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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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I, INTRODUCTION

+

The purpose of this report is to'present_a review gf the hazards
inherent in the design of the Materials Testing Reactor;to'the Atomio
Energy Commission for its consideration and suggeééian,;}f aﬁj, for
improvemeht of the safety features of the reactor. The report empha-
sizes fhe-hazards involved in the qpefatioﬁ of the reactor and the
safety features incorporated into the design to nullify or reduce the
danger from these haz_ards.I The report is issued by the Steering Com-

mittee with the approval of the Idaho Operations Office since the

Steering Committee is the group most familiar with the reastor design.

Construction of the reactor at the Arco Reactor Testing Station
by the fluor Corporation was started in Mey, 1950 with completion
scheduléd for the Fall of 1951, At present the design of the reactor
is being completed joinﬁly by Oak Ridge National Laboratory and
Argonﬁg,yational Laboratory. The detailed design Qrawiﬁgs are being
prepargaxby the Chemical Plants Division of the Blaw-Knox Construction
Companjtof Pittsburgh, Pa. The réactor project inciudes the necessary
facilitieé for operation of the reactor at a remote site ﬁut does not
inciude the Chemiéal and Metallurgical Plants necessary to keep the
reactor in operation. These plants will be designed by another group
of engineers and ldcated at another site at the Reactor Testing Station.

Therefore, no information concerning these plents is included in this

report,
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The Materials Testing Reactor is essentially the same aé the
High Flﬁx Reactor which was partially designed at the Oak Ridge
National Laboratory during 1946 and 1947. The Reactor Safeguard
Commiétee considered the High Flux Pile in relation to the possi=-
bility of its location at the DuPage site of the Argonne National
Léboratory at a meeting at Oak Ridge National Lgboratory on February
8 and 9, 1948, reference "Report of the Atomic Energy Commission
Reactor Safeguard Cbmmittee on the Proposed High Neutron Flui, Weter
Cooled Thermal Reactor," by Edward Teller, dated February 10, 1948.
A copy of this report withouﬁ its'Addendum I is attached to this

report as Appendix A,

At the Oak Ridge meeting, the Safeguard Committee raised the
objection to the High Flux Pile.operated at 30,000 kilowatts, that
the fuel assemblies might melt after shutdown and possibly'release
as high as 9,000,000 curies of gaseous fission products. It was.
indicated that every effort should be made to prevent release of
these gaseous fission products: The most probable source of diffi-
cuity was considered.to be the loss of water after shutdown with
subsequent melting .of the fuel assemblies by the heat liberated
by radioactive decay of the fission products. It was considered
possible that accidents orAsabogage might occur which would cut

off all three of the independent sources of cooling water.
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A report was .prepared by Dr. J. R. Hﬁffman on the heat evolved
after shutdown. This is attached as Appendix B. A second report
baséd on theoretical and experimental work Was prépared by
Dr. J. Re Huffman and Mr. S. Untermyer and presented to the Committeq
for consideration at its meeting én Spetember 9, 1948 in Washington.
Since the Committee had already decided that a reactor to be operated
at 30,000 kilowatts at the DuPage site would be unsafe, it did not
aét on the fecommendations made by Dfa Huffman and Mr. Unfermyer.

A copy of their report is attached as Appendix C.

During the latter part of 1948, the Atomié Energy Commission
decided to open a Reactor Testing Station at a remote site. Subse-~
quently, the site near Arco, Idaho was chosen and the decision has
been made by the Commission to build the Materials Testing Reactor

at that site. As notéd above, construction is underway.

Thé actual site chosen for construction is located in Section 14
of township 3 north, range 30 east in Butte County, Idaho, about four
miles noéthwest of the Navel Proving Ground firing range. This is
about 45 miles west of Idaho‘Falls, and is in the northwest part of

the Sneke River lava plains,
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The important changes which have been made in the High Flux Pile

design,

as previously reviewed by the Committee, to convert the design

to the present Materialé'Testing‘Reactor design are:

Ao

B.

Ce

D.

In

outline

Inclusion of additional safety features to provide
greater certsinty of water coverage of the fuel assemblies.

Introduction of a 4 7/8" x 4 7/8" square experimental
through hole next to the lattice and the replacement of
one of the shim-safety rods by a vertical through hole.

Introduction of eighteen vertical 23" diameter holes to
be placed in a ring just outside of the reactor tank.

Elimination of the beryllium oxide balls and replace~
ment by graphite balls.
‘general, the remainder of this report fdllows the general

presented in Appendix H of the "Summery Report of the Reactor

Safeguerd Committee" issued in 1949 with the addition of Conclusions

and Recommendations, Section II and-III. Section IV of this report

includes a general description of the reactor and its control system.
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II. CONCLUSIONS

It is conecluded that:

A,

B.

Ce

D.

The Materials Testing Reactor is operable with extremely
minute probability of danger to the surrounding population.
The control system can control an instantaneous change in

k of at least 1%.

‘Release of the gaseous fission products by melting of the

fuel plates due to failure of the water system to keep the
lattice covered by water is extremely unlikely. |
Further tests of the safety of the reactor should be made
to determine experimentally the very fast changes in k
that can be pfoduced.by malfunction, sabotage, or aqcident,

~

and the effect of large changes in k on the reactor,
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III. RECOMMENDATIONS

It is recommended that: '

\ ‘A. The Mﬁterials Testing Reactor be built as designed
"ot the Idaho Reactor Testing sites ' |

B. The mock-up be used in experiments to check the
changes in k that can be produced and the effeets

of large changes in k on the reactor.
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IV. DESCRIPTION OF THE REACTOR

1 .

As Introduction

Generalidescriptions of the physics and engineering design
features of the High Flux Pile were given in the reports "Physics of
the High Flux Pile - II" by E. Greuling, H. Soodak, and A. M.FWeinberg
dated March 27, 1947, MonP-272, and "Feasibility Report on Clinton
High Flux Pile" by J.,R.~Huffman, M. C. Levefett, He W. Newson, and
A; M. Weinberg dated Decemﬁer 1, 1947, ﬁonT—433, Referencé is made
to these reports for a general disc;ssion of #ha design of the reactor
end its facilities as planned for construction at Oak Ridge National
Laboratory? The following paragraphs present a brief description of
the reactor and its safety features. Appendix D presents the reactor

Design Data Sheets with lists of the specific data concerning the

reectore.

B. Reactor Proper

The fuel for the reactor will be enriched uranium-alloyed
with aluminum an@ made up int& 25 aluminum clad plates .060" thick,
see Pigure 1. Eiéhteen plates approximately ?;5“ wide and 23'5/@"'.
long will be made into fuel assémblies Wiﬁﬁ 118" séacihg between
the fuel plates, see Figure 2. Each plate will be built up like a
picture in a frame. The 18 per cent uranium alloy will be rolled
out, punched to sige, inserted inlﬁ ¢ontinuous aluminum frame, and

rol}ed hot between backing and cover plates. This hot rolling reéults
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in'pomplete welding of the plates and frame into a continuous hetero-
" geneous plafe. After trimming and bending slightly, the plates are
brazed into alumingm side plates by use of a silica flux, suitable
Ceramié jigs and furnace braziﬁg. These asseﬁblies will be equipped
with aluminum end boxes giving a completed éssembly roughly 40 inches
long by three inches square. Each assembly will contain about 140‘
grams of uranium?35, Twenty-one or twenty-three of these fuel assem~
blies will be stacked together with their axes vértical to make the
active sect&bn of the reactor approximately 73 x 23.4 x €0 cm. The
reactor will be cooled and moderated with water floﬁing'through the
fuel elements of the active lattice at 30 ft/sec. The assembliss,

of course, are held in place by suitable grids and supports. Outside
of the active section, fhere is‘at least 30 cm of beryllium formed
in a circular pattern; this in turn is held in an aluminum tanke

The beryllium is largely ground and éintered-hot-pressed metal in
the form df blocks through Whibh there are many cooling holes.

Figure 3 is a cutaway pictorial drawing of the various parts of the
reactor core and the aluminum tank which contains the active core

and beryllium reflector. The beryllium and fuel assemblies are also
cooled by water flowing between the various sections. Experiﬁental
beam holes pass through the beryllium to the edgs of the active
lattice. These beam holes end in blanked off tubes welded into

the inside of ﬁha aluminum tanke.
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The aluminum tank is surmounted by a second aluminum tank, an
expansion joint, and by a steel tank. These tanks serve as water
inlet calming tanks and provide sufficient water depth for shielding
when the top plug is removed for the charging and discharging opera-
tions during shutdown. The aluminum tank is made from 2S aluminum
alloy l-inch thick, completely welded and mechined to close toler-
ances. The so-called top plug seals the top of the reactor. This
plug carries the motors, controls, and operating mechanisms for the
regulating and shim-safety rods and also acts as a shield during

operation.

Outside of the aluminum tank there will be a space filled with
l-inch diemeter graphite balls for one to two feet to form a square
and outside of these balls are several feet of block graphitee The
graphite balls have replaced the beryllium oxide balls mentioned in
the older reports and drawings. Outside of the graphite there will
be a thermal shield consisting of two 4~inch thick steel plates and
a barytes concrete biological shield approximétely 9 feet thick,
1850 lbs/min of air is drawn 5etween the thermal shield plate and
through the block graphite and balls for coolinge Figure 4, DRP-63,
is a drawing of the horizonﬁgl section of the reactor through the
midheight plane. This draring also illustrates the horizontal ex-

perimental facilities at that level,
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Figure 5, CSK 184E, is a drawing of the vertical section of the
reactor through the active lattice, This figure indicates the water
flows The two inlet water lines enter the reactor structure from the
bottom, pass to the top through the concrete shield and enter the top
tank, After passing through the active lattice the water exits through
two water lines at the bottom of the tank, turns and passes up above
the top level of the lattice, then down and out through the concrete |
shield, The purpose of these loops in the exit lines is to assure
that the water in the aluminum tank is not drained out in case of
external water line failure. Siphon break lines pass from the top
of the reactor to the top of each loope These siphon break lines

will not be equipped with valves. In case the aluminum tank ruptures,

the water will leak into tho thermal shield and concrete shield which
will prevent rapid loss of the water. Excessive leakage of the water
throuéh the.experimental holes in these shields is minimized by comQ
paratifely tight fitting plugs which are in place during operations
Figure 6, DRP 68, is an illustration of the appearance of the
outside of the reactor. Figure 7, MTR 3018E, illustrates the design
of the experimental plugse The experimental plugs for the six hori=-
gontal beam holes actually penetrate the esluminum tank and the beryl-
Hum reflector as shown in Figure 3. The aluminum tank is made with
internal sleeves welded on the inside of the tank and open exter=

nally. Ther beryllium reflector is built around these beam hole
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liners or sleeves. The beam hole liners in the graphite zone are
aluminum tubes which end just short of the aluminum tank and are
held by the heavy steel liner in the biological or concrete shield,

see Figure 7.

The plugs proper for these six holes will be made of aluminum
tubes containing beryllium and graphite in those regions which will
be in the beryllium and graphite regions within the reactore. The beryl-
lium will be cooled by wober passing through éomnecetions on the outer
ends and by tubes through the graphite with water flow directly
over the beryllium within the plug tube. Flow and temperature
instruments will sound an alarm in the control room in case of
water failure. The outside aluminum tube of the plug and the beam
hole liner will be cooled by 20 to 30 efm of air flowing between
the two tubes from the outside of the reactor to the inner end of
the hole liner just outside of the aluminum tank. This air will
enter the main reactor cooling air stream at this point in the

graphite ball zone.

The six main down beam holes and the HGS beaﬁ hole, see Figure 8,
will end at the outside of the aluminum tank, The six dowm beam holes
have two inch diameter hollow cylinders as beam channels through the
beryllium section within the reector, and the HGY hole has hollow
sections in the beryllium,including the removable plug in the dis-

charge chute, as shown in Figure 3.
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None of these plugs can be removed while the reactor is in opera=
tion. During shutdown the main plugs can be removed to coffins and
the coffins removed only when the 12" lead doors are closed. During
the operation of the reactor,not only must the plugs be in position,

but the heavy lead lined concrete outer doors must be in place.

The HGY hole does not have a lead door but rather stepped plugs.
Likewise, the vertical holes do not have lead doors nor is it neces=-

sary that the vertical plugs fill the holes for their entire length.

Then the horizontal and down beam holes are to be used for
experimental work, new plugs containing the experimental equiphent
will have to be built. These also must fill the holes as nearly
full as the experiments will permit, It is estimated that the
largest beam that will ever be permitted to escape from the reactor

will be 0.1 square inch cross section.

The neutron flux of the reactor will be about 2 x 1014 thermal
and 1 x 1014 maximum fast (E > 1 mev) flux. The thermal flux will vary
approximately as illustrated in Figure 1 of Appendix D. It is empha-

sized that this will be a “thermal" reactor.

Two features of the reactor should be mentioned. The first
of these is that the maximum slow neutron flux exists not in the
active core of the reactor but in the beryllium reflector approxi-

mately 5 cm from the cores This results in the maximum heat transfer
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gccugying at the edges of the active portion rather than in the
center of the active portion. The actual heat flux varies from
3223009 Btu per hour sqﬁare foot 124,2 calories per square cm sec)

‘to 50?;600 Btu per hour square foot (37,7 calories per square cm sec).
The slow neutron fluxvdensiyy is highér by a factor of 2 at a dis-
tance of 5 cm from the active section thén the average density within

the active section.

The second point of infefest is that the reactivity of the
reactor is dependent upon the rate of growth and decay of Xel35, The
Xenon in turn results from the decay of I135 formed in the fission
process. Under steady operating conditions at 30,000 kw,‘the loss of
.activity due to the Xel35 is about QZ 845@9 After steady operation
at full power the fission préduct I135) which has a half-life of 6.6
.hours, decays continuously to the Xelss, which has a half-life of

h P

9:4 hours and a very high cross section, The net result is that on
shutdown, thg decay of the‘I135 to Xel35 results in a continuéus
loss of reactivity. One-half hour after shutdown, the reactor will
have lost 9% of reacti?ity, and 2 hours after- shutdown, it will have
lost 16% of regétivityt The maximum loss of reactivity occurs about
11 hours after shutdown and amounts to 35% over the 47 loss due to
the steady state concentration of Xenon under steady operation at
30,000 kw. After 11 hours the loss of reéctivity decreases and be-
comes_oniy 4% greater than during steady ope?ation at 48 hours after

shutdown and equals the normal operation reactivity 63 hours after

shutdownz
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It has been considered unsafe to build into the reactor suffi-
cient reactivity to override the Xeron at all times and thus permit
shutdowns of any length. The actual design has been based on the
premise that accidental shutdown could be corrected and the reactor
started one-half hour after shutdown. If this is not done, it Will
be necessary to partially or completely rechgrge the reactor or %o
let it remain shut down for 28 hourse. In order to overcome Xenon
poisoning to this limited extent; 19% excess reactivity has been
desigﬁed‘into the reector and 5% S‘k/% allowed for eXpe;imental
work. All these changes in Gk/k are listed in the MIR Design Data

Sheets attached as Appendix D.

As a consequence of the high heat transfer rates and the high re-
activity of the reactor, the design of the reactor proper has re-
quired an extremely large amount of analysis and experlmental
development work. The des1gn of the entire project, in fact, ‘is
based on the premise ‘that adequate heat transfer must be provided
and adéquate control devices must be provided to really control the

excess reactivity at all times,

C. Control Rods

The control system for the reactor congists of instruments
such as ion chambers within the reactor to indicate the neutron in~
tensity ievel, period meters, electronic instrumentation to interpret

"~ the data and control the shimesafety and regulating rods within the
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reactof. The two regulating rods consist of cadmium containing rods
placéd in the beryllium just outside of the active lattice, sach rod
bging capable of controlling .CO5 G'k/k. These rods have an acceleraw
tion of 143 g and are operated by one horsepower motors. One rod only
is used for control, while one is standby and remains fully withdrawn.
Two other regulating rod positions are provided for use.with qther
loading designs. These holes can be used as experimental hqles when
not used with rodss These rods are discussed in detail in part P 1

of this section.

The shime-safety rods consist of two types of complex rods one
of whicﬁ has a cadmium absorption section at the top followed by an
enriched uranium section similar to the fuel assemblies but with only
14 fuel plates. Operation will require & minimum of three rods of;.
' this type. The other type can have thorium abéorption sqctions on
top and probably will have beryllium in the bottom\sectiong.’ These
will be located outside the active section. All these rods end just
within the top of the active lattice, when they are in the full ab-
sorption position. These rods are attached by means of magnets to
the motorized rods above, thus making integral units when the magﬁets '
are energized., When the safety systemAcausés "seram", for any reason,
the megnets bedome,de-energize& and the absorﬁtion sections of the
shim-safety rods drop into the reactor core. One cadmium sectioﬁ has'

approximaetely 0.07 ésk/k absorptions Release time for the magnets

is less than 30 milliseconds..
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A more complete description of the control system is given in a
later section., The details of the system can be found in the follow=

ing references, all prepered at Oak Ridge National Laboratory:

Ion Chamber ' MonP 203
General Theory of Pile Control . MonP 271
Physics Division Quarterly " MonP 314
Ionization Chamber - MonP 316
Physics Diviasion Quarterly ‘MonP 388
Guide to Literature on Pile Control MonP 385
Physics DivisionQuarterly MonP 437
Electrically Driven Servo ORNL 2

Instrument for Measuring the Logs of  ORNL 110
Neutron Level and Period of a Pile
Physics Division Querterly CNL 35

D. Water System

The following paragraphs present a brief description of the
water system within the ree.oter and outline the main features ef the
water supply system. This system has been designed to.asSure that
the reactor tank will be kept filled with water in spiterof any
foreseeable accidents or sabotage. Figure 9, Drawing MTR 3034-D,

is a flow diagram of the wafer systems Figure 10 shows a pictorial

view of the pipe lines within the reactor.

1, Primary Cooling System.
The 20,000 gallons of water per minute‘needed to cool
the reactor are pumped to an overhead working reservoir of 150,000
gallon capacity. The water then flows by gravity.through measuring

devices and through the reactor to a seal tenk., As noted previously,
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the flow through the reactor is designed so that the active section
will be kept covered by watér in case of failure of any external
water line. The water ;nters the reactor tank at the top by means
of two pipes, passes down through the active uranium section and the
beryllium aﬁd out of the bottom of the tank, then turns upward in
two pipes to form lbops within the shield which extend above the
lattices The water lines then turn downward and out through the
bottom of the reactor and to the seal tanke Vent lines which will
‘have no valves are provided'between the'top of the'reactor tank
and the tops of the exit water pipe lobps. The water level in
the seal tank will fluctuate during operation‘of the reactor,
During shutdown a depth of 20' 6" above fhe center line of the
active iattice in the reactor will be maintained by a weir.
From the'seal ténk, the water is drawn ﬁy vécuum through spray
evaporators fo¥ cooling and deaeration. .Flow from the evaporatdrs
to a sump tank is by gravity. The watér.is then pumped to the
working reservoir for another cycle, |

Since the wﬁter must be kept véry pure, all the tanks except

s en - PO

P

the feaééor tank itself and all the pipe lines in this primary
s&stem will be ma@e of stainleSS‘éteel or stainless steel lined
piping with all’piping-joints weldede The pumps.and valves in
the pump room will be made of cgst iron flanged to the stainless

steel piping.
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‘The purpose of the 150;060 gallon overhead working reservoir is
-‘to give sufficient capacity to keep the reactor in operatibn during
very brief electrical outages and to provide sufficient water to cool
the reactor in case the power outage is long enough to require the.
reactor to be shut down. If a'power.outage over 30 seconds duration
oceurs, the reactor controls will be reversed and the reacto? shut
down. A secondary purpose of the reservoir is to provide sufficient
water to fill the reactor therﬁal shield in case of failure of the
aluminum tank. |

The seal tank. is designéa fo keep the water level in the reactor
well above the active lattice st all times. The piping and tank will
be made of fully welded stainless stogl, the pipipg buried s?x feg?
or more, and the seal tank placed in a shielded room. The welir onE
the seal tank inlet will be 19! 6" above the top of the lattlce in
the reactor.

