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A SAFETY REVIEW
of the
OAK RIDGE CRITICAL EXPERIMENTS FACTILITY

ABSTRACT

This memorandum describes the Critical Experiments
Facility located in the Y-12 Area of Osk Ridge with particu-
lar reference to the safety features of both the laboratory
itself and the procesdures established for the experiments
constituting the specialized use for which the laboratory
was constructed., Compariscn of these experiments to others
in which accident potentialities have been hypothesized sets
an estimated 1010 fissions as the upper limit to the energy
release to be reasonably expected as the result of the mal-
function of personnel or equipment. Experimental data show
the shielding incorporated in the building will adequately
protect personnel from the direct radiation arising from an
accident of this magnitude occurring during operations.

The absence of a significant inventory of fission products
in experimental materials and a simple consideration of the
air-borne behavior of those produced by 1018 rissions show
that hazards to non-facility personnel are highly unlikely.

It is concluded that the greatest potential danger to
personnel is in the course of preparing fissile materials
for experiments and in their storage and transport, As in
many like instances, rellance for safety must be placed on
the knowledge of and caution by the individuals themselves.

INTRCDUCTION

The Critical Experiments Facllity of the Oak Ridge National
Laboratory was constructed expressly to meet the needs of various
programs in Oak Ridge, and inevitably oubtside Oak Ridge, for data
from low-energy potentially chain-reacting assemblies. The programs
have required the accumulation of basic reactor physics data, the de-
termination of the critical dimensions of material assemblies, and the
study of potential nuclear reactor designs,

Only in exceptional instances is it necessary to operate critical
experiments at nuclear powers sufficiently high to present radiation
hazards to the imdividuals performing the experiments, even though
the manipulation be manual as it was, indeed, in early practices.
However, tne ever-present probability of personnel or equipment
failure, which could lead to high-level radiation emission by a
supercritical array, requires a laboratory equipped for remote per-
formance of these experiments,



A laboratory in wiolch critical experiments are performed must also be
capable of accommodatbing a very wide variety of activities in contrast to
a reactor installation vhich may remain fixed in construction and operation
over an cxbended pericd. The experimental eguipment used for these
purposes nust be adaptable to many configurations of materials of interest
dictated by the demands of the programs. Since the time required for the
performance of a particular experiment may be only a few hours, it is not
economically feasible to pattern instrumentation and comtrols after those
conventionally prepared for long-range reactor operation. For this reason,
and more importantly, because the very purpose of these exploratory experi-
ments may truly be the evaluation of those factors upon which reactor
safety will subsequently be designed, critical experiments are somewhat
more vulnerable to nuclear accidents than are operating reactors. On the
other bhand, the over-all consequences of a nuclear accident with a critical
assembly are very much less severe than are those associated with reactors
because, primarily, of the absence of a significant jnventory of fission
products built up in the fissile meterial. In fact it is highly desirable
to avoid such a fission~product buildup in order to allow manual adjustments
of the experimental equipment and materials.

Many safety features for the successful operation of critical experi-
ments must, therefore, be permanently built into the lsboratory itself
rather than be incorporated into each experimental setup. Necessary radia-~
tion shielding, for example, is made a part of the lsboratory structure.
Special consideration must be given to the design of ventilation systems to
minimize dispersal of radioactive contamination, On the other hand, each
experimental assembly must embody control and safety devices peculiar to the
type of experiment under study and to the properties of the materials used.

Prior to the construction of the laboratory to be described here
several critical experimental programs had been carried out at the Ozk
Ridge National Iaboratory and at the Oak Ridge Gasecus Diffusion Plant.

The inedeguacy of the facilities of these two locations was recognized in
1949 in light of the expected demands for further experimentation in both
the investigation of the safety of metallurgical and chemical processes and
the support of reactor designs., This latter need was further emphasized by
a then-active program in Qak Ridge on the development of nuclear propulsion
for aircraft. At that time it was decided that a laboratory adeduate for
this variety and quantity of experimentation would be established, that the
various programs of critical experiments in Oak Ridge would be combined,
and that the work would be administered under the Oak Ridge National
Leboratory. The new laboratory was occupied on August 1, 1950 and has
since been the scene of an extremely wide variety of critical and near-
critical experiments with fissile uranium isotopes.

It is the purpose of this report to describe this leboratory, desig-
nated locally as Building 9213, Y-12 Area, and officially as the ORNL
Critical Experiments Facility, to discuss the types of experiments per-
formed, and to describe the eguipment and procedures representative of
nearly twelve years of experience. Particular emphasis is placed upon the
hazards to personpel which might be associated with these operations.



It is interesting to summarize, with statistics, the operating
experience at the facillty. Since its occupsncy in 1950 through calendar
year 1961 more than 9700 startup operations, representing nearly that
many different coufigurations, have been accomplished with, perhaps, as
many as 95% of the assemblies having been made critical. The average
time a partlculsar experiment was critical is recorded as 0.7 hr, OF
these operations, 82 were terminasted by emergency shutdown procedures and
of these 82, in turn, three, or 0.0%5% of the total, were stopped by an
unplanned high radiation field. The majority of the remaining 79 scrams
occurred because of power or instrument fallures,

Mherence to the fundamental operational practices outlined in this
report, supported by careful reviews by internal Laborstory committees,
is  expected to assure conbtinued safe and efficient operaticn of the Osk
Ridge National Iaboratory Critical Experiments Facility. Ever-present
vigilance apd concern for personnel protection by the experimenters in
the Tacility must be the final safeguard in this endeavor.

I - HISTCORY COF CRITICAL EXPERIMENIS IN OAK RIDGE

Early Experiments

The history of critical experiments at the Oak Ridge National Labors-
tory dates back to late 1945 when a geries of measurements was made on
assenblies of a fluorocarbon-uranium oxide mixture in which the uranium
was enriched to 24% in U235, The assemblies were modersted snd reflected
by hydrogen. A second set of experiments was performed during the spring
and early summer of 1946. These consisted of tubes containing fissile
material labtticed in a tank filled with heavy water. The fissile material
itself was a heavy water solubtion of uraanyl oxyfluoride contained in tubes
a%%splaced within the tank. The uranium was enriched to about 95% in
geoo,

An extended program of experiments, conducted in 1947 and 1948, had
ag its vurpose the support of the design of the Materials Testing Reactor.
The fissile material was an aqueous sclution of 235 .enriched uranyl
oxyfluoride contained in aluminum tubes which in turn were latbiced in a
tank which could be filled with water. Natural water, heavy water or
beryllium served as a neutron reflector.

These early experiments were conducted in cells in the plutonium
recovery building presently designated as 3019, X-10 Ares, which were
modified, at least for the latter series, to provide a 2.f%-thick shield
between the controls and the assembly.

A concurrert program was planned in late 1945 at the Oak Ridge
Gaseous Diffusion Plant in which measures were made of the critical
masses and critical sizes of materials having nuclear properties similar
to those of uraniwm bexafluoride, The purpose of these experiments
was to provide bases for the safety of the Geseous Diffusion Plant



operations. The Tirst experiments in this series were performed at the
Ios Alamos Scientific Ieboratory in the spring of 1346 for the dual
purpose of training personngl_ami of achieving some data from Tluorinated
uranium compounds of high U“ﬁb coptent. Operstions with fluorinated
uranium compourdds in solid form were inaugurated in Osk Ridge in late
summer 1946 with what was probably the first equipment to be used for

the remote operation of experiments with solid fissile material. This
work, performed in a small leboratory near the Gaseous Diffusion Plant,
wes followed in 1947 by experiments with solutions of ursnium salts which
conbinued until mid 1950 when the new facility was completed.

Bxperience at Building 92135, Y-12

The extremely wide variety of experiments and experimental wmaterials
which have come under study in the verious programs followed during the
last decade at the Critical Experiments Facility cannot be described in
any summary report of this kind within reasonable bounds of effort and
space. Thus an attempt is made here to organize the history of Bldg. 9213
aot by enumerating the individual experiments but by showirg tke varisty
of experience with fissile material that has been acquired., There erc
basically only two types of critical experiments: those controlled by
careful additions of liquids (fissile solubions, moderator or reflector)
and those controlled by the addition of sowlids. There are, of course,
many examples of combinations of the two types.

Experiments typical of those witn liguid fissile material bhave used
uranyl oxyfluoride and uranyl nitrate solutions in & continuing program,
inaugurated in 1950, in whieh the criticsl pareweters of spherical,
cylindrical, slab, and anoular geometries have been measured. These
experiments have formed the bases for meny nuclear safeby specilications
and for special problems in tke processing of enriched uranium in chemical
plants, A paxt of this program has contributed to basic reactor physics
through & better understanding of the neutron leaksge and by measurement
of the fission nmeutron yisld of U233 and UR35,

Experiments typical of those with solid materials have been performed
in many programs. For the Alrcraft NMuclear Propulsion Prolect, for
example, a long series of experiments was performed with heterogencous
combintations of uranium, beryllium, graphite, Teflon, and Plexiglas, of
which some were reflected by graphite, beryllium or Plexiglas. Experi-
ments with homogeneous materials have been performed in other programs
using blocks of mixtures of CFZMUFH ard CB~H52~UFh. These bave included
reflected experiments as well as experimenls with additional intermixed
moderator.

Other solid-material experiments have been performed with unmoderated
U?55_enriched uraniuwm metal. Experiments of this type are characberized
by an extremely short neutron lifetime and demand, therefore, mors careful
planaing and performance than those in which the sverage neutron energy
is lower. Included in this category bave been neubron multiplicatlion
peasurements on large arrays of metal billets, each containing 235 kg of



0235, with and without intermixed hydrogen, to establish safe storage
criteria. In addition, small rectangular assemblies of uranium metal
have been made critical both unreflected and with reflectors of graphite,
beryllium and Plexiglas, Preliminary experiments performed on uranium-
molybdenum alloy to establish the design of the Health Physics Research
Reactor also fall in this category. These experiments were follcowed by

a complete check-out of this reactor's performance including super-prompt-
critical_operation with the production of energy pulses of up to

1.7 x 107 fissions.

