking hearing after a few
months of discussions. What confidence do I have that
vociferous critics who oppose nuclear power for completely
different reasons will believe the verification of adeauacy
that will come from LOFT? They will stress the atypicalities
between LOFT and current commercial reactors, the small size,
etc. The public will be as in doubt as ever, in this area.

Should we then mothball the LOFT program? My answer is
clearly no. The goal of "producing experimental NSSS data
capable of validating or maturing analytical LOCA predictive
codes over a full range of ECCS performance levels" is a
valid one and will be achieved. This will give confidence
to a large sector of the scientific community about the
adequacy of EeCS. Also, as I said earlier, it will give a
closer insight into many phenomena and the facility can be
used to run a series of tests not related to reactor coolant
pipe rupture and ECCS performance. Balancing these benefits
with the additional relatively modest cost to continue the
program or the large political and psychological costs that
will be incurred if the program is stopped, my recommenda
tion is clearly to go ahead with LOFT and not delay it any
further. Significant effort should be invested, however,
in carefully planning each test, predicting the key results
and writing comprehensive but clear reports on each test
phase.

l~



i.ssurizer

WESTINGHOUSE PWR
FOUR-LOOP NSSS

Reector
Coolent
Pump

'-- Hot Leg Pipe

Cold Leg Pipe

FIGURE 2

126



..
'"...

REACTOR COOLANT PUMP-SEPARATE EFFECT TESTS

Black Box
R•...-ting Rest of

Reector Coolant
System

...... Ti...
T_ Ti...
FI_ Ti...
Density ... Time

FIGURE 3



Individual Chance
Accident Type 'I'oUl Nullber Per Yeu

Motor Vehicle 55,7S1 1 in 4,000

Falls 17 , 827 1 in 10,000

Fires and Hot Substances 7,451 1 in 25,00U

Drowning 6,181 1 in 30,0:10

Firearlls 2,309 1 in 100,000

Air Travel 1,778 1 in 100,000

Fall ing Objects 1,271 1 in 160,000

Electrocution 1,148 1 in 160,000

Lightning 160 1 in 2,000,000

Tornadoes 91 1 in 2,500,000

Hurriea"e" 93 1 in 2,500,000

All Accidents 111,992 1 in 1,600

Nuclear Reactor Accidents 0 1 in 300,000,000
(100 plants)

Risk of Fatality by Various Causes

(frail U.S. AEC August 1974 Su..ary Report
on the Reactor Safety Study)

FIGURE 4
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4.0 ANSWERS TO QUESTIONS NO.1 AND NO.2

Q. 1 Is the current plan to not use LOFT for a meltdown
experiment in the best interest of nuclear safety?

Q. 2 Should LOFT be used on a timely basis to study the
means of retaining molten cores and measuring the
consequences of steam explosions and radioactive
releases resulting from a meltdown?

The answer to the first question is, in my opinion,
affirmative. I do believe that we should continue with the
LOFT program without consideration to core meltdown. Hence,
no plans should be made at this time to experiment, at the
LOFT facility, the consequences of core meltdown or means of
retaining molten cores, for various reasons. Even though I
do not expect any major safety breakthroughs from the cur
rent LOFT test program because of the use of upper bounds or
ranges of parameters in the design of commercial nuclear
power plants, as explained in Section 3.0, I do expect LOFT
to provide closer insight in many specific areas, like
nuclear fuel, flow regimes in components and at the pipe
break, etc. I also would expect the use of the LOFT facility
for getting more understanding on transients other than the
loss of reactor coolant and related performance of ECCS. By
this I mean the long list of transients categorized as ANS
conditions one through four. By simulating such transients,
we can gain additional verification and maturity in other
potential chains of accidents which, according to the
Rasmussen study may have an equivalent impact on the overall
nuclear risk as reactor coolant pipe ruptures. Attachment 4,
provided by Aerojet Nuclear Company, contains a list of areas
other than reactor coolant pipe ruptures in which LOFT can
contribute in gaining verification as I said earlier or in
optimizing current design. With the proper allocation of
time for meaningful data collection as a result of such
tests, I see a useful utilization of the LOFT facility up to
the mid-eighties. Core meltdown tests cannot be intermingled
with the prior tests because of their high potential for sig
nificant radioactive contamination and damage to the delicate
testing instrumentation. The question of potential use of the
LOFT facility for core meltdown testing may be reexamined in
the early eighties.

In regard to the original LOFT meltdown experiment, I
would like to make two points. First of all, the original
LOFT meltdown experiment was based on the wrong premise.
Prior to 1966, it was the general belief that, if a core melt
down would occur, the containment would contain it so the
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only unknown was the fi •• ion product evolution fro. the
molten uranium and their tran.port to the contain.ent and
the out. ide environ.ent. A .ignificant portion of the
safety R'D program, at that ti.e, was therefore related to
fission product tran.port, e.g., depend.nc. of fi •• ion pro
duct evolution from the uranium a. a function of t • .,.ratur.,
their physical .tatu., the effici.ncy of contain..nt .pray.
or filters in removing fi •• ion product., ••pecially iodine,
from the containment atmo.phere .0 they would not b. avail
dble for leakage to tl!e out.ide, l.ak rat. thro"gh concrete
cracks, etc. But, ju.t about 1966, the auto.atic a••u~tion
that the molten cor. would be contain.d was qu••tioned by
the nuclear co..unity it.elf and ••riou. concern. were rai ••d
about the capability of cooling a .olt.n cor.. !~ha.i. th.n
was put into preventing the cor. fro••elting by providing
augmented and r.liable E••rg.ncy Core Cooling Sy.t.... The
shift in direction for the LOrT program was a proper on••
The original program with the wrong pr••i ••• would not have
helped much, becau•••ff.cta like at.a••xplo.iona, .olt.n
metal interaction., molten uraniu.-concr.te int.raction,
generation of con.iderable ga.e., .tc. w.re not known, h.nc.
ignored. I am .ure that th••••ff.ct. would have .urfac.d
d'lr ing the de.ign of the LOFT program for cor•••ltdown
e :periments with .ignificant, periodic chang•• in the facil
L.y design. I beli.ve that the LOrT facility would have
been much more behind achedul. and .till today far fro.
being ready for final .hak.down b.for. nucl.ar t ••ting.

I would al.o like to addr••• the qu••tion of wh.th.r
core meltdown experi..nt. are of pri.ary importance. Th.
Rasmussen Report contain. in it. Appendix VIII an a••••••ent
of core meltdown con.equenc... A. it can b••••n fro••uch
a study, there are quit. a few ar.a. of unc.rtainty but it
is possible to put a rea.onabl. upper bound on .uch uncer
tainties and, when the upper bound con.eQu.nc•• are w.ighed
against their likelihood, the ov.rall ri.k to public and
environment i. quit•••all. Th.r.for., 1 r••pectfully .ub
mit that a detailed inv••tigation of the various ph.no.ena
as.ociated with cor...ltdown i. not of pri.ary importance.
Referenc•• 2 and 3 contain a detail.d analy.i. of what i.
known and what i. not and what has a .ignificant i~act on
the final an.wer and what has not. Th••• two r.f.rence.
could be u••d to .nlarg. curr.nt R'D in this ar.a. But I
would like to .ake two co...nt. at this point. B.fore
significant amount. of .oney are allocat.d to .tudying core
meltdown in detail, oth.r area. in the nucl.ar energy field
a. well a. in the non-nucl.ar en.rgy fi.ld and ar.a. out. ide
the energy field .u.t b. con.id.r.d and priority a•• igned.
By allocating .oney to an area which, in the broad picture,
i. not controlling .ak•• 1••••on.y available for re.earch
in area. which have .ore ••vere i~act on our health and
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environment and this is directly in conflict with the intent
of any safet¥ RiO program. The study of priorities among
RiO programs is outside the scope of the current GAO
assignment.

The second point I wish to make is that if funding is
made available for core meltdown experiments, I strongly
reco..end not to invest them at LOFT or, worst, at a larger
integral facility. There is nothing better than separate
effects for an accurate understanding of what Qoes on. A
detailed discussion on the philosophy of "s.parate effects"
and "systems effects" tests is contained in Section 3.0.
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5.0 ANSWER TO QUESTION NO.3

Q. 3 Will the small scale LOFT result in experimental
data, including the phenomena associated with a
core meltdown, that is applicable to the large
commercial reactors? Is a larger LOFT type test
facility needed?

I will address the above broad question first, then the
other points the GAO asked the consultants to consider.

The part of Question No. 3 dealing with core meltdown
testing is addressed in Section 4.0 of my report. In that
section I strongly recommend that meltdown tests not be
contemplated in the LOFT facility. For further discussion
on this point I refer the reader to Section 4.0.

Once reference to core meltdown tests is eliminated, I
do believe that the experimental data which will be obtained
as a result of the LOFT program will be applicable to large
commercial reactors. We should repeat here, at the onset,
that the LOFT facility is not a demonstration facility. By
this, it is meant that the-results obtained with the LOFT
program are not directly representatives of the behavior of
large commercial reactors under the same circumstances. In
other words, if a pipe break of a given size in a given
location with the LOFT facility in a given pre-selected set
of conditions yields a peak fuel rod clad temperature of
1500 F, this does not mean that, if we postulate a break of
similar size in a similar location in a large commercial
reactor assumed in a similar set of pre-selected conditions,
we will calculate a peak fuel rod clad temperature of 1500 F.
The calculated peak fuel rod clad temperature in a large
commercial reactor can easily be much higher or much lower
because of the many physical differences between LOFT and
any large commercial reactor. References 1, 2, 3 and 4
contain ample data and discussions on the similarities and
dissimilarities between LOFT and a large commercial reactor.