'In case of power outage over a few seconds duration,the emergency

T —

power system wil} be started. This emergency power system will be
déécfgg;d briefly iater ;n‘thié report. As soon as.th; power outage
oécurs, the'circulating pumps will stop;but as soon as the emergehcy
power system begins to function in a matter of seconds, an emergency
pump will start to circulate 1, 000 grm from the seal tank to the
reaotor. This pump will cont1nue operation during the emergency
shufdown. The fission product decay and pumping energy‘wil} raise
the water temperatﬁre 16,49F in 24 hours after shutdo%n,neglecting

all heat loss due to conduction.
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2. Demineralized and Filtered Water -Systems

Additional safety is assured by the availability of
water direct from the demineralized water pumps through an 8-inqh
pipe connécted directly to the inlet pipes to the top of the reactors
This line is conffolled by thevreactor operator. 'The groﬁnd level
' demineralihed.ﬁatei tank will hold 100,000 gallons. An addiﬁional
8-inch line will run diréctly from the 150,000 gallon overhead
fi;teréd water storage tank to the top of the reactor. This line
'w{il be equipped with a spool piece that must be manually installed
before the line can be used, This line in turn will be fed by pumps
from the 1,500,000 gallon rew water storage tanks. One of these
pumps will be operatéd by either the regular electrical circuit
or the emergency electrical powsr system,and another pump w}l}
be operated by:'a standby gasoline engine directl& connected.
Finally, the_fire loop will be fed from the raw water tanks by
means of'a Diesel driven pump. One of fhe 850 gpm well ﬁumpé ;ill
be designed to operate by the emergenc§ elecfrical syste;l This
pump will noﬁ be‘automaticaliy started but will be manually sta;ted
for day operation only. .The eﬁergency éiectrical system'will bé
powered by a central Diesel engine and geﬂeratof. This Diesel will
not run continuously but will be started automaticaliy whenever a
powér outage of over a few seconds occurs. It is pléﬁned to usel
delay relays which will switch from primary power in about five
seconds and automatically start the Digéel. fhe délay Q;Iays wiil
prohibit switch-overs every time a power surge occurs. The standby

Diesel power will start and come to full power in one minute or less.
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E. Reactor Air System

In order to cool the graphife 1850 1bs/min. of air
will be drawn into the top of the reactor, down between the thermgl
shield plates, Qp through the graphite, and down through dgcts ig
the concrete shielding, see Figﬁres 10 and 11, From the reactor,
the air will go to fans and the stack. Additional air will be drawn
in ;round'the eiperimental hole plugs to cool these plugs. |

This air will leave the reactor with the main air stream.

Since the inlet and outlet air enters and leaves the thermal
shield above the reactor lattice, water would be trapped‘in this
shieid-;n case of failure of the aluminum reactor tank. Thus,
water would.leak out around the experimental hole plugs and might
overflow into the air outlet.

The air from the reactor will contain about 1500 curies of
Argon41 per day or 3.4 x 1075 curies per cu ft average temperature
and pressure bf air at the top of the stack. This air will be ex-
hausted through a stack downwind from the redctor. The stack height
has been fixed at 250 feet. This is discussed further in Section XIV

~ driven
of this report. One of the two auxiliary exhaust fans will be motor¥
and the other will be equipped with a gasoline engine drive'tﬁatTWili
lstart automatically on failure of the motor driven fan or the auxi-

liary standby Diesel generator to pick up the fan load during power

outages. Ordinarily one of thése‘auxiliary fans will be operated

ﬂ
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while the reactor is shut down. The fans will have a capadity of
5000 cfm each., The temperature of the graphite will be allowed to
rise dyring pawer outages from the time of the power outage until
the reactor is reversed approximately 30 seconds later.
Metearological studies will be made continuously by the Idaho

Operations Office to make certain that the amount of activity in

the air at the ground in the reactor area, is below 10‘?,#40/%0.

Oxidation of theigraphite at 300°C will give a weight loss of
approximately .0l per cent per day. Therefore, 300°C has been chosen'-
as.the maximum temperature for any of the graphite., This temperature
_occurs only in very small rqgions.near the aluminuﬁ tank and at thé

inside edge of the blesk graphito..

F. Control System. . ‘ .

The Materials Testing Reactor, being a thermal reactor
with a small volume core with hlghly enriched fuel elements and
light water moderator, is capable of very short periods, “#10-3 sec.
minimum in the prompt critical range. ‘For this reason its control
system design has many automatie safety featﬁres not included in the
coptrols of existing reactors. A period of 0.1 second can be con-
trolled. The features that assure periods within a controllable

range are itemized later in this sections

. LI 14 L
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The safety devices will pervent any period shorter than one
second from oécurring. A period < 7 seconds blocks withdrawal of
the shim-safety rods; a period < 5 seconds inéerts the safety rods;
and a period ;f-one second or less "scrams" the reactor. The system
can be described as a combination of manual control by the oparator"
and automatic control from instrument signals with the autométic
safety system capable of overriding the manual system if the opera-
tor manipulates the controls iﬁ an unsafe manner. The control system
is designed to "fail safe" in the event of.system defects or malfunc-
tipning. Also other types of reactor operation troubles are fied

into the control system to reduce reactivity and to "scram" the

reactor in serious cases.

1. ,Compdnents of the Reactor Control System and Instrumentation,
- - — T
The principal parts of the control system are:

a, Sensing elements.

b. Regulating rods .

¢. Shim rods

d. Rod drive mechanisms
e. Magnets ‘
f+ BSorvoo

ge Period meters

h. Interlocks

i. Amplifiers

The sensing elements are ion and fission chambers. They are
sengitive to the neutron density being generated in the reactor
and provide signals which energize the instruments and control

mechanism.
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The fission chamber is sensitive to neutron densities of very -
low order and is especially useful during the time the reactor is
beigg stgrﬁg@ ué. A counting rate metérAwhich indicates the ratej
of geutroﬁ production and a galvanometer are energized from thisﬂ'
chamber. Th; fission chamber is initially positioned near the ac-
tive section in the reactor. As thé.power level of the pile;
increases the chamber is'removed to éreﬁetermined positions in1
the‘Vﬁﬁhales to prevent damaging the chambe; due tolhigh neutro;f
fluxess This chamber with its associated instrumentation provides
an indication of a change of rate of heutron production and the

power level of the pile throughout the full power range of the

reactor.

The other chambers are compensated ‘or proportional type..
One of the compensated chembers energizes a galvanometer directly,
which indicates neutron density. This instrument is independent

of any external power sources

Other compensated chambers energize period meters which
indicate the pile period apd also provide signals which energize -
the rod controls when the pile period is in one of the critical

Fs

ranges described later.
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The proportional chambers energize both recording instruments
and pile contrdl rods. The instruments record the power lgvel of
the pile and the control rods are actuated to shut down the pile when
power level exceeds 1.5'fu11 power, Similar chambers also energize

the servo mechanism which actuates the regulating rods.

Amplifiers are used intermediately between the chambers and
the instriument or control load since the power outﬁut from the

chamber alone would be inadequate to meet the demand.

Servos‘of the worm gear redﬁction screw thread type actuated
by eleotric motors are used to drive the shim-safety rods. The
regulating rod servos are of the rack and pinion type actuated by
DeCe motors. The amplidyne control to this motor automatically
maintains the reactor at a selected flux intensity within the range
of 1% to 160% of full rated power of 30,000 kw.. The servo moves
the regulatinglrod directly and can iﬁdirectly cause the movement
of the shim-safety rods by various travel limit switches on the

regulating rods.

Four regulating rod positions are provided in the beryllium
reflector at the edgé of the active section. One of these is suffi-
cient for fine control of the reactor and a standbj is kept in the
fully retracted position for fast inserti&n in case of emergencye.

This will be treated in some detail in later paragraphs dealing with
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safety interlocks. The‘two spare regulating'rod positions are

for use with different loadings but can be used for experimental
holes. Each regulating rod is 1%‘in3“ in diameter and consists of
an aluminum tube 128% in-w: long with a 24-inch long cadmium segment
sandwiched between concentric layers of 3S aluminum to make up the
neutron absorbing part of the assembly. The rods*are‘driven by a{
d-c motor through a pinion and rack arrangement. The motor is;
driven by current from an amplidyne. There will be ;o brake on'the{
system so that with motor current failure the rod will coa&t tq its;
bottom position. The regulating rod will have acceleration suffi-|
cient to attain a Qelécity of four feet per second in 0.1 secondc%
The full strgke of the rod is approximatély 27 inches,but limit,
switches tend to keep the travel_within a l2-in. oBnpter rangg.i

One regulating rod controls about 0.5% of reactivity, which is'less
than the effect of delayed neutrons. The full travel 0.5% ) k/k

is chosen so that in the event of hisoperation, the servo mechanisq
cannot change the reactof condition to prémpt oritical, The shim=
safeties start to withdraw when the regulating rod hits its upper
limit switch, but they are limited to a much slower speed of with-
drawal fhan the regulating rods.. Thus the various safeties_havei

time to oause reversal of shim-safety rods before prdmpt critical

is reached,
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There are eight vertical positions in the core of the reactor
for shim-safety‘rods. It is planned that only-seven of these will
be used as such, The remaining one will be uséd as an experimental
facility for access to the maximum fast neutroﬁ fluxe Actually,
three shim-safeties are adeﬁpate to operate the reactor for the
normel condition. These rods are made up of an active bot#om'
séction 23 5/@ in., GO em long, thaf has 14 fuel plates in it
as compeared to 18.fue1 plafes ih a standard fuel assembly, an
absorption section 23 5/8 in,, 60 cm long, and a magnet aﬂd drive
rod assembly. Tﬁree or more of the shim-safety rods will have
absorption sections made of cadmium, and the others Will-have thorium
abéorption sections. Howéver; in ihitia1~operation, all rods will
have cgdmium absorption sections. The magnet is fastened to the
lower end of the drive rod which éxtends up through thé'tob plug
to the drive mechanism. When the magnet is energized,.it holds

~the top of the absorption section thus makiﬁg an integral rod of
the assembly. Any condition cglling forigcraéydeenergizes these
magnets and drops the shimesafety rods into the maximum absofption

position.

The drives for each of these rods is an a-c induction motor.
Since:it'is impossible to increase the speed of such a motor under
load to greater than synchronous speed, there is a definite limita-

tion on speed of withdrawal of the shimesafety rods. The circuit
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is so designed that four speeds are available for increasing
~reactivity during start-up. "ﬁigh speed" is the condition where
all rods are being withdrawn continuously at the same time;
"Intermediate" speed is intermittent withdrawal of all rods. The
time cycle is % second withdrawal followed by 4% seconds stop

{none being withdrawn), The "Second speed" is one rod continuously
withdrawn,and "Low speed” is intermittent withdrawal of one rod.
Insertion is. always at ﬁigh speed unless the operator blocks the
insertion of particular rods by a manual selector switch.. With-
drawal and insertion conditions will be described in more detail

in later paragraphs dealing with interlocks.

2, Shim-Safety Rod Control and Interlocks

Shim-safety rod motions must be organized so as to carry
out the three functions of funning, protecting, and maintaining the
reactor. These effects are in turn obtained from three groups of
cgdses: instrument signals,‘obgrator initiative, and regulator rod
position, see Figure 13, The.demands of these causative agents are
complex and often conflictinge It is the function of the control
circuits to impose on thase‘demands a priority sequence and then
to permit exercise of the approprjate'fqndtion. Figure 14 shows

the reactor control rod arrangement as designed for the mqokrupe

The schematic diagrem, Figure 15, is intended to show the

sequence and interrelations of the various actions of the control
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circuitse The solid lines show the "flow" of coﬂtrolquwer which-
eventually results in shim-safetyvrod motion.. Rectangles represent
conditions to be satisfied'in'order for power to reaéh the objectives
represented by the circless The black dots denote the two méin
regimes, START and'RUN, of withdrawal operations Dotted lines mark_
points of inter-connection with instrument signals, mostly from tﬁe

ion chamber circuits, see Figure 12.

It should be noted that the objective of raising or lowering‘\

the‘cdntrol point setting for the éervo is not, strictly speaking,
: . -

part of shim-safety rod control. It is convenient to include it '
in Figures 15 and 16 because of fhe plose and éomplicated relation ‘ Af*>~
between it and shim-safety‘rod controls The bulk of Fige. 15 is
concerned with functions 1 and 2 of Fiéurg 13; The third function,
rprdviding for maintenance, eppears in the path at the extreme
left of Figure 15. The purpose here is to providé direct means
fof manual withdrawal of drive rods. \Since this conflicts with
safety if the drive actually has a rod moving with it, the manual
raise switch is put iﬁ series with a group scram manual switch so
that raising will result only if the magnets are de-energized;

Need for withdrawal of the drive rods applies to dummy rods

during runs, and to all rods during interrdn sepviein
: ry 8r
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Consideration of Fig. 15 shows that the objectives of rod
insertion can be reached by any of several simple parallel paths,
while the objectives of rod withdrawal can be reacped only vig
compliance with more numeroﬁs conditions, This is, of cdurse, a
reflection of the fact that rod insertion is a safe operation,

whereas withdrawal might be dangerous in particular cases.

The paths leéding to withdrawal are organized according to
the speed tb be made available. Since a-c current induction motors
are preferred because they are not subject to accidental over-
speeding, the most convenient means of getting a wide range of
withdrawal speeds is by various degrees of intermittency. This
leads to the four speeds previously mentioned -~ low, second,
iﬁfermediate, and high -= which, together with the neutral posi-
tion, may be selected by a single speed shifter switch handle,
analogous to an automobile gear shift. Actually, withdrawal
. of any individual rod or rods may be maﬁually blocked, which
gives the operator effectively an additional range of speeds

between low and intermediate, and between second and high.

The permission for high speed withdrawal is withheld after {

the level has reached one per cent of thé full operating level, Nf.'
This leads to the START--RUN distinction, where START apg}ies

to operation at levels up to NL and RUN to operaﬁ}on from NL to N#;
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N; is about oneAper cent of Nfl Much of the complexity of the
withdrawal péths is due to the transition from START to RUN during
start-up, and the reversion to START from RUN when the pile is
éccidéntallnyt intentionally allowed to "sag" well below Nj.

Pig. 15 shows that START is available subject to proper control
point setting, to sufficiently long pile period-and to blocking
by RUN (so'that.one is not simultaneously in both START and RUN).
The RUN condition is obtained by satisfying conditions of the
neutron source, position of the fission chamber, neutron level,
and operator manualhinitiative. The condition on neutron level

is governed by a "sag relay", which operates at 0.1Nj or 10'5_ny

/

" Intermediate and low speeds are available at arbitrarily low

'levels, subject only to the neutron source being in position* and .

the ope§ation (i.e., stable visible reéding)'of the counting rate
meter (CRM) and galvanometer, which are the only indicators effec-
tive at very low levels, High speed becomes available only at the

higher levels. This means that, in the start-up of an unpoisoned

An antimony source will be installed for the initial start-up.
After the reactor is operéted for an appreciable time the’xﬂ,n
r;action in the beryllium will meintain the neutron level g}
10‘8Nf minimm which will give reiiable indication on the counting

rate meter and galvanometer,

R
ﬁ? .
'f

XYY}
.

o ®
‘Pesene
escese
eveceen
XXyl

.


hamrind
Pencil

hamrind
Pencil


sees
seese s
eeeves
ss0sne
ceses
sesse
(3
.
ssesee
. .
scee
ecssee
aceon
.
XXX Y}

S
-3'7-

pile, high will play only a small part,but in start-up from a shute
down immediately following prolonged operation, high speed is needed
to win the race against poison growth, and in this case the level

would not have dropped below 10'5Nf.

If the pile rises.with a périod less than 30 seconds, the
withdrawal will be interrupted, and the operator will have to
sw1tch back to neutral before resumlng its This interrup%ion can
be by-passed however, by a sprlng return manual switch. Thls
means that the by-pass cannot be used unless the operator is at

the controls with his hand on the by-pass switch,

Another switch is the manual;automatic switch, provided for
changing from one servo regulating rod combination to the other and
for manual operation in case both servos fail. Thus, this switch
by-passes the permissive function of-the regulating fod‘limit switch
Lsz, whicﬁ requires that, while operation is servo-governed, with-
drawal of shim-safety rods is permitted oﬁly if the regulating rod

is practically fully withdrawn.

In RUN the use of low and seécond is subject to a similar regu-
latlng rod action, 1nvolv1ng in addition to LS2 the limit switch
LS3a so that shlm-safety rod withdrawal permission is obtajned at

1s2 and is retained until LS3a is reached.
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Of the remaining conditions on withdrawal, it is perhaps only
necessary to exélain that "withdrawal stopped by REVERSE" indicates
the overriding, interrupting #ction of a REVERSE signai; while
"insertion interlock" merely indicates that any given rod is not

.%o be simﬁltaneously subject to withdrawal and insertion.

-

Eight parallel paths leading to shim rod insertion are shown
in the lower right corner of Fig. 15. Of these, only the one fare
thest left is free from the condition éﬁat the rod must not be
seated (i.e., fully inserted); this path provides for automatic
run-in of-the drive rod after a rod has been_droppea, unlgss the
insertion is.blockeﬂ by the manual switch (as it might be during

inter-run or. dummy rod maneuvering).

A1l the other ‘paths are effective only if the rod is off the
seat limit switech. Otherwise,.jog (the insert}on of individual
rods at wiil) is always available. éoAis group insertion via the
manuai REVERSE ar via the safety circuits on a period of less‘than

5 seconds, or a level greater than 3 Np.

With the manual-gutomatiec switch on automatic, i.e., with
servo;governed operation, insertion of a single preferred rod is
initiated by limit switch LS4A on the regulating rode This means

thatvthe regulating rod is nearing full insertion and in order to

keep in range of control is "calling for" shimwsafety rod insertion.

As o consequenge of shim-safety rod insertion, the regulating rod
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then withdraws until it operates LS3b, stopping the shim-safety
rod insertion. A similar group insertion is initiated by LS4b,
plaéed somewhat farther in én the regulating rod's travels Thus
LS4b backs up LS4e in cases where insertion of a single shim rod

does not satisfy the demands of the regulating rod.

The usual function of é setback signal is to lower the servo\
control point. However, if the manual-automatic switch %s on manual,%
setback initiates a group insertion; since in this case its usualv
function would be without significance. Setbéck is a mild safety/

function, set to opefate at about 1.1 Nf or on emergency signals

from the cooling system.

The control point setter is a moto;-operated rheostat which
determines the control setting of the servo. There are thres ways
a lowering action can be initiated: manually, by‘the sag relay,
and by the setback relay. Theilatter two are coﬁplefe, i.0., the

rheostat keeps running down until it reaches the limit stop.

Raising of the confrol point is subﬁect to achieving the RUN
AUXILIARY condition. This requires an "error minimum" conditiqn
showing good servo éperation:(unless the manual-automatic switch
is on manual); a period greater than 30 seconds and a level near Nj,
These.conditions‘are not péiménent,_however, as they are ﬁy-passed
once RUN AUXILIARY is established. Menual raising of the control

point is then permitted, The general scheme set forth in Fig, 15
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is carried out in terms of relays and switches in the elementary

diagram Fig., 16,

As described previously, sensitivity of contfol by'the shim-
safety rods is selected at will by the operator ig'accordancé with

P
the nower level needs., However, no mention has been made of the

- variation of somsitivity with position of the shim-safety rods in

the active lattice.

The effectiveness. of the shim-safety rods in controlling the
reactor is proportional to the neutron density of the volume of the

. pile in which the rod is loczated.

The neutron density in the active lattice varies from the
top to thé bottom approximately as a cosiﬁq curvee. As a result
the shim-safety rods exercise minimum control when they are almost

out of the active lattice and meximum control when they move into

the midsection of the active lattice,

Under certain conditions with the sﬂim-safety rods entirely
removed from the active lattice or with one éhim—safety rod com=
pletely inserted and the others removed,a condiiton of minimum
control or zero control sensitivity mighﬁ‘occure However, any
éritical condition which might occur because of minimum or zero
control sensitivity'is effectively eliminated by proper location

of limit switches end controls. A sufficient number of shim=-safety
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rods gre kept in the active lattice at all times to assure prompt

control of neutron production in the pile.