Several combination-type experiments have been performed for reactor
projects; usually with liquid moderator and solid fissile material. Those
for the Army Packsge Power Reactor, for example, utilized stainless steel
fuel plates and were water-moderasted and ~-reflected. The unique geometry
of the Tower Shielding Reactor II was first investigated rather crudely
with available materials and later, much more thoroughly, with the first
reactor core fabricated from that design. The High Flux Isotope Reactor
Critical Experiment No, 1 was an exploratory series of experiments with
four liquid regions including a heavy water reflector. The second experi-
ment in this series was a more accurate nuclear mockup of the reactor
complete with target, fuel elewent, controls, water moderstor and berylli-
um side reflector. Also included in this group are two high temperature
(1300°F) molten salt (ZxFy, -UF), ~-NaF ) reactor experiments. These had
internal and external beryllium reflectors,

There have also been a number of experiments with uranium solutions
poisoned with boron in glass and with copper to establish the safety of
certain operations. Other water-moderated amd -reflected experiments
with fuel elements from pool-type reactors, from Savanmah River Reactors,
and from Hanford Reactors have alded in a variety of nuclear safety
problems,

All these experiments have been performed in this facility on a
variety of combinations of equipment, many of which were of a temporary
nature because of the limited duration of the individual programs,
Although the basic conbrols of this equipment are permanent parts of the
facility they msy be supplemented by more Flexible components for the
individual experiments, Typical equipment for performing these experi-
ments will be described in the next section.

II - DESCRIPTION OF THE FACILITY
Iocation

The Critical Experiments Facility is located at a remote site in
the southwest portion of the Y-12 Area. It is situasted in a pocket in
the terrain formed by surrounding hills several hundred feet higher than
the bullding itself, The projected distance to nearest work areas is
more than 2000 ft and to the nearest public highway is 4200 ft. The
facility is enclosed in an area to which access is restricted by a chain



link fence. Gates in the fence, except the one at the entrance to the
facility, are kept locked. Many of these features are shown in Fig. 1,
a plen of the area including contours. Figure 2 shows the immcdiste
building environment in greater detail.

Construction

The Tacility is & two-story concrete apd concrete block structure
sbout 200 £t long and 80 £t wide. The west arnd east ends of the building
arc shown in Figs. % and 4, respectively. Floor plans of the building
are included in Fig. 2.

The three* assembly areas or test cells extend the full beight of
the buildingp i.e., goout 35 ft, and each has a Tloor srea betwesen 900
and 1520 ft¢ A control room is associated with each cell and is separated
from it by & S5~ft-thick ordinary concrete wall having & specific gravity
of about 2.5. Visusl commwnication between the control and test areas
is provided by water-filled windows; verbal communication by an intercom,.
Necessary office, laboratory, and other supporting space is located in
the central portion of the building.

Radiabion shielding on the south side of the building is provided
by concrete walls for the protection of the guard stationed st the area
portal and of travelers on the roadway.

Although the 12~ to 18+in. wall thicknesses on the east, west and
north sides of the building were established by structural needs, they
provide significent rediation shielding at the boundary of the area
defiped, on these sides, by the perimeter fence loeated at least 50 It
from those parts of the building vhere no material shielding is
purposely installed, Openings through these walls are closed by wooden
doors which reduce significantly the protection afforded by the walls.
The effect of the leakage through these openings in the ends of the
building has been minimized b& the addition of concrete walls and
bunkers, as shown in Fig. 2. X The other openings lesd into limited
access areas.

Meny other features were incorporated in the design to improve the
over~all personnel protection. TIn sowe places, for example, windows
were substituted for solid walls where the latter may have back-scattered
radiation into normally occupied areas.

The scattering of radistion by air was underestimated at the time of
the design of the building and, as a consequence, the original roofl met
structural requirements only. The need for shielding agsinst air
scattering was later recognized and at the presemt time, either by

* The origimal construction inmcluded only two test cells, on the east
and west sides. The third, separsted from the egst cell by a 5-Tt-
thick wall, was added in 1957.

** The photographs, Figs. 3 and 4, show more of the openings than are
visible Trom the roadway.
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PHOTO 31313

Fige 3. West End of Building 9213 Showing the Concrete Shielding
Wall Between the Roadway and the Large Doors,



Fige 4« East End of Building 9213 Viewed from Approximately 14
Feet Above the Roadway, Showing the Concrete Walls and Bunkers Which
Provide Shielding for the Large Doorse
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addition to the old structure or by inclusion in the design of the new
area, each test cell is covered by a l-ft-thick concrete slab. The
intermediate general-purpose ares and the guard shelter are covered by
concrete at least 3 in, thick, In practice, of course, the effective
thickness of these roof shields is somewhat greater because of the
engle at whieh the radiation must traverse them in order to be scattered
into the central area or onto the rosd.

Reference is made to the drawings and_specifications of the
architect-engineer for structural details,

Many data have been amsssed over the ensuing years from both acci-
dental supercritical excursions and planned experiments which yield an
evaluation of the protection of personnel afforded by these structures.
More detailed reference to these supporting data will be presented in the
discussion of potential accidents. In summary, however, it may be said
that very adequate shielding 18 provided against damage to persomnel from
radiation sources of the maximum expected intensity, described in
Section V, below, in the three cells if these personnel are within
designated areas during the course of experiments. Control of personnel
in nominally unshielded areas is by the perimeter fence and by rigid
edministrative practices.

Ventilation

The entire building is air conditioned. ZEach of the three cells is
hested and ventilated by air circulated anmd conditioned in a system
serving that cell exclusively. By this means, therefore, contamination
arising in one area is not directly carried by an air stream into another
area of the building. It is further provided that all air handling equip-
ment in the building is automatically stopped upon signel from high level
radiation detectors in each cell so that contaminated air, which might
accompany the high level radiation, remains stagnent until such time as
it is deemed appropriate to reactivate the air handling equipment. This
reactivation must be done manuslly. In addition to the usual air
conditioning system, each cell is equipped with a 1000 cfm fan which
normally runs continuously and discharges to the atmosphere. This outflow
of air maintains the pressure within the cell slightly below that in
ad jacent areas of the building end also below that of the ambient
atmosphere. Thus, at least in the short interval required for air
pressures to equilibrate after stoppage of the fans upon emergency signal,
the flow of air is into the potentislly contaminated area. OSubsequently,
any contamination can be discharged to the atmosphere either by the small
fans or by the large exhaust blowers, each having a capacity of at least
10,000 cfm, with which each cell is equipped. Appropriate louvers open

1. Giffels and Vallet, iInc., Detroit 26, Mich. Job 48-148A, completed 1950.
Barber and McMurray, Knoxville, Tenn. Contract 81Y-34807, completed
1957. UCNC Dwgs. E-CV-24227, E-S-2h228, E-S-24229, E-S-24230,
E-S-24420, E-HV-23275, completed 1958.

These drawings and specifications are available from Union Carbide
Nuclear Company, Engineering Services, Y-12 Plant, Oak Ridge, Tenn.
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as the blowers start in order to provide free and rapid exhaust of any
air-borne material., Filters are not installed in these exhaust systems
since personnel can be readily controlled in the remote area in which the
facility is located. Iittle, if any, inconvenience would be forced on
activities in other areas by such a procedure.

Beyond that which has already been described, there is no provision
for containment of air-borne activity. The facility is inadequate for
the hazards which might arise in experimentation with highly toxic materi-
als, such as plutonium, without sufficient containment. This inadequacy
does, indeed, impose the principal limitation on the types of experiments
which can be performed.

Contaminated Waste Collection Tanks

To guard against loss of fissile materials, the drains from laboratory
areas lead first to an acid-neutralizing pit thence to hold tanks which
are emptied only after analyses have shown permissive quantities present.
Incidentally, no concentration even approaching that economically salvable
has ever been collected in these tanks. Possibility of accidental
criticality in the tanks is precluded by location of the entrances to the
drains above floor level or by fitting them with gasketed pipe caps.

Equipment and Equipment Operation

The Critical Experiments Facility is equipped for experiments of all
kinds with both liquids and solids. These may range from test vessels
containing aqueous solutions of enriched uranium, with or without an
aqueous reflector, to tests of massive pieces of unreflected uranium
metal. In all cases, of course, the approach to critical is by the
addition of reactivity through the remote operation of some device from
the shielded control area. This device may be & pump for liquids or it
may be a motor drive to bring sections of a solid assembly together. The
action by which reactivity is added is reversible anmd the rate at which
reactivity is removed exceeds the rate at which it is added. 1In general,
reactivity may also be removed by some entirely independent means. This
may be appropriate pipes and valves whereby a liquid is drained through
large ports by gravity from the test vessel into its storage reservoir;
or may be the insertion of a neutron absorbing material into a solid
array - or the reverse, the removal of fissile material, reflector or
moderator - by gravity or by the action of a spring.

There are experiments, however, which are safely and more satis-
factorily performed with the decrease in reactivity effected by only one
method, usually the reversal of that by which reactivity is added but,
of course, at a greaster rate., These are experiments in which the critical
paremeters ere well established and the available excess reactivity, even
in the event of most unusual occurrences, is known to be small. An
exemple of this type of assembly is an array of tightly fitting pieces
of solid material mounted in two parts, one being movable by remote
control.
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A neutron source of strength appropriate to the experiment is always
proximate to the fissile material during its initial assembly. The
source is a driver for the neutron multiplication. It may be an encapsu-
lated mixture of plutonium and beryllium or of polonium and beryllium, the
spontaneous fission of U2D ; Or & nuclear resction within the test materi-
als. In assemblies expected to become critical provision is mede for
removal of the source capsule into a shielded region in order to truly
establish criticality.

Two sets of equipment presently in use are described as typical
illustrations of the above design criteria. The first, designated as the
Criticality Testing Unit, is used for assemblies of solids of relatively
small volume. The second apparatus is for solutions of fissile materials,

Criticality Testing Unit for Solids. The equipment used for as-
sembling solid materials is typified by the Criticality Testing Unit {CTU)
which was designed primarily for critical experiments on unmoderated
metal systems. The separation of components is the only safety operation
available for the systems to be studied., The equipment and its use are
discussed here as an example of one type of experiment.