The LOFT facility is a small PWR which will manifest
the Same overall behavior of a large commercial PWR when
subjected to a sudden reactor coolant pipe break. Therefore,
the LOFT program will ·produce experimental NSSS data capable
of validating or maturing analytical LOCA predictive codes
over a full range of ECCS performance levels,· to use ARC
words, I would like to make clear that the aforesaid goal is
not simple to achieve. In order to achieve it, the following
steps must be performed:
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a) Carefully study the LOFT facility ana a reference
large commercial reactor to identify all key physical
differences;

b) Modify licensing computer codes to reflect such
differences;

c) Modify the computer codes developed under b) above to
remove. whenever possible. the intrinsic conservatism
of the codes so that "best estimate" analyses can be
performed;

d) Fix a set of "initial conditions" for a given LOFT test
and perform prediction analyses using both sets of
computer codes developed in b) and c) above;

e) Perform the planned test with the LOFT facility.
Extreme care must be usea in employing the right in
strumentation at the right places. This is necessary
to characterize the performance of the LOFT "peCUliar
ities." i.e •• the key differences between the LOFT
facility and the reference large coaaercial reactor.
The behavior of the "final answer" is expected to be
close to the prediction obtained using the codes
developed ander c) above and "bound" by the predictions
obtained using the computer codes developed under b);

f) Modify. wherever appropriate. the co.puter codes
developed under b) and c) as a result of the informa
tion obtained from the test performed;

g) Replace. in tlie computer codes developed under f) the
LOFT "pecularities" with the reference large commercial
reactor "pecularities". This is a very delicate step
for which careful selection and location of instru
mentation is needed. as I pointed out earlier;

h) Use the licensing co.puter codes developed under g) to
repeat ECCS performance tests for the reterence large
co..ercial reactor to check whether these results are
less severe than the original ones.

The above steps have been described to stress the point
that the LOFT facility can yeild results applicable to large
commercial reactors if extre.. care is used in running such
tests and in fully characterizing the behavior of the key
differences between LOFT and a reference large commercial
reactor.

The latter part ot the reterenced GAO Question No. 3
(i.e •• "Is a larger LOFT type test facility needed?") has been
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addressed in Section 3.0 of my report. In that section
I explained why. in my opinion. a larger test facility is
not needed.

I would like to address now the additional points
raised by GAO. The question of effectivity of LOFT scaling
and applicability to large com.ercial reactors has been
already addressed in part in this section. I believe that
the criteria adopted in scaling LOFT to achieve applicabil
ity to large commercial reactor9 are. i" general. ade~uate.

References 1 through 4 give a fair representation of the
areas where LOFT deviates significantly from a large co..er
cial reactor. These are the areas that require careful and
extensive instrumentation for proper characterization.

with regard to--how can NRC avoid these criticis.s?--
I honestly do not know. Safety is not based on "yes" and
"no" answers but on the delicate balance of probabilities
and consequences. This balance is not easily understood and
digested by the "little person" with tennis shoes. Bence.
critics do not need to work very hard in confusing the
average person in the pursuit of their personal goals
whether related to nuclear safety or not.

The question of core meltdown tests at LOFT is addressed
in Section 4.0.
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6. 0 l\~S\vEh '1'(, QLiES'rrON NO. 4

Q. 4 Should licensing of commercial reactors be modified
in any way pending the results of the LOFT experi
ments or of experiments on a larger facility?

The answer to this question is clearly: No. As I
~entioned in Section 3.0, I do not expect any ·saiety
breakthrough" as a result of the LOFT program. Th'!! LOFT
program, again, will increase the scientific knowledge here
and there but it will not find, in my opinion, any area in
the reactor design which may raise doubt, serious enough to
require a change in the licensing of nuclear power plants.
For this reason I do not believe that LOFT is the major
light water reactor safety project. This might have been
true in the late sixties but not in the last few years. Due
to continuous delays other RiD programs, some of them in
support of the LOFT program, have been planned and carried
out to completion. These programs have provided the neces
sary basic knowledge to identify the upper bounds and ranges
of parameters adopted in the safety design of coaaercial
reactors. Thi3 point is treated in greater extent in
Section 3.0.

With regard to the second part of the question, i.e.,
whether the licensing of comaercial reactors should be
modified in any way pending the results of experi~nts on
a facility larger than LOFT, the answer is still no. This
point is treated in detail in Section 3.0. The main reasons
for my negative answer is twofold, a) over the years enough
basic knowledge has been accumulated to identify upper bounds
and ranges of parameters which assure an overall conservative
design as the Rasmussen Report has pr~ven, and b) a large
integral facili~y, authorized today, will need 15 to 20 years
before it can yield results that can be used in licensing.

Another question asked by GAO is whether or not LOFT is
a means to reduce the conservatism in reactor design. The
answer theoretically is yes but practically it will likely
be no. By this I aean that the LOFT program will identify
areas where the design of nuclear power plants is conserva
tive but it would be difficult to quantify and characterize
such conservatism in detail. Hence, manufacturers would
not be able "to take credit" for this excessive conservatism
and reduce the cost of a plant. Unless they are .ajor,
changes in well established designs may have financial
savings offset by costs incurred in changing drawings,
equipment specifications, licensing documentations, etc.
I am sure that the Committee is aware of the many steps
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that can be taken in shortening the licensing time and in
freezing the ever changing safety reouirements if we are
sincere in trying to reduce conservatism and associated
costs to the consumers.

If anything has happened in the last few years which
could really modify plant licensing, it is the Rasmussen's
R~actor Safety Study. This study could be used to freeze
escalating safety requirements and reduce the licensing time
(between one-half to one-third of a nuclear power plant cost
is due to interests during construction and escalation
because now it takes closer to 10 years to build a plant
rather than 5 as it was the case until a few years ago).
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7.0 ANSWER TO QUESTION NO.5

Q. 5 Present LOFT plans call for the use of a pressure
suppression system in lieu of blowdown to the
containment. Because of this, there are no planned
testa of the containment's ability to control fis
sion product activity. Po you believe that such a
teat of the containment would be appropriate for
LOFT?

At least for the next 5 years, I do not believe it is
appropriate to conaider containment tests for LOFT. The
reasons are the same as those ..ntioned in Section 4.0
against running meltdown tests in the LOFT facility. Very
few containment tests could be run at LOFT before the facil
ity is either seriously contaminated or, as a minimum,
seriously affected by blowdown of steam, water and radio
activity to prevent resumption of testing without a major
overhaul. As mentioned in Section 4.0, considerations of
this type of tests may be appropriate in the early eighties
when the planned series of LOFT tests have already been
conducted. I would not consider however as a reason for not
running containment tests the claim that the LOFT containment
is not representative of a large co..ercial reactor. I
believe that experimental data could be Obtained to then
verify presently employed computer codes. The main reasons,
in my mind, are those mentioned earlier in ths Section and
in Section 4.0.

The other obvious question that could be-asked is: If
the LOFT facility is not appropriate for such a test, do we
need to run an integral test so.-where else?

With regard to fission product removal systems, such as
containment spray, containment filtration syate.s there
exists already a large amount of analytical and experi.ental
data not only to give a good data base but also to confirm
the adequacy of such syste.s in post-accident conditions.
Tests on containment Bafeguards have been performed by both
industry and the Nuclear Regulatory Commission (see Attachment
3 for references.)

With regard -to containment structural adequacy, both
analytical and experimental programs have been conducted
over the years to give a good data base for selecting- upper
bound parameters in the design of commerical power plant
containments. Examples of large scale test programs are
the Carolinas-Virginia Tube Reactor (CVTR) containment tests
in this country and those on the Marvekin plant containment
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in Sweden. Furthermore an exten.ive program is beinq
conducted in Germany and the NRC will have acce.s to the
results under a bilateral exchanqe proqraa.

For these reasoris I do not .ee any sen.e ot urqency
for such types of test••
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8.0 ANSWER TO QUESTION NO.6

Q. 6 LOFT is a small peessueized watee eeactoe which
has been scaled so the test eesults will simulate
the anticipated effects of LOCAs on laege pees
sueized water reactors. Will the LOFT eesults be
applicable to boiling water reactors? Do you
believe a LOFT expeeiment using a boiling watee
reactor mobile test assembly is needed?

I am not familiar with the details of the Boiling
Water Reactoe design to be able to address this question
peoperly. I believe that some of the LOFT results will be
applicable to a BWR. How many and to what extent I do not
know.

Considering the large amount of "separate effect" and
"system effect" tests performed for P~R's and the even hand
policy applied by AEC/NRC, I would be surprised to hear that
a LOFT expeeiment using a boiling water reactor mobile test
assembly is needed. Furthermore, assuming that it is needed,
can we affoed to wait 10 years to get the "needed" results?
I hope that the other consultants have acre familiarity with
BWR's than I do so they can address this question properly.
I would like to just add that were LOFT a BNk now, my pre
vious remarks would apply equally to the question of a PWR
LOFT facility.
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Romano Salvatori is Hanager of the U.S. Projects
Department of the Westinghouse Electric Corporation. In
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Italian Atomic Energy Co.-ission (Co.itato Nazionale Energia
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assignments in various aspects of the design, technical
specification, reliability and safety for pressurized water
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ATTACRMENT 2

Cor.-R.l.ted
Sep.r.t./Syst.m Eff.ct. T••t.

(Government .nd Multi-Indu.try Spon.or.d Progr••• )

1. BLOWDOWN

1- Title ,
Project Number,
Organiz.tion ,
Sponsor ••
Purpose ,
Reference ,

2. Title I

Project Number,
organization I

Sponsor I

purpose ,

Reference

An.ly.i••nd Corr.l.tion of Po.t
CRP Reat Tran.fer
U055
Lehigh univer.ity
NRC
O.velop po.t-CRP he.t tr.n.fer corre
l.tion. b••ed upon e.peri.ent.l d.ta.
NUREG 75/046

Pr•••uri.ed ••ter R••ctor Blowdown
Reat Tr.n.f.r Progr••
B0125
OaNL
NRC
O.t.r.in. ti•• to CRP .nd he.t
tr.n.f.r r.t.s during pr.- and
po.t-CRP ph•••• of blovdown as
influ.nced by v.ri.tion in power,
pr•••ur., flow .nd break loc.tion•

• NUREG 75/046

3 • Title •
Project Numb.r,
org.niz.tion •
Sponsor •
Purpose •

Reference •

Title •

Project NuB.r.
organ iz.tion •
Sponsor •
Purpose •

Reference •

Se.i.cale
A6038
ANC
NRC
Inve.tig.te blovdown, refill and
r.flood heat transfer characteris
tic. and perfor.ance of si.ulated
ECCS .yste••
NUREG 75/046

Evaluation of Pressure Drop Across
Area Ch.nge. and Pittings During
Blovdown
AT2152
University of Cincinnati
NRC
O.ter.ine the appropriate one-
di..ntional sodels which .ay be
u••d for the e.ti.ation of two
pha.e pres.ure drop across area
ch.nge. under blovdown conditions
for re.ctor .y.te. modeling codes.
NUREG 75/046
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5 •

6 .