3. MMagnet Release Safety Circuits.
The philésophy upon which this system is based is that

the most caréfully mede system will eventually fail, For this reason
the circuit includes a considerable number of relays whose sole function
is to provide a warning of abnormal operation, These relays provide a
warning light on the unit containing them,and the warnings are collected
into a single pair of wafning lights on the main control panel of the
reactor. The safé@y circuit is expected to tfip all seven of the

safeﬁy magnﬁts from any one éf thfee classes'of input signals (seven

or more total input channels, see Fig. 13). ‘These classes of input
 signels are: (1) High neutron intensity levél (triple), (2) high
rate of increase of reactor power (short period), (3) scram warning
from temperature, water flow, or other auxiliar&Tsource. Fig. 17 shows

a block diagram of the system.

Yo relaYs,,th&ratrons or other type of completelyroff-oﬁ controlé.
are used in the course of the signal from ion chambers to magnet cur-
rent. The reason for this isAthat off-on devices do not provide any
warning of failure., With straight electronic control throughout, a
continuous report of the condition of the circuit is provided by .under
and over current or voltage relays which do not take part in the normal

operation of the circuit. Alternatively, a monitor or pilot signal
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'»may be sent throhgh the system and change or failure of this signal
reported, These systems do not make failure less probable,but they
do report it when it occurs so that it may be corrected before opera-

" tion is required,

Fig. 18 shows a simplified diagram of chennel #1, The leads
for warning lichts operated by releys, test points for protective
maintenance and interlock switches are omitted.  The adding circuit
is.a necessity if any one of the signal channels is té operate all of
the magnets. This is the most vulnerable point of the system and has
been‘reduced to a single wire joining the units. Any short to ground
or open in this lead provides a warning signal; Shorts in the tubes
or wiring of one or more of the magnét current amplifiers will not
prevent the application of a scram signél to other magnet ourrent
amplifiers, There are two magnet current;amplifiers complete with .
power supplies for each magnet. This permits the removal of Qne

amplifier for replacement or servicing without dropping a rod.

4, Operation
The operation.of the reactor is described in Section

V,B. of this report,

G. Effluent Control

There are three classes of radioactive effluent to be
considered at the Materials Testing Reactor site. These are: process

water purged from the reactor primary cooling water and experimental
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plug cooling water system; drainage from floor drains, and "warm"

drains from laboratory sinks; and "hot" chemicals from the laboratories.

l. Process Water

" The process water will be purged at 50 gpm by adding
fresh demineralized water with overflow from the sump tank to the
retention basine The water will be held from 72 to 96 hours in the

retention basin before discharge to the leaching beds.

The ﬁater will have an estimated activity of +5 microcuries per .’
liter of Na2% at the time of discharge to the leaching beds. While
the Health Physics Conference at Chalk River in the Fall of 1949,

agreed on a permissible level of 5 microcuries per liter of Na? at

the time of discharge, the Argonne Health Physics Division favor the

lower value and this has been used in design.

The water at time of discharge will have an estiqated activity
of 1 x 10-4 microcuries per cc of P32 compared to the bermissible
activity for P32~of 2 x 10~4 microcuries pér cc. Since the half-life
is }4.1 days,'the amount of decay during the 72 hour holdup is neglie

gibleo

Figure 19, BX~-3150-91~5, is a plot plam of the reactor area,
This plan shows the relative positions of the retention basin and

leaching bedss
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2. @E;m Dra}ns

]

Drainage from floor drains in the reactor building, the
laboratory warm drains, etc., will drain to 1500 gallon glass-lined
catch tanks. These tanks will be equipped with mixing pumps and

- sampling outlets. At intervaié, dependent on the rete of effluent
accumulation, samples will be taken from these tanks and monitored %o
determine the activity. Vhen this effluent activity is found to be
of other than short-lived isotopes, the contents will be pumped to
bné of two 10,000 gallon underground storage tanks. Effluent having

'short-lived activity will be pumped to the retention basin. A labora-.

tory log system will be initiated to facilitate and augment the count-
ing procedure, i.e., the log system will tell the monitor personnel

what to look for in "counting" the sample. However, the labératory

log alone will not be depended upon. A complete counting routine will
be followed to assure the absence of long-lived isotopes before the
effluent in a catch tank is pumped to the retention basin. The‘gffiuent
from the vaéor scrubber, installed in the exhaust vent line from "warm"
hoods, will go to catch tanks and the disposal procedure will be the

same as that just mentioned;

Tﬁe activity in each of the 10,000 gallon storage tanks wili,be
limited to.10 éuries. More tanks will be installed as needed or the
liquids stored in the tanks will be shipped'tp the chemical waste pro-
cessihélplant for concentration and storage. The catch tanks and'the
'10,600 gallon Stérage.ténks will be buried over concrete pads that
‘will drain to semple pifs so that leaks may be detected.
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_ 3. Hot Wastes

Highly radioactive liquid wastes from the laboratories -
will be poured into glasé-lined 9 liter shielded canse. The cans con-
taining only short-lived activity will be stored end then monitored
~at a time whén the activity should be below tolerance. If it checks
out below tolerance, the solutions will be dumped just as any other
nonactiye waste. Thosg cans containing 1ong-iived activity will be
emptied into one of the 10,900 gallon underground storage tanks or

shipped to some other area for storage.

4, Solid Radioactive Wastes

Solid radioactive wastes will be buried in a fenced in

area removed from the general work areas but still within the restricted

b

area fence, see Figure 19, Plot Plan drawing BKC-3150-91-5.
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V. PLAN OF REACTOR OPERATION

The Materials Testing Reactor is essentially a research and
development tools Both the deéign and method of operation are 5ased
on the premise that the facility will be made available to carry out
6 very varied program of rese#rch and development problems: Therefore,

the operational procedures will .of necessity be subject to alteration

from time to time to fit the experimental program.

This section of the report gives the genéral method of operation.

of the reactor without regard to the experimental work.

A, Handling of Fuel Assemblies

The fuel assemblies will be delivqred to the Materials
Testing Reactor ready for use, On receipt the assemblies will be
stored in a vault in the Reactor Building. Befgore use, the assem-
Plies wi;l be inspected to make certain they are within the drawing
§pecifications. Suitable jigs and gauges are being developed for

this purpose.

4

The following description of the unloading and loading of the
reactor assumes that the reactor has been in operation and is to be

recharged. The operation of the reactor itself will be discussed

. later,

Normally during shutdown 1000 gpm of process water is circulated

thrdugh the reactor to remove the heat of radioactive decay

C-77-¢4
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of the fissioniproducts and the reactor components,and about
350 1bs/&in of air is drawn though the graphite. At shutdown, the
shim rods are all the way in with the absorbing sections of the rods

in the active lattice of the reactor.

1. The first step in the recharging operations is to purge the

"~ water system within the reactor with non-radioactive water. This is
done by closing the process water line completely'and running 1000 gpm
of deminerelized water into the’reactor. Within twenty minutes the
water will haveﬂbeén completely purged and the top plug of the reactor
can be removed. During this purging operation and continuously while
the top plug is off, demineralized water at 1000 gpm is run through
the reactor to tﬁe seal tank, with overflow to the retention basin.

The seal tank weir will maintain the level>near the top.of the reactor.
¥hen the entire system has been purged,'the water wiil be recircﬁlatéd,
éfter tq? top plug has been remo;ed the flow rate will be adjusted to
; ;ate.that will not cause turbulence and yet will be high enough to

remove the radioactive decay heat,

2. The second step is the removal of the top pluge This is
done'by removing the nuts fyom the bolts holding the plug in place,
disconnecting the shim rods by de-energizing the shim-rod magnets,
raising the shim-rod magnets, disconnecting the eléctrical connections
to the top plug, and lifting the plug out by the crane. The.plug is

stored in a hole in the main floor of the reactor bualding. The

ene ‘e ® oo O
o

.
4

sSe0e
. .
esescie
L]
meevee
-
®eoces,
RIS

e .
aes ® oes L]

o
\
~
N
I\
N


hamrind
Pencil

hamrind
Pencil


L4

souw

FLI Y I
-
[

(3
(3
.
eanenm
YR YY 3
woonvn
.
.
wuoun
-
"N we
Sveow
voeves

|}
RN
@
[}

magnets hang through to the baseﬁent and can be inspected and repaired
if necessary. Since the magnets will have an activity of about two
curies, they will be either shielded or heavy screens will be placed

at an adequafe distance from the magnets to protect.personnel,

3, With the top plug removed the wafer has sufficient depth,
19' 6", over the top of the active section of the reactor to permit
handling of the fuel assemblies; The third step is the removal of
the top grid from off the fuel aésemblies. This top grid is stored
within the reactor just above the feflector while the fuel assemblies
are being changed. After removal of the grids the beryllium section
over the discharge chute is removed and stored above the reflector,
A plug in the discharge chute below the beryllium section is also
removed and stored. The grids, beryllium section, discharge chute
plug and fuel assemblies are all handled by lighf tools moved Qerti-

cally by a 1000 pound capacity crane above the top of the reactor.

fhe removal of the plug from the discharge chute exposes the
remainder of the discharge chute. This chute is a. six inch ID pipe
leading to the canal through the sub-pile room. In the sub-pile room

there will be a hydraulic operated valve in this chute,

The canal will contain a receiver mechanism consisting of a
rotating hydraulic cylinder which will seal the bottom of the dis-
charge chute and at the same time receive the discharged fuel assems

blies, Operation of this cylinder is controlled from the basement.
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When this receiver is in contact with the discharge chute, fresh
deminérali;ed water is forced up the tube into the reactor to purge

the dischargé chute,.

-

4, A fuel assembly is discharged through the following steps:

. The hydraulic cylinder in the camal is rotated to the
verticaloposition and sealed to the discharge chute.

b. The valve in the dischafgé chute is opened hydraulically
and fresh‘water forced up the discharge chute, |

Ce TheAdischarge tool is connected and locked to the top
of the fuél assembly to be discharged; the fuel assembly is lifted
‘out of position and lowered down the discharge chute; when the assem=-
bly is in the bottom of the rotaﬁing hydraulic cylinder of the r;ceiver
in thecanal, the tool is disconnected from the fuel assembly and
removed. B |

d. The valve in the discharge chute is closeds

.

e+ The rotating hydraulic cylinder in the basement is
"disconnected from the discharge chuﬁe, rotated to a horizontal
pésiti&n-and the fuel assembly ejected hydr;ﬁlically. The fuel
assembly_i; then handled and placed in storage by hand tools.’

f. Meanwhile a fresh fuel assembly is placed in the space
vacated by the burned out fuel assembly by lowering the new assembly
from Fhe top of the reactor.‘

g. The shiﬁ-rods and removable beryllium sections are

handled in identical manner with the. fuel assemblies.
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5+ After all the fuel has been renewed, the stopper and
beryllium plug are replaced in the discharge.chute and the grids

replaceds

6. The top plug is replaced, the sonmections made and checked,

and the shim rods connected by energizing the magnets.
7. The fresh water is ghut off and the fegular process water

circulated through the reactor.

B. Operation of the Reactor

l." Start-up

| The initial step in‘operating the r;actor is to start the
auxiliary facilities and bring:them into operation, .This is done by
shutting off the circulation of tﬁe 1,000 gpﬁ water pump and starting
the pumpé that will deliver 20,000'é§m.to the process water storage
tank, * At the same time the vacuum jets on the vacuum evaporators
for cooling the process water are starteds The air system-blowérs
afe started and 1850 lbs/hin of air is drawn through the graphite
in the reacéor.‘ Water is run through the experimental plugs to cool -

them.

" When all the above utilities are working satisfactorily, the
-reactor itself is gthrted.':In the Oak Ridge National Laboratory
Physics Division Quarterly Report CNL-35, Dr. H. W. Newson has given

L]

an excellent description of the startup and operation of the reactor.
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The following paragraphs are excerpts from his description.

| "Startup must be divided into two cases depending on whether
the intensity is in the counter range or in the period range. Taking
up the former case first, when the reactor is first started or when
all 6f the active lattice has been removed for reprécessing, and
replaced with frésh assemblies, the neutron intensity'will probably
be too low for operation of the period circuits., This will make
high speed unavailable. However, a proper source will be present
and a definite reading will be obtained on the légarithmic counting
rate meter (CRM). éhis intensity will make infermediate speed .
poésible. The operator should firstAtest the circuit by moving the
fission chamber and-obsefving the change in the reading, He then
selects intermediate speed. ‘The rods will move out intermittently, ’
one-half second movement followed by a four and one-half second |
pause. The logarithmic scale will show an increase of only & few_'
millimeters during the first minute of rod motion.' However, wh;n the
pile is approaching critical 20 or 30_minutes‘1ater and at about |
iOOOltimes the initial intensity, thg galvanoﬁeter.spot will show
definite movements during the motion of the rod and much slower

movements during the dead times Just below critical the quick move=-

ment of the galvanometer spot will be 5-10 mme Just beyond critical

"
i

the spot will show about an equal displacement during the motionless
period of the shim rods. This will be the operator's signal that he

is s}iéhtly above critical. At this point he should shift to low speed.
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When the displaqemeht per time interval becomes l-2 cm the period
meter shogld show a period'of 10-15 seconds. Having verified the
reading of the period meters, he should increase k until the reactor’
is rising with a stable period of about 7 secondss This must be done
by successive approximationse The 4% seconds dead time of the rods

in low and.intermediate is about long enough to allow tﬁe;p;ansient
parﬁ of tﬁe apparent period to die out between suCcessivé_additions -
of ke Ordinarily the period meter will make its presence felt by
tripping the latch on intermedi#te speed_at<about the time the pile
passes criticales In unlikely casés’the reactor may go over critical
‘at an intensity too low to operate the period meter. Until the peéiod
meter shows signs of life, éhe operator should proceeq.cautiously._
However, if the operator misreads the signs and éuts the reactor on
too short a period, nothing worse willlhappen than a reve}sal'of‘bhe
shim-safety rodé for a fracéion of a éecond. By observing the sige-
of the.quick jumps below critical the operator should be able to .
determ;ne the k of the reactor fairly accurately after he hgs had

a little practice. In general, it may be said that, in this kind.

of startup, the peiiod.meter Eill‘come'into play to correct an opera=

tor's mistake although perhaps not soon enough to warn him in advance.

"If the active lattice in the reactor has been operated at full

power for a day or more the intenéity is not likely to fall below the
/
period ‘control range even through the reactor has been shut down for
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several days. In this case the intemsity will be sufficient to permit
the use of high spéedi The interlocks will require that the logarithe
mic amplifiers of the period meters are operating apd indicate & mini~-
mum powef in the neighborhood of 10‘5NF*. (A considerably lower level
may be permissible after a trial period)} The operator will put his .
speeﬁ selector into high and note carefully the reading at the time
the rods start moving. The reactor will become critical about a face
tor of 100 above this intensity. The exact factor will be determined
from experience. When the reactor has risen a factor high enough to
be nearly critical, the operator shifts from h;gh to iptermediate and
observes the small jumps of the galvanometer sﬁot. He may then shift
back to high if his observation.indiéates that the pile is still de-
'cidedly suberitical or remain in intermediate if the pile is approxi=-
métely cfitical. If critical is approached in high, a perioa of'SO
seconds will be reached just below c;itical and the operator will be
warned by the tripping of the latch on the shim rod motors. The
action of this %rip should be anticipated by the operator who should
shift into intexmediate'béfore it ié actuated. Wﬁen'the reactor is
definiteiy over critiéal the operator should shift into low and adjust

the period to 7 secondi\as before. A skillful operator shogld achieve
a startup in such aﬁway %hat the 7 seconds opening of the shim rod

motor circuit and the 5 sec¢onds reversal will never be aotua{ed.

* Np is the neutron intensity at full power.
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Freéueﬁt dependence on these automatic aids will be eviéenge of-
careless manipulation. It is felt th;t this combination of manual
initiative under the supervision of the period circuits gives consi-
der8bly greater safety since either the operator or the circuits alone

should be sufficient to prevent a‘stéft-up accident,

"After thé reactof has reached a stable 7 second period fhere
should be no further motion of the shim rods. When the pile reaches:
1% Np the servo shoﬁld bring it to a constant power automatical}yy. |
If the servo ig inoperative, or has been switched off by the opera-
tor, the leveling will be performed more crudely by the reversal

of the shim rod motors."

2. Run
Afte} the reactor is leveled the operator should check
his instruments, particularly for evidence that‘thé ion 'chambers
. connected to the safety_circuits'are showing proper readings and
also to be sure that the.counting rate meter has been withdrawm
within the shield., At this point the opérator will shift into ‘"Run"
and set the servo contrbl'point.at the desired power of operation.

‘Final determination of Np is made by checking the actual power qutput

of the system by meéns of the temperature.rise of the water.

If before startup the reactor was not seriously poisongd‘by
v ) . i G
(O .
Xenon, the reactor will become critical with the tops of the absorb-

ing sections of the rods. somewhere near the middle of the piie,
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bﬁring Speration Cd rods should be withdrewn %o compensafe‘for‘Xenon
growth and the Cd should be further withdrawn and Th iﬁéerted to set
up a rod ;onfiguration of greatest neutron économy; *This process
wil} be limitéd by special 1limit switches which prevent withdrawal
or insertion of rods to zero sensiti&ity. This is discussed in the

section on interlocks.

3. Shutdown

The reactor is shut down by simply turning the selector
" switch at the control console to "Reverse.” This runs all shim<safe-
ty rods into the active section to the full absorption position.
Auxiliaries are shut down.at willAexcept for the 1;000 gpm water
pump and the 350 lbs/hin air blower which are operated continuously
o£ at least until :esidual gamma heat 1is dissipated to & very low
level.

'

4, Scram

Scram o; automatic dgopping of the shim rods witb immediate
shutdown occurs whenever the operator pushe§ the scrﬁm signal or

whenever any of the various interlocks to the scram circuit operate.
On scram the magnets holding the shim rods are de-energized |

and the rods fall in less than 30 mil-sec.

C. Operation of Utilities

" The process water system, the air cooling system, and the

"effluent control will be fqn in aégqrdance with normal operating
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practice for ordinary commercial plants. At'léast.one operator will
’ - ' ’ ,: ’

be present at all times in the process water building, steam plant,

and demineralized water plant; and roving operators will inspect the

water welis, fan house, and all parts of the effluent gontrol system

at frequent intervals,

D. Initial Operation of the Reactor

Ihe members of the Materials Testing Reactor Steering
Committee will remain with the project during initial startup and
until all parts of thevproject operate satisfactorily. The design
'engineérs and physicists will be available fér consultation and aid
to the'project as long as their help is needed.

L]

The initial startup should be greatly aided by the experiencé
gained from operation of the mockup critical experiinéﬁt. IThe fact
that the mgfk;up has oberéted safisfactorily as a critical experi-
ment give;Aﬁs coﬁfidence that Snly ﬁipor.difficulties will be en-

countered in startup and operation of the reactor itself.
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V1. EXPERIMENTAL WORK

As noted in the introduction to the last section, the very
nature of the Materials Testing Reactor as a research and develop-
ment tool makes it impossible to outline the experimental work -that
will be conducted with the aid of the reactor. Rather it is hpped
end expected that the reactor will be used for an extremely véried‘
series of research and devélQ?ment exferiments. If the reactor is

"not so used, it will not have fulfilled its basic function.

The experiments and research programs for fhe reector normally
will be initiated by scientists and engineers who are working in the
National Laboratories, universities, and research institutions. Each
exéériment suggested will preéumably have been approved by #he origi=
nating laboratory; Whi}e the organization has not seen fixed, we
believe all experimental work conducted with £he'reactor will be
under the supervision of a technical coﬁmittee. This-committee |
will probably be made up of reﬁresentaﬁives of the Nation Labora-.
tories as well aé one or'more refresentatives from the MIR staff,
This committee or some other group will review ali suggested programs,
examine-gach experiment from the viewpoint of safety and feasibility,
and schedule the experiment on a priority basis, As soon as an ex-
periment is approved, a liaison engineer or scientist will work with
the experimentalist in designing, éetting up and conducting the

éxperiment. It is expected in most cases that the experimentalist
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will design and construct all equipment at his home laboratory.
The actual carrying out of the experiment will be under the joint
supervision of the experimentalist and the reactor technical persone

nel.