The CTU, shown in Fig. 5, consists primarily of two tables: a fixed
teble which is mamually adjustable in elevation, and a vertically movable
platform powered, through a magnetic coupling, by a pneumstic-hydraulic
system to bring the parts of an assenmbly together. The fixed table, which
constitutes the upper section of the unit, is a circular stainless steel
menbrane, 24 in, in diameter, clamped in an aluminum temsion ring and set
in an aluminum frame supported by vertical legs at the corners of a
Lhft square. Seversl membranes having thicknesses ranging from 0.005 to
0.025 in. are available. The table elevation may be varied from 6 to
8 £t above floor level.

The movable platform support device is shown schematically in Fig. 6.
The platform itself is an 18~in.-dia by l-in.-thick circular stainless
steel plate attached to the magnet housing. In some experiments the lower
section of the critical assembly will rest upon a low-density structure,
mounted on this platform, in order to reduce neutron reflection.

During normal operation the magnet is energized and the platform
follows the motion of the hydraulic-cylinder piston. Full travel is 24 in.
at a meximm 1ift rate of 20 in./min without load. As the table nears its
upper limit this rate is decreased by throttling the hydraulic flow in the
following manner. At a preset position in its travel the moving member
operates & switch which diverts the flow through a system consisting of
two orifices im parallel each with its own manual shutoff velve. Prior
to starting an experiment, selection is mede of the desired closure rate
and the appropriate valve setting is made. At present, flow through one
of the two orifices sllows a rate of 0.15 in./min and through the other
0.25 in./min., Flow through both orifices permits a rate of 0.40 in/min.
The minimum lowering rate of the platform for normal shutdown exceeds
the meximum rise rate and is 4O in./min. Present wmegnet characteristics
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Jimit the permissible load on the movable platform to 500 lb. With this
load the maximum rise rate is ., 10 in. /min and the lowering rate is
58 in./min.

The safety feature of the CTU, the separation of the compcnenits of
the assenmbly, is effected in two ways. When an emergency condition
occurs, the magnet is de-energized and the platform drops at least 6 in.
under gravity. Separation of the sections of the assembly is also brought
sbout by a reversed hydraulic force on the piston, provided by oil under
high pressure, which moves the piston through its total downwsrd displace-
ment in less than 2 sec, A characteristic emergency pexrformance curve is
shown in Fig., 7. The platform moves under gravity over the first 9 in.
of travel at which time contact is made between the platform and the nylon
bumper attached to the top of the piston rod, so that the ensuing motion
is governed by the hydraulic system. The downward motion begins about
35 msec after initiation of the signal to the electrical circuits. This
delay depends, of course, upon the load and the magnet current. Minimal
release time can be achieved for & particulasr load by edjusting the magnet
current; a velue as low as 18 msec has been messured. The rate of
component separation, upon emergency signal, is about 12 in./sec over the
first inch of travel, 60 in./sec for the next 9 in., and 10 in./sec for
the remainder of the downward stroke. Initial accelerations greater
than 1 g are possidble through the hydraulic action, although in experi-
ments in which the assembly consists of simply stacked components such
rapid motion undesirably disturbs the assembly, particulerly during test
of the safety system at the beginning of each opersting day.

The safety features are adjusted to comditions for maeximm safety
commensurate with the experiment under study.

Provision is also made in the CTU whereby an assembly can be pre-
pared in three sections. The center section will be fixed on the diaphragm
and the lower one movable as described sbove. In addition an upper section
can be raised and lowered by an air operated piston.

The time rates of resctivity change, deriveble from the above speeds,
are, of course, strong functions of the characteristics of particular
assenblies. 1In one assembly of U235 -euriched uranium metal, for example,
the sensitivity near closure was the order of $10/in., which is equivalent
to a time rate of reactivity increase of 1.6 cents/sec at the slowest
speed of approach. Advance from delsyed to prompt critical under these
coaiitions required 1 min. In normal shutdown the initial rate of re-
activity decrease was sbout $6/sec. In emergency shutdown the average
rate of reactivity decrease over the first inch of travel was $120/sec.

4 reactivity decrease of ~ 7.5 had occurred 100 msec after the high-
level signsi.

An experiment performed with the CTU follows somewhat the following
procedure, The fissile material is in regularly shaped units sized to
be not only individually subceritical but judged, by experience, to
congtitirte less than one half of a critical mass under the conditions
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of the experiment., After verification that the behavior of operatiocnal
instrumentation and safety systems is setisfactory ard that a neutron
source is appropriately located, one of the units of fissile material is
located on the movable platform and another, well aligned vertically with
the first, is placed on the diaphragm. The platform is raised, to bring
the lower unit in contact with the bottom of the diaphrsgm, by operation
of the drive mechanisms from the control room. This operation ig in a
careful and reversible manner evem though there is little expectstion
that the two pieces in contact will become critical., The neutrom count
rate is messursd with the componeats in contact and compared to that
with one fissile unit present. The rate with the two units in contact
may be less than the rate for a single unit because gbsorption effects
may poesibly override the neubtron multiplication by the combined unibs.

Having estahlished that two unreflected units are subcritical, a
small pisce of solid hydrogenous material, simulating the peutron re-
flecting properties of a pair of hands, is edded to the assenbly and the
ahove measurement repeated. If this combination is subcriticsl, a
second unlt can be safely added to, say, the platform and the procedure
repegted., The reciprocal of the neubron multiplication will eventually
be a decreasing function of some system parameter, such a3 the mass,
helght, or number of pieces, and the intersection of the extrapolation
of this function with bt coordinate is an estimste of the eritical
value of that parameter. Assuredly the function will not be linear;
hopefully the curvature will be convex towards the origin; at best it
ig a gulde toward terminal conditicaus. Contimvuatlon of this step-by-
step process leads to & near delayed critical configuration, perhaps a
little subcritical, perbaps a little supercritical, by amounts depending
upon the size of increments of reactivity vhich are availahle.

The test of the reactivity of the assembly is;, of course; the
chservation of the time behavior of the neutron population upor removal
of the stsrtup peutron source,

The ipditial assewbly may ve satisfectorily made in an albernate
menner. In this method it Is known that the initial loading in each
section is suberitical and that the combination of the two may be
critical, The neutrorn intensity in this procedure is measured as a
function of the component separaetion., Extrapolation of theses data
will indicate the critical separation.

With the eritical condition as a point of departure there are many
possible subsequent operations depending upon the purpose of the experi-
ment, If the desired information has been ascertained, the sections of
the assewbly sre separated and the next experiment is begun. If power
or Tlux distributions are desired, the assenbly is made supercritical
in some manner, for example by the remotely conbrolled alddition of a
neutran reflesctor, and allowed to reach the power necessary for
activation of appropriate detectors. Then the reactivity is returnsd
to zero, the irradiation proceeds to the necessary exposure amd the unit
ig disgsassenbled., If it be desired to cbserve the kinetic behavior of
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the material, a perturbation is mede in the buckling amd the resulting
reactor period is measured.

Criticality Testing System for Solutlons. The most common agueous
solutions used in experiments have been those of uranyl nitrate and uranyl
fluoride. These corrosive solutions must be used in systems and vessels
which are protected ageinst corrosion in order to minimize the buildup of
foreign materials. The time in storage far exceeds the time the material
is used in a critical experiment; consequently, storage systems are con-
styucted of compatible materials. The west assembly cell of the Critical
Experiments Facility contains two such systems, both capable of remote
operation after the necessary mamual settings have been walde as required
by opersting procedures., The system described in the following is typical.

The schematic shown in Fig. 8 is an experimental system constructed
almost entirely of polyvinylchloride. The storage manifold consists of
several 6-in.-ID cylinders 20 £t long, slightly inclined to facilitate
draining. Solution from these cylinders is directed to a centrifugal
pump, thence to the test vessel always located, in height, above the
storage system in order that solution is returned by gravity. The system
is vented at appropriate points through an air filter.

Referring to Fig. 8, A and D are remotely operable normally closed
valves and B and C are remctely operable normally open valves, Valves A
and B cannot be open simultsnecously. All cther valves shown ars manually
operated and must be adjusi.d hefore an experiment is begun. The emergen-
cy "dump" system consists of an ~10-ft length of 5-in., pipe connected
directly to the test vessel by valve C and short nipples. The ninimun
constriction in this line is 3 in. in diameter. A manually or instrument
initiated scram signal opens valves B and O providing the meximum drain
rate, Valve E, in a bypass, and F or G,which arse nct remotely adjustable,
control the rate of solution flow through ths ZL/Em:i.ne feed pipe. The
maximum feed rate during operation does not exceed the drain rate through
valve B. That the desired flow bas been established may be cbhserved in
two ways; by use of the flow meter or by measuring the time rate of
solution addition to the test vessel. The latter, bsing both more accurate
and more convenient, is usually used,

Increments of soluticn as small as desired may he addad to a test
vessel by the mamual adjustmept of valves B, F and G and the remcte oper-
ation of A. The procsdure for an approach to critical is similar to that
discussed for solid systems. Typical ratics of drain to feed rates are
5.6 for valve C and 2.5 for valve B for particular settings of valves E,
F and G, As arn illustratlion of the resctivity addition ratas, as
practiced, two examples are cited. The flow of U©2F solution having a
uranium concentration of 350 g/liter into a l@winoélg aluminum vessel
corresponded to a maximum rate of reactivity addition of 0.8¢/sec; the
rate of removal of reasctivity was L.5¢/sec through the dump system and
2¢/sec through normal drain. In the second example, the critical
parapeters of an array of 5-1liter plastic cylirdrical containers wers
tested with a UOZ(N03)2 solution having a uranium concerbrabion of
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410 g/liter., The flow of solution was remotely controlled to the five
central units of the array. The maximum rate of additicn of reactivity
was 7.3¢/sec, with corresponding drain rates of 41¢/sec through the dump
system and 18¢/sec through the normal drain.