7 .

8.

Title

Project Number:
Organization
Sponsor
purpose

Ti tle

Porject Number:
Organization
Sponsor
purpose

Reference

Title :
project Number:
Organization :
Sponsor
Purpose

Reference :

Title :
Project Number:
Organization :
Sponsor :
Purpose :

•
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Phenomenological Modeling and
Experiments in Water Reactor Safety
A2026
Argonne National Laboratory
NRC
Analyze and formulate models re
lated to two-phase flow during
blowdown and conduct and analyze
transient CRF tests.
N'-'PE'G 75/046

Single- and Multi-Parameter
Slowdown Reat Transfer Tests
RP494
Westinghouse
EPRI
Provide experimental data and
analysis on key heat transfer
parameters during simulated pres
surized water reactor (PWR) LOCA
conditions, including transient
critical heat flux (CRF) and post
CRF heat transfer.
EPRI Research and Development
Programs, September 3, 1975

PWR Transient Critical Flux
RP 292
MIT
EPRI
Determine a correlation for CRF
under high-pressure, steady-state
countercurrent flow conditions and
provide data on the time and loca
tion of transient CRF for a well
defined geometry and for thermal
hydraulic conditions in the range
of early PWR blowdown conditions.
EPRI Research and Development
Programs, September 3, 1975

PWR Slowdown Reat Transfer Performance
RP289
Combustion Engineering
EPRI
Improve the understanding of tran
sient critical heat flux (CRF) and
early post-CRF heat transfer pheno
mena expected to occur in PWR cores
during transient loss-of-coolant
accident (LOCA) blowdown conditions.

145



A'l'TAeHMEN'I' :0

9.

Reference

Title

Project Number:
Organization :
Sponsor :
Purpose :

Reference :

EPRI Research and Develop.ent
Programs, September 3, lj75

Boiling Water Reactor-Blowdown Heat
Transfer (BWR-BDHT)
B3014
GE
NRC, EPRI, GE
Obtain information on transient
thermal hydraulics following a
postulated recirculation or steam
line rupture in a BWR.
NUREG 75/046

BiiR Blowdown/Eee
RP495
GE
EPRI
Provide system and core response
data for the latter stages of
blowdown with actuation of the
emergency core cooling system
(EeCS) •
EPRI Research and Development
Programs, September 3, 1975

··

··Reference

Title
Project Number:
Organization
Sponsor
Purpose

10.

Reference :

LOCA Thermodynamics and Fluid
Mechanics
RP229
CREARE, INC.
EPRI
Analytically assess the state of
the art in modeling the important
thermal-hydraulic processes which
can occur during a postulated LOCA.
EPRI Research and Development
Programs, September 3, 1975

··

Project Number:
Organization :
Sponsor
Purpose

Title11.

Title

Project Number:
Organization :
Sponsor :
Purpose

12.

Reference ··

Scaling of Two-Phase Fluid
Dynamics and Heat Transfer
RP228
University of California, Berkeley
EPRI
Study experimentally and analyti
cally the fundamentals of scaling
vapor-liquid flow systems.
EPRI Reserach and Development
Programs, September 3, 1975
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Reference :

Reference I

Title :

Title ,

Transient Analysis Code for
Reactor Safety Studies
RP227
MIT
EPRI
Development of a computer code
for safety studies of light-water
reactors in which three-di..nsional
kinetics will be coupled with
thermal-hydraulic calculations to
provide necessary feedback effects.
EPRI Research and Develo~ent

Progra.s, Septe.ber 3, 1975

Scaling Laws for Transient and
Steady-State Boiling Reat Transfer
RP344
California Institute of Technology
EPRI
Analyze incipient boiling heat
transfer at a heated surface with
turbulent and la.inar boundary
layers.
EPRI Research and Develo~ent

Progra.s, Septe.ber 3, 1975

Separated Flow Model for Two
Phase Flow
RP443
Dartmouth College
EPRI
Provide a verified .odel based on
ezperi..ntal investigations that
could be applied to predict certsin
types of separated two-phase flows
which are relevsnt to LWR safety
analysis.
EPRI Research and Develo~ent

Progra.s, Septe~r 3, 1975

:

Reference ,

Title

Project Nu.ber,
Organ ization :
Sponsor ,
Purpose :

Project Number:
Organization :
Sponsor ,
Purpose :

Project NlIlIber:
organization :
Sponsor ,
purpose I

15.

14.

13.
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1.

2 •

3.

4.

Title

Project Number:
Organization :
Sponsor
Purpose

Reference

Title :
Project Number:
Organizaion
Sponsor
Purpose :

Reference

Title

Project Number:
Organization :
Sponsor :
purpose :

Reference :

Title
Project Number:
Organization :
Sponsor
Purpose :

Reference

Creare Dovnco.er Effects
Experimental Program
A4070
CREARE
NRC
Conduce experiments in a 1/15
scale model of a multiple loop
LPWR downco.er-lover plenum geo.e
try to investigate the effects of
dovnco.er hot valls, pressure
level and internal hardware on
ECC delivery and bypass.
NUREG 75/046

Plenull Fill Experi.ent
B2039
Pacific Northvest Labs
NRC
Provide data for evaluating the
potential for ECC bypass and the
type of tvo-phase flov pheno.ena
vhich might occur during the latter
stages of blovdovn and during the
early portion of reflood, thereby
providing data to establish vhen
"end-of-bypass" .ight have occurred.
NUREG 75/046

BCL Steam-Water Mixing Progra.s
Coordination and Supportive Testing
A4042
Battelle-Columbus Laboratories
NRC
Conduct supportive testing in sub
scale geometries, representative
of LPWR cold leg/dovncoaer/lover
plenull regions, to investigate ECC
steam interactions and penetrations.
NUREG 75/046

Cold Water Steam Mixing Program
RP294
Westinghouse
EPRI, Westinghouse
Perform tests and analyses to
understand the ther.al/hydraulic
behavior of the stea./vater
.ixing process in a PWR cold leg.
WCAP-8307

148



~TTACHMENT 2

Reference

Steam-Water Mixing
RP286
CE
EPRI, ~EC

Provide the broader data base
required for the further verifi
cation and continued development
of analytical methods for safety
analysis.
EPRI Research and Devel~pment

Programs, September 1, 1975

Two-Phase Pump Performance Program
RP301
CE
EPRI
Investigate through scale-model
testing the hydraulic and mechanical
performance of PWR circulating pu~s

during a postulated LOC~.

EPRI Reserrch and DeveloPll~ot

Programs, September 3, 1975
:

··

Reference

Title
Project Number:
Organization :
Sponsor
Purpose

Title
Project Number:
Organization :
Sponsor
Purpose

5.

6.

Reference

Sponsor :
Purpose I

Project NlDIber I

Organization I
Sponsor I

Ti tle :
Project Number:
Organization I

Water Entrainment Intercompartmental
Flows Resulting froll Pipeline Breaks
RP275
Drexel University
EPRI
Develop a pressure model that
includes the effect of phase
separation.
EPRI Research and Development
Programs, September 3, 1975

Two-Phase Flow
RP295
Battelle Pacific Northwest
Laboratory
EPRI, MRC
Determine, under simulated loss-of
coolant accident (LOCAl conditions,
how much of the injected emergency
core coolant (ECCI would reach the
reactor lower plenum during the
blovdown phase.

Basic Investigation of Two-Phase
Pump Performance
RP4U
MIT
EPRI

I

··
Project Number:
Organization :
Sponsor :
Purpose :

Title

Title

7.

8 •

9.
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Purpose

Reference

ATTACHMENT 2

Develop fro•••peri••nt.l d.t••
re.li.tic .n.lytic.l pu.p .od.l
for pos.ibl. incorpor.tion into
LOCA .n.lysi. cod•••

I EPRI R••••rch .nd Dev.loP8.nt
Progr••• , S.pt••ber 3, 1975

Reference I

Project Number I
Org.niz.tion I
Sponsor I
purpose I

l

10. Title I Model Pu.p T••t ••nd An.ly.i. for
LOCA Applic.tion
RP598
B'.
EPRI
Bv.lu.t. through .od.l devl.op••nt
two-ph••• flow perfor••nc. of
l.rg.-.i•••od.l pU8p.
BPRI R••••rch .nd Dev.lops.nt
Progr••• , S.pt••ber 3, 1975
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III. PWR REFLOOD

ATTACHMENT 2

Reference :

Title :
Project Number:
Organization :
Sponsor :
purpose :

Tit le :
Project Number:
Organization :
Sponsor :
Purpose :

I.

2.

Reference ..