The operating staff will be expected to conduct any experiment
approved by the technical committee that the operators consider
-safes Likewise, the operating people will not be asked to run any

experiment that they do not consider safe.

In case of disagreement the laboratory directors or their
representatives will be asked to express their opinion on any

experiment.

A, Experimental Facilities

The chart shown in Figure 20 is a summary of the experi-
mental facilities which will be built into the reactor. The
Figures 4, 5, and 8 presented in the first part of this report
show the location of most of the main experimental holes and
Figure 7 shows a cross sectional view of one of the main beam hole
plugs. The main beam hole plugs can only be removed with the
reactorxshut down aﬁd the lead doors must be closed whenever thé"

plugs are being moved away from the holes in their coffins.

The cooling water and experimqntal facilities will be instalied

one foot inside the outside of the biological shields A one foot

FiE L @-77-78
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Facility

TYPE OF FACILITY o
HOLE DESIGNATION SIZE, IN.
Through V12 2 3/4 x 2 3/4
Through HT1 .47/8x417/8
Beam HB1,2,3 6 ID in Be
Beam HB4, 5,6 6 ID in Be
Beam HG9 10 x 16
Beam DBL,2,3,4,5,6 6 ID
Thermal T2 6 ft. x 6 ft.
Thermal T?Hl,é 4 x 4
Thermal T2H3, 4,5,6,7,8 4 x4
Thermal T2V1, 2 12 x 12
Pneumatic Rabbit HR1,2 11D
Pneumatic Rabbit HR3,4 41D
Hydraulic Rabbit VH1,2 11D
Hydraulic Rabbit VH3,4 11/21ID
- Instrument ) W1,2,3,4,5,6 21/21D
Through HI2, 3 10 3/4 ID
Through  HGL,2 8 I
Through "HG3, 4 4 ID
Beam HGS, 6 6 ID
Isotope VGl, 3,5,6 4 1D
Isotope VG2, 4 41D
Access Vo 10 x 10
Isotope VG7,8,10-20 2121D
Tsotope VG23-40, 42-45 2 1D
47-63
Gamma GI,2 6 ID
Fast Flux ~40 Be Ass'ys. 3x3
Fast Flux ~15 Be Ass’ys. 3x3
Shielding

* Neutrons having energies >1 mev.

*¢ Charged or discharged only when reactor is shut down and top plug is removed.

Note:

*e & 0 eos & ees
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SUMMARY OF EXPERIMENTAL FACILITIES

APPROACH

Vertical thru shim rod hole

Horizontal thru reactor

Horizontal to core edge

Horizontal to Be in active

sect.
Horizontal to tank wall

Inclined down to tank

Horizontal to Pb window
Horizontal across T2
Horizontal parallel to T2
Vertical from top of pile

Horizontal thru reactor

Horizontal to reactor tank

Vertical from basement
Vertical from top
Slant from top
Horizontal thru reactor
Horizontal thru reactor
Horizontal éhru reactor
Horizontal to tank wall
Vertical from top
Vertical thru reactor
Vertical from top
Slant from top

Vertical from top

Vertical from top
Vertical from top tank**
Vertical from top tank**

Horizontal from North

ESTIMATED FLUX (MAX.)

2.5 x 1014

1.8
5

2.8

-~ w w w (=]

1013

—
wi @ =3 N O (SR ]

1014
101‘

101‘

1013
1013

1012
1010
1012
1011
1014
1013
101
101
1013
1012
1013
1013
1013
1013
1013
1013
1013
1012

500r/hour

5 x 1014 Max.
5 x 1014 Max.

102

THERMAL

Max.

FAST*
1 x 1014

3 x 1013
7‘x 1013

2 x 101}

4 x 1012

5 x 1010
(DB2 only)

4 x 1013

1013

7 x 1017 Max.
7 x 1073 Mex.

REMARKS

An attempt is being made to provide a
return loop for slurry experiments.

Next to core, loop thru HR®@ for slurry.

One can be 1/4 mile beam, and one for
neutron spectrometer not to be in-

stalled initially.

5 x 12 fast neutron channel to core.

2 ID can channels to core.

Thermal columm.

East-west thru structure.
Within T2, to the Pb window.
Extend to bottom of T2.

Next to core, air operated.
bheumatically operated.

In Be, hydraulically operated.
In Be, spare regulating rod holes.
In graphite pebble zone. -
North-south thru graphite.
East-west in graphite.

East-west in graphite.

Elevation mid-height of core.

In graphite pebble zone.

In graphite, discharge to canal.

Access to H®.

" Terminate in graphite pebble zone.

In grephite zone.

Gamma thimble in water.
Removable reflector pieces.
Removable Be in core.

Special handling equipment and con-
vertor plate to be installed when
needed.

These estimated neutron flux values are based on beryllium or graphite (according to material penetrated) in the experimental holes.

Actually experimental apparatus and samples will cause local "sinks" and reduce the flux attainable for a particular experiment.
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-concrete plug will be placed outside of these facilities for shield=

ing from the cooling water.

Before installation within the reactor each experimental

plug will be checked dimensionally and for handling in mock setups,

B. Types of Experiment

A great many experiments have already been susgested by
various scientists. Some twenty different types are listed below:

1. Isotope manufacturing, P32, Na24, ca%5, ete.

«

2. - Exposures of tissue and animals.

3. ‘Functional tests of fuel assemblies for future reactors.
4. Shielding materials,
5. Slurry experiments.

6. Effects of.irradiation on reactor~mﬁtaria¥s.n.;,
Wigner disease.

7. Neutron crystal spectrometer stﬁdi@s.

8. Measurement of fission product poisoning on thermal reactors.

: o
.9« Second order capture studies.

L]
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Military isotopes. SRR i ¥
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10.
L

11. Neutron diffusion studies.

v . - SN
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12, Gerieral ‘knowledge of solid state.

13, Effect of irradiation on creep of metals, temsile strength,
impact strength, corrosion.

14, Tests of canning and cladding of reactor materials.

15. Diffusion of fission products

.
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17.

18.

19,

20.

.
.
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Effect of irradiation of metallic pile coolanfs.
Dissociation of homogeneous pile materials.
Studies of irrediation damage of plastics, lubricants,
Induced activities of engineering'materiéls.

Shielding survey of the reactor itself,

Limitations on Experiments

Very few limitations will be placed on the types of experi-
: i

ments that may be run in the reactor. However, every effort will be

made by the technical committee and.operating personnel to assure

themselves that every experiment is safe in every respect. The

real assurance is that senjor scientists and engineers will be asked

to approve experiments in respect to safety. This means that the

emphasis will be placed on the examination of every experiment and

the manner in which it is to be conducted rather than the exclusion

of various types of experiments on an a priori basis. Each experi=
) G e Se———

ment is a part of operations and so it must be closely supervised.
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VII. CHEMICAL PROCESSING AND DISPOSAL OF REACTOR PRODUCTS

The reactor will be recharged every 15 days.i About 1% of the
U235 is burned daily. At each recharge theAentire core or all the
fuel and shim rod assemblies will be removed and replaced by fresh
assemblies. The burned out fuel assemblies ﬁill be stored in the
canal for at least 21 days as they require water cobling for at
least this time to prevént melting of the fuel plates. After 21
days air cooling will be adequate, and the assemblies may be shipped
at any time in coffins to the 25 Separations and Recovery Plant.
Before shipment the end boxes will be cut off the fuel assemblieé

by sawing under wate} in the canal. The coffins will be filled with

water to permit cooling by water siphoning.

The fuel assemblies are stored at the chemical plant for a
total of 145 days after removal from the reactor before processing.
In the processing, the fuel elements are dissolved and the uranium
récovered and decontaminated;— The recovered uranium is then reduced,
formed into aluminum alloy, and reformed into fuel assemblies for

use in the reactor. The U235 is used until its concentration has

fallen to about 60% or for eight passes through the reactor.

The reactor products will be disposed of by the chemical plants
by ieleasing the gaseous products to the atmosphere through scrubbers

and filters and by concentrating and storing the liquid products.
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It is expected that the reactor will be_used to manufacture a
great many isotopes. Aﬁong those will be U233 in rather sizable
emounts. Special processing plants will either have to be built
or the irrédiated mgterials shipéed to other installations. In
the case of the U233, the‘f£radiated tﬁorium méy be shipped for a -
time to Oak Ridge National Laboratory for processing in the semi-
works alréady built for studies of the U233 separation process.

The fﬁel assemblies will be manufactured ataoak Ridge in fﬁeir
pilot production plant until the fuel assembly production plant
at the Reactor Testing Station is coméleted. A separate report
covering the hazerds involved in the chemical plants will pre~-
sumably'b; submitted to the Commission. The MTR Steering Com-

mittee has no responsibility for these plants and,, therefore, this

report does not cover the plants,
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VIII. SAFETY MECHANISMS OF THE REACTOR

A great many safety mechanisms have bgen designed infé the
reactor and the reactor control circuits. DMany.of the safbti devides
that have been described previously in this report will only be meﬁi
tioned in this sections Others will be described in more. detail, 1In
general, the safefy devices deél with the reactor proper, the reactor

s
~ control system, and the auxiliary facilities. Much of the development
and engineering tests conducted on the reactor components is discussed
in this section since, in a way, thesé tests have proved that the com-

ponents are satisfactory in respect to design.

A. Safety Features of the Reactor Control System

The operation of the reactor control system covered in the
general description and discussion sections, is described in this
section with regard to the safety provisions im instrumentation and

interlocking devices.,

Precautions, .insuring the reliability of instrumentation control,
include fail-safe design and the operation of multiple instruments.
In general, the fail-safe circuit designs of the instruments include
reliable modulatiﬁg arrangements that provide warning of malfunctioning
prior to failure. Multiple instruments or complete inétrument control
circuits are provided for Period, Safety, and Control Rod Magnet

Release Circuits,
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The reactor is controlied at all power levels by interlocking
devices limiting the removal of safety control rods or effecting the
iqseréion'of these rods at different speeds. The repidity of controlﬁ
rod insertion or reduction of reactor power levél varies from the most
rapid or complete insertion by “"scram" action to controlled insertion
to 0.0i Ny by fast or slow "setback! requiring 1.5 minutes or 8 minutes,

respectively,

The interlock controls, summarized in the following under process
operations and reactor operations, in accord with their supervisory

functions, automatically check incorrect manipulations and error during

operation of the reactor.

1, - Process Operations

Since the removal of heat from the reactor is dependent
on the function of process operations, process interlocks associated
therewith are designed to effect "scram", fast setback or slow setback,
These are covered in detailﬁin ORNL CF 50-4-80, and Blaw-Knox Contract
3150, Conference Notes of May 22-23, 1950. They are reviewed briefly

belo;JV.

Scram operations will take place with the reactor operating at
0.01 Ny when the main flow of cooling water decreases below five per
cent of normal; and with the reactor operating at Np when the flow in

any one monitor tube is below 95 per cent of normal; when the supply
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of water in the working reservoir decreases below a safe minimum
level and when an interruption to the normal electrical power is

sustained fdr 30 secondse

Fast setback occurs when the main flow of cooling water decreases
below 80 per cent of normal and when the flow of cooling water to ex-

perimental plugs decreases.

Slow setback occurs when tﬁe temperature rise of the cooling
water passing through the reactor reaches 105 per cent of normal;
when the supply of water in the working'reéervoir decreases below -
the working ievel, or when the flow'of air in the cooling system

decreases.

The entire system of supporting proéesses for the MIR project
from the principal water and air cooling systems of the reagtor to
the incident'systems of supply aﬁd'effluent wastes are provided with
an adequate number of insfruments; These instruments are associated

with local and/or remote indicators, recorders, controllers and alarms

as required.

2+ Reactor Operations

The start-up and run of the reactor is accomplished by
a combination of manual and automatic controls under the supervision
of automatic permissive and safety interlocks associated with the

reactor neutron instruments as indicated in Figures 15 and 16,

.
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'he permissive 1nterlocks, effected by the neutron 1nstrum9pt§
and control elements assoclated with the experlmental facilities,
the position devices of the regulating rod and fission chamber, and
the control rod clutch engagements, permit start, and-control the

" rate of withdrawal of the control rods.

The safety interlocks, associated with period, safety and power
level instruments operate to limit, reduce or drop the power level of
the reactor in accord with the degree of deviation from normel oper-

ating conditions.

B. Mock-up Tests

A mocke-up of the reactor including fuel assemblies and
reflector was made for hydraulic tests., This mock-up was full size
and consisted of the main aluminum tank, grids and grid supports forf
‘the fuel assemblies and reflector. Natural uranium fuel assemblies
and aluminum pieces in place of the beryllium reflector ﬁere used.
Pumps and suitable piping were provided for circulating water through
‘the lattice. Studies were made of the pressure drops, cross flows,

etc,

After completion of the hydraulic tests, the mock-up was re-
arranged by installing enriched uranium fuel assemblies, beryllium
blocks for part of the reflector, graphite balls outside of one-half

of the aluminum tank, block graphite was placed outside the graphite
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‘balls, and concrete block shiglding was placed outside of this

gra?hite. Complete regulating and shim rods were installed along
with sufficient of the reactor control instruments for a complete
operating mock-up of the reactor at low fluxes. A view of the out-

side of the mock-up is presented in Fig 21.

The mock-up has beenloperated for sgveral months at & power
level of 100 ﬁétts. The reactor control instrumentation including
the sefvo'has functioned‘very satisfactorily, When the water is
turned on, there is a very slight increase in the exercise or move-
ment of the servo. This is to be expected since no means of degasi-
fying the mock-up water was provided and there are always many air
bubbles in the wat;r.

The mock-up hés proven that the design of the reactor is
safe as far as its technical features are concerned. The expansions

expected are well within the design limit,

Ce Water System

The normal oferation of the water system has been described.
The cooling of the reactor after shutdown and in case of emergency is

descring’in detail in the next section,

Ds Fuel Assemblies

While the fuel assemblies are not a part of the Safety

Mechanisms of the Reactor, thg safety and success of the reactor is
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_directly related to the reliability of these assemblies, The dis=-
cussion of the tests which have been made on the fuel assemblies is,

therefore, placed in this section.

The design of the fuel aésemblies has.been developed to provide
a meﬁns of transferring the very large amount of heat to the cooling
medium and obtain an assembly with sufficient rigidity to.stapd'up
under the various forces due to temperature differences and the flpw
of'the cooling waters At the same time, the design of the fuel assem-
bly has been fixed within nerrow limits by the fact that the cooling .

water also acts as the moderator.

1;- Vibraﬁion
Tﬁe water flow rate throygh tpe active latt{ce_of the
fuel assemblies is 30 ft per sec with a pressufe drop of 28.0 psi
ovéral;.' Vibration tests have been run with water velocities up to.
40 ft per sec over extended periods without signs of failure of the
fuel assemblies; Endurance tests at normal operating conditions

have been run for 58 days, reference ORNL 50,

2 Heat Transfer

Four different types of heat transfer tests have been
carried out. The first of these was the heating of single passage
heat transfer units with the same internal dimensions as each passage

in the fuel assemblys The purpose of this test was to determine if
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the actual heat transfer could be conducted wifhout bubble formation
in the film. Heat transfor rates up to fluxes of 740,000 Btu/ﬁr sq £t

were experimentally prodﬁcéd,:referenpe MonT-433,‘page 20e

The second éype of‘experiment was the heating of the edges of
the active sections only b;ﬁgeans 6ﬂ,Ca1tods to determine if the temper-
ature differenée between the fuel sectiop of the sandwich and thé-edge
of the picture frame would cause cracking. No evidence of damage
occurred, Mathematical analysis indicated that the maximum stress
at any point in the fuel assemblies due to temperaturi4%i£gerences
. 3

is 28000 psi while the yield strength is well over 4000 psi, reference

ORNL 113,

A test was conducted with multiple passage units to determine if
melting of the fuel plates would occur if one pagsage became plugged .
for any reason.s No evidence of high temperatures of melting occurred.
Analysis of this problem also indicated no trouble should be expeqted.
'A passageway with only 50% of the normal cross section wcul& cause
increases of only 20°F in the temperatures of the adjacent fuel plates.
This work h#s demonstrated that all the heat frpmla single fuel plate
can be transferred to the cooliﬁg medium by transfer on one side of
the fuel plate only; or in other words, the factor of safety is at -

least two.
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The fourth test was & very §imp1¢ ones A tube of aluminum was
¢losed at one end, fiiled partiaily fu}l,of water,‘and.an electrical
current run through the tube that wouldlresult in a static heat trans-
fer rate many times that of normal operation, In this case, the
water immediately shot from the tube. The tube was not damaged and
there waslno evidence of incipient melting. This test will be referred

to in the next section when the hazards of the reactor are discusseq.

The following discussion refers to slow rates of change in k.
Conditions present when there are #ery rapid rates of change in k #re
discussed in the next section. Under normal operation the film tem-
peratures at the edge of the lattice will be 212°F or over; so not
mncﬁ additional heating would be required to flash some of the water
and cause loss of moderator. This temperature is estimated as 2420F,
since the pressure is about 45 péig or 60 psia at the center line of
the reactor. The maximum metal température is about 2456F under nor=--
mal operation or'about 3259F when the steam flashes. These tempera;
tures are.far below the point at which.any damage to the eluminum
plates would occur since the melting pqint of the cover plates is
about 1220°F, However, the fuel plate would continue to heat due to
the fission heat, and would melt if the steam did not céndense or be

 forced out and admit additional cooling water within & few seconds.
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It is believed fhat flashing-would occur at the hottest points
in the reactor and would result in a vaporization of water followed
by condensation and cooling in localized regions without the entire
lattice becoming filled with‘sfeam‘at one time. The flow rate and
pressure‘of the water, 30 ft/%ec, is high enough to force steam dowm~-

wards and out of the lattice.

3. Irradiation Tests

}rrggigtiqn ?ésﬁé,of»uranium alﬁminum alloys have beeg
cérried out'a£ Hanford. Samples made from §3 isotopié % 0235 ang
 containing varying pércentages of granium'in aluminum w?re irradiated
for 1,‘3, aﬂd 6 ménths.. Small uncla& samples decreasedns% in density
with approximaéély_lﬂ incféasq in each dimension under irraéiation for
three months. Small clad platés with 1 mm diemeter fuel and 1 mm
'diamefér cover plgfes ﬁad slight density decreases but.no dimensional

changes in the lengths or widthse The date obtained to date are

‘\_\q_;ﬁ;',;\v:._::w¥ S e T L A e

}% 45 Day Sample

“Evt = 6.62 x 1019  nvt = 2.43 x 1020 U atoms

U Initial Burnup -~ -3+ 3%  Burnup 12.37% fissioned
‘ T B -ﬁ”"p '“""“"7 = per Ltolul

Thickness Density .Thickness Density atoms present

4 wte %235 Change Changé Change Change Initially
13.8  93.3 1.2 - .32 023 = 440 1/500
29.6 28-0 1.2 - 030 040 - 040 1/470

C‘ 77."23
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Irradiation tests of a full scale fuel assembly in the NRX Reactor

are planned but not yet under way.

4, Corrosion Tests

Very extensive corrosion tests have been run extending to
many times the life of the fuel assemblies. The rate of corrosion

"~ in Simulated reactor cooling water is negligible.