Other means of reactivity control are available depending upon the
experiment and its purpose. 1In each case, a sultable ratio of resctivity
addition to drain rate is determined and evaluated prior to achieving
critical,

TInstrumentation

Because of the diversity of operations in the three experimental
areas instrumentation requiremesnts vary and each location is provided
with more than the minimum amount of electronic equipwent necessary for
performance of critical experiments. Generally, an experiment is per-
formed with all working channels in use; however, operation is permitted
if some are removed, as a result of instrument failure or saturation
due to excess radiation at the detector, provided the minimum number of
units is still functioning. Most experiments are conducted at power
levels of less than 10 mw, although some measurements may be carried
out at levels up to the order of 1 watt. Extraordinary situations
sometimes arise involving levels of the order of 100 watts, and
occasionally controlled radiation excursions are genersted. The
numercous instrument channels, having different input sensitivities and
ranges of operation, are capable of providing adegquate monitoring at
all operating levels.

Minimum instrumentation for initial operations includes two neutron-
sensitive counting channels, one linear neutron level safety channel, one
dual~cutput gamma-ray sensitive photomultiplier safety channel, one
logarithmic neutron level channel, and suiteble shutdown and building
alaym devices, When the 10 ow level is exceeded, the counbting channels
are no longer required and, too, they may become inoperable owing to ranpge
limitations. Safety channels are necessary throughout an experiment
since they provide scram protection in the event of an unexpected
abnormal rise in power. A block diagram of typical instrumentation is
shown in Fig. 9 and the components are described below.

Counting Channels. Counting channels provide visual and aural
indication of the neutron level during both startup and low power
operations provided the counting rate does not exceed the order of
10° counts per minute. Highly sensitive BFz-Tilled proportional
counters¥* are usually used as detectors for startup and operational
purposes and miniature fission counters and BFz-filled counters (l/b, in.
in diameter) for experiments where space limitdtions are imposed, such
as Tor flux distribution studies. OStandard linear amplifilers*¥ {ransform

* Model 10500, Radiation Counter ILaboratories, Inc,, Skokie, T11.
¥% Types A~1, AID, apd DD-2 are used,
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the output of the detectors to pulses large enough to drive scalers and
ratemeters., An audible count is provided by a mechanical register in
the scaler output. This signal is transmitted to the test cell, over the
intercom, during losding operations.

Safety Channels. The neutron sensitive safety channel provides
both visual indication of neutron level throughout an experiment and a
voltage signal to the safety control unit to activate the scram system,
In a typical channel, integrated currvent from an uncompensated BF,-filled
ion chamber is fed to & linear micro-microzmmeter in which the signal is
arplified and displayed on & panel meter and on & strip-chart recorder.
Full-scale range of the readout devices is adjustable in decade steps by
a range selector switch. The output voltage of the instrument is pro-
portional to the meter reading.

The dual-output photomultiplier safety channel, generally insensitive
to startup level signal but responsive to levels greater than about 1 mw,
provides both on-off signals to the safety control wnit (to initiate
emergency shutdown) and visual indication
of the gamma-ray level, A typical detector consists of a sodium iodide
phosphor mounted on the face of a ten-stage multiplier phototube. The
integrated output signal, proportional to the gamma-ray flux level, is
introduced on the grids of a twin-triode vacuum tube circuit as a
negative-going voltage. Sensitive relays in the plate circuits operste
the gcram system thirrough the safety control unit
deacribed below. Visual indication of the gamma-ray level is provided
oy output meters or strip-chart recorders.

Logarithmic Channel, This channel provides visusl indication of
the neutron level with a single range covering up to six decades., The
integrated current from an uncowmpensated BF.-filled ion chawber is fed to
a logarithmic diode ard the amplifier which follows develops an output
which is proportional to the logarithm of the neutron flux. This output
is displayed on a panel meter and on a strip-chart recorder.

Scram System. The requirements of a scram system include a trigger-
ing signal, which may originate in safety instrumentetion or in a manually
operated switch, and appropriate circuitry, designated as the safety
control unlt, which upon receipt of the signale initistes a series of
events resulting in the operation of mechanical and electromagnetic
devices that reduce the reactivity of the assembly. The safety
instrumentation has been discussed above; therefore only the response of
the safety control unit to triggering sources will be described here.

The voltage signal from the linear safety chamnel feeds a trip
circuit comsisting of a vacuum tube with a current-sepnsitive plate relay.
This signal increases in proportion to the neutron £lux until at a preset
Jevel the relay is de-energized. This level is sboubt 150 per cent of the
signal required to give a full-scale deflection of the output meter for
that particular imstrument range. This feature insures rapid response o
slgnals arising from abnormsl conditions at 2ll levels of operation. Tt
follows, a priori, that the scram point is also off the chart-recorder
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scale, reducing the frequency of false scrams. Some instrumentation
includes a meter relay which does provide an on-scale scram point.
Tt is emphasized that meter relays are only secondary scram devices.

The on-off signal from the photomultiplier safety channel serves
the same function as the linear chamnel trip circuit output. Adjustment
of two preset trip points are made in the indicator unit of the channel
so that the first activates the scram system at a level slightly greater
than the operating range, and the second, operating two orders of
magnitude higher, serves as a backup.

When a trip occurs in either channel, an ac-operated relay is de-
energized and its contacts are so connected that a red warning light
is illuminated, indicating an instrument trip, and power to the magnet
supply and other shutdown devices is interrupted., In addition; an
auxiliary relay opens the dc supply to the magnet. Collapse of the
magnet current initilates an action which rapidly reduces the reactivity
of the assembly in an effort to guench an excursion. This may be the
insertion of a safety rod, the opening of a valve to drain fissile
solutions or moderator water, or, as in the case of the CTU, the
separation of the assenbly components. Other shutdown devices operate
somewhat more slowly to produce the same effect.

The response time of the scram system, i.e., the time required
for a step-function impressed on the input of an instrument channel
to de-energize the shutdown devices, is the order of 10 msec. For
most types of experiments this is adequate, being commensurate with
the time behavior of the mechanical and electromsgnetic components of
the scram system, In the case of the CTU, in which raplid response is
of primary importance, special instrumentation provides a response time
of 1 msec,

The scram system is designed to be faill-safe to the extent that
loss of building power, burnout of safety circuit relays, and commonly
experienced trip circuit failures create = scram condition, shubtting
down the experiment until such Tailures are corrected and it is safe to
proceed with normsl operations.

Building Alarm. The building alsm is a system of horms, bells,
and sirens situsted about the building which serve, when actuated, &s
waming to personnel that an accidental radiation excursion has occurred.
The radiation monitors which provide the signal to the system are scin-
tillation sensors located, in groups of three, in each of five sensitive
aressg within the building. The alarm is automatically socunded when the
radiation at two of the three monitors constituting a group reaches a
preset value. The location of the monitors initiating an alarm is iden-
tified as & room number by the illumination of the appropriate block on
each of five annuncistor panels. The ipnitiation of an alarm stops all
alr-moving equipment in the building, tums on the flashing red light on
the roadway from the main Y-12 area (warning traffic not to proceed onto
the road which passes the building), and indicates in the office of the
Y-12 Plant Shift Superintendent. (This paragraph revised and minor changes
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made elsewhere Aug. 23, 1965 to conform with recent modification to the
alarm system.)

Fast Safety Channel. A somevhat faster response time is incorporsted
in the instrumentation for control of experiments with materials where
neutron lifetimes are short, such as in U255 enriched unmoderated uranium,
The fast response is obtained by feeding an swplified photomulbtiplier
output signal directly to the input of a specially designed megnst power
supply which provides full magnet current from & vacuum tube circuit until
the predetermined trip point is reached. When the input voltage reaches
this level, an electronic switch operates, cubtting off the magnet current
1 msec following the incidence of a sharply rising signal on the scintil-
lator, Additional circuitry is included in this channel to trigzer the
scram system in the mannexr describad in the section
entitled Safety Channels.

Incident Alarm Channel, This channel embodies a gamma~ray sensitive
photomultiplier, similar to that used in the safety channels, which re-
sponds to radiation in its imwediate area dbut does not respond to radiation
released Trom the order of 1017 fissions in other test cells. The instru-
ment provides a visuel indication of its operation and slso initiates a
building alarm cnly when an excursion occurs in the immediate test cell.

Tt perforwed satisfactorily during recent planned radiastion-pulse experi-
ments .

Limitations on Experiments

As has been stated previously, the versatility of the facility has
been demonstrated by the successful performance of experimenis with both
fissile isctopes of uranium in almost every conceivable configuration
with and without other materials of interest. It has also been pointed
out that the facility is not egquipped to cope with the contaminstion
problems which might arise upon the dispersal of large quantities of toxic
materials since the structure has no unique built-in gas-containment
Teatures. It is deemed inadvissable, therefore, to enter upon an experi-
mental program with plutonium without providing measures required to
agssure containment of the possible contamination,

There have been occasions in the past, and there probably will be
others in the future, where, in the Jjudgement of senior experimenter,
it was not expedient to achieve criticality. These decisions have been
governed by the nature of the material, by the expected consequence of
an accident, and by deficiencies in the experimental equipment. So a
second limitation on experiments or experimental programs at the facility
is that which may arise from evaluation of the hazards associated with a
particular operation. In most cases, of course, assemblies are made
critical in order to unequivocally establish the desired information.

Beyond these limitabtions there are no restrictions om the kind or
type of critical experiment which can be performed at this facility;
on the other hand, all experiments proposed for the facility are subject
to these limitations and to others which may be imposed by Laboratory
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management in the procedures described below. -
ITTI - FPACILITY ORGANIZATION AND STAFF -

The Critical Experiments Facility is organized as a part of the
Neutron Physice Division of ORNL, the responsibility for the operation
of the facility being vested in a supervisor, For guidance in matters
of safety the Neutron Physics Division has established a Reactor Safety
Review Committee, which reviews each experimental activity within the
division at least annually. The committee consists of the division
director, the supervisors of the various facilities operated within the
division and other experienced technical personnel. The operations
within the facility are reviewed by the Laeboratory's Reactor Operations
Review Committee.

The facility is staffed by a nunber of technically qualified
individuals to some of whom is delegated the responsibility for the
experimental programs. At the time of this writing (February, 1962)
the facility technical staff comprises 10 scientists, three technicians,
and a part-time health physicist.