FLECHT Reflood Heat Transfer
S7045
Westinghouse
NRC, We.tinghouse
Obtain experimental heat transfer
data under simulated LOCA condi
tion. for u.e in evaluating the
heat transfer capabilities of PWR
ECCS.
WCAP-7665, 7931

FLECHT-SET
A4071
We.tinghou••
NRC, EPRI, We.tinghou.e
Provide experi••ntal data on the
influence of .y.tem effects On
ECC b.h.vior during the reflood
phase of • LOCA for u.e in the
verific.tion and dev.lopment of
reflood lIod.l ••
WCAP-7906, 8238, 4810, 8431, 8583

Title

Project Number:
Organization :
Sponsor :
Purpose I

Reference I

Dev.lopm.nt of Liquid Carryover and
Reflood Re.t Tr.nsfer Correlations
A4060
MIT
NRC
Dev.lop liquid carryover and
r.flood h•• t tr.n.fer correlations
for u•• in predicting FLECHT
experi.ent.
NUREG 75/046

Reference I

Project Number:
organization I

Sponsor :
Purpose :

•
4. Title I Study of R.flood H.at Transfer

During LOCA
RP2U
Univ.r.ity of California, Berkeley
EPRI
Dev.lop .n .n.ly'tical mod.l capable
of pr.dicting the local flow condi
tion••nd h.at transfer along a
nucla.r fu.l bundle ~nd.r reflood
condition.. A laboratory-scale
.xperi.ent.l program will be conduc
ted to a •• i.t the model development.
EPRI R•••• rch and D.v.lopment
Progr••• , S.pt••ber 3, 1975
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Reference

Ti tle ,

Reference :

Reference ,

Combined Core Cooling Injection
Following PHR Blowdown
RP341
State University of New York,
Buffalo
EPRI
Obtain information on an alternate
ECCS system (top and bottom
injection) performance during a
LOCA.
EPRI Research and Development
Programs, September 3, 1975

Core Thermal-Hydraulic Studies
RPH5
Columbia university
EPRI
Improve the capabilities for
performing simulated core thermal
hydraulic tests and generate data
to verify reactor core thermal
hydraulic code predictions.
EPRI Research and Development
Programs, September 3, 1975

COBRA - Coolant Boiling and Rod
Arrays
82041
PNL
NRC
Develop and verify e.perimental
methods of evaluating the thermal
hydraulic performance of water
cooled nuclear fuel rod bundles
during postuleted accidents.
NUREG 75/046

,
Project Number,
Organization

Title ,
Project Number:
Organization ,
Sponsor ,
Purpose ,

Title

Project Number,
Organ hat ion :
Sponsor ,
purpose ,

Sponsor
purpose

5.

6.
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IV. FUEL/CLADDING BEHAVIOR AND CORE MELTDOWN

1.

2 •

3.

4.

!;.

Title :
Project Number:
Organization
Sponsor
Purpose

Reference

Title

Project Number:
Organization ,
Sponsor :
Purpose

Reference :

Title :
Project Number:
Organization
Sponsor
Purpose :

Reference ,

Title :
PrOjEoct NUJlber,
Organization :
Sponsor
Purpose ,

Reference :

Title ,
Project Nu.ber,
Organ hat ion :
Sponsor ,

LWR Core Meltdown Study
AlOl9
SANDIA
NRC
Prepare a state of the art survey
of the experimental data applicable
to analyses of hypotehtical core
meltdown accidents.
NUREG 7!;/046, SAND-74-0J82

Mechanical Properties of Zr
Containing Oxygen
A2017
Argonne National Lab
NRC
Obtain Quantative information on
the effect of oxidation on the
mechanical behavior of zircaloy in
order to evaluate the conservatism
of the acceptance criteria for the
ECCS.
NUREG H/046

Molten Core Interactions
Al019
Sandia Laboratories
NRC
Characterize the chemical and
physical interactions between pro
totypical materials likely to be
encountered during hypothetical
core melt accident. in LWR's.
NUREG 7!;/OU

Multi-Rod Burst Test
BI020
ORNL
NRC
Characterize defor.ation behavior
of LWR fuel cladding under condi
tion. predicted for LOCA.
NUREG 7!;/OU

Natural Convection in Molten Pools
A4061
Ohio State Univecsity
NRC



Purpose

Reference

ATTACHMENT 2

I Dvelop correltions for deter.ining
heat transfer rates by natural
convection fro. enclosed fluid
volu.es having interral heat gener
ation for use in evaluating post
accident heat re.oval capabilities
under postulated core .eltdown
conditions.

I NUREG 75/046

Title I
Project Numberl
Organization I

Sponsor I

Purpose I

6.

Reference ..

Power Burst Facility
A6041
ANC
NRC
Obtain data on the perfor.ance of
fuel rod clusters under abnor.al
power flow and energy density
conditions.
NUREG 75/046

7.

8.

9.

Title I

Project Nu.berl
Organ izat ion :
Sponsor I

Purpose I

Reference I

Title I

Project Nu.berl
organization I

Sponsor I
Purpose I

Reference I

Ti tle I
Project Nu.berl
Organization I

sponsor I

Stea. Explosion Pheno.ena
Al030
Sandia Laboratories
NRC
Identify and character i.e the
physical conditions which ~st be
.et in order for a stea. explosion
to occur when .olten LWR core
.aterials contact water.
NUREG 75/046

Transient Fuel Response and
Fission-Product Release
A2016
Argonne National Labs
NRC
Develop a co.prehensive fission
product release .odel based on
.echanistic understanding of fuel
behavior in LWR fuel ele.ents
undergoing a wide range of acci
dental overheating conditions.
NUREG 75/046

Vapor Explosion Triggering
A2029
Argonne National Labs
NRC
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Purpose

Project Number:
Organization :
Sponsor
purpose

Reference' :

Project Number:
Organization :
Sponsor :
Purpose :

10.

11.

Ref"rence

Title

Reference

Title

:

..
:

ATTACHMENT 2

Identify and understand the physical
conditions which must be DIet in order
to trigger explosive interactions
between two liquid phases for use in
estimating the probability of occur
renCe of a steam explosion during
hypothetical LWR accidents in which
contact between .olten LWA core
mate.i!l~ and water is postulated.
NUREG 75/0.6

Zircaloy Fuel Cladding Collapse
Studies
80124
ORNL
NRC
DeterDline the factors that affect
the collapse behavior of Zircaloy
fuel cladding.
NUREG 75/046

Zircaloy Metal-Water Oxidation
Kinetics
80128
ORNL
NRC
Provide highly reliable kinetic
data pertaining to zirconiUDI
metal-water oxidation pheno.ena
expected to occur in case of a
LOCA.
NUREG 75/046

155



A'l"l'ACH"ENT 2

V. CONTAINMENT

Reference :

2 • Title 0
0

project Number:
Organization :
sponsor :
Purpose I

Reference 0•

3. Title ••

Project Number:
Organ i zat ion ••
Sponsor ••

Purpose ••

Reference I

•• 'i" i liE< :
Project Nlmber I

Organization I
Sponsor ••
purpose ••

Ti tle :
Project NUJlber:
Organization :

Contain.ent Syste. E8peri..nt
AT(45-l}-1830
Batelle Pacific Northwest
Laboratory
AEC
Obtain data in support of safety
analyses on the transient response
of several aspects of the reactor
contain.ent syste. durin9 and
following a LOCA.
BNWL 1592 and attached list of
reports

Nuclear Safety Pilot Plant
W7405
ORNL
AEC
Obtain data on the re.oval of
radioactive particles fro. reactor
contain.ents by sprays
ORNL 4623, ORNL 4671, ORNL 4602,
etc.

Marviken Full-Scale Contain..nt
Esperi..nts
"leA
"arviken Project Board
USAEC, Sweden, Den.ark, Norway,
Finland, Ger.any
Perfor. test on a full-scale
reactor containaent to deter.ine
its response to a LacA.
"leA-0-401, 402, 403, 404 and
attached list of reports

I
o
o

Containment Analy~l~ n~v~ln~ent

A6042
AHC
HRC
Oevelopment of a .ulti-di.ensional
transient flow progra. for indepen-
dent evaluation of water reactor
contain..nt syste.s.

I HUREG 75/046

Sponsor
Purpose

Reference

1.
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Title

Project Number:
Organization :
Sponsor :
purpose :

5 .

Reference ..

ATTACHMENT 2

Evaluation of Radioiodine
Emanations from Nuclear Pover
Plants
RP274
Science Applications, Inc.
EPRI
Obtain in-plant .easure-ents at
several LWR sites to evaluate,
quantify and identify diverse
radioiodine releases.
EPRI Research and Develo~ent

Programs, September 3, 1975
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APPENDIX

LISTING OF PUBLICATIONS ISSUED
BY THE CSE PROGRAM

T°e!£!LReE!!rts

1. G. J. Rogers. "Program For Containment Systems Experi
ment. A Su..ary of Hanford Laboratories Progress
During 1964 Under General Electric and Program for
Future Work", HW-83607, Hanford Ato.ic Products
Operation, Richland, washington, septeaber 1964, 40 p.

2. C. E. Huck, "Instrumentation Develop.ent for the
Contain.ent Syste.s Experi.ent." BNWL-26, Battelle
Northwest, February 1965.

3. B. M. Johnson. "Contain~nt Syste.s Experi8ent Part
III. Mathe.atical Models of Pressure-Te.perature
Transients," BNWL-233, Battelle-Northwest, May 1966,
142 p.

4. N. P. Wilburn, and L. D. Coffin, "The Co.bination of
On-Line Analysis with Collection of Multico.ponent
Spectra in a PDP-7," BNWL-CC-700, Battelle-Northwest,
July 1966.

5. L. D. Coffin, "On-Line Co.puter Storage and Retrieval
of Processed Ga..a Spectra Data, "BNWL-506, Battelle
Northwest, July 1967.

6. W. R. Weissenberger and E. L. Wells, "Co.puter
Retrieval of CSE Multiplexer Data," BNWL-693 , Battelle
Northwest, Septe.ber 1967.

7. P. C. Owzarski, "Fortran IV Co.puter Progr88 for
Calculation Transient Heat Transfer Coefficients fro.
Wall Temperatures," BNWL-552, Battelle-Northwest,
October 1967.

8. E. L. Wells, "UNIVAC 1108/PDP-7 Magnetic Tape
Compatibility Program I, "BNWL-6l0, Battelle-Northwest,
Dece.ber 1967.

9. H. D. COllins, Sonic Ane.o8eter for Harsh
Environments," BNWL-604, Battelle-Northwest, January
1968.
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BNWL-5192

10. N. P. Wilburn, Hulti?lexer Codes for the PDP-7,"
3NWL-604, Battelle-Northwest, February 1968.

11. R. K. Hilliard, L. F. Coleman, and J. D. McCormick.
"Comparisons of the Containment Behavior fo a
Simulant With Fission Products Released From
Irradiated U02", BNWL-58l, Battelle-~orthweat,
Richland, washington, March 1968, 140 p.