E. Beryllium

The use of beryll%um in this reactor will be perhaps the
first tim? so much of fhis metal has been used in one mecﬁanism;
Anaiysis has been carried out to determine if there is any danger:
of failure of the beryllium pieces of the reflector due %o tempera-
ture differences., This.work haé indigated that the stresses can be
kept lowe Rods of beryllium'have Eeen heated and quenched ﬁ%th*fem;‘
peratufe differences several times those to be expected in the reactor
~with no damage to the beryllium. 1In aadition, very extensive cor=-
rosion teéts éxténding over many'ﬁonths with full scale gssemblies
have indicated that rate of corrosion of beryllium of good quality
in simuléted reacﬁpr water is very low. In fact, corrosion only
takes place rapidly with high chlorides in the watér. The water
specificatijon fqr the demineralizeﬁ Water for the reaqtor is .25 ppm

chloride, far below the danger point.
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No danger is anticipated ffom beryllium poisoning since the
beryllium will almost never be handled. The greatest danger will
come during the produc£ion of the metal and in machining. Since the
. production and machining will be carried out under the direction of
AEC Health Physics Groups, and in an AEC shop, this danger has been

reduced to a minimum.

F. Shielding
Very extensive. calculations have demonstrated that the

.shieldipg.is adequate in all respects. A large factor of safety has
been uéed in the ghieldingAdesign since the amount of very high eﬁergy
radiations is not accurately known. A careful test of the shielding
will be made during the startup of thé reactor. For this reason‘a

- very large number of test holes have been designed into the reactor

in the permanent graphite and biological shield regions. The biologi~
cgl shield will be made'with bérytes aggregate giving & minimum den-

sity of 217 1lbs/eu ft.

8. Control Rods

Extensive tests both in the laboratory and in the mock-up
have been made on both the rgguiating rods and'the shim-safety rods.
,Tests mede by pigkipg yp shim rpdg with the magnets ;ﬁ flowing wﬁteg
at 30 ft/%ec and dropping by de-energizing the ﬁagnets, havg been made

up to 1,000 cycles srithout damage to the rods.
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IX. SPECIAL HAZARDS

-

ihe greatest hazard of the reacto; is, of course, the estimated
35,000,000 curies of fission products present'afﬁér long operation.
About one-fourth or about 9,000,000 curies of these fission products
are gaseous and might be released in case of melting of the fuel
plates. The Reactor Safeguard Committee considered this possibility
at its meeting at Oak Ridge‘in Febrqary, 1948, - Othef hazards and
the means téken in the desigp of the reactor to nullify them ére

discussed in the paragraphs below,

A. Cooling after Shut down

During ordinary operation 20,000 gpﬁ of process cooling
water is run through the reactors As described earlier in this
report, this water is pumped from a sump tank to an overhead process .
water storage tank which delivers the water to the reactor under
- constant head.,'This tank will hold 150,006 gallons and thus could

"be used for 7.5 minutes in case of power failyre.

The reactor process water system has been-designed so that,
in case of power faiiure of the main.power supply, the reactor w;ll
continue %o ppera£e for ﬁhirty sec?pds without changé. At the end
of the thirty seconds the reactor will automatically go into "reverse"
or the shim rods will be automatically started in, thué shutting the
reactor doﬁn. At the same time, the main watér valve in the line

from the overhead tank to the ;gactér will start to clpses This
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valve‘will‘require about 60 seconds to close to avoid danger of water
hammer in the system, ‘An eight inch bypass line around the main valve
will not close,but will remain open holding the flow from the overhead
ténk to the reactor at about 1,000 gpme. This flow is more than suffi-
cient to remove the heat of decay of the fission prbdudfs and réactpr
materialse The purpose of the #hirty second delay is to keep the

reactor in operation through very short power outages. Power outages

~ over thirty seconds may be relativély frequent since power will be

supplied by a single ﬁigh line to the reactor site.

When power outages over about five seconds occur, delay relays
will automatically stért'a Diesel electric standby unit thaf will
rgach full power in less than one.minute. As soon és the emergency
unit is up to power, the emergency standby process water pump will
start automatically. This pump will deliver 1000 gpm at low head
directly to the reactor through pipe lines that bypass the overhead:
tank. Figure 9 illustrates the flow systems for the reactor water.
No cooling of this water by evaporation or othe;wise will be carried

out as the temperature rise in the system will be only 179F in the-

'first 24 hours.

In oage of'failgre of both ?he main water system and the standby
water system, demineralized water can be pumped directly from the de-
ﬁineralizéd water storage tank to the reactor inlet pipes. The demin-

eralized water plant will not operate on emergency'power but if needed,
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filteréd vater can be run tb the reactor by‘installation of a spool
piece in the filtered water line. As a last diteh,a fire hose can
be used to keep water over the fuel plates provided the top plﬁg is
removed, - With all these water lines it is hardly conceivable that

the reactor could not be supplied with some water.

As noted under the description of the reactor in the first part
of this report, the inlet water lineg enter fhe top of the reactor
tank and the exit lines after leaving the bottom of the tank are
turngd upwards above the top of the laftice and then dovmwards and
out the bottom of the shield. Syphon break lines run from the inlet
to the tops of £hese exit loops. These exit water lines are joined
into a single line below the basement of the.reactor building. The
lineé are welded throughout including the connection to the seal tank
welr box, in which the water level is always.above the lattice iﬁ the
reactor. Only an extremely severe earthqugke could break this line,
The danger of sabotage of this.line is considered low since the line
will be buried in a tunnel.several féet underground. -Simply breaking
the line would probably not permit sufficient water to leak out to
create imhediate danger,. Great care is being exercised in the AGSign
of these }ines to make certain that the thefmal stressqs and the

mechanical stresses due to water hammer are kept very low.

Further, danger of breakage of the main reactor tank is minimized

by the thermal shield acting'somewhaﬁ as a tank, The graphite balls
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on the outside of the tank and the beryllium on the inside of the

tank would cut down water leakage in case of tank failure,:

Subsequent to the February, 1946 meeting of the Committee in
Oak Ridge, fheoretical and experimental work was carried out to
determine.the minimum water cooliqg necessary to keep the fuel
plates from meltihg after shutdown. . The resu1£s of experimental
tests at Oak Ridge were.repofted in ORNL-120, "Heat Dissipation
from Fuel Assemblies of the High Flgx Reactor Afﬁer,Shutdown,"
by'w. k. Stromquist dated November, 1948. The cqnclusions from
these tests ares

1., "With outside recirculation df water around the mock fuel
assembly channel.by natural'copvection,the heat flux could be main-
tained at greater than 27,400 Btu/hr sq ft, the capacity of the
experimental equipment.

2. "With recirculation restricted to the mock channel itself
the maximum heat flux that could be maintained without vapor binding-
wao 17,800 Btu/hr sq £t when the water in the tenk above the chemnel
was at the boiling point, and 19;650 Btu/ﬁr'sq ft when the water in -
the tank was at 30°C." o

A check was run at Argonne National Laboratory in which a fuel
assemblyA(no uranium in the platés) was immersed in a column of water
and heated directly with a hiéh electric éurrent passing through the

aluminum of the assembly. By boiling the water with no forced

rd
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convection 220,000 Btu/hr sq £ heat flux was maintained for

20 minutes without damage to the~assemb1y.'

According to an analysis by Dr. J. R, Huffman, see memorandum
"Cooling After Shutdown," dated June 7, 1948, ORNL-CF 48-6-155, a
copy of which is gttached as Appendix ﬁ, heatAproduction in the
reactor affer shutdown from 30,000 kw operation will be approxie
mateiy the values shown in the folléwingAtable:

FALL OFF OF HFAT FLUX AFTER SHUTDOWN

Time - _ Production, kw - _Heat Flux, Btu/hr sq ft
Operation 30,000 322,000 average’

4 sec . 1,950 - 20,000

5 sec © . 1,300 13,000

30 ‘sec 877 . 9,000

1 min 715 ' - 7,300

12 min . - 416 4,200 -

 hr , 269 . 2,800

1 day ' 90 : 900

4 day 45 400

These values indicate phat as long as the acyive.lattice is submerged
inlwgter, there is no danger of meltiné and reléasing gaseous fission
products. Thus, the problem redﬁces to one of designing thé waber
system so that the fuel aésemblies and the surrounding beryllium is
covered with water at all ﬁimes.< This has been done by the arrange-

ment of piping within the reactor described previously.

In case of breakage of the discharge chute in the sub-pile

room, it is estimated that 35 gpm would flow out of the reactor
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tank when the level is 6 inches above the upper fuel assembly grid.
This estimate is ba;ed on the size of the cooling passages in the
beryllium that is installed in the chute'Auring operﬁtion, and the
water circulation holes in the side of the chute below this beryllium

piece.

Reglistically this seems to be excessive design because of the
rgpid drop off in the heat generation after shutdowm. For exampie,
one minute after shutdown after operation at 30,000 kw and assuming
200°FAwa£er leaving the reactof, only 51 gpm are required for the
cooling of the reactor as far as the fuel plates are concernedf One
houf after shutdown only 20 gpm are required. If the reéctor %ater
is allowed to boil, only 376 cu ft would be evaporated during the
first 24 hours neglecting all conduction. The volumé of the reactor.
tank abo#e the lattice and below‘the inlet water line is 305 cu ft,
Further, there appears to be little dénger of loss of much of the
water fnom the reactor tangveven through §h1§~tgnk might fail, As
notea above the graphite pebbles outside of the tank would limit the
expansion of the tank and the beryllium reflector section would limit
cross-flow and even then the thermai shield would retain most of the

water,

In case all efforts fail and the fuel plates melt, most of the
gaseous fission products could be held in the reactor system by shut-

fing off the main water cooling system or simply going on “"emergency"
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cooljng. In the normal course of operation, all gases removed from
the pfocess water are removed in the flash evaporators and exhausted
to the atmosphere aﬁ the top of the process water building. Floating
heads are presept on the seal tank, sump tank and process water reser-
voir. In other words, the process water system is completely closed
except for the vents from the evaporators. The seal box weir is, |

of coﬁrse, vented durihg shutdown but not during operatione.

Those gases which might escape into the reactor Building could
be trapped there by shutting off all air circulation. No.windows
will be presént in the reactor buildiﬂg. All personnel entrances
will have two doors but single doors will be used on'the truck
entraﬁces. The cohstruction will be as tight as practiceble, and
the air exhaust will be through self closing shutters. ‘Of course,
some gaées would diffuse out but these should not prove serious an@,
only the immediate reactor area would have to be evacuated for any

length of time.

B. Fission Product Loss from Fuel Plates

Theoretical and experimental work has demonstrated that
the diffusion of fission products through pure aluminum ié negligible.
While the 10 year Kr85 goes diffuse slightly at 2500C, it is consi e
dered that negligible amounts will diffuse out at the temperature

of the fuel plates. However, loss of fission products due to
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mechanical injuries to the fuel plates, to pitting or corrosion
of the aluminum cover plates or to the incomplete covering of the

fuel sandwich part of the fuel plates are possibilities,

Each fuel plate will be inspected visually and by x=-ray
photographing before assembly. Each fuel plate will be given a

heat test to determine if the cover plates were welded to the

~fuel alloy at all points. It was been found that by heating to

1130°F for one hour, that incompletely welded spots are raised

in bubble=like areas., All fuel plates with any questionable welds

or mechanical deficiencies will be rejected.

After brazing, each fuel assembly is inspected visually and
by "Go-No-Go gages" to make certain that the distances between

fuel plates are correct..

Corrosion of aluminum in simulated reactor water has been found

to bé negligible, However, lpcalized pitting may possibly occur.

In order to mgke certain that fission products do n§t get into the
procégs water inilarge’ahounts, there will be a monitor tube directly
below eééh fuel assembly which will measure the temperature, the
water.velocity and continuously sample exit watef from each fﬁel
assembly, The water samples will be automatically scanned by céunters
to determine the activity of the Wg?ef. An alarm signal will be given

to the operators in the control roon in case the activity below any
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fuel assembly is found more than a few per cent greater than normal.
Some activity will always be present due to the Na24 and N16 in the
watgr. In addition, skin plates of o005 in. 728 alloy are rolled
hot to the outsides of the fuel plates for preferential corrosion

to prohibit corrosion pitting of the 2S5 alloy plates.

C. Disintegration of Fuel Plates

No evidence of disintegration of fuel ﬁlates due to internal
pressure of the gaseous fission products has been found to date. How=~
_ever, in use of 93.5% isotopic U235, disintegration or bursting of the
fuel plate might OCCUre It is known that this phenomenon will not
occur.wifh the alloys which are expected to be used and with the
burnup fimeslnow planned,- As soon as the ;eéctor is placed in opera-
tioﬁ, samples will be placed in the reactor of the highest available
isotopic concentration‘hnd the highest weight percentages that ocan be
made to detérmine'if bursting occurs with extremely high burnups.
Meanwhile, tests are being continued at Hanford so that as much dgta

as possible will be available when the reactor is placed in operation.

D, Neuﬁron Beams
Locally, danger within the reactor building will be present
in‘that neutron beams might escape from the beam holes if thg beam
hole plugs are not properly designed or operated. Fission counters
will be plgced on Fhe walls opposite the six main beam holes and will

ring an alarm in case neutron beams do escape.,
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E. Explosion of Reacter

The Reactor Safeguard Committee at its meeting at Oak Ridge
in February, 1948 considered the hazard involved in explosion of this-
reactor. A report of thaf meeting is quoted as follows:

"There is no direct danger from a violent nuclear explosion in a
thermal neutron reactor like the one under consideration. The essen-
tial reason is tﬁe much longer nuclear multiplication period. A
nuclear explosion can actually not produce as much as 1 Kg. TNT
equivalent energy and this is not even sufficient to vaporize,the.
water éresent in this reactores On the other hand, if no water is
in the reactor, the nuclear reaction cannot proceed. For this reason,
considerafion need not be given to dangers of destruction of the pile
or fhe structures housing the pile by a severe explosion ﬁhich might

disperse in the air, the radioactive materials preseht in the pile.”

In view of the above stateﬁents, no attempt has been made to
rgpeat_the calculations on the danger'of a nuclear explosion as suchs
Rather, because of the conclusions obtained by Worth American Aviation
in their study of reactor hazards, as reported in‘the report "A Study
of Reactor Hazards", by M. M. Mills, dated December 7,.1949, NAA-SR-31,
that all reactors having large amounts of excess activity are inher—f
ently unsafe, two other studies were undertaken. The fifst considered
the inherent control of @ rise in feactivity which would be possible

by the most rapid continmmed withdrewal of the shim rods. The second
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study examined what would happen if there was an instantaneous rise
in reactivity. = Studies were undertaken of various reactivities up

to and inclu&ing 2% increase in both cases.

Some of tﬁe preliminary results of calculations that will
eppear in a report which is now being written, are given in the
following paragraphs. This addifional repért on the general sube
ject of the danger of melting of the lattice of ﬁhe Mgterials

Testing Reactor will be prepared and presented at a later date.

1,7 Change in Density of the Moderator

Dr. Bernard If Spinrad of ArgonnelNational Laboratory has
calculated the decrease in weight of moderator necessary to reduce
the reactivity of éhe reactor by 2%. He foﬁnd a density decrease
of 6.6% of the Watér or an equivalent increase in volume of the
aluninum fuel plates due to temperature rise would decrease the

reactivity by the 2%, ' .

Aluminum expands approximately 7.1% betweenvthelsteady state
operating temperature ;nd the melting‘point. Since the ratio of
aluminum to water in the core is .7 to 1, the‘apparent decrease in
the density of the moderatér due to the volume cﬁange in aluminum
‘would make & change of 5% if all the aluminum was heated uniforhl&

thus appreciably decreasing the necessary change in water denéity
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to red&ce the reactivity to safe limits. However, the flux in the
reactor is not uniform as the highest flux is 1.8 times the average
flux. In addition, the control rods and thé experiments present

| will result in lowered flux levels at various points. Another con-
sideration is the faet that the fuel plates lengthen as they are
heated. Since the temperétur; is not constent over the.length of

the fuel assemblies, this is not considered further here.

The actual cﬁange in'density of the water is very difficult
to estimate due to the greatly spbcooled condition of the bulk of
the cooling water and tﬁe fact that it is in turbulenf flow at
30 feet/%ec. Due to the very short time interval involved, the bulk
temperature will not be raised t§ the saturation temperature even
though surface boiling is taking place at the interface with thé
fuel plates. It is difficult to prediect analytically whether steam
bubbles will have a life great enough to cause appreciable decrease
in moderator density before vapor binding at the surface with resul-

tant melting of the fuel plates.

Since the maximum speed of removal of the shim rods gives an
increase in ~Sk/k of +22% per second when the rods pass the center
plane, the control system will feadily‘control the reactivity since
it is designed to have adequate response to periods ;s low as 1

seconds,
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2. Instantaneous Changes in k.

Using the very conservative values of 30 milliseconds requifed
dropping time and one "e" acceleratioln, the shim-safety rod system
will safely handle an instantaneous increase of 1% Sk/k, This is
without qonsideratioﬁ of the inherent safety characteristics mentioned
previousl'y, i.e., volume expansion of the aluminum, surface boiling
in the moderator, and the negative temperature coefficient Afof thermal
fission. The 5% moderator. density decrease (relative to the core
volume) caused by the expansion of the heated aluminum plus the
other two effects should easily reach the 6.6% moderator density
decrease that has been mentioned as required to be inherently safe
for an instantaneous increase of 2% § k/k without the help of the
safeties. Indications are fhat between 2 and 3% instantaneous in-
crease in reactivity can be folerate,d in an emergency without melting
of the fuel plates. Also, when aluminum goes through the change from
the solid to the liéuid phase it increases in volume 6.3%, and the
local melting will change the geometry as it progresses to. further

decrease & K/ e

It is believed that in the worst theoretical accident with the
Materials Testing Reactor, roughly 20% of the fuel plates would melt
" and shut the reactor down. The melting of 20% of the fuel plates

will release as much as 2,000,000 ¢ of gaseous fission products into
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the reactor process water system. It is doubtful if §00,000 curies

would escape from the water system., No accurate estimate of this

value has been attempted.

Calculations are being continued on this phase of the work
using the REAC at Argonne. As noted previously, an additional

report will be presented when the work is complete,

3« Expulsion of Coolant

Experimental work copductea at Argonné National Laboratory
- is covered briefly in Appendix E, a report by lMr. S. Untermyer,
entitled "Reduction in Reactivity of Heterogeneous Reactor by
Expulsion of Coolant," ANLJWPB-GO. The experimental work indi-
cates that steam is generated in a stagnant tube within ten mil-
seconds and thié steam fills approximately 10% of 1 em cooling
passagee.

The conditions in the MTIR differ widely from these test
conditions in that we have a dymamic system with water flow at
30 ft per.second under approximately 45 psig at the center of the
lattice. The volume of steam formed and present at any given -

instant probably would be much less than 10%.

4. Oxidation of Reactor Materials

The report by Mr. M. M. Mills, presented in NAA-SR-31,

included the heat evelved in the formation of uranium oxide and
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aluminum oxide from the uranium and aluminum present in the
reactor as contributing to disaster conditions. Experimental
-work conducted at Argonme, reference Appeﬁdix F, entitled
"Reactor Hazards" by J. J. Katz and H. R. Hoekstra, dated

Jan. 27, 1950, ANL-WMM-596, indicated that very little heat
would be contributed due to oxidation of the aluminum and
uraniume Further work recently carried out at Arg;nne confirms

this result.

F. ‘Sabotage
Some consideration has been giéen.to sabotage in the désign;
of this reactor. In this respect, it appears the most easily sab=-
 otaged item is the process water tower; but a bypass and other pipe
lines will be installed which éan be usgd to keep the reactor
flooded in case of-sabotage of fhis tower., Wrecking of this tower
would cause considerable deiays for repairs but no danger of ex~-

plosion or melting the fuel plates,

The reactor itself is not easily susceptible to sabotége .
because of the very heavy shielding surrounding thg eqtire reactor,
Shaped cﬁarges would seem to be the most dangerqus type of sabotage
explosive and these would not do much dﬁmage to the reactor lattice
unless they could be plaeced in experimental holes. This is unlikely

as the plugs would not then fit without cpnsiderable'alteration.
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All electrical lines within the reactor area will be underground
and thus relativGI& free from danger of sabotage. Also key pumps
will be not only emergency nower driven'but will be eéuipped with
their own individﬁal and local prime movers. Thus sevefal devices

would have to be sabotaged at once to cause severe daﬁage.