By academic training the 10 scientists may be classed as four with
Ph.D degrees or the equivalent, four with master's degrees, and two with
bachelor's degrees, Of the three technicians, two have college training,
not necessarily, however, in technical fields. Five sclentists qualify
as senior experimenters, defined below, apd three members of the staff as
experimenters. The average experience of the former group is nine years
and that of the latter is five years. These statistics are believed
significant because they inmdicate the background and calibver of the
persons to whom the operations are assigned.

Additional personnel include a secretary, & Janitor, & security
guard located adjacent to the facility during regularly scheduled hours,
and personnel from meintenance and cther supporting services assigned to
the facility from time to time as need demands. 1In this manner the
nuber of personnel regularly within the area is minimized.

IV - OPERATING PROCEDURES

Program Development

The need for and desirability of a particular experimental program
at the Critical Experiments Facility is first established at the
division level after, in some cases, consultation with othersfrom both
ORNL and outside groups to whom the information to be derived will be
useful. If, in the opinion of the facility staff, the experiment is
significantly different from other which have been performed at the
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facility, the proposed program must be reviewed in detail by the
division's review commitiee. After the feasibility of the program has
been established, the responsibility for its organization and performance
is aseigned to one of the senior experimenters, defined below. He, in
collsboration with the supervisor of the facility, other members of the
staff, and outside specialists, develops the details of materials, equip-
ment, instrumentation and procedures required to carry cut the program.

After agreewent on the experiwental materials and methods, oper-
ations Tollow generally accepted procedures, modified and amended to
coaform to the demands and unique features of the particular experiment
in question. Necesseary changes arising during the experiment are
developed in consultation with other senior experimenters., A&s indicated
gbove, changes of sufficient importance are reviewed by the division
committee.

General Operating Rules

The following terms used in these rules are intended to convey the
meanings given here.

Senior Experimenter shall designabte a person having a working
knowledge of reactor theory and gt least one year of operational
experience gt this facility and who preferably, but not necessari-
1y, has past experience with experiments in which the form of the
fissile material was similar to that of a proposed experiment.

Experimenter shall designate a person with the sbove qualifications
except he is not required to he versed in reactor theory.

Neutron mulbiplication measurement refers to the monitoring of a
suberitical assemblage of fissile material. Such measurements
require the presence of a neubtron source and neutron-sensitive
counting equipment which is used to observe the change in the
neutron counting rate as reactivity is added.

Exclusion areas are portions of the facility having dnsufficient
shielding to permit free access to personnel during operations.
These are delimited by posted signs, gates, audible alarms or by
red and green lights. When the red light is on, traffic into
that exclusion area is prohibited,

Fail-safe describes the characteristics of systems apd mechanisms
used in eritical experiments which, in the event of any loss of
building power or of commonly expected electronic circuit
failures, automatically scram the assembly.

Administrative control comnotes nuclear safety practices de-
vendent upon the adherence to specified corditions or re-
strictions during handling or storing of fissile material.
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1. The safety and operational procedures of all experimental programs
involving fissile materials shall be established Jointly by the
supervisor of the facility and at least one other Senior Experimenter,

2. One Senior Experimenter shall be in charge of all operations con-
cerning a particular experiment. A minimum of two persons, one of
whom is an Experimenter, shall be present during any experiment
involving fissile materials.,

3, The primary concern of the perscn in charge of operations shall
be the evaluation of personnel safety.

I, Any deviation from an established experimental progrem, however
insignificant, shall be reviewed by at least two Senior Experimenters.

5. A1)l experimental plans must be understood and spproved by each
participant prior to the performance of an experiment. If anyone has
doubt of the safety of & particular action or step, the experiment
shall be suspended until every one concerned is satisfied that to
conbinue involves no undue risk,

6. No experiment shall be performed under duress of time.

T. The satisfactory performance of equipment used for new critical
assemblies, including verificstion of fail-safe features and the
adequacy of the safety devices in effecting the required shutdown
function, shall be established prior to achieving initial criticality.

8. Reliability and function of all parts of the safety system shall
be established by a series of pre-experiment tests conducted at the
beginning of each operating day. These tests shall include observing
and recording on appropriate check lists the response of detectors
anl their associated circuits to the motion of a neutron or gamma-
ray source gt the beginning of each operabting period(dax)except

that the audible building alerm shall be tested at monthly intervals,

9, During operating periods red signal lights shall designate inade-
quately shielded areas within the perimeter fence from which all
unauthorized personnel shall be cleared before the commencement of
operations. Persons are warned against entry into these areas by
the red signals and by appropriate signs and alarms.

10. Each experiment shall be monitored by several mutually independent
radiation sensing devices. At least two of these devices, individually,
shall sutomatically initiate & scram of the assembly when a preset
radiation level is exceeded. One of these devices may also respond to
a stronger signal and actuate the building alarm. In some instances
this latter function may be accomplished by & cilrcuit entirely in-
dependent of the low-level safety.
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11, Means shall be provided for the manual asctivation of scram circuits
and building alarums,

12, Visual and/or audible indication of neutron multiplication shall be
provided to personpel making manusl loading of potentially eritical
configurations.

13, All initial approaches to critical shall be made with a neutron
source present.

1, Neutron multiplication measurements shall be made ard used in all
initial attempts to achieve criticality. Thereafter visual indication
of the effect of reactivity changes will be adequate.

15. Increases in reactivity shall be made in a controlled and re-
versible manner, Controls shall be such that reactivity way be
removed during any operation &t a rate greater than the maximum rate
of addition of reactivity. Further reactivity additions shall not be
made until the effects of previous additions have been manifested.

16. The number of persons, including visitors, present in the control
room during an experiment shall be at the discretion of and subject
to the direction of the Senior Experimenter in charge,

7. All members of the techuical staff shall be acquainted with the
opergtion and location of radistion-survey instruments and emergency
equipment. Adeguate operable radiation detecting instrumentation
shall be provided in each control room.

18. A1l fissile material in the facility is subject to administrative
control., Senlor Experimenters shall be responsible Tor the safe
transfer and storage of fissile materials, All storage arrangements
shall be based on experimental results or shall be in accord with
practices established or approved by the laborstory's Criticality
Review Committee.

19, A permanent record of experiments shall be made and kept.

Emergency Procedures

Procedures have been developed Tor the protection of personnel in
the event of a radistion emergeucy. A local emergency crew is organized
under a local director and is coordinated with the Y-12 area ewergency
organization., The occurrence of a radiation energency is signaled by
the simultanecus sounding of bells and bhorns locsted throughout the
building., This signal is initiated either manually or by one or more
radiation-detection instruments in the event of 2 radiabion emergency.

When the emergency signal is sounded all personnel, including
visitors and security guards in and around the ares, immediately
assemble at a central well-shielded location within the building.
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Subseqguent procedures will be determined by the locsl director on the
besis of the immediately determinable consequences of the excursion,
Personnel exposures will be determined from ion-chamber type pocket
dosimeters and from activities induced in security-badge components.
The presence of air-borne contamination will be ascertained from a
constantly operating air monitor which may extract samples from any
area of the facility. Contaminated areas and those to which access
ig restricted by direct radiation will be delimited by the local
smergency crew,

In the unlikely occurrence of widespresd air-borne contamination,
egress from the facility will be along one of the two available routes,
the one selected to be established by the prevailing wind. An anemo-
graph, located at the assembly point and actuated from a station
ad jacent to the facility, and an anemometer, mounted at the portal,
supply information useful in establishing the route to be followed.
Medical and more complete radiation-survey facilitles are aveilsble in
both the Y-12 and the X-10 areas, each being at the terminus of one of
the egress routes.

Emergency equipment, including a portable two-way radio and
additional radiation-detection instruments, is located at the Y-12
portal adjacent to the facility.

V - RADTATTON HAZARDS

The potential rsdiation hezards attemdant to the activities in the
Critical Experiments Facility may be classed as those associated with
normal operations and those resulting from some melfunction of equipment
or personnel. In the former class may be, for example, exposure to
neutrons and gamma-rays used regularly for various necessary operations,
exposures to fission-product and natural radiation from experimental
materials, and exposures to the prompt radiation generated in nuclear
chain reactions, Konowledge «f and adherence to prescribed shielding,
provided both by distance and by appropriate materials, will ensure the
resulting exposure to be within maximum permissible values.

Of a much higher order of importance are the hazards assocciated with
wusual operations and occurrences, Among these are coptamination and
exposure resulting from the dispersal of natural (Po, U%3%*) apd artificial
{v235, Pu, fission products) radicactive materials. There is also the
possibility of exposure to prompt and delayed radiation arising in fissions
occurring in chain reactions of greater intensity than scheduled. The
principsl concern in this discussion is with hazardous conditions gener-
ated by these unplanned occurrences.,

Any discussion of the expected magnitude and consequences of accidents,
be they nuclear or otherwise, is bighly speculative because of uncertainties
in the assumed cause of the accident and in its progress, It is possible,
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however, to support considerations of the consequences of many accidental
occcurrences in this facility by experience gleaned from a rather wide
variety of mishaps. Although it is obvious that these occurrences are
cradible, it is not postulated thet they are of maximum possible severity.
Lo addition, radiation from extended operations of critical assenmblies

at relatively high power and from very intense radiation pulses of short
duration, characteristic of those expected from accidents in certain
critical experiments, purposely generated in a recent progvem provide
valuable information for criticality accident evaluation. This dis-
cussion of potential hazards is, perhaps, made unique by these pertinent
experiences,

Throughout the following discussion of hazards' potential at the
Critical Experiments Facility it should be recognized that the staff is
augumented by a member of the ORNL Applied Health Physics Group who is
capable in specialized technigques of radiation detection and protection.
The services for which health physicists are resgonsible are delineated
by ORNL mansgement in the Health Physics Manual. The satisfactory
manner in which these responsibilities are implemented reduces signifi-
cantly the possibility of exposures to persommnel active in potentially
hazardous areas.