12. J. G. Knudsen and R. K. Hilliard. "Fission Product
Transport by Natural Processes in Containaent
Vessels", January 1969, 90 p.

13. L. F. Coleman. "Preparation, Generation, and Analysis
of Gases and Aerosols For the Containaent System
Experiment", BNWL-lOOl, Battelle-Northwest, Richard,
Washington, April 1969, 95 p.

14. J. D. McCor·mack. "Maypack Ilehavior in the Containaent
Systems Experiment--A penetrating Analysis" IlNWL-1145,
Battelle-Northwest, Richland, Washington, August 1969,
44 p.

15. M. E. Witherspoon and G. J. Rogers. "Air Leakage Rate
Studies on the CSE Containment Vessel", BNWL-l028,
Battelle-Northwest, Richland, Washington, September
1969, 121 p.

16. R. K. Hilliard, L.r. COl••an, C. I. Linderoth,
J. D. McCormack and A. K. Postma. "Removal of Iodine
and Particles From Containment Atmospheres by Sprays-
Containment Systems Experiment Interi. Report",
BNWL-1244, Battelle-Northwest, Richland, Washington,
February 1970, 196 p.

17. C. E. Linderoth. "Containment Syste.s Ixperiaent
Part 1. Description of Ixperimental Facilities",
DNWL-45~, 3attallc-No:thwc:t, Richland, washington.
March 1~70, 100 p.

19. J. G. Knudsen. "Properties of Air-Strea. Mixtures
Containing Small Amounts of Iodine", BNWL-1326 ,
Battelle-Northwest, Richland, washington, April 1970,
75 p.

19. N. P. Wilburn, "Void Fraction Profile in a Nuclear
Reactor Vessel During Coolant Blovdown", BNWL-1295,
Battelle-Northwest, Richland, Washington, April 1970,
137 p.
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BNWL-1592

20. R. K. Hilliard and L. F. COlelllan. "Natural Transport
Effects on Fission Product Behavior In the Containment
Systems Experiment", BNWL-1457, Battelle-Northwest,
Richland, Washington, December 1970, 181 p.

21. A. K. Postma and L. F. COleman. "Effect of Continuous
Spray Operation on the Removal of Aerosols and Gases
in the Containment Systems Experiment", BNWL-1485,
Battelle-Northwest, Richland, Washington, December
1970, 127 p.

22. R. T. Allemann, A. J. McElfresh, A. S. Neuls,
W. C. Townsend, N. P. Wilburn, M. E. witherspoon.
"Experimental High Enthalpy Water Blowdown Frolo'l a
Simple Vessel Trhough a Bottom Outlet", BNWL-1411,
Battelle-Northwest, Richland, Washington.

23. R. T. Allermann, A. J. McElfresh, A. S. Neuls,
W. C. ~ownsend, N. P. Wilburn, M. E. Witherspoon,
"High Enthalpy Blowdown of a Reactor Siaulator
Vessel Containing a Perforated Sieve Plate
Separator", BNWL-1463, Battelle-Northwest, Richland,
Washington, February 1971, 273 p.

24. R. T. Allemann, A. J. McElfresh, A. S. Neuls,
W. C. Townsend, N. P. WIlburn, M.E. Witherspoon,
"High Enthalpy Blowdowns, Frolll a Silllple Vessel
Through a Side Outlet", BNWL-1470, Battelle-Northwest,
Richland, Washington, February 1971, 66 p.

25. R. T. Allemann, A. J. McElfresh, A. S. Nauls,
W. C. Townsend, N. P. Wilburn, M. E. Witherspoon,
"Coolant Slowdown Studies of a Reactor Siaulator
Vessel Containing a Simulated Reactor Core·,
BNWL-1524, Battelle-Northwest, Richland, Washington.

26. W. C. Townsend, "Defect Study - Pressure Vessel CSE
ncuctcr Vessel Simu13tor-, BNWL-155~1 8ett~11~-

i"01 tlawest, Richlan~, Wast".ington.

27. M. E. Witherspoon. ·Leakage Rate Tests on the CSE
Containment Vessel With Heated Air and Steam-Air
Atmospheres", BNWL-1475, Battelle-Northwest, Richland
Washington, 67 p.

28. R. K. Hilliard and A. K. Postaa. "The Effect of Flow
Rate on the Washout of Gases and Particulates i~ the
Containlllent Systea Experi..nt", BNWL-1591, Battelle
Northwest, Richland, Washington.
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BNWL-lS92

29. M. E. Witherspoon. "Leskeage of Fission Products
From Artificial Leaks in the CSE Containment Vessel",
BNWL-lS82, Battelle-Northwest, Richland, Washington.

30. J. D. MCCormack, R. X. Hilliard, A. X. Post.a,
"Removal of Airborne Pission Products by
Recirculating Filter System in the Contain..nt System
Experiment", BNWL-lS87 , Battelle-Northwest, Richland,
Washington, June ~97.

31. B. M. Johnson and A. K. Postma. "Contain.ent ~yte~s

Experiment Final Program Su..ary", BNWL-lS92,
Battelle-Northwest, Richland, Washington.
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ATTACHMEN~ 3

W REACTOR COLLANT PUMP TEST PROGRAM

I. INTRODUCTION

The w reactor coolant pu~p test program is a series of
separate-effects tests using different fluids which will
examine the behavior of a 0.382 scale -adel reactor coolant
pump under calculated loss of coolant conditions. Pump
performance effects core and ECCS performance during a
postulated LOCA Pump performance affects core and ECCS
performance during a postulated LOCA because of itE effects
on loop flow since the pump represents the dominate flow
resistance in the primary coolant system.

Experimentally deter~ined pump characteristics are
historically supplied for the normal range of operating
conditions of a reactor coolant pump. These tests are
based on single phase incompressible flow. Bowever, in
order to evaluate LOCA, it is necessary to determine pump
performance under the range of conditions typical of a
LOCA. During a postulated loss-of-coolant accident (LOCA)
fluid conditions are calculated which result in the pump
operating under conditions such as:

1) Positive or negative reactor coolant flows which
causes the pump to operate outside of its nor~al

range,

2) pump speed - changes would allow the impeller to
accelerate or coast down according to the flow
transient, and

3) a depressurization transient of the reactor coolant
which leads to two phase and eventually steam
flow through the pumps.

The ~ test P:C;:3~ is designed to provide experimental
data at all these conditions such that a pump model be
developed which will correctly predict the pump perfor.ance
uuring a calculated LOCA. The tests will be run in a
steady-state fashion such that accurate control of the pump
inlet condi~ions are possible. The steady-state assumption
is valid since the transport time of the fluid in the pump
is so short (est 10 sec).

The test program consist of three test phases:

1) Air Tests - to establish the complete pump charac
teristics of a typical! RCP for single phase flow
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2) Air/Water Tests - to determine the effed ""
these characteristics of pumping a two compon
ent two phase mixture

3) Steam/Water Tests - to determine the effect on
these characteristics of pumping a compressible,
flashing mixture

The tests in all three phases are being perfor-ed on a 0.382
scale model of the W 60 cycle RCP under steady flow condi
tions. In addition-single phase tests are being performed
on a 0.452 scale made of the ~ 50 cycle pump.

II. TEST PHILOSOPHY

The philosophy used in establishing the reactor coolant
test program ~as that the puap would be tested as a separate
component, separated from the re.ainer of the reactor cool
ant system. In this manner, the necessary boundary condi
tions are prescribed at the pump inlet and the pu.p perform
ance is then measured and modeled. In ord~r to insure
that the range of boundary conditions would overlap those
calculated for the pump in the syste., SATAN analyzes are
examined with different pu.p models and with updated pump
models, based on the experimental data, to insure tests
matrix covers all the fluid conditions which would be cal
culated for a LOCA.

It is felt that separating the pump performance for a
given· set of inlet conditions, from the entire system
response results in clearer understanding of the pu.p
behavior under LOCA conditions. This in turn will result
in a more accurate model of the pump perfor.ance. If a
system test approach were used, the pump boundary conditions
could not be determined with sufficient accuracy such that
s =c~nin9ful codel of the pump perfor~ance could be obtain
ed. Eventually, however, the resulting pu.p model which
has been generated from separate effects tests, will be
used to predict systems tests behavior such as LOFT and
semiscale. The prediction of intergral tests with models
generaged fro. separate effects tests will further verify
that a sufficient range of boundary conditions were used
in the original separate effects test.
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III, PROGRAM STATUS

A. Air Tests - complete2

The objective of this portion of the test pro
gram was to determine, experimentally, the hydrau
lic characteristics of the W model, 60 cycle RCP
over a range of conditions '=ep'"esentative of a
LOCA. The range of paramete,- were.

1) -100\ volumetric flow +500\

2) 0\ impeller speea +200\

3) 30 psia inlet pressure 60 psia

These tests were performed using air as the
pumped medium. The test pump is shown in Figure 1.
Data from these tests was compared to data from
tests using water as the pumped medium in the nor
mal range of conditions. The results agreed
verifying that air could be used to determine the
RCP hydraulic characteristics to be used for water
flow. Adherence to the affinit, laws w~s also
verified in these tests as shown in Figure 2.

As a result of this phase of the test program,
the performance of the ~ 60 cycle RCP is well known
over the complete range of expected LOCA conditions.
This aata is currently incorporated in W LOCA
analyses. -

B. Air/Water Pump Tests - Completed

The air tests were repeated except that a
second component of flow was added to the pumped
medium, air. Thus, in addition to the parameters
listed for the air tests, flow quality was also
varied over a range of 0 to approximately 100\.
The test facility is shown in Figure 3 for these
tests.

The reasons for performing these tests in
advance of steam/water testing were.