Explosives placed in the control room in such a way that the
instruments would be damaged vould cause several days loss of
- operation but could hardly cause permanent damage. This same state-

ment applies to the motor drives on the top plug.

The bottom plug is designed of very héavy steel and probably
,several hundred pounds of exploéive would be required in the sube

pile réom to seriously damage this élug.

Cutting of all lines between the reactor and the control,foom
would de-energize the magnets on the shimerods permitting them to

drop, shutting down the reactor,

~

-,

G. Bombing

The same considerations épply to bombing as applied to sab-.

otage as discﬁssed above. The thickness of the biological shield and
its great mass means that oréinary bombing would dq little harm to-
the reactor unless there was a direct hit and the bomb, by chance,

penetrated the top plug. This is so improbable as to be negligiblee

1
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In addition,'to penetrate the top plug wculd’requife an armour
piercing bomb, A bomb exploded in the reactor‘building would cause
severe damage to the regulating and shim control rods on the top
plug and ts the control room instrumentation but could hardly result

in release of the gaseous fission products,.

The physical sizes and location of the reacﬁor building and
auxiliary buildings will make them very difficult to camouflage.
The reactor builéing particularly is almost an ideal target for
low level or skip. bombinge Also, it would appeér to be nea;ly an
ideal target for a bomb or dirgcted missile with homing deviceé.
The dispersion of the ﬁarious p;ojects within the Reactor Testing
Station make them very poor targets for area bombing. Also the
dispersion of the MIR buildings within the area reduce the proba~

bility of hits due to high level bombing with conventional bombs.

The walls and roof of the reactor building will offer no real
resistance to skip bombing or high altitude bombs with homing ﬂevicqs.

The walls will cut down the damage due to fragments from near misses,

‘H. Third Safety Device

Some consideration has been given to building a third safety
device. The present safety devices are:
1. The regulating rods.

2. The shim control réds.

Q-77- /2
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However, to date, no satisfactory third safety device has been suge
gesteds The introductibn of . neutron absorbing gas or a pewder has
not been considered practicables The use Qf spring loaded rods has
been considgred and a very slight amount of consideration has been
gi#en to a gun or pressure chember which would fire cadmium or

boron contéining chains sufficiehtly fine to pass into the ipdividual
qobling vater channels within the fuel assémbliés until mechanically

‘removed. All these devices have been considered impracticable;

I. 1Isotopes Present

The report of the Oak Ridge Meeting of the Safeguard
Committee, see Appendix A, presented the following table of the

meximum inventory of radioactive isotopes emitting alpha rays:

Isotope Half Life Maximum Inventory
7236 1,000,000 yrs | .40 @
pe33 . 160,000 " - 700 "

Pu239 24,800 " RS-
 Pu238 15 " L0065 "

In addition, isotopes may be present for irradiation purposes
as part of the isotbpe production or research and develbpment pro=s
grams.. No real estimate of the amounts of these isotopes can be

made.

Js Storage of Fuel Assemblies

Fresh fuel assemblies will be stored in a vault ntil

“used. Used stqmb}ies will»be stored‘in the canal ﬁgp at 1egst

.
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21 days efter discharge. The storage will be in 28 assembly units,
cadmium éoisoned, and several feet'from one another. TheSelunits
will be individually locked. ﬁuring the initialxmonths of operation
until the chemical plants are completed aﬁd operating, the cénal‘
‘will be used to store up to a maxiﬁum possible number of 270 spent

fuel assemblies, -
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The actual site is shown on Figure 22 and the general site

location is shown as Figures - I and II of Appendix G.

The reactor

will be built about four miles Northwest of the Naval Gun Station

and about 48 milesVWBst of Idsho Falls. The actual site is located

_in Section 14 of township 3 north, range 30 Bast in Butte County,

Idaho.

The towns and cities near the site with their population and

distances from the actual reactor location are tabulated below. The.

populations of the Ideho towns and cities were taken from @he 1948

© 0fficial Highway Map of Idaho.

Town or City

-Howe

Arco

Moore
Terreton
Roberts
Mackeay
Rlackfoot
Shelley
Aberdeen -
Idaho Falls
Lewisville
Menan

Ucon

Rigby
American Falls
Pocatello
Rexburg

St. Anthony
Ruport

Burley
Gooding

Butte (Montane)
Salt Lake City (Utsh)

\)

Miles from Site

9.7
11.3

16
30
42
43
44
45
48
48

49
50
52
53
57
61

.65 -

82
90
107

169

204

49

Population

Direction

100
550
300
260
319
776

3,680
1,751

1,016

19,000

371
432
449

1,978
1,439
25,000
3,437
2,79
3,167
8,500
2,568
37,081
140, 267
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The Smith Hinchman and Gr&lls report gives the population of

the counties near the site as follows:

County ‘ Population
Bingham 20,100
Blaine 4,500
Bonneville : 22,800
Butte . 2,000
Clark 800
Jefferson . 9,300
Madison . 7,500

The Snake River Plains are practically uninhabited except in the
nérth and stt where there is some irrigated'ground. Dufing the sume
mer the piains are pastured by occasional sheep herders. Some ﬁorsea
and antelope are occasionally seen but there is very little other
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XI. VITAL INSTALLATIONS

There are n§ vital indu;trial or wﬁt installations near the
proposed site except'those connected with the Reactor Test;ng Station
itselfs Within thé hundred mile radius there are several iﬁportant
installations. There are several plants at Poéatello making phicsphates
and elemental phosphorous. The Naval Gun Factory with its machine
shops and the Union Paéific Railroad Shops at Pocatello afg important
..installations.» The other communities are essentially distfibuting

centers to the rural areas.

[y

The dam at American Falls and to a minor extent the partial
dam and power plant at Idaho Falls are important sources of local

powers.

Within the two hundred mile radius there are the Butte and
Anaconda, Montana, copper mining and smelting plants and just out-
side the two hundred mile radius are the'copper mining aﬁd smelting

and other manufacturing plants of the Salt Lake City area,

Ue S. Route 20 crosses the site“and in fact runs as clése as
As?x miles to the actual reactor site, While‘this is aﬁ imporfant
road, alternative routes Are‘available. The railroad w@;?h serves
the area is a branch of the Union Pacific serving Aréo a#é‘MApkay

with no ‘through connections. The Pocatello to Butte branch of the
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Union Pacific is always 43 or more:miles ffom the site while the

main line of the Union Pacific through Pocatelle to the west lies

more than Soimiles from the site at all points.

The irrigated areas along the Snake River and in the Lost
River Velley are important potato, sugar beet, and feed raising
landss A little marginal dry farming, meinly wheat, is carried

out in the areas within the twenty-rivo mile radius.
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. XII. WINDS AND PRECIPITATION

The information presented in this seotion is taken almost en-
'tirely from the report by Smith, Hinchman and Grylls, Inc., entitlead,
"Survey' Report = Fort P'eck, Montana - .Poca.tello, Idaho Sites,"

March 26, 1949, pages 40 to 50,and from "Meteorology of the Reactor'
Test .Site, Aréo, Idaho," prepared by the Weather Bureau, Sept. 16,
-1949. A copy of the first section of this last report but omitting

the tabular datea is attached to this report as Appendix E,.

A. TWind.

The surface winci is generally from the Southwest with :
variations ‘dependent on the local temperature and weather conditions,
Very low winds from the Northeast.occur, see Figure 2 of Appendix G‘.
The actual site of the Materials Testing Reactor is ﬁot far from the
exit of tﬁe Little Lost River walley. At times local winds bllow ﬁp
this valley during the day and down at nights This flow of air tends
o thpge the wiAnd'di‘rectio'n to the south in the daytime and probably
more westerly at night although no data Are available on night air
flowe The average surface4 wiﬁd speed is 8«10 mph with stronger winds

occurring in winter than in summer: The following frequency may be

eipec'ced:
0 - 3mph 10 - 20%
4 - 15 : . 60 = 70
16 - 31 : 10 - 20
32 = 47 l- 2
over - 47 ~ less than 1
P
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Very little réliable data are available on the upper air,
Apparently up to 500 feet‘or'so the winds afe similar to the surface
winds and from 3,000 to 25,000 feet the winds are westerly with
average speeds of 15-25 mphe Practically no data except piotures
of the smoke from the one explosion noted in Apfendix G are availe
able on the fréquency of stable and"turbu}ent wind conditions, In
general, it is believed the winds are.comparativeiy uniform. . Inver-
sions are disoussed in Section XIII.

. There is considerable mixing of the air during fhe hot clear
days in the summer time. Frequent dust devilsvoccur with mixing
of the air up to perhaps 3,000 feet as a maximum.

" Be Precipitation.

The average yearly precipitation in the area is about 10
inches. The greatest precipitétioﬁ occurs in the winter monthé.
The greatest precipitatién in any one month was 2.6 inches indie
cating that floods are relatively unkmown. Twenty-five to thirty
inches of‘spdw per season is to be exéécted. Fifteen inches'of
snow haslfallen-in a single day. Some precipitation may oceur

in any monthe

C. Correlation of Precipifation and Wind Direction.

No data are available on this subject,
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D. Fog.

Fog is considered to be mild. During the winter months
clouds may extend over the area e‘spe’éially at night. Very rarely
this ocloud or fog may drop to the grounds This cloud formation
occurs most frequently from late Novemt;er until late February and
from mi@night until noon. Apparently. fhis cloud remains about 1000
or more feet from the ground. Mild winds usual].y accompany the
cloud formation.

E. Temperature, Humidity and Dust

| The average monthly temperatures at Arco vary from 14 to
66°F with the meximum recorded temperatures varying from: -41"50
+1010F., The humidity varies from 54 %o 80% in the morning, 27
to 71% at noon and from 24 to 73% in the ’evening at Pocatello.
The highest wet bulb temperature at the site has been estim;a.ted
at 65°F, Due to desert type climate, frequent dust devils occur,
but no very large dust' storms have been recorded.

The design of the reactor area end the outside piping h.as

been based on the assumption that five feet of frost is possible.
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XIIXI., INVERSIONS

The only information concerning inversions is presented in para=-
graph 2B, page 7 of Appendix G, Frequent inversions can be expected,
but little is definitely known concerning the heightsvtd which they

extend.

Since low night winds from the.northeast frequently oceur, the
most trouble with argon might_pe expected in earl&.mornings after
continuous discharge under stable air conditions with low wind rates.
When the stable conditions are broken up by rising hot air, some
contamination of the area may occur. This cbnditipn may be expected
to be aggra§ated-by the fact that the stack is located east of the

reactor buildinge
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XIV. STACK GASES

There are three sources of éontaminated air in the Materials
Testing Reactor Area, These are:
A. Reaotor cooling air
B. Laboratory hoods o
Ce Vents of effluent control tanks

A. Reactor Cooling Air

A total of 1850 1b/min. of filtered cooling air is dr;wn
through the reactor to cool the graphite, thermal shield and experi-
. mental plugsse The air in passing over the thermal shield and graphite
nay pick up partiscles of ﬁust aa@'ghdﬁhste; in dddition; tha adr ﬁill

carry with it an estimAted 1500 curies per day of argon 41 activify.

‘The air volume is estiﬁated as about 34,000 cfm, at the esti-
mated temperature and pressure e#isting at the top of the stack. Due
to cooling, this air volume will contract to about 29,000 ofm; and
the activity is based on this volume. The argon activity is then

about 3.4 x 1075 curies/M3 or 1.3 x 10-3 microcuries/oo.

A dilution of 1300 is required to reduce the activity to the
value of 106 micfocuries/%c agreed to at the Chalk River Conference
of the Radiation Protection Committees of the United States, Great

Britain, and Canada, September 29 - 30, 1949,

The intensity of gamme radiation at the stack outlet was cal=-
culated from the concentration on the basis of the energy of the

gammas emitted as 1.37 mev, as 1,0 x 108 ev/sec. ce.
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Calculations on the activity of the air are presenmted in
"Argon Activity in Reactor Cooling Air) by J. A. lLane, dated
November 17, 1949, ORNL Central File No. 49-11-180 attached as

Appendix H of this reporte

After leaving the reactor, the air passes through a round
~concrete duct to blowers end to a stack. Space has been provided
for the cénstruction of an air filter building if filters are re=

quired by operational tests.

B, Laboratory Hood Air

Laboratory hoods will be designed with two exhaudt exitse
The first of these will be the normal hood air which will be ex=
hausted from the individual hoods by fans directly above the laborae

tories and without filtering.

The second air system is expected to carry away all the'contami-
nated air from the hoods. This contaminated air system will comsist
of 2-inch diameter pipes with 2-inch openings in each hood and caqve
in the laboratories. These 2-inch tubes or pipes will join into the
6-inch header which will lead to a scrubbef in the basement. All
‘the air in the system will be passed through the scrubbér and will e
scrubbgd with caustic solution to remove gaseous acid materials;

A 12-inch pipe will run from the scrubber to the fan house andA
then to the.stack. If filters are needéd at a later date, they'

will be installed,
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C. Vents. from Effluent Control Tanks

Due to the small amount of activity expected, the vents
from the effluent control tanks, particularly the water system, will

be exhausted at the point at which the tanks are located.

Hydrogen and Oxygen formed by the decomposition of the cooling
water in the reactor will be removed from the water and compressed
to'atmospheric pressure by the deaerators and steam jet compressors
of the cooling water system. This hydrog@n and oxygen will be vented
at the top of the process water buildinge The amount of radioactive
gases mixed with the oxygen and hydrogen will be neglibible. A _
liquid vent seal will be installed just under the roof to prevent
flashbacks and explosions in case of possible ignition of these

gases.

D. Stack

The stack will be 250 feet highs Calculations
are prosonted in Appendix I on the stack height and activity %o be

éXpeoted‘at ground level,

With a 250-foot stack,activity at ground level will very

seldom, if ever, attain tolerance levels.

The diameter of the stack at the top will be five feet with
an exit velocity of_1740'feet permimute. It was desired to have
~ the diameter such that the velocity will be nearly 2000 feet per
minute to make certain that the exit gases are ejectéd well above

the stack,
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E. Correlation of Reactor Operation with Meteorological
Conditions. )

The Idaho Operﬁtions Officé plans to maintain a continuous
survey of the meteorological conditions and of the'apfivity at
several points in the Reactor Testing Station Are&; Reports will
be correlated with operations of the reactor at all tiﬁeé.

The only haiard expected is that an inversion may ococur under
such conditions that the stack gases flow downwards immediately
around the stack and spread out at the foot of the stack, Such a
condition might occur without sufficiént dilution to bring the
activity below.tdlgrance. Oak Ridge National Laboratory has never
experienced this phendmenon,and-Hanfdrd has reported a similar cone
dition only once. In case of the MTR, the elevated temperature with
its heating of the stack would tend to force upward currents around
the stack.s The exit velocity of the air of 1740 ftAnin with its
temperature of 1509F or more makes this type of inversion very

doubtful,

The almost continuous winds in the reactor area and the Little
Lost River valley will cause a very wide distribution of the radio-
active argon with very.little danger within the reactor area. The
location of the stack'in the normal downwind direction from the
reactor area will aid also. _Ihere are no people in the'normql down-

- wind direction for twenty or more miles from the reactor.
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XV. DISPOSAL OF LIQUID WASTES

The disposal of the liquid wastes has been largely dbscribed
previously.' Three classes of liquid wastes will be present .. the

cooling water, warm wastes and hot wastes.

The disposal of the purge from the process water system is
handled by means of storage until the activity has decayed to a
low levél. The activity in the process water is mainly due to Na24
which has a half-life of 14.8 hourse The activity on disqh&rge is
expected to be 1.7 x 10~3 curies per cu ft. After storage for 72
hours in the retention basin the activity will be 3 x 10=5 curies ‘
per cu ft. This is one tenth the value agreed to at the Chalk |

River Conference last fall,

The reténtibn basin ﬁill consist'of tﬁo 360,000 gallon tanks.,
One of these will be used for the storage of the process water, while
the second will be held as a spare in case a fission break should
occur. In this case, the entire contents §f the process water system
could be dumped into the basin at one time, , No provision has been |
made for evaporating or otherwise disposing of this wéter provided
it could not be eventually semt to the leaching beds This has been
taken as & calculated risk since the danger of a major‘accident of
this kind is so remote and diéposal facilities could be improvised

if ever needed.
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The second class of liquid wastes are the warm 11Quid wastes
from floor drains, laboratory sinks, ete. As noted previously, these
will be oaught'in 1500 gallon sampling tanks, monifored and the con-
tents sent to the retention basin oé 10,000 gallon storage tankse.
Later when the Chemical Plants Qre in operation, it is planned to
ship these liquid wastes to the chemical plants for concentration

and permanent storage.

The third cidss of wastes is the hot wastes from the labora=
toriess These will be collected in nine-~liter shielded cans .and

stored until shipped to the Chemical Plants for disposal.

The philosophy of operation at the site is that the minimum
laboratory work will be done there. As many of the items as possible

will be returned after irradiation to the National Laboratories and

other institutions for detailed experiments. However, some work

will be done at the MIR site, and the wastes must be adequately
handled. Long distancé shipment of the wastes for disposal has been

given no consideration.
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XVI. HYDROLOGICAL DATA

Ae. Ground water

The source of the groﬁnd water in the area is mainly from
the Little Lost eand Big Lost River sinks. Additional weter is from
the Snake River and irrigated areas to the Northeast. The water
flow is generally from Northeast to Southﬁest,although nothing is

known concerning the flow in the immediate area of the reactor.

The surface down to about 45 feet is generally gravel with g
little fine topsoil. Lava rock extends below 45 feet end dovmward
to the bottom of.the test well or a depth of at least 5@8 feete The
.lava rock is honeycombed with'opeﬁings of about 1/8" diameter. Fre-
quently large openings occur,and these range upwards to the size of
tunnels, tubes and cavess The water level is 453 feet béloﬁ the
surface. Estimates of the total water flow through the lavg plain
run as high as 6,000 second feet. Pumping tests on the firgtA
prodlu:tiaﬁ well were carried out, 800-gpm being pumped with
.35 foot pulldown. What little surface drainage there is, is
. toward the Northeast, opposite to the main body of water flowe
Normally surface drainage is -small due to the high porosity of

the gravel overburden,
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B. Drainage

The path of water flow from the surface to the ground
water level is unknown. 1In case of a major accident with loss of
a'large volume of liquid westes it is expected that the drainage
through the gravel overbﬁrden would be quite rapid. The drainage
pattern through the lava would be less rapid'but still very high
;s compared to flow fhrough sands or clayse It is expected that

the flow would be around rather than through any clay beds.

The‘resu1£s~of permeability tests made by the Twin City |
Testing and Engineering Laboratory were given in their letters of
February 6, 1950,and April 7, 1950,to the Blaw=Knox Construction
Company &8s falbows: "The permeability of}the soil is quite low,
The permeability of the sand and gravel soil is in proportion to
the amount of clay and silt present‘(matérial passing #270 siefe).
Those soils high in this fine material are the lowest in perme-
ability.A ?he gravel appears to be permeable, but because of.the
good gradation of the material from fine to coarse the void space

is very small. The'clay is almost entirely imperviouss" The

actual permeability measured varied from O to .31 feet per day.

The' rete of flow of the main body of water through the lava
is estimated aS'oﬁeéhalf mile éer year. On this basis the con-
taminated water w0u1d reach the Snake River Canyon- springs and
'enter the Snake Rlver in about 140 years, 51nce the d1$tance to

the spr;ngg is about 70 miles.
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No qxpefiments have been made on dilution as a function of rate
of flow. However, the flow certainly would be viscous or laminar and

. not turbulent. Some dilution would take place as well as diffusion.

During the 140 year flow, absorption, adsofption, fission decay,
along with the dilution and diffusion would reduce'the radiocactivity
to & very small level, -Du; to dilution the radioactivity would reach -
the Snake River Canyon springs over a period of meny years, thus

'resulting in still further dilution by the main stream of water.