Accidental Raediation Experiences

The most severe accldent in the history of the facility occurred in
the spring of 1951 and is reported by Callihan and Ross.? It was caused,
basically, by security-imposed restrictions on communications betwsen the
fabricator ard the user of a polonium-beryllium neutron source, Misin-
terpretation by the fabricator of the specifications resulted in a
capsule of extremely impractical design of which the user was not made
aware and was not able to oObserve by inspection at the necessary safe-
exposure distance. The ¢apsule, containing sbout 7 curies of polonium
at the time of the accident, became opened, allowing wide disperssl of
the polonium throughout one of the test cells and significant internal
and external contamination of an employee, Medical and clinical findings
indicated no detectable damage incurred from the radicactivity. The
quantity of beryllium associated with the inhaled polonium wase considered
too small to be toxic, Many small items were dispcosed by burial; others,
including the cell itself, were decontamivated in a long and laborious
PrOCESS ,

Next in order of severily are noted several instances of contami-
nation principally by U233 and UZBh, resulting from dispersal of agueous
solublions of enriched urspium through the failure of welded Joints and
the rupture of wvessels, In some of these, personnel have experienced
an intake of significant but permissible body burdens of uranium. Many

2. "Procedures and Practices for Health Physics Protectiom,” Cak Ridge
Netional Leboratory (1961).

3, D, Callihan and D. Ross, "A Review of a Polonium Contamination Problem,"
ORNL-1381 (Aug. 12, 1952).
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entailed arduous lsbor for decontaminstion of plant, personnel and
equipment .

Three unplanned supercritical quantities of U235 -enriched uranium
have been assembled, Two of these accidents, reported by Thomas and
Calliha;n,h occurred with aqueous solutions. In the first of these,
which occurred in Mey 1954, a reactivity edditioa of $2.8 to a volume
of solution generated 0,9 x 1017 fissions; in the second, in February
1956, the yield was measured to be 1.6 x 1017 fissions but the reactivity
is not known. Although both volumes were in open vessels, in only one
was any solution expelled, In both cases the safety devices operated
within a few hundred milliseconds, and the systems were returned to
pelow delayed critical in the order of a second. The power-time patterns
probebly consistal of an initial spike terminated by temperature and gas-
evolution effects followed by an essentially constant-power interval,
during which the solution was near delayed eritical, until the safety
devices became effective. The total personnel exposure to neutrons and
gamma-rays incurred in the second of the above accidents are recorded
in Fig. 10. Exposures in the first accident were comparable. It is
pointed out that since the occurrence of these two accidents both the
heavy shielding on the south side of the building and the additional
roof shielding described earlier have been added to the Tacility.

The third criticelity accident, reported by Callihan,5 occurred in
Novenber 1961 as U235 -enriched uranium, neutron-moderated and -reflected
by hy%gogen, was being assembled, The yield was estimated to be 1015
to 1010 fissions. There was no exposure to occupants of the building or
dispersal of air-borne activity beyond the immediate area in which the
accident occurred.,

Controlled Radistion Experience

Measurements have been made st a nunber of locations in and adjacent
+o the building of both the intensity of the radigtion field and the
integrated exposure resulbting from extended criticel operations ai
relatively high power., Typical results are presented here.

A volume of solution, located in the west test cell, was operated
in January 1960 at an average power of T x 1012 fissions/sec, yielding

Lk, J. T. Thomas and D, Callihan, "Rsdiation Excursions at the CRNL
Critical Experiments ILsboratory,” ORNL-2452 (May 5, 1958).
A survey of criticality accidents has been prepared by W. R. Stratton,
in "A Review of Criticality Accidents,” Progress in Nuclear Energy,
Series IV, Vol. 3, London, Pergemon Press 1900 and in
Proceedings of the Karlsruhe Symposium on Criticality Control in
Chemical and Metallurgical Plant, European MNuclear Energy Agency, 19%61.
5. D, Callihan, "Criticality Excursion of November 10, 1961," (RNL-TM-139,
(Feb. 13, 1962)
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a2 total of 3,7 x 1016 fissions. The purpose of the experiment was to
provide radiation for dosimetric studies close to the source. Additional
dosimeter measurements, of interest to this discussion, were male at a
number of points outside the test cell and are recorded on Fig. 1l. The
gamna-ray anl neutron inténsities were measured by portable survey meters™
anl the exposurss were determined by film.

The measures given in Fig. 11 were meade after the shield sdditions
described previously had been completed., From a comparison of these data
with those from an identical experiment prior to the addition of the extra
roof shield (not reported here), it is interesting to note that many of
the exposures at locations outside the building were actually greater
with the incrsased shielding present, This incresse is sttriduted to
radiation scattered by the more messive roof.

Of gregbest lunberest and value ia this comsideration of shield

effectiveness are observabtions of the radiation doze incurred at a
muier of locations from a series of sharp, intense energy pulses

oduced, in a superprompt critical assembly of ummoderated apd unreflected

5 ~enriched uranium-molybdenmum alloy., These data are a byproduct of a
rogram which had the primary intent of establishing the operation of a
device for producing such pulses called the Osk Rid,gé, Health Physics
Begegrch Reacbor which lss been reported by Milhslczo. Gamma-ray sensitive
Tilm and, 1z gans instances, neubron-sensitive film, was exposad at a
munbher of locsbions to twg series of radistion pulses having imtegrated
yizlds of“ t.m to L.T x 101° fissicns, The data are given on the ares plan
in Fig. 1

bhecident Expectabions

e invensiby of potentiasl accidents in the Critical Experiwments
Faci.l(s v;y' tew te expected to be distributed over a wide range since the
enasrgy epestrum of the peak-pepulatiosn peutrons 1s in wide varieby.

The strong negabtive temparabure coefficlent of reactivity of well-
nocerated, hamogersous uranium materials, the svolution of radiolytic
gas in JF‘ ous solntions of enriched uranium salts, and the relatively
long peutron lifetime in medis where Tissions are produced predominently
by thermal asubrons are expected to place accidents with liguid assemblies
in the lowsr brackst of the severity range. In fsct, the two accidents
thah ocouvrired with solutions abt this faeility yielded ounly abhout 10 L7

; w ho their termingtion by safety devices. The intensity of
el roie this type aceident, even though it be assumed thst the
two or mora ‘df("’{”‘f devices do not operate, would not be significantly
I Jchw that in the shove instance. Although the energy snd fission
profuct relesse may be much greaster, since epergy release would erdurs

reeiatlon ds express=2d to L. €. Johnson and R, D, Parten of the ORNL
o Physies Division for these dgta,

I Mibaelono, "Super<Irompb-Criticael Behsvior of an Ummoderabed, Un-
lectad Urariur-Molybdenum Alloy Assembly,” ORNL-TM-23C (May 10, 1962)
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until some self -destructive operation terminated the reaction, personnel
damage is expected to be negligible because of shielding and of orderly
evacuation cpportunities. An example of this reactivity behavior is

the sccident in the Y-12 Plant at Osk Ridge reported by Callihan and
Thomas,7 in which 101C fissions were generated in a series of pover
spikes lasting sbout 3 min followed by & 17-min constant low-power
emission until the "safety device) in this case the slow inflow of
water, diluted the solution to a subecritical concentration.

The reduced intrinsic shutdowm characteristics and the shorter
lifetime of the fission-producing neutrons in uwuamoderated, high-density
assenmblies place the accident consequences with these materials at the
other extreme of potentisl severity.

It is believed sufficient for present purposes to adopt the specu=-
lations of others who have predicted accident behavior rather than to
again prophesy extremes in accident potential. The methods and materials
of experiments with solids performed in the critical facility of the
Lawrence Radiation Iaboratory, for example, are basically similar to
those employed in Oak Ridge, Carothers® has recently reviewed the
practices at that laboratory with assemblies of unmoderated, beryllium-
reflected U235-enriched uranium metal and of warsflected graphite-
moderated enriched uranium and has predicted the magnitude and conse-
guences of a severe accident having a reasongble probability of occurrence.,
To accomplish this analysis, it was necessary to sgsume the insdvertent
achievement of some degree of superprompt criticality, the failure of
external shutdown devices, a distribution of the energy, and the dis-
persion of fission products. These assumptions must be related to the
facility structure, the distribution of persocunel and other physical
characteristics of the enwiromment to yield a wmeasure of the accident
consequences, There are uncertainbties in meny of these assumptions and in
the way they are treated.

The detailed analyses of Reference 8 are summarized here.,

The assenmbly cousidered is a heterogeneous stack of graphite
plates and thin enriched wranium foils. Tt is a system where
the only obvicus inherent shutdown mechanism is the vaporizabtion
of the foils apd consequent blowing apart of tke cors. Obther
mechanisme nct involving foil vapordization might be conjectured,
tut all depend on so many imponderables that it is difficult to
treat them in any but a qualitative menner. The foils are
typically one or two mils thick and they rest in ten-mil-deep
slots in the graphite plates. The thermal contact betwsen the
plates and foils is poor, since they touch only lightly at a few
points of their surface. This keeps almost all of the energy in

(. D. Callihan and J. T. Thomes, Health Physics 1, %63 (1959),
8. Jomes Cavothers, "Hazards Summary Report for the IRL Critical
Facility) UCRL-6220 (March 3, 1960).
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the foils, at least until the foils have melted, Heating of

the alr in the slots by the foils will occur at a rapid rate,
since many of the fission fragmwents forwmed in the Toils can
escape, This quantity of air, however, cannot expand to
apprecisbly decrease the reactivity until temperstures above

the melting point of uranium are reached, Such effects will aid
the shutdown, but they will be ignored in the snalysis below.
They thus act to make the Tinal yleld figure a pessimistic upper
limit,

The behavior of the system was investigated for the case of a
2% step increase of reactivity above delayed critical with
complete failure of all scrams. The sequence of events is
considered to be the following:

a) A 2% step increase of reactivity, above delayed critical,
iz added;

b) A prampt period is generated, and at least some of the
central folls vaporize;

c) Following vaporization of the foils, the core is dis-
assenmbled by the pressure of the uranium vapor.

The assembly is assumed to be a 48-1/2- x 48-1/2- x h2-1/2-in.
rectangular parallelepiped having a C/U ratio egual to 1200,
The core bhas a volums of 58 f12 asnd a mass of 2680 kg; the
fuel mass is 43 kg of uranium.