1) to separate two component flow effects from
compressible, flashing flow effects

2) to establish some design guidelines for the
steam/water test facility as well as to pro
vide a model which could be used to obtain
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more accurate inlet conditions for the steam/
water tests.

These tests indicated that the WRCP homo-'
logous curves were somewhat degraded-using inle~
homogeneous density as a basis. The tests also
showed that the degree to torque degradation vas
not necessarily the same as for head.

C. Steam/Water Pump Testing

The objective of these tests is to determine
the degree of degradation of the pump hydraulic
characteristic due to pumping compressible, flash
ing medium. The test parameters to be varied in
these tests are:

1) flow

2) speed

3) quality

4) pressure

- -100' to +500'

- -100' to +200'

- 0' to 100'

- 100 psia to'400 psia

The range of these parameters, again cover the
conditions calculated in the W RCP during a LOCA
for the time period of intereit.

The steam/vater tests are being conducted
jointly by W, Framatome and the French Ato.ic
Energy CommTssion, CEA. The test facility is
located at the Center for Nuclear Studies,
Cadarache, France.

The test facility has been C?mpleted designed
including all major components; Construction is
nearly complete on the loop and all of the major
equipment has been procured. The tests are
scheduled to begin late in 1975.

The ultimate product of all the.. progra.s
will be a two phase flov pump performance model
developed by Westinghouse for use in safety
analysis calculations.
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s
• 5200 for the 60 cycle pump.

single phase flow tests are being run
model of this pump.

N
5

additional
on a scale

D. Single Phase WModel 930 Puma Tests

The 50 cycle pump is designed to operate at
1500 rpm instead of 1200 rpm, "ominal speed. It
also has a specific speed. ~ • 6870 compared to

Therefore.

1) Air Tests - W has completed testing the 50
cycle scale model pump in air at the WCheswick
facility. Preliminary results that the pre
dicted pump performance matches the data well.
The predicted pump performance was based on
generalized pump curves as in Stepanoff and
extrapolation of the 60 cycle results.

2) Water Tests - The French utility. EOP. will
conduct similar tests on the same scale model
pump while pumping water. W PWR-SO is review
ing the test plans and will-have access to the
test results. The testing should be completed
by the end of 1975.

IV. CONCLUSIONS

W is developing a data base and a resulting model for
RCP behavior during a postulated LOCA for a PWR. The test
programs established by W increase in complexity and are
designed to provide data-which can then be utilized to
develop a two-phase pump model. As part of the development
efforts. there is continuous feedback from the analysts
and previous tests into the steam/water test progra. in
France. In this manner. W8 can be assured that the result
ing pump model will accurately predict the pump performance
under all LOCA postulated conditions and thus increase the
safety margin for ECCS design.
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Figure I View of the Model 93A PIlllP as Mounted
in the Test Cell at JPC.
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FIGURE 2

NORIIAL HEAD FLOI CURVE 93A 1l00EL PUIlP lATER AND AIR TEST IlEDIA"IADCfIITl

~I I
1~

lao1_
1200IIIO1100toO

NO eMLIT alLL

IMLIT .LI.... '''''.&.LIO

"'LIT nATIC '.USU.I ....SU.IO JUn All... 0' _ILLII

} "'LIT IILL ",nALLIO

SOD400JOO

• IllCI..,,,,O PLOW CAli'

• OICI.._ 'LOW .AII)

• CltIC& POItIT INCI",,,,O CAli'

0 CltIC& fOIIOT INCI.._ .AII'

--- • DICa••1ING 'LOW (Atl)

---- o WATI. INCI"SlNG 'LOW

MOTI: ••• 01...." IS ••SIO OM IMLIT ST.ftc PHSSU••

~~
--O.~~

""0.

10

~..
50

40

30

20

10

0' I , I I , I I , , I I I I I
o 100 2QlI

...
150

140

1J1

120

1I0

I.

to........
c

"

"



'IGURE3
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nuclear Company
It.g.r. 304
"~I lIellD '11111

.... "6.LI. ,.... ani

October 23, 1975

Mr. Ito.lno 511Yltorl
201 50uth Lexington Ay.nue
Pittsburg. PA 15208

Per our telephonl conyer.ltlon .f , ••t.rdl" pl.a.o find
enclosod copl0' (I Ipolo,lzo f.r thllr qual It" .ur .rl,lnll.
Ire It the print .hop), which oro oxcorpt. of .ur LOFT Lon,
Ter. Progrl. Plln Docu.ont, that dOll with tho potontlal u.o.
of the LOFT Facl11t,.

I'f 10U nlld furthor lnfo....tl.n. or If I can Ilo .f furthor
Isslstlnco, plll.O do not ho.ltato to call.

~ '.--L. J. Yblrrondo, "Ina,or
LOFT Progro.

nls

Enclosurl' IS .tatld

'lU (.n "'ICII:, l"caL' 'L" t ... ..,. ,.,. 1~lCaL~ CL.' t,
a ' a. ••••••• • I ..
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3.2 Potential Uses cf the LOFT Facility

3.2. I LOCA Testing

A. Nonnuclear Testing

Nonnuclear testing involves depressurfzltfon of the prf..ry coollnt loop at
zero (negligiole) relctor power conditfons. with other plant condftions
varied (i .e .• break location. pressure. Ind ECC injection -acIe and location).
There are two ..jor categories of nonnuclear test!. bl~ with I core
sillUlator. and bl~ with I reactor core It "Zlro" powr. The tlst
matrix for this slries of tlStS is gfven in Tlbll 2-1.

(I) With Core SillUlator

Prior to the fnftfll fill proclSS ~f the pr1war, loop. I ffltlr
assl!ll1bl, will be fnstilled fn the reactor vessel. Durfng initill

ACTIVITY FLat CHAIIT - La" LOll Tt. I'tlOIIlM SlUm.

--

I ---- I--iI is 'ew IL J

POTbtTlAL usas
_tcn_

MT...n"lMT
or N.tCT'IC6Un. con .. -Lon' 'ACZun &iCMH'1 .'......n TO 0ftID.ACIU1IIt

SiC. >.2 sac.u sac. ...

__n

,..- lMTL.-PIAIIMJ". COlT IbIIII IS I ...
plltOlln .IIGIfTlMe -... ~-,- I

SiC. J.J I
I
I,""'- ~-.L.----1OIC I a
~--- ---,
I I
I •••• n
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circulation of the priMary coolant. this filter ..-oves Plrt~ulate
matter from the circulating fluid. The filter as~ly Is designed
to be converted Into I core sl.-lator (I.e•• It yields tile _
pressure drop as that calculated for the reactor core as~ly
for the s_ fluid condltIOllS). this approach all_ l_tlgatlOll
of system blowdoon resPOl\se prior to core load.

(2) With Nuclear Core

Once core load and InstallatlOll of the experl_tal Inst_tatlOll
are cOlllPleted. zero~ LOCA testing May be COlIducted 011 the
plant. This I11Gl1S testing of all effects other tIlItl those Issoclated
with reactor power (reactor teIlperature rise across dle core. fisslOll
products. etc.).

B. Nucl.ar Testing at Power 15-1/2 ft CDrtt
The use of the LOFT facility for nuclear (powr) LOCEs Is gl_ III SectlOll 2.0
for the as-built configuratlOll. However. testing could be perfo..... with
modifications for other bllllldown loop COIlflguratlOll IIld ECes COIlflguratlOllS.
if desired. Potential IGdlflcatlons Include:

(1) 4X4 Passive CO!!!IIOl1elltS, Offset S!lHr Breaks Iwlt!lout c -ICftlOll l
The present LOFT COIlflgurltiOll provides this type of bla t Wi loop.
The type of LPIIR plant being sl.-lated Is a four loop plallt. The
LOFT operating loop represents three aperatlng loops of all LPIlI. and
the blowdolm loop represents the IIrokeIl loop. The pipe brwk
configuration sl.-lates offset shear brwks without n1catiOll.
(the flow f". the hot and cold legs does IlOt 111. prtor to flowing
through the sl.-lated brak pla.(s)).

(2) 4X4 Pass ive Coo!ponents wi th e-lcatlve btl

LOCA testing for this conflguratlOll all_ the study of effects froot
htt leg flow and cold leg flow 1I1.lng prior to dlSCha.... out tile
break pllne.

(3) Broken LOOp ECC Injection

This conflgurltlon provides for ECC Illjection llIto the broken (bl_
doon) loop. and better sl.-lltes condltlOllS duM", I LOCA 011 I PIlI
pllnt.

(4) 2X4 Passive C Dollllt Loop

Two Manufa,wre" of LPIlIs utilize tlIo loops (s~ ....re~) and
four puIIIlSll J. This Is referred to U I 214 loop arra~g lit. The
postullted break locatlOll IIld flow Piths on a 214 loop plillt Ire
different than those of I 414 loop plillt. Also. _ of the 214
pllnts uses I "_ througIl" s~ "WI ator deslllll. The ~lca1tty
lnalysls perfo..... by these .endol s Illdlcates that cold leg brwk
representatiOll of their pllnt perf__ with the turrIIlt bla tllMi
loop Is poor. Adcl1tl_1 _lysis by _ II tas (....) Illdlcates
that -adlflcatl_ to tile bll 'a i loop 11_ will provide good
caperlSOlI.
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(5), Acth. lla '"", 'n
An Icth. bIG ~_ lCICIII COIIt1flll I prt_.., coollllt PIlIP IIllI I sS
generltar. sfanlr ta tile aperltf", lCICIII. fllStad of ",llf". If..ll·
tars conshU", of ffllld coollnt n.. ,..istlncea.· TIlts t1lll of
bl.... loop provfdes .re NlHltfc LOCA testf",.

(6) Advlnced ECC 5ntaa

Inftlll LOCA testf", 011 LOfT will -.107 tIlOIe t1IIII of ECC systaal
In lIM In Pi .HIlt ....r.tfOll LM plants. IIIIId 011 _surld IIIf·
fONince. IncI perfo.WIC8 "lculatlOllI IdYInced £CC COlICepts .111 be
dev.loped ancI lapl-ud. T1lI LOfT plant as bunt provIdes for
vI..,I", coolan~ InjectfOll I_tfons. n.. rates. ancI InIUltIOll.
lIt/lIr requl_ts. sucll as Idd1tf_l l_tl_. etc.• could be
lapl_tId as requIred.