Considerable more hezard is involved when we consider the
other installations at the Reactor Testing Station. Since these |,
' Will,beAmonitofed constantly, means can be. taken to bbtain water

from uncontaminated sources if necessary.
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XVII. EARTHQUAKES ,

"The Pacific Coast Uniform Building Code," 1949, desiénatqs
the Testing Station region as Zone 2 as given by the "Seismic
Probability Map of the United States", published by the U. S. Coast
and Geodetic Survey., All buildings and structures in the Materials
Testing Reactor Area will be designed and built in accordaﬁcé with
Zone 2 specifications as given in the above code. The pertinent
section of the code is atfached to this rebort as Appendix J, and
a report on "Earthquake Information of Possible Application at

" Arco, Idsho} by J. Stewart Williams is attached as Appendix K.

The Smith, Hinchman gnd Grylls réport gives information con=-
cerning 16 earthquakes that occurred in Idaho end adjacent ;reas
from 1884 to 1945 with an intengity of V or more on the Rossi-Forel
Scales This report includes another report by J. Stewart Williams.
‘His conclusions are as follows:

"Earthquake risk et this site is appreciable, but not
great. Since isoseismﬁl maps for principal earthquakes have been
drawn, beginning in 1925, the isoseismals of only one earthquake
reach Cerro Grande. Prior to this time several earthquakes.re-
corded for surrounding'areaS'may'havé been felt at Cerro Grande,
Tﬁere is no record of a major earthquage originating close to

Coerro Grande.
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"However, Cerro Grande is surrounded by areas of comparatively
'high seismic activity. Furthermore, it lies in a region of geolegi-
cally young f&ults, any one of which must be considered potentially
active. For thesq reasons earthquake risk at this site should not
be dismissed from consideration in planning an industrial plant to -

be built at the site,

"Cerro Grande is situated within one hundred end fifty miles
of several areas of pronounced earthquake activity. Any one of
these might produce a shock stronger than it has yet produced with
a correspondingly greater intensity at Cerro Grande. The éarth-
quake history of one hundred years for this area i; very short,
from the geological point of view, An earthquake might occur any
day that’would alter substantially our ideas of the distribution

of seismic activity in the area about the Snaeke River Plains.

ﬁEarthquake risk in any area is reiative to the type of
structure to be built. Reinforced concrete buildings, well
constructed in ewwy'way,-withAhigh factors of safety and incor- —
porating features recommended by engineers acquainted with earth-
qﬁake-proof design, stand less risk of being damagede. Such build~
inés, set on the lava bedrock at Cerro Grande, certainly would be

reasonably safe from earthquake damage.

YConsidering the earthquake history of the surrounding area,
and it goologic structure, any industrial plant involving large

ca pital in
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cgpital investment or any government plant important to the general
welfare should be constructed to reéisf iﬁtensities of eight or.ﬁihe.
The cost of meeting this reqpirement would not be great,. and it Would

offer practlcally complete assurance against earthquake dame.ge.

"Viewed from another angle, certain types of structures are
of such design as to be essentially earthquake-proof. For such
structures, earthqpake'risk in any area would not be great. For

such structures at Cerro Grande it would be practically nil.

"No traces of recent faults are known by the writer to cross
the Snake River Plains. The chances, then, of dlsplacement in the
ground that would cut water supplies are small, small enough to be

eliminated from consideration,"

In spite of the fact that a Zone 3 area exists both North
and South of the Arco area, the distances are so great that Zone 2

has been considered’completely safeo.
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. XVIII., FIRE

The probability of an ordinary fire having any effect on the
reactor is very remote. All buildings in the reactor area are
designed as completely fireproof. All partitioné will be sfeel, '
and all furniture will be steel. In addition, there will be no
combustible'material‘except work paper in use and electrical
iﬁsulation which, with a few exceptions, will be carried in

conduits.

Fire extinguishers and portable hose will be available. No
fire trucks or station will be maintained at the reactor area but
- will be available from the central facility station about four

-

miles away,

The greatest danger of fire will exist at the fuel oil
storage area of the steam plant, but such a fire could-have no
affect on the reactors The fuel oil storage area will be equipped

with a Foamite system for its protection.
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XIX. HAZARDS TO SURROUNDING POPULATION -

The greatest hazard to'fhe surrounding pdpﬁlation is, of
course, the remoté possibility of meiting of the fuel p1a£e; with
release of the gaseous fission products. The dnly people within
possible danger within the 25 mile radius are those in the region
of Howe and Arcos. Since the population of this area is only a
few hundred, temporary removal of #11 of these from their homes
could be carried out without excessive difficulty. Since Howe

_and Arco are the nearest towns to the aréa, it can be expécted
that their population will rapidly increase due to influx of
~people connected with the Reactor Testing Station,, It is'hardli
conceivable that the pépulation could ever become over a‘few

thousand in any. case..

It is believed that the danger to the surrounding populationl
with a.reactor designed in the manner in which the Mnterials
Testing Reactor has been designed is vér& much less than many of
the chemical plants and mercury boilers which exist in Metropoli=

tan Areas.

It is difficult to conceive of any other danger or risk to
the surrounding contry. This includes the meteorological, geologi-

. cal,.and hydrologicg} conditionse.
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Most of the material for this report was taken from departe
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'tory and Argonne National Laboratory. Almost all the experimental
work mentioned was done by Oak Ridge National Laboratory;  The
following is a list of references that give more details on the
subjects covered in this report:

MonT~433. "Feasibility Report on Clinton High Flux Pile"
by Huf'fmen, Leverett, Newson, and Weinberg,

MonP-272, "Physics of the High Flux P1le" by Greuling,
Soodak and Wélnberg.

ANL-4263 "Development Reactor Project Quarterly Report
for Period Ending March 1, 1949."

ANL-4304 "Materials Tésting Reactor Project Quarterly
Report for Period Ending Sept. 1, 1949.

ANL-EKF-11 "Retention Basin" by D. H. Lennox.

ORNL-120 "Heat D15$1patlon from Fuel Assemblies of the
: High Flux Reactor After Shut Down" by W. K. Stromquiste

References on the Control System are listed on Page 22,

J é'UMV\ D <k

Stuart MclLain, Chairman
MTR Steering Committee
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" APPENDIX A

"Report of the Atomic Energy Commission Reactor Safeguard
Committee on the Proposed High Neutron Flux, Water Cooled

Thermal Reactor," by Edward Teller dated February 10, 1948,

less its Addendum I.
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February. 10, 1943

REPORT OF THE ATOMIC ENERGY COMMISSION REACTOR SAFEGUARD

COMMITTEE ON THE PROPOSED HIGH NEUTRON FLUX, VATER
COOLED THERMAL REACTOR

Introduction

The members of the‘Reactor ngeguard Committee (Manéon Benedict,

B. G. Holzman, J. Kennedy, A, Wolman, and E. Teller, Chairman) together

with G, Weil as representative of the Atomic Enefgy.Commission and

E, P, Vigner, as éonsultant to the Committee, met in Oak Ridge on February

8 and 9, 1948, to consider possible hazards of thé proposed high flux, ~
water#cooled,,thermal neutron réactbr éxbresély in relation to the‘

possibility of its locafion ét the Du Page site of the Argonne National

Laboratory, As a basis for its studies the Committee had the Feasibility

‘Report, MON T-433, together with a very complete explanatlon of the design

and operation of the pile by M. C, Leverett, J, R. Huffman, Henry Newson,

A. M, Weinberg, K. Z. Morgan, and other members of the Clinton Laboratories!

staff, During the discussions we also had the benefit of advise from E

R G
- .

W. H. Zinn of the Argonne National Laboratory, |

Thé purpose of the high flux pile is to provide the greatest
practiéal intensity of thermal and resonance neutrons for purposes of
nuclear theory and technology. Ih addition, this pile could be used
as a converter, producing méterials by neutron absorption, In particular,
it is planned to use the pile for prod?ifigggoggu%%Q;f%iﬁm%§§m§%é§§ﬁf$itypg;

- =
was mentloﬂed that in case of emergency polonium may be made from bismuth §

in the high flux pile, _— JEIE————L e S wewek
__v,mrmﬂﬂ"‘v" o
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Tﬁis pile differs in many:imporiéﬁé respects from the one recently
considered for construction at the DuPage site of fhe Argonne National
Laboratory and we may profitably compare the properties of these two reactorg.
The fact'that this is a thermal neutron reactor and that it is water cooled
makes it more similar to reactors with which experiencélhas been obtained,
Moreover, the characteristicaliy longer multiplication times under this
arrangement make the pile much 1¢ss susceptible to severe nuclear exploéioﬁ,
as will be discussed in detail in a subsequent paragraph, The high fissibn
rate of this reactor; correspondiﬁg to a design eneréy level of 30,000 kw.;
introduces hazards in greater magnitude than were associated with the 1,000
kw, fast neutron reactor, In terms of hazards which would arise from the |
dispersion of the pile materials in air over a wide area, this increase in
power level we find very serious as regards.the radioactive fission product
content, Fortunately, the design of this pile provides no higher level_df
alpha particle emitting radioactive substances than thé 1,0C0 kw, fast reactor, -

including the alpha partlcle radiocactivity of the Pu239 the Pu238 U233

vl e Lo B

236 R AR T ST Bl ST Sy e T
and U “1¢$5 To be emphasized that this consideration specifically excludes Z

'f the production of Po from Bi. The rule of thumb formulas which were used in

discussing the location of the 1,000 kw, reactor as applied to this thirty-fold
larger quantity of fission products would provide a strong argument against
location of this reactor at the DuPage site if there is any significant
poséibility of dispersing these fission products iﬁ‘hree air, |

As with the Chicago pile, the Committee has been impressed by the
careful design of the pile ahd its great potential value as a research and
enginegring tool, If is evident that the pile was originally designed for a

location other than the DuPage site,

- —AG—Y 1
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Enumeration of Hazards

The Committee has considered two classes of hazards: Those _

associated with the normal operation of the pile at its design pdwei“'

level and those which would arise in the event of accident or.other

unplanned mode of operation. The first class includes:

1)
2)
3)

4)

5)

6)

1)

2)

of

Radioactive‘cdnteht of the pile cooling wéter
The radioactive argon content: of the staék gases
The content of radioactive substances émitting alpha rays in
the pile structure
The fission product content of the spent assemblies discharged
from the pile |
The fission product content of the chemical processing plant.
which will be required to reclaim U235 from the spent assemblies
The fission product content of waste solutions from the pile

’ The second class includes:
Nuclear explosion . (s
Interruption of flow of cooling watér or loss of cboling water

level

The radioactive content of the coolihg water will, in the opinion

the Committee, give rise to no significént health hazard even in the

immediate vicinity of the pile, provided the precaﬁtééfs described to the"

Committee are followed., These include shieidiﬁg of the cooling lines

and provisions of retention basins of sufficient capacity to hold the

entire contents of the cooling water system in the event of rupture of

the active elemenis of the pile and contamination of the cooling water by

fission products,
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The Committee was advised that a maximum of 2560 ¢, of radio-
éctive argon would be preseﬁt in the stack gases conveying codling air
from the pile building., The information available to the Committee did
not permit it to evaluate the magnitude of this hazard and it is felt
that a further study should'bekmade of it, taking into account all
pertinent meteorological and geographicai conditions,

The maximum invenﬁory of rédioactive isotopes .emitting alpha

rays in the pile structure was estimated to be

Maximum
Isotope — Half Life Inventory
U-236 > 1,000,000 yrs. . 400 gm,
U-233 - 160,000 yrs. | 700 gn.
Pu~-239 24,800 yrs, ‘ 0.2 gm,
Pu-238 | 115 yrs. 0.005 gm.

Of these materials, the greatest hézard arises from U33, The expected

maximum U233 content is no more serious a hazard than the Pu content of

the fast reactor, When this is coupled with the much lower probability of

~

vapofizing the materials of the high fiux pile, it can be seen that the alpha

activity hazard_of this pile is less than the fast reactor previously considered.

The fission product radioactivity of the high flux pile is approxi-
mately 30 times as great as that of the fast reactof. Sp lohg as this maﬁérial
remains in the pile tank and a flow of cooling water adequate to remove the ‘
heat liberated by fission and the radioacti§e decay of the_fission product
isimﬁiﬁféined, thero is no llkelihood of hazards arising from the presence

of this material in the pile, However, as is discussed later, accidents

which interrupt the flow of cooling water may, through melting and partial
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vaporization, cause dissemination of these fission products into the air
surrounding tﬁe pile and constitute one of the mose serious hazards associated
with it. The samé consideration applies to the fission product contained in
spent assemblies, requiring that they be kept submerged and adequately cooled
to prevent melting, In addition, these spent assemblies must be so handled
they are not allowed to accumulate a critical rgaction mass'in any place in
the storage channels,
Chemical Procegsing and Storage of Spent Wastes

| A chemical and metallurgical procgssing plant tg'rgcovér the .
U235 and prepare it for reuse will be an obvious necessity for a pile of
this type. The Committee has not considered in any detail the nature of
such a plant,- but hazards would certainly exist in that large quantities of
radiocactive fission products would he present and in solution and perhaps
subject to more ready vaporization than in the pile or spent assemblies.
ﬁoreover,‘the opportunity for loss of the radioactive material into nearby
surface Qater‘is probably much greater in‘the chemical processing plant and
storage tanks .for spent wastes than in the pilg itself or fhe storage area
for'spent assemblies, The'chemical processing plant itself might well
contain several million curies of radioactive fission products, and the
storage tanks for spent waste ﬁight contain even an order of magnitude more
fission products of rather long lifetime, It is thus apparent fhat the ‘
Aieakagé 6f this activity in the surfaée water could constitute a very majdf
hazaré. Lacking better information as to the nature of surface water flow
and the pattern of water supplies dowvm Stréam; we have guéssed that citiés
perhabs 50 miles or more away might be endangered, The Committee is forced.
to conclude that the storage facilities for these radiocactive waétes mus£ he

much better located with respect to the water supplies pattern of neighborhood
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areas than they could be at the DuPage site, Pértly because of the inherent
hazard of the chemical processing planﬁ itself and parfly because of the
difficulty of transporting liquid wastes froq the chemical processing plant
to remote stdrage, it will 1ikely prove necessary to 19cate the chemical .
processing plant also at a remote place and adjacent to'the waste storagé»
facilities.

Hazards_ of Nuclear Explosions

There is no direct danger from a violent nuclear explosion in a
thermal neutron reactor like the one under considergtion. The essential
reason is the much longer nuclear multiplication period. A nﬁclear explésion
can actually not produce as much as 1 Kg. TNT equivalent energy and this is
not even sufficient to vaporiie the water present in this reactor., On the
other hand, if no water is in the-reaqtor, the nuclear reaéﬁion cannot proceed.
For this reason, conéideration need not be given to daﬁgers of destruction of

 the pile or the structures housing the pile by a severe explosidn which might
disperse in the air the radiocactive matérialé presént.in the pile, However,
this 1s not meant to imply that fissioh heat or heat from fiséion products
éaﬁnot melt thelpile, liberating fission products should the water'subply be
sﬁoppéd. |
Hazards érigigg_iggm Failure of Water Cooling Systems

‘.Accidents‘which interrupt the flow of cooling water through the pile

or cause loss of water level over the active elements of the pile constitute
.its most serious accidental hazard, Should the water flow Be interrupted, it
is anticipated that the pile will be shut doun immediately; even in this event
it 1s not clear how much damage might result, In this connection experiments
on the cooling of the assembly structure by stagnant water miéht provide 3cme
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_ reassurance, If the accident which interrupted flow of cdoling water also
made it impossible to shut down the éile, the%e ig a géssibility that evapora-
tion of water from the active elements would stop nuclear fission, but the
extent to which the pile eiements might be melted or Vaporized is~very difficult
to predict with ceftainty. A break in the cdoling system below the level of
the active elements in the pile might drop tHe water level below them and leave
them without even stagnant water fpr cooling, EvéryApdssible precaution to
pre&ent this occurrence should be taken, since the fission product heat from
recent high level operation would surely melt the assembly eleméﬁﬁs and reléase
gaseous fission products, An estimate of the maximum amount of radioactivity
which might be released at' this time in this way can be obtained from the fact
‘that the total radioactivity of fiésioh products present in the piie one hour
after shut dotn is still about 35,000,000 c. Out of this approximately
9,000,000 ¢, might be considered gaseous agd thus liable to escapé into the
air. Under any disposition of this pile consideration might rell be given to
methods of.confining these gaseous fission products and pfeventing their wide-
épread dissemination, It shéuld be remembered in connection with this type of
hazard that the safety which can be built into the water supply system is
dependent to a considerable eitent upon local conditions at the site selected.
Factors which ﬁust_be taken into account would include the location and produc-
tion of various reservoirs, pipe lines, and the possibility of the pile remaining
submerged even though a major break should occur in the cooling system,

General Conclusions

Although the possibilities of dangerous contaminﬁtion of the, air
or surface water of the Chicago region with radioactive fission products from
this pile can be made very small by proper design aﬁd careful operation, the
Committee is not convinced that they can be so far reduced as to make the Dngge'

County site a proper location for this pile, e have been lead to this opinion
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by tﬁe lafge cohtent of fission products resident in the pile, which, if
dispersed in the air or ground Qater'by accident, no matter how improbable,
would constitute a very serious health hazard'tp the entire Chicag§ area, The
factor is‘aggrafated by the location of the_DuPage County site relativélto
Chicago in the direction of the prevaiiing winds., Any furtherA;onsidération
of the location of'the high flux pile on'this gite or sther sites in this
general vicinity should by all means take into account details §f the meteoro-
lbgical conditions and the pattern of éurfgce water.movement. A supplement to
this report dealing.with the meteorological conditions of this kicinity will be
prepared,gy Colonel'Hélzman. Preliminafy consideration of this factor suggests
that thg prévailing Qinds ﬁake gites to the Southwest of Chicago particularly
undesirable fop a piie operating af this-pqwer level,

This Committee in all of its meetings to date. has of necessity
considered the safety aspects of each pile as gn.isolated unit indebendent of
its relation to existing reactors, proposed reactors, and reactors likely to be
proposed‘in the futuref' The Committee's ahalysis of the suitability of sites
pfoposed for individual reactors would be more effective if it could be made
by taking more and more into account the outlines of the reactor program as
a whule, Also, provision for chemical processing facilitieé and radioactive
waste disposal might more effectively be considered.on a broader basis than for
each individual reactor,

/s/ Edward Teller

CONCURRED IN BY:
Manson Benedict

Colonel Benjamin Holzman ADDENDUM I - o
J. V., Kennedy o "Climatic Annex" by Holzman - 3/19//8
Abel Wolman . .
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APPENDIX B

"Gooling After Shutdown," by J. R, Huffman

dated June 7, 1948 ORNL CF#} 48-0-155
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COOLING AFTER SHUTDOWN

SUMMARY

Exploratory calculations have been made to show that the high flux
reactor will cool itself sufficiently after shutdown even though there
is no forced convection of the water remaining in the pile tank,

Ten seconds after shutdown natural convection of the water in the
pile tank will provide sufficient cooling without boiling if a down flow
is available to complete a thermal syphon, Failing this less than 5%
boiling will provide sufficient circulation for the same purpose,

More exact reduction.factors in heat flux, etc, after shutdown have
been developed and further calculations made to determine the total water
requirements and flow rates assuming that forced convection is still avail-
able after shutdown, This is valuable for sizing parts -of the cooling
water system, ' . ' ‘

The conclusion is that failure of the cooling water system will not
be a factor contributing to possible melting of the pile after shutdown
and release of gaseous fission products as a hazard, This work has been
confirmed recently by similar calculations and experiments at Argonne,

Experiments now under way at Oak Ridge also strengthen these arguments.

INTRODUCTION

The Reactor Baufeguard Committee, in its review of the high flux pile,
stated that an important danger in the pile is the failure of cooling after
shutdown,. The danger is that the pile will melt and release the gaseous
fission products into the atmosphere, Three recommendations resulted:

document contains restricted data with
3 Energy Act of 1946 and/ord
£engse of the United in thé meaning

rized persdné is prohibited
minal penalty. '
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Huffman to File A Cooling After Shutdown

1. Provisions to insure cooling water supply after shutdown.
This included possibility of flooding the pile duilding.

2., Provisions to maintain the atmosphere in the building or
in the systen, .