If the reactor period is given by T z,@*/kex end Z% is taken
as 1.1 x 107" sec, the resulting period will be 8.5 msec,

No reactivity loss is assumed Tor any increase in fuel
temperature, When the fuel vaporizes, the self-shielding of
the foils will be decreased as the fuel mixes with the moder-
ator. As a pessimistic assumption, all of the 5% effect of
the self-shielding is assumed lost even though mixing is
negligible in short times, This corresponds to a 5% addition
to fuel which will incresse the reactivity by less than 0.5%.
The period will now be 1.1 x 107%/0.018 = 6 x 10 sec.

Consider now the central one-eighth of the core volume enclosed
by a cube 23 in. on a side. Due to the flux distribution, 35%
of the power will be generated in this volume, It will,
therefore, heat most rapidly and will determine the time scale
of the disassenbly. This region contains 7.1 12 of graphite
and 25 moles of uranium.

As the fuel Toils commence to vaporize, the pressure in the
0.10~in.~deep fuel slots also commences to increase. This
pressure will be the vapor pressure of the uranium at the
tewperature of the fuel foils, TIf it is assumed that the
vegporized uranium acts as a perfect gas, the Tractional
amounnt of fuel that has vaporized is given by nvp/nu,where
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and vhere P__. and Pvp are, respectively, the pressure in

volume V at temperature T when all the uranium is vaporized
and when Nyq moles are veaporized.

i

The vapor pressure of uranium is taken as

2.5 X :LO1F

5 + 5.7 (atmospheres)

lOngpz.-

Each foil is in a slot 6 x 6 x 0,010 in, The perfect gas
pressure if all of the uranium vaporizes is then

Phe = 0.4% T (atmospheres).

Since the fractional quantity of uranium that has vaporized
is PVP/PP » less than ten per cent of the uranium is vapor-
ized unt:& the temperature exceeds TOOO®C, The pressure,
however, 1s substantial long before this., At 6000°C, for
example, the pressure is 65 atmospheres. Since the only
constraint on the system is the weight of the graphite,
vhich is approximately 100 g/cm® or 0.1 atmosphere at the
central plane, disassembly of the system will begin as soon
as temperatures sufficient for vaporization are resched.

For the purpose of estimating the time required for dis-~
assembly, assume that the only force acting is that at the
central plane. This is clearly a very conservative
assumption, because each foil will act irdependently to

force up the graphite sbove it, amd there are some 85 foils
in one 6 x 6 in. vertical stack. However, the flux distri-
bution will produce a variable heating along the vertical
axis, and the central foils will produce the largest effect.
Since 1 in. of core height is worth about 1% in reactivity,
removel of 2-1/2 in. is required to remove 2-1/2% reactivity.
A 2-1./2% reactivity increase corresponds to a 6% mass
increase, (2.5 in./42 in,). The densitg decrease necessary
to require a 6% increase is 3% (M 1/d%). If this is caused
by expansion only in the vertical directlon, it corresponds
to 1.25 in. Bince disassembly in the vertical direction will
be greatest in the center, decreasing to the edges, motion
of 2-1/2 in. in the center will be considered sufficlent to
stop the reaction,
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The time required to move the graphite 2~l/2 in. will depend
on the pressure at the central plane., If the driving pressure
is assumed to remain constant during the wotion, then the time
to move 2~1/2 in. is

Pressure (atm) Time (sec)

1 3.5 x 10°%
10% 3.5 x 1070
10° 1.1 x 1072
10” 3.5 x J,o"”f.

Thus, at temperatures which correspond to appreciable Toil
vaporization (6000 - 12000°C) the vapor pressure of the uranium
is sufficient to disassemblie the reactor in less than one
generation (6 x 10°?) secomds. As the Toil gaps enlarge, the
uranium which had not vaporized will do so and the material
will then act as a perfect ges. The pressure behavior with
time will be quite complex; bub the sssumption of constant
pressure furnishes a ressonable approximation to the dis-
assembly tiwe. It is only necessary to observe that less than
one generation is necessary Tor shut down, from the time that
a temperature of 6000°C is reached.

The magnitude of the energy relesse is really fixed by the
stipulation that the folls vaporize. This can be best
appreciasted by & consideration of the energy redquired to heat
the foils, melt them, heat the molten metal, vaporize it end
heal the vapor. No direct figures are avalleble for the
erthalpies of liquid or vaporous wranium, but the heat capacity
for the liquid and vapor can be assumed to be equal to the
solid, Then:

& = cal k cal
to heat the metal, H= (1100°-300°) x 9 === = 7.2 ===
k cal
Heusion = 2.5 "mole
6 k cal
Hvapcrization = 116.0 —57e
Total energy requirved to Form vapor at 1100°C = 125.7 E;%%%
; 0 _ cal k cal
To heat tbe vapor to 12000°C, H = (12000~1100) x 9 oyl 98.1 i

Thus, the total energy only varies between 126 k c&l/male and
22k cal/mole vhether the pressure in the Toil gap is one
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atmosphere or 5000 atmospheres.

A release of 224 kcal/mole throughout the central 23 in. cube
will be sufficient, on the basis of the disassembly times, to
terminate the excursion, This is approximately 5 megacalories.
The remaining 7/8 of the reactor will have 65% of the :otal
Tissions or about 9 megacalories., The total excursion is thus
certainly less than 1% megacalories or 1.7 X 1010 rissions. A
nunber of pessimistic assumptions have been made in the estimate.
These are, that the air in the gap does not heat and contribute
to the disassembly, that no uranium vapor leaves the resctor when
it is formed, that all disassembly is accomplished by the foils
in the central plane instead of all 85 in one vertical stack,

and that only vertical disassenmbly takes place., Thus, 1.7 x 1018
fissions is regarded as a very pessimistic upper limit to an
excursion which is terminated by physical disassembly of the
reactor,

Two other points should be mentioned here. First, shocks are not
assumed to develop in the graphite during disassembly. Sound speed
in the graphite is 2.8 x 102 cm/sec, using 4.3 x 109 gm/em? as the
elastic modulus of graphite. The assenbly is roughly a sphere with
a 60 cm radius, so 2,1 x 10=% sec are required for a signal to
reach the cuter surface, The pressure signal was assumed to occur
in the order of one generation (6 x 10~2 sec) so no shocks should
develop. The second point is that the thermal diffusivity of
graphite is too swmall to absorb appreciable esergy from the vapor
during the assembly time. This is important in preventing cocling
and condensation of the vepor on the graphite. The diffusivity

is k/d C, and if k = 0.05 cal/sec/cm/9C, the hest can penetrate
only aboub 0.04 sec in one generation.

Another accident is assumed to occur in a metal system character-
ized by small size, small heat capacity and very fast generabion
time., These properties mean, in general, a more violert physical
reaction to a large excursion, bubt a smaller total quantity of
radiation than in the system of greater dimensions,

The type of accident investigated for this system is one where

a double failure has taken place. The core is composad of
nesting enriched uranium shells. The assumption is made that a
core having a multiplication of 75 has been constructed and dis-
assembled on a vertical assewbly machine which brings the two
sections of an assembly together. The operabor now serronssusly
adds 5 kg of metal. Assembly is started, and the scram mechanism
does not operate.

The addition of 5 kg of enriched uranium to a system which is at
a mulbiplication of 75 will make it super prompt critical. At
a multiplication of 75 a bare enriched uranium system has 96,5%
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of the delayed critical mass., "he bare spherical critical mass
is 52 kg, so the 3,5% required to bring the M = 75 system ho
delayed critical is 1.8 kg. Thus, the sddition of 5 kg produces
a system which is 5,2 kg above delayed eritical. The surface
mass increment betwesn dslayed and prowpt critical is 1.04 kg .
Tbe sddition of 3.2 kg beyond delayed critical, which is 6.2%

of the delayed critical mess, should therefore yield a reactivity
of $3.10 above delayed critical for the fully assemhled system.

The rea~tivity change per second must row be estimated in order
to calculate the behavior of the system during assembly. If we
assume that a one mil seperehion of the two halves of the
assembly is equivalent to remcval of enriched uranium frou the
assembly and that uranjum at the center is six times as ef ~
fective as at the surface;

Am/As = 11,5 g/mil and
d f/ds = 0,066 $/mil.

For a closure speed of 0.5 in./win., 4/ /dt = 55¢/sec. On the other
hand, if the effect of a one mil diametral gap is assumed to be
equivalent to a wniform decresse in density, the rate of change

of reactivity is found to be 37¢/scc.

A machine caleulation of the assumed accident, with a pessimistic
T0d [sec ramp increase of reactivity te a final reactivity of

$5.10 sbove delayed critical gave an integrated yield of 2.2 x 1017
fissions. The analytical method was 2pplied to the last Godiva I
accident with a favorable comparison between calculabions and
observations,

It is believed that the urzertaivty in the treatment of the accident
causality is st least as grest as the uncertainty in the causality itself,
even if the accident occurs wnder somewhat different circumstancaes., Since
it is shown by Carothers that ths energy yield from accidents, which are
no more or less grediblﬁ than might be postulated in Osk Ridge, is no
greater than 101 Fissions, that velue is assumed to be the maximum for
this discussion and equally uncertain, duplicabive analyses are avoided.

Criticality Accident Consequences

Reference to the datas from rediation surveys summarized in Figs. 10,
11 and 12 shows that the direct persomnel exposure to be expected in
normally occupied areas to radiation arising from the assumed 1018.
Tission accident is well below maximim permissible tolerances., FExperi-
ence bas also shown that, in the sbzence of destructive forces which
would violate the integrity of the structure, air-borpe contamination
wouldd be sufficiently contasined +o make unnscessary evacuetion of
rersonnel, Tf the structure wers viclated and fission products were
quickly dispersed outside the building, evacuation procadures are
established to preserve safety agsinst exposure.
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Hazards Due Eg.Release QE.Radioactive Materials

Having established the magnitude and location of a source of air-
borne radiation it is possible to predict, on the bases of assumed wind
patterns and terrain characteristics; a meassure of the exposure at
locations beyond the immediate locale of the Tacility. Estimates of the
dilution_ occurring over these distances may be obtained by one of
Sutton's9 diffusion eguations, It has been recommended by Giffordlo and

by Burnettl! that an appropriate form of the relstion is
X 2
£l (1)
@ ruclq?-n

where X/Q, the dilution factor, is the concentration at the point of
exposure expressed in curle-sec/m’ per curie released at the source,

u is the average wind speed in m/sec, d is the distance from the source
to the exposure point in meters, and C and n are constants whose values
depend upon local conditions. Typical values suggested for this locale
are: n= 0.25, C = 0,1, and u = 2.5 m/sec.