C. Nucl.lr T.sUng It 'I' 1?-12 ft C9!'1l
One of the conc.rns In s"l1", tile LOFT plant ts tile lengtIl core ta be ullld[1 j .
.It his been requastld tIlet LOCA tests be "m" out wltll a 10lllll'" core. T1lI
blowdowll conflgurltlonl ta be tasted could cover tile ... t1IIII II In s.ctlon a.
thlt Is:

(1) 414 Plsslv. C PIMmtl

(2) 414 Passh. C pts wit!! r -fgU". by

(3) lroten Loop ECC InjectfOll

(4) 214 Passh. C "",ts

(5) Acth. IIp 1 w, Loap

(6) Advlnced £CC 5nt

3.2.2 AntIcIpated Transfent!

AntIcipated transients are discussed In Ilef.r_ [9] as foll_:

"T1lI ffrst part of AllIS. "antlcf",ted trIllslents.· ts _mod .Itll varfous
.vents tIlet aey hIppen dur1'" tile operetfOll of a ...-cool" reactor po-er
pllnt. Thes. devfatlons f.... _1 operetl", concI1tl_ Ire """ "anti
cIpated trlnllents." ancl afgllt occur Olio or .re tl_ duri", tile sanlc. llf.
of I pI Int. They are thus distl",uished f.... ·accldents." ...Icll hi". I auch
1_1' Htallltooc1 of OCCUii .nce. T1lIre Ira a .....,. of antlcfpatld transients.
s_ of quito trivfll nature IncI otllen tIlet Ire __ sfgnfff"nt In to... of
the c*lncls ;ap9led on plant equf..-.ns. AntfclJlltid translentl Include such
_ts IS I losl of .lectrl"l load tIlet 1... ta clolf", of tile turbIne stap
vllves. a load Increasa sucll al tile openl", of a COI"n...,. bypass vllve. I
loss of f....... n ... IncI I lOll of reactor coollnt n... Ilucl..r,...r
plants Ira desl"gneo wltll varfous IIfaty ancI COIItrol systaal ta preclude ldYers.
effects f.... tllIsa ancl otller antfci",ted transients.
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The other part of AllIS. "w1t1lout sc...-. ts COIIC8I"IlId wttll tile ....ctor pr0
tection sysWi. TIle ....ctor protectlOll IYSWi. or~ IYSWi. i_lwes
n_rous inst~ts. cables...lif1en. Iwttclli", dlvlen••, ...... triPl.
control rods .nd drh' -.clIani_••tc. TIle protectlOll IYSWi il .m"" to
detect off-no....l condlt10ll1 1n tile plant IlId to IMt1tuta ~t1cally
whltever s.f.ty ICtion ts nlldld. If pl.nt cond1t1_ 1nd1cate tIIarI ts I
potentially dMlg1", sltult10ll. tile IUW.tiC NlCtiOll of tile protectiOll
systl!lll Is to caUl. the control rodl to _ rapidly Into tile ctor cora to
shut down the nuclllr ctIOll. Tilts _t drutlc f_ of tlc res~1

of the pl'GtectiOll sysWi leII _'ts In • "'" rapid shuttl"" of till
relctor·, 15 callld till ·sc...... In _ of tile 1nt1clpatld transients.
shutt1", down till nucl.r reactlOll IlId '- rap1dly ...-c1", tile~ of
hilt bel", glner.tId by tile reactor _. ts an I. tint Ita; In .lsuM""
tlllt no d_ge to till pl.nt or rillt of acci'- IC C I. If -" • transient
should occur and If. In spite of III tile cara bunt Intll tN "!Ktor IlwtdlMl
sysu., I scr. should not result. tIIIn en AllIS _t _ld Ilaft Ol.Wiild.·

it Ills been suggestld tlllt .nticipatld tr_Ients wttll protectlOll be I_tillltld
. in the lOFT Integrll T.st F.c111ty. Ul1", an lPIII"OIeII that prac:ludas cora or pl.nt

duIIge. Safety ..",ins .nd des1gn .nd saf.ty coda _1f1cat10ll should be dete.-1n1d.

A. Antic1patld Trans1ents 1I1t11 PI"otlct10ll (!!!!l
The trans1ents to be _1dar1d IllCluda. IlIIt .... not l1.ttld til:

(1) SIIIll pri..ry coolant IYSWi brwIt.

(2) loss of pr1..ry coolant flow - partl., lOIS and full 1001 of flow

(3) POs1tive React1v1ty 1~10ll

Included ........cth1ty 1~10ll by ....ctor _trol rods. boron
concentration clll. and Introduct10ll of colder .ter 1nto tile
....ctor cora reg1on.

(4) CIII",. 1n raactor ..-r dII:Ind - I.,udal 10ll-of-load. 11.'atld
su. I1na~, and on'$ 1r' d. Itc.

(5) loiS of flld .ter flow.

(6) loss of .'ectr1c ..... - part1al or "'11.
B. Ant1c1patld Tranl1ents witl! 1lI1!!,!! rrot!ct1D!l l!DI!>'
Tillie tests _ld Involve perf__ of ant1clpatld t"'Mlents wttll dell)'1d
protection (scr.) to 1nvestllllte tile safety .",1M I_lvld 1n ..cll trans1ent.
A cOlllP...hens1v. and detenld upar1~ safety _'ysts (DA) _ld be raqu1r1d
to allow evaluation of saf.ty .",1M pr10r to ppar1~ perf__•

3.2.3 Fu.l .....v1cr St"!l1!S

A. Operat1on 1I1t1! Irrld1ftd , ..,

Irrld1atld f.., parfo...._ (t •••• f.., wttll utesh. buiilU$) dur1", pl.nt
trans1ents 15 of concem to tile raactor desl...... 1t"1 bean pi 1$ asld that
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LOFJ be Plrtlally loaded witll lrnd1ated fuel aIId tested to alItall1 tile Ilffects
of LOCA transients on hi'" burnup f..l.

B. Operation lIlt1l Fallld F..l

It has been swgga.ted that LOFT ....,.~ll11y 1.... lri.tIl foll. fue·l (or
produce~ fall_) and tasted to alIta1l1 ~ Ilftects of I.OCA transients on
flllld fuel.

C. Fuel OIsIan Studr Support

It has been suggated that LOFT be uslcl to olItIll1 III lntagnl S1l_ check .f
fuel porfo..nc••under accldont conditions. La"" f..l Ilundl••ffects could
be obtaln1c1 to provide checkpolnU for ~ ...... lurst Facll1ty (PlF) fuel
behavior studies.

D. Operation lIlt1l IIbld F..l

It has been suggested that LOFT be .......tod wi til 111.... f..ls, 1••• , a lI1at,,"
of uranh. Ind plutonh. fuels, to provide .ap I t_ aIId lnf_tlon on tilts
type of fuel use. Thls ls .·ptcted to be • vlll11. _ 111 ~ future.

3.2.4 lIeasuro-ents

There are __su..-U of I specl11 IlIture req:alred til provide data for ~
state-of-the-art design of nuc:l..r su. SUfIIIlles.

A. Reactor Dacar Heat

There Is I neod to characterize rooctor decIy hOlt on III operating reactor.
lIlthin ~ tl. fr_ of Interest for I LOCA, ~ 61stlng decoy hOlt data Is
lnaccurat. (Ref. 11). It Is suggatlcl that tile LOFT pllnt be usld to alItatn
IIiOre accurat. data (Ref. 12).

B. TIlO Phase F10ll ....SUI It

The basic behavior of st•••tor lI1atures during transient Pi_lOS that
occur In a rooctor pllnt during bla ._ Ire !lOt fully UP tarstold. It Is
requested that LOFT provide basic .tlll' I" 111 tills lroo. The net•••
_su..-ts are In ~ follOl11ng lrooS:

(1 ) TIlO phuo now '*' 1Ii

(2) DeMlty

(3) Choklcl, or crlt1cel now tIlrough var1_ ,...trlcs.

3.2.5 Nucl..r St'? SupplY l!!al _1. SUpport

Tllere are c.rtaln lrooS In ~ design of IISS that require .lllIO"l....tal lnfo..tlon
for design confl..tlcin. LOFT has been .ulllltod IS ~ pos.lbl• tast bid for the
collection of, s_ ot this lnfo..tlon.
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A. Reactor Vessel Check ValYe

One method used by a "SS vendor to enhance reflood of the core after a LOCA is
the use of check yalyes in the reactor that provides conounlcatlon bet-een the
top of the ~owncOlller and the upper plenllll for steam flow. It has been sug
gested that this concept be tested on LOFT.

8. Shrouded Fuel Asseooblies

Shrouded fuel asseMblies are used in certain type BWR's. The shrouds preYent
tross flow bet-een asseooblies. It has been suggested that LOFT examine effect
of fuel assembly shrouds under accident conditions.

C. Relief ValYe Transients

It has been requested that LOFT collect data on the forces on relief yalyes
and associated piping during YalYe-lifting transients.

O. Partial Fuel ""It

If certain reactor accidents are not mitigated and allooed to progress. fuel
melt may result. The effect of partial oelt Is of concern and It has been re
quested that such tests be done in the LOFT Facility.

3.2.6 Fission Product Transport

Fission products accumulate in the fuel rods of an operating reactor. The release
"and transport of these products is of concern. Once released from the fuel. the
transport processes determine whether a fission product release to the environs
occurs.

A. Transport Within the Primary Coolant System

.~ has been suggested that LOFT investigate transport of fission products (If
released from the fuel) about the primary loop. This giyes a space distribu
tion of products for potential release to the containment.

8. Transport Within the Containment Vessel

It has been suggested that LOFT be used to study fission product release and
transport from a break in the primary system to the containment. The transport
of products about the containnent Is also to be studied. The distribution of
fission products gives a space distribution for potential release to the
environs.