The hazards +to personnel are an external dose arising from the
radiocactive cloud and an internal dose resulting from inhalat%on of
activity. The external dose, in rem, is given by Burnett1%,12 to be

7, = 0,26 é.ES, (2)

where E 1s the effective energy of the radiocactive material, assumed to
e 1.5 Nbv/disintegration, and S 1s the activity release in curies. The
internal dose, in rem, to a body organ is given by

D = 73.8 £1 ZE(RBE)N T/m, (3)
vwhere I = inhaled activity, uc,
f = fraction of inhaled activity retained in & body organ,
T = effective half life of the retained fraction, days,
m = mass of organ, g,
E = energy absorbed by organ, Mev,
(RBE)N = product of relative biological effectiveness and local dis-

position factor.

9. "Meteorology and Atomic Energy" July 1955, U, S. Dept, of Commerce,
Weather Bureau, Chapter 4, "An Outline of Atmospheric Diffusion
Theories.”

10. ¥. A, Gifford, U. S. Weather Bureau, Osk Ridge, Temn,, personal
commnication.

11. T. J. H. Burnett, ORNL Health Physics Division, personal communication

12, T, J. H. Burnett, Nuc, Sci. Eng. 2, 382 (1957).

13. T. J. H, Burnett in an appendix to a report by M. I. Tandin, "Health
Physics Research Reactor Hazards Summary Report,” CRNL-3248 (June 27,

1962).
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The fission products most readily relessed from s welbted reactor
core are iodine and the noble gases., Tt has been shown that the internal
exposure resulting from inhalation of iodine is more severe than all other
exposures, both internal and external, even if all the fission products
were released,1?;13 Using Eg. 3, Burnettl?® has determined the internal ~
dose 10 & thyroid with a wsss of 20 g to be 1.5 rem per uc of inmhaled T123,
where T = 7.6 days, = 0.23, and TE(RBE)N = 0.23 Mev. The total
internal dose then would be

Dy = 1.5 589 M)

=l

where B is the breathing rate, assumed to be 5 x 10 w’/sec, and X/Q

and 8 are as defined previously.

On the basis of the above, estimates can be made of the external and
internal doses resulting from a maximum credible accident at the Critical
Experiments Facility, The accident ig_postulated as 2 superprompt
critical assembly of metal yie%ding 10t Tissions, a situation similar
to that proposed vy Carothers.

Each test cell at the Tacility has an air capaecity of sbout
3 x 1 ft2 and is normally continuously exhausted by s 1000 cfm fan,
If the shutdown devices fail to deactivate this fan, about 30 min wil
be required to discharge the alr-borne Tission products outside the
building.

Tt is shown in Fig. 1 that the facility is almost surrounded by
200-ft~-high hills, which are partislly wooded, The nearest ares
conbinuously staffed is 650 m distant and regioms of relatively high
population density are sbout 1000 m distent. These sites are in the
western section of the Y-12 Plant north of Bldg. 9213. The nearest
public highway is 1400 m to the south of the building. This locetion
of the facility provides moderate shelter from the winds aloft end it
can be expected that the drift of air-borne material down the winding
valley vould provide considerable opportunity for impingement and de~
position on the folisge a3 well as entrapment and delasy in the wooded
slopes. These conditlons are characterized by the values assumed for
the constants in Eq. 1.

For the external exposure it is assumed that 10% of all the products
generabed in 101° fissions are released to the room atmosphere and that
they, on the average, decay for 15 min before discharge from the building.
These conditions establish a release of 1.2 x 100 curies and would give,
from Eg. 2, the following external doses ab several distances.

Distance (meters) External Dose (rem)
300 0.50
500 0.19
1000 Q.05

1500 0.02
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For evaluation of the internal exposures, it is assumed, as a
conservative estimate, that all of the lodine isotopes, expressed in an
equivalent quantity of 1131, are dischg;ged from the building. This
amount is ~- 5.5 curies produced in 1010 fissions and will increase to
~6 curies during the Ffirst hour owing to the decay of tellurium. The
resulting internal doses at various distances, cbtained from Eq, 4, are:

Distance (meters) Internal Dose (rem)
300 5.2
500 2.2
1000 0.6
1500 0.3

These internsl doses are to be compared to the accepted quarterly
tolerance to the thyroid, 8 rem, specified by the International
Commitiee on Radiaticn Protection,

The sbove considerations assume the presence of personnel in areas
designated for occupancy during the performance of criticsl experiments,
a condition enforced by strict edministrative practices. If there were,
similtaneously, a supercritical assembly and a violation of these practices
the consequence to personnel could be severe as evidenced by the first
two critical experiment accidents gt the Los Alamos Scientific Iaboratory
which were fatal to two employees even though the yields were only 101
and 3 x 1010 fissions.l* Some of the survivors of these exposures were
within a few feet of the source.

The nuclear accident of most serious consequence is, therefore, the
one which could happen during preparstions for critical experiments. I
could, for example, occur in the transport or storage of the fissile
materials. These operations, like those in production circles, are
governed by strongly enforced acceptable practices defined, for example,
by the Nuclear Safety Guide,.1” The initial stages in the asseubly of a
critical experiment, of necessity often done manmually, are monitored.

Consequences of Other Radigtion Accidents

Certain naturally radicactive materials amd generstors of other
nuclear reactions are used within the facllity end present potential
hazards, Included in this category at the present time are plutonium
in radiation detecting devices, plutonium and polonium in_peutron sources,
radium as g source of gamma rays, the decay products of yz32 (s conbami~-
nant in U233) which are gamma-ray emitters, U234 (an impurity in U2353)
which is a relastively strong slpha-particle emltter, and fast meutrons
arising from high-energy particles impinging on an appropriabe target.

1. J. G, Hoffman, "Rediation Doses in the Pajarito Accident of
Moy 21, 1946," LAL87 (May 26, 1948).

15. Nuclear Safety Guide, TID~T0l6, prepsred by Project 8 of the
Aperican Nuclear Society Standards Committee.
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The plutonium foils used as neutron detectors are contained in an
ORNL-approved manner. The only conceiveble hazard is the contamination
which might result from dispersal of the plutonium as a result of a fire.

The plutonium and polonium used in neutron sources are encapsulsted
with beryllium, The plutonium sources are used as received from the
verdor and are doubly enclosed in welded containers, the inner one of
tantalum and the outer of stainless steel. A study by Keufmanl® of the
containment capabilities of this construction indicates its adeguacy,
Although the Po-Be neubron sources ave welded in stainless steel by the
verdor, it has been the practice to further enclose them in either brass
or stainless steel outer containers. In addition to the extra protection,
this practice allows fTacility in methods of attachment to equipment and
10 handling tools. The redium sources are sealed in smell needle-like
cylinders vhich, in turn, ars enclosed in metal cylinders., Tt is
necessary, of course, to provide adequate shielding to avold exposure to
the radiation emitted by these sources,

Although the hazards associated with the rupture of any one of the
sbove containers and the attepdant inconvenience and cost of the
necessary decontamination have, in the experience of this facility, Tar
exceeded those incurred in the accidental prompt critical arrays, it is
believed that regular and frequent tests for leaks winimize the
possibility of severe contamination.

The uranium isotopes; used as experimental msterials, are
potential sources of persommel and area contamination because of their
alpha~particle sctivity and their gemme-ray ewmitting characteristics.

These contamingtion potentislities are best countered by good
housekeeping, by frequent radiation surveys, and by adherence to
shielding requirements for gesmma-ray protection.

Some experiments require an iuntense source of Fast neutrons produced
in nuclear reactions arising when high-energy deubterons impinge upon
tritium or upon deuterium. Associated personnel hazards are exposure to
the neubtrons and comtact witli the high electrical potential necessary
Tor the acceleration of the particles. Operators are routinely protected
against the fTormer by the shielding provided in the facility construction
since the neutrons are usually produced in one of the test cells and their
control is from a shielded control roowm. Agsinst electrical shock amd
inadvertent exposure during set-up or adjustment operations there is
strict self-disciplined control by the experimenters supplemented, in the
latter case, by neutron monitors. The tritium itself must be recognized
as a potential contaminant.

1€, J. L. Keufman, "Hazards Summary and Safety Procadures for Reactor
Controls Plutonium-Beryllium Neutron Source,” ORNL=CF-60-6-20
(June 8, 1960).
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VI - MISCELLANY

Fire

Although the bullding is almost entirely of fire resistant
construction, there is finite possibility of the ignition of some
structursl component or, more likely, of uranium metal, the latter
spentaneocusly. The major consequence of a uranium metal fire will
be, of course, a dispersal of alpha particle contamination.
Sensitive areas are edquipped with extinguilshers recommended by
knowledgesble authorities for combatting metal fires., 1In case of
failure of immediste control, an affected area would be abandoned,
the ventilation system deactivated and reentry made with suitable
protective equipment.,

Seismology

The infrequency axd low intensity of seismological disturbances
in the area under discussion has been reviewed and documented in
earlier reports of this kind, (1t is impossible to certify that
every disorder of a storage or experimentsl assembly of fissile
naterial would decrease its reactivity. Reasonsble recognition is
made of the adverse possibllity in the design of storage facilities
and experimental equipment,

Meteorology

In the opinion of the local office of the U, 5. Weather Bureau,
the meteorology immediate to the Critical Experiments Facllity is too
complex for meaningful generalizationgl Simple and pessimistic
considerations of the extent of wind borne radiocactive contamination,
discussed earlier in this report, show that, in the absence of an
inventory of long-lived fission products, the usual condition in
this remotely located facility, the problem is insignificant.

17. See, for example, F, T. Binford, et al., "The (RNL Research
Reactor Safeguards Report,"” ORNL-179%, Vol. 1, Oct. 7, 195h.

18. F, A, Gifford, U. S, Weather Bureau, Oak Ridge, Tennessee,
private communication.
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