3.2.7 Reactor Plant Component Performance

oata has been requested on reactor plant component performance during LOCA testlng.

3.2.8 Light Water 8reeder Safety Program (LWB)

It has been suggested that LOFT be used as the test bed to conduct safety research
on LWBs. The safety probleos are similar to those of a PWR. The research could
show that LWB cores are suitable from a safety standpoint for use in LPWR plants.
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U.9 1011111I lilt!! !lMctE O!!l.LOCA T"tt,.

TIll LO" F.ctltty COlIld III ..... for tIItl _tt.... A _ ....ctor ,1lilt _Id IIIve
to III butlt.

3.2.10 Gis Coolld !!MeW StflSr 12:'t"

TIll LO" Factl t ty _t !lid COlIld III IIIId for studJ of III _lid ....ctor safaty.
A _ I'IICtor ,Iut _Id Ill". to III _tlt.

3.3 Initial 'IWI. SCrwiN

TIll Lm F.ctltty Potlfttt.1 Use List (StettOll 3.2) .s ..,.Iuatld for tntti.1
sc....nint for usa In till LOfT "",,I.. TIll facto" COllltdlt'ld for del.tlon of
It_ fra- till Hst ....:

(I) Ilot practtcal .t tills tt_

(2) Cl.rly out of ....... 011 COlts

(3) CI.rly not ....~I. fra- lehldul.r COllltder.tl_

TIll Is.. del.tId fra- till Hst .... gl_ In TIlII. 3-1.

3.4 Suitability sa thl LOFT Ftslltty

TIll LO" F.ctllty PlltlfttI.1 Use List. II _ttl. by TIlII. 3-1... ..,.luatld for
sUiUbtllty for _ttOll tn LOfT. TIll Ie- dePo.. 1d .... 11_ In TllIl. 3-11.

3.5 Priority ",Iabtlftl

TIll resultlnt Hit of ~tl.1 _ for till LOfT Factllty••fter till ts.. ..,.Iu
.tId In Stetl_ 3.3 IIld 3.4 .... deleted. ts 11_ In Till', 3-111. TIll Ie- In
TIlII. 3-111 .... priority .tgllted for -StOll 011 LOfT. TIll .lgIltt... f.ctor is
subjective balld 011 HgIlt .teI' _I. I'IICtor NlHrcII detl and st_Hness.
In till subject .....s. TIle Ie- .... IIlt.- ••tglltt ... -.1 100 is toP
,rlorlty and z.ro is till I_t priority.

TIll ..Ighst...........t.- II fo11_:

WIlIn till v.rtous saure.1 (Stett. 3.1) .... COlltICtid for sullutl_ of usa of tile
LO" Factllty In SlIPPlWt of till Ale's HgIlt .teI'. pressurtzed ....ctor saf.ty .
NlHrch "",,I •• "'" with usa SIIlIIIItt_. u IdH .Iso .s obtllnld IS to tile
u"9"Cy of till dati..... In Iddttt.... tntt_te COlltect wttll tile liscenslnt
proc.ss of PIll's. saf.ty rcII. and NlCtor saf.ty .nalysts gtves .n .xcellent
IdH of dati priortty .

Stverel sanlor ....t~ t. till LOfT P....... Indep I IlIItly. IIslgned ...Ithtlnt
factor to till IUlllltid-P".... for till LOfT Factllty balld 011 1_lnt judge.
_to wttll till Iboft 1111'1_ facM I. l1lts ..tghtlnt is .ver to obtlln till
ftgures gt_ tn T.II'. 3-111.
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TAIl£ 3-1

1T£IlS Il£L£T£DFa POibflAl. US£ LIST
R£SUl.T1. Fa IIlITIAI. SCM!II11lI

Item

3.2.3.0 Op....tIClft wttll
mix.d fuels (U and Pu)

3.2.5.0 Partial fuel ..It

3.2.6.8 Fission product
transport within the
conuI.-nt

3.2.10 Gas cooled reactor

D1acus.IOll

C "lal .1_ f_l ..1.. ts ..t H.1I1.; It
ts f.lt thet tntl.. of 81_ f_ts trlllIl t
COllCIltl_ ts further I. tile future then tile r_
.ultalll. fetr LOFT at till. tl••

The CClft.equl_. of NlCtor fUll ..It doMI could
lie quite .xtenstv•• dependllll 011 the .,nltude
of .ltll_l. The _trol of tilts '1II*'1_t _ld lie
quite difficult. TIlts _14 lie a "_ Illot" te.t
In tIlIt tile CON (aIllII ..,... tile flC t1 I..,) _14 ..t
lie reu....l.. TIle cl..... aIllII ......1tflcatIOll of
the fICHI.., _14 taU _ or .. 1M". A _ MrA
_ld ,llllbl, lie requ1rel1.

The practlcalt.., of con 1 etl", fts.IOll product tran.l.nt
'lII*'l_U In tile LOFT -UI~. at tilts tl... Is
quntIOlllbl.. The FICHI.., _ld lie .....111. for
otller PIli pII" untH It .. lIacOllte81",.. ""Ich ,tv.s
10111 tum-arDllllll tl_. If such tnttlll .... to lie
dOlle It sllou14 lie COOl'lIl"''' wttll f_l ..It te.ts.

Thts ..". of tnt lI\"OII"- _ld ,.."._t a ClliilP1.te
departure fl'llil tile , ......t. _Itteil tIlrust of LOfT
tntllll. (5act10ll 2.0). TIlts Pi..,.- I. flll'tlilr In the
future tllM the "..__ldeNiI sultabl. for LOFT.
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TABlE 3-11

ITEMS DEFERRED FRIll POTENTIAL USE LIST
RESIUING FRIll SUITAlILIn SCUEllIIlG

Itllll

3.2.3,A Operation with
irradiated fuel

, 3.2.3.8 Operation with
failed fuel

3.2.5.8 Shrouded fuel
assnlies

3.2.9 BWR LOCA testing

DlscuulO11

GeneratlO11 of irradiated f.l of~ PllWr
hiltorJ and t,vplcal ltete-of-tlle-art clHl.. II a _Jor
probl.. It ls .Itl_ted to teke .!Iout three 1ft".
There are pre_tly no lrr1C11atlO11 f.l ltorage and
core al.-bly facnltl.1 et LOFT. The telting
progr_ with Irradiated f.l hel not ..... deftlopac1.

The probl_ of operation with faUad f.l are
quite 11.ilar to thoI. for operation with irradiated
f.l • The rational. for luch a progr_ hes not
been deftloped. Once _h a progr_ ls COIlPl.ted.
requal1flcatlO11 of the facnity _ld be quite
1~.

The corel cOlllldered for wIU.ln LAlfT do not
have shl'lCldS. raUin thls a_ sheuld be
considered in conjunctlO11 with 1_ 3.2.4 ..
LOCA teltlng.

II1II plant taU _ld requlre a _ lilA. and
Facl1itylllldlflcatlO11I. The COlt ts on the order
of S60.ooo.ooo. The dlctslO11 to do thls type of
prog,. il deferred at thls tl••
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TAILE 3-t11

PRIORm IIEIQITED I'OTEIlTIAL USES
FOR TIlE LOFT FA(Iun

lIelglltlng
(100 A Top PrIorIty)

A. LOCA Testing:
(1 ) NOIlNUCLEAP. TESTING:

(a ) WITH COR£ SIIIJLATllR
(b) WITH IlUCLEAIt COR£

(2) Nucl.ar TestIng At Powr (5-1/2 ft ~):
(a) 4.4 Loop, Passl". C $ anents. Offset SllIIr a..1ta
(b) 4x4 Loop Passl". C ;a .nts. e-1ut1". Bruks
(c) Broken Loop ECC InjectIon
(d) 2x4 Loop. Passl". C $ anents
(e) ActIve Bla ~a 1ft Loop
(f) Ad.anced ECC S,.~

(3) Nuclear Testing At ~r (9-12 ft ~):
(a) 4.4 Loop. P..sl". C J DiI.nts. Offset SllIIr a..1ta
(b) 4x4 Loop. Passl". C $ anents. e-leatl". Brulta
(c) Broken Loop ECC Injection
(d) 2.4 Loop 'assl". C $a Wilts
(e) Actl.. Bl__ Loop
(f) Ad.anced ECC S,.~

B. Anticipated Transients:
(1) Anticipated TransIents WIth Protection (ATIIP):

(a) SlMll PrIMr,Y Coolant S,._ ...k
(b) LOll of PrIMr,Y Coolant Flow

!c) Posltl". React1Yltl Insertion
d) Change In Reactor Powr .......

(e) LOll of F.....ter Flow
(') Loss of Electrical Powr

(2) Anticipated Transients With Del~ Protection (ATIIlP):

(a) SlMll PrI.r,Y Coolant S,._ a..k
(b) Loss of PrIMr,Y Coolant now(Cl Posltl". Reactl.ltl Insertion
(d Cllan,. In Ileactor ~r IIIMnd
(e) LOII,f F.....ter now
(f) Loss of Electrical oa.er

C. Fuel Bella.lor Studl.s:
(1) Fuel o.slgn Stud,Y SuptlOl"t
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100
100
80
75
25
70

100

100
80

"70
20
65

100

100
80
45
80
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35
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•



TAkE 3-111 (COIled.)

Iu. lIetgllt11l9

. o. ....su_U:
(1) Reactor DIcay IlHt 100
(2) Tw-PMse Flaw

(I) Flaw Ret1. 100
(bl DIlIsttl l~

(c Clloked Flaw 100

E. NSS Destgn Sun I t:
(1) RMc:tlIr Vessel CIlecll Vlhe 70
(2) 1111e1 Vlhe TrM.t.u 70

F. Ftsston Product TrAnsport:
(T) Prt.", Coolent S,._ 60

G. IIlctllr Pllftt C J a_t Pel '01 wnce 100

H. Ltght III tel" lreldl' Slfetl PI 011 • 10
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