-

3. Limit the initial operating powér to 20,000 lw,
This memo discusses the flrét of these recommeﬂdationa. This is not a

report, but rather a compilation of exploratory calculations, Hence, no
apologies are made for the presentation of the results,

Popsible_Accidents

Due to the momentum of the cooling water flow during operation, it
is assumed that full flow will continue for ten seconds after the control
rods have stopped the neutron reaction. -Accidents whidh could effect the
cooling water flow are listed as follows:

a, Stoppage of Main Pumps. This has already been taken
care of, in a sense, in a design of a cooling water system as follows:

1) The 200,000 gallons available in the working and
safety reservoirs, which is equivalent to 133 minutes
at 1,500 gpm,

2) Provisions of a 1,500 gpm line from the demlneralized
water system,

3) It has been tentatively planned to provide a 1,500 gpm
-line from the filtered water supply at X-10, There is
a resérvoir in the filtered water system which contains
3. OOO 000 gallons and will be equivalent to 2,000 minutes
et 1,500 gpm, not counting the filter plant supply rate
of 4,000 gpm,

ant conta1ns restricted data within the meaning of
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Huffman to File Cooling After Shitdown

L) After 15 to 30 minutes it is reaeonable'to consider
that' the Fire Department could provide cooling by
using the regular fire trucks.

b. Compiete Rupture of Feed Water Lines From the Working
Reservoirs, This might be caused by direct sabotage as can any of these
accidents, Under such circumstances, Items 2, 3 and 4 under a. would
still be available for cooling. o '

Ca Oomplete Rupture of All Feed Lines or of the Tank
Above Pile Level, This might be guarded against by (1) cooling by
thermal syphon; (2) cooling by permitting water to boil] (3) assistande
" of Fire Department after 15 to 30 minutes.

d. Complete Rupture of Tank or Pipes Below Pile Level
As will be apparent subsequently in this memo, this seems to be the worst:
accident, After 15 to 30 minutes it is conceivable that again assistance
could be obtained from the Fire Department provided water by some -means
could be maintained above the pile level in order to serve as shielding,

During operation the pressure in tha tank above the-
pile is 45 1bs per square inch and below the pile 10 1bs per square inch,
giving a pressure drop across the pile of 35 1bs per square inch, With
complete rupture of the tank or water outlet pipes below the pile, the
pressure drop would be L5 1bs per square inch. Assuming that the pressure
drop across the pile is,proportional to the 1.8 power of the velocity, a
flow of 18,000 gpm would result. The working and safety reservoirs would
provide cooling for 11 minutes and the 3,000,000 gallon reservoir in the
filtered water system would provide 167 minutes. This would require a
large diameter pipeline from .the reservoir,.

Power Levels

" The heat to be removed after pile shutdown will de due to (1) gamma,
and beta rays from fission product decay, and (2) delayed and gamme induced
neutron effects, For the purpose of this memo only the first of these is
considered, It is estimated that the heat from the second cause amounts to
less than a 10% addition,

. After shutdown the total heat generated is given by

T,
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Buffman to File Cooling After Shutdown
P = BF B-—.O.Z - (t 4 T)'O'g Mev/Sec - (1)

F =  fissions/sec kw '

t = seconds after shutdown

T = seconds of pile operation

This is taken from MonP~303, Pile Technology Lecture No, 16, and covers
the range 10 seconds to 100 days. During operation the power level is
given by

P = 187F Mev/Sec/fC»u’ | | - (2)

so that the reduction factor is -

o fe02 - (t%T)°‘°;7 o (3)
From the results of Cannon's measurements (ce 2176), the values of
the kilowatts generated per gram of fission products are available from
30 minutes to 1,000 hours after shutdown, These have been converted to
reduction factors, extrapolated back to times as low as 0.1 second and
plotted, Calculations and curves are given in Table I and Figures I and
II, By comparison with the above formula, a good value for the constant A,

appears to be 0.080 to 0,090 over the range 360 seconds to 4 days for a
20-day irradiation perlod

There is another way to'evaluate the constant A. During operation
the heats generated are: -

Total Heat ' o 187. Mev/fission“
.Fission Product Heat . ? £ Mev/fission

. - 5 & Mev/fission
Pile Neutron Capture Heat 5 p-Mev/fission
Th, Al, Hy0 Capture Heat 2.7%Mev/fission

- During operation the total heat generated is the fraction 11;7 of oper-
ating heat; .Z_ due toIB and 12.7 gue to 7. After shutdown this heat
1s 14.7 of opesating heat; Z_ of  and Zu? of gamma,
. of operating heat; 0 an 0 f goamma,
fg5L of operating heat; Lo of 1Ay (O e

From these considerations, the heat generated in the pile at the
instant of shutdown is

Uit -
187 (32:000) = 2,350 kw W
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TABLE I

REDUCTION FACTORS AFTER SHUTDOWN

20-Day Oper.

40-Day Oper.

¢ 10-Day Oper.

ooling

Time t0:2-(t/1) %2 1y/gr  F . A kv/er ¥ A kw/gr F. A

6 min 0.252 2.00 2x10™2 0.0795 1 2x10™2 0.0795 0,52 2,08x10°%  0,0825

12 .213 1.65 1.65x10‘§ 0775 0,86 1.72x107% 0806 45 1,78x1072 - L0835

18 .191 1.49 1.49x10™ .0780  0.78 1056x10"2 0815 ..405  1.62x1072 .0848

2l 177 1.38  1.38x1072. 078 0.73 1.46x107% 082k .378  1.51x1072 .0853

30 .167 1.32 . 1.32x107% .079 0.70 1.38x10"2 0826 L360  1.hbx1072 .0853

36 .159 1.25 1.25x1072 0786  0.67 1.32x107%  ,0830 - .345 1.38x10"§ . 0863

42 .153 1.20 1.20x10’§ .0785 0,64 - 1,28x107% 0835 340 1.36x107 . 0889

48 J147 1.16  1.16x107> 0789 0,62  1,24x1072 ,08k2, 330 1.32x1072 0898

54 ] S 1,12 1.12x10‘2 .0789 0.60 1.24x10° .0845 315 1.26x10° .0888

1 hr ,138 1,09 1.09x10. .0790  0.58 1.16x107%  ,0840 305 1.22x1072 .G885

2 (113 0.89 8.9x10" 0787  0.48  9.6x1070 . .0850 .  .260  1,04x10™2 .092

5 .085 0.67 6.7x1072 .0788 0,37 7.4x10°3 0871 ,200  8x10™ S0

10 066  0.52  5.,2x1072 0782 0.29 5.8x1073  .0879 1163 6.5%1072 0985

1 day .06 0.36 3.6x10" L0783 0.21 - b.2x1073  ,0913 J22  4,88x1073 .106

2 ' . 0345 0.255 .2.5;:10’3 .0738 0.155 3.1x1073 .0898" .092 3.68::10'3

L .0232 0.164  1.64x1073  .0707 0,105  2.1x1072.  .0905 L066  2.64x107D

10 .0126 0.075 7. 5x10"l"’ . 0555 0,054 1 ,08x10‘3 .0855- .035 1.42x1073

20 .0075 0.035  3.5x10” L0466 0,0270 S5.bx107% 072 019 7.6x107%

50 .0032  0.0097 9.7x10°5 .0303  0.0083 1,66x10°* 052 .0065 2.6x107%

100 .0012 0.00305 3.05%10~ .0254  0.0027  5.4x1075  ,0bs .00235 9,4x1073
P

-
sscsse


hamrind
Pencil

hamrind
Pencil

hamrind
Pencil


4 5 67891

o 4~

3

{

e J,-——-

10,000

.

{

:
>4

g o o df

Drawing # 5766

1

IR

i.]P_I

L

4 5 6.2:891

CSin
i
|

3

2

LD R

1,000

o]
Lgegs

|
-t

4 56 7891
b S

4
+
-

!

E =
g

3

R
I
{

iy

{
!
|

e i

=

:
i

—1%

U ERLS DR

1 £ 4 .‘
e
i
el (22 G e
. o
1
o

.f

Lt

giiz

—

100

L

1

T wmoms Gy S

A

-t
Decay Time - Seconds

10

!

i
i
L

-
i

1

=y
R

I

l
1
|

b 3

=
BEEL
;

A

4 5 67891
4

i
—

1

o
4-«1_'.J,-—+l

b i

|

SR

—L_+

3

.-_-1.« 4
et

.';,.L._.‘_.- -
—-- 41_<,. }

o

]
&

fl

i

|

|

Lot
T

B

iy

__T_A

\
—t e —

oo

—

o e T
4+

S i
i

o e

b

s o i

i
ol
+

=

PASOPNL . o
“ ... ..- mqm

(L
|
et i
B o e b

i
|

i

!

I

s i

e

ST

l«q_.l"‘ m. ‘fyl+.l||r’\
|

i g

=l

i e

-

6F——— +—

2 ieliE en

oEd
- o

9
8


hamrind
Pencil

hamrind
Pencil

hamrind
Pencil

hamrind
Pencil


=8e

Drering # 5767

4 5 67891

- v
- e -
CXTL XY ]

oo

avvees

10,000

e B

i

RO

1,000

3

4 5 6 7891

100

:

i

fin

Lo

o i S TR 8 55 R O 4 L R N A 1 By T 6 O
o g ———

10

4 5 € 7891

S
T

!
T

R

e _ 4
] TR J
~ .rlﬁlﬁlJl.Hll
L. |“. L .W|l
L g
ol R
=

4 5 67691
T T

F

e
!
i
=
\ 1
ety

I
S Sl
it

| o
1

ot o o _ 5 :
! — } - . LIS - A -
b L. o
3 : r— . % A’ Y
{ S { ! Iz
S P R i £ o el o
| Sl b S
y P b s > o~
% Pl Ty
i [ T i !
N I _h | ¢ F\f‘ﬁ h! 'IL
_ 75 o o Sl
et e e T Bk ..4!4-1._|[. e
T e

s
]
4|.+ L. .
e S TR e o
I = Ly m ot _ ek = - e :
= i S A LR
e s Sl S R
zl”._..T.T 2l e h LR -m rl.llurLl.hl?.T,-.uJ.o — ]
2 b ! _ ) i 1
k0 w . _ : ! i SE “ _ _ :
this o T o e S
b e L e -
o 0 T [ 1 i ] Jy .
-~ W N ™ o~ -OM™~N O N T m ~ '.AU
~ 2] L
1 uop3onpey ' ¥
= S o
"Qo." 3 °° ,ﬂx e. o-u -'"

Decay Time - Hours


hamrind
Pencil

hamrind
Pencil

hamrind
Pencil

hamrind
Pencil


.
.
.
©

csse
asesey
sesnso
XXX
.
. .
.
ebee
.
e
esecee
ssee
-
seevee

S ———— =l ,

Huffman to File ' | Cooling After Shutdown

This ameounts to a value of 0,0785 for the constant A, It should be noted
that this is higher than usually assumed by the 2.7 Mev due to Th, Al, and.
water capture heat which is included to provide a factor of safety for in-
duced activity decay and delayed neutron effects.

From MonP-272 the heat which escapes the pile and enters the beryllium
" is 83 watts/sq cm of pile sides. The pile has 11,280 sq. cm of side sur-
face, so that 935 kw escapes into the beryllium. After shutdown only
.of this reaches the beryllium or 400 kw., Hence the heat evolved in the °
pile after shutdown is ‘ .

2,350 = 400 = 1,950 kw - (5

This is assumed to come from the metal core although some 1é& evolved directly
in the water, For the pile after shutdown therefore, the heat evolved as a
function of time is ‘

1,950 L-t“"z “ (4 4 D)0 (6)

Of the gemma heat entering the beryllium from the pile -during operation
3 watts/sq cm escapes to the graphite, so that the heat evolved in the be-
ryllium due to pile influence is (83-3) 11,280 = 905 kw. At shutdown this
drops by Tg_7 to 350 kw, and follows the following equation

350 fv702 (e f )02/ (7)

From MonP-272 the total heat (n and /) evolved in the beryllium during
operation is (118-4,5) watts/sq cm or 1,280 kw.

These calculations are not too exact due to various facts., As
mentioned previously, delayed and gamma neutrons will contribute some heat.
The heat loss out the top and bottom of the pile have been neglected, In-
vestigations in the Physics Division using high speed rabbits seem to in-
dicate some very high energy short lived betas which would increase the
‘heat release at very short times after shutdown. Work on the critical
experiments indicates a possible change in the heat figures given in-
MonP-272, It is felt that the values are sufficiently accurate for the
present survey, certainly at times the order of one minute after shut~-
down, :

sonase
FYrYy Yl
oo


hamrind
Pencil

hamrind
Pencil


.
.
-

.
o .
sescee
eescoe

..

. o
XIXX Y]
®eseca
.
.
XXX
XY YYY

= ] . - -10-

Huffman to File | Cooling After Shutdown

Héat Developed as Function.of Tige

Using the equation for deéay given previouély; the heat géneféted
in the tank assuming no losses from the tank is given by

3o,ood(.os)z{'¥“°°2'— (t 4 T)foii;7' db

- 3,000/20-8 F(6 4 208 (13708 /i soe .+ (8)
For 20-day irradiation : '

= 3,000 t°+8

xw sec = 2.42 £0-8 ¢al/sq cm sec (9)
and the following figures are obtained '
TABLE II

CUMULATIVE HEAT AFTER SHUTDOWN

b %8 kv sec  Btu cel

1 sec 1 3,000 2,840 ‘715,000

2 1.74 5,220 4,950 1,248,000

5 3.62 10,900 10,340 2,600,000
10 6.3 . 18,900 17,900 4,510,000
30 15,2 45,600 43,300 ° 10,920,000
60 . 26,5 - 79,500 75,400 19 x 10°
5min - 96 288 000 273000 68.7 x'log
10 106 ‘498,000 473,000 119,2 x 10
30 400 1,200,000 1,140,000. 287 x 10 :

1 hr 200 2,100,000 1,990,000 - 501 x 10%

2 1,220 3,670,000 3,480,000 876 x 105
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Huffman to File : Cooling After Shutdown

The pile is considered to consist of 22 fuel assemblies, 4 thorium
shim rods and 4 cadmium shim rods, Compositions are as follows for 60 em
of active length: : A

TABLE III

PILE COMPOSITION - . :

Volume
ce__ Heat
. ‘ Capaclty
H,0 AL U S8 Th Total ea1/°c
Fuel Assembly 2,270 1,680 13 : 3,900 3,290
Thorium Shim Rod 2,180° 880 - 722 3,780 2,974
Cadmium Shim Rod  2,200. ' 1,400 3,600 3,380

Hence in the active section there are 115,100 cc and 97,800 ¢al/°C, Per
liter of pile volume, heat capacity is 850 ca1/°C; per liter of assembly
volume 844 cal/°C. The total water in the active section is 67,500 cc.

In the begyllium there are 1.36 x 196 cc Be, 0,028 x~106 cc of Hy0
and 0,912 x 10° cal/°C equivalent to 670 cal/°C per liter,

If all the water is out of the active assemblies, there is a total
heat capacity of 30, 310 cal/°C in 115,100 cc = 26k cal/°C/liter. Heat
generated during operation is 10 kw per. gram, 143 gr in assemdbly, or 1,430 kw
in volume of 3,900 cc. This is equivalent to about 367 kw/liter, _

: The majority of .the heat released in the assemblies is given off over
the surface area of the core which amounts to 14,045 sq cm or_15.1 sq ft per
assembly, At 30,000.kw this corresponds to 322,000 Btu/hr f4% (24.3 cal/sq
em sec) (Average value), (Actually the total area available for water cool-
ing, including end plates, is 18 sq ft.) ' -

The quantity of water in the lattice (67,500 grams) has a total heat
content at 180 ¢° (above 40°C) inciuding boiling of 60.4 540 = 600 cal/gr
or 4,05 x 10° cal, With no motion, the water will boil in about 10 seconds;

. On the other hand if the lattice water can be linked by thermal syphon
or other means of circul%tion to the total water in the pile tank, some
3,500 gallons or 26 x 10° gr are available for storage of heat, Then in
two hours the temperature $ise is 34°C,

seee
accces
. -
* @
voseee
veenes
.
LS
®seose
ssscse
.
vese
secoee

C-T7-/57


hamrind
Pencil

hamrind
Pencil


esecse ’
ssesen
LXTYTYY
.
sesee
.
cevoe

b i e ~12~

Huffman to File Cooling After Shutdown

' Thermal Syphon

The force causing flow in a thermal syphon is

<A\p='_',%ﬁ h o (10)
Wh’ere?ﬂ is the difference in density of the water leaving the heated zone
h

and the¢ water in the reservoir above the pile and h is the height of the
pile (60 cm). The factor 1/2 accounts for the variation in density over h,

Now udw/ cé,&T= thw - (11)
| = gb (12)
AT = du

The value ofz_\/? is roughly proportional to
LDt from 40°C to 100°C

ap= 0.0005128AT (13)
Q@ = cal/sq cm sec : /0 = degsii:,y
w = breath of passage u = cm/sec
d = - width of passage . . T "= temp rise of water
cp = spht . ‘

At steady state the force oppos1ng flow is the friction in the pa'ssage
given by the well known f ormula ) :

Op = 2fh Fu?

(14)

where . : :
r = 6.4 for stream line flow (15)

d~u/0

This neglects the friction in the return passage of the syphon system,

By assuming a A T the two forces can be balanced by trial and error.‘
A cold temperature of 40°C and a heat flux of O, 8? cal/sq em sec are used
(10 seconds after shutdown). v

Two types of syphons can be studied, First, the water flows up the
heated sides 6f the assembly annulus and down the middle of the annulus,
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Buffman to File Cooling After Shutdown

For this case d in (3) is equal t03/4 and d in (&) and (5) is equal
to o where is the 3 mm width of the armulus: and heat into the water
is 0.87 cal/sq cm sec,

For this case, i.e., internal syphon, a 60°C rise is not sufficient
to remove the heat at 10 seconds after shutdown; any AT greater would re-
sult in boiling,

The second case is that in which the syphon water moves upward through
the whole annulus and downward by some other path, i e., an external syphon.
For this case d in (3) is equal to § i d in (4) and (5) is equal to 2
and q is replaced by 2q in (2), ~ ,

For this case a temperature rise of 30°C is sufficient. This neglects
friction in the external passage for water return., To handle this, it is
assumed that on shutdown the beryllium plug for the discharge chute is
automatically raised. This provides a path 100 cm long of 15 x 15 cm
cross section for down flow. In addition, down flow can go through the
beryllium and at the tank edge, :

TABLE IV

CROSS SECTION FOR FLOW - o ' -

30 Assemblies (up flow) = 1,200 sq cm
" Discharge chute (down flow) = 225
Beryllium (down flow) - = 280
Annulus (1/16") at tank wall, :
(down flow) = 67

By trial and error it is discovered that-at 35°C AT the total up flow in
the assemblies is 11,900 cm’ fec (1,200 x 9.9% el ) requiring a velocity
of 53 cm/sec for down flow in the discharge chu%8? For this case the
driving force = 0,52 gr/cm? and the friction force is 0,529 gr/cm? (0,301
up flow and 0,228 down). : o '

Hence an Yexternal® syphon will provide cooling at 10 seconds after
shutdown and with a AT of the water of 35°C, giving a 75°C temperature
in the"water leaving an annulus,

Heat Rémoval by Boiling

The other method of linking the water in the reactor lattice with the
bulk water in the pile tank is by boiling with the steam bubbleo condensing
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Huffman to File , - Cooling After Shutdown

et

in the bulk water above the reactor, In addition, this might be the method
required to start the thermal syphon to operating. the steam rise acting as
an air lift,

- The driving force would “be at least the height of water in the discharge
chute ' .
h/p 2 100 grfem® - E o (16)
This is backed by the friction drop in the annulus wherela mixture of stéam
and water is flowing By assuming percenta es of steam in the water, tur-

bulent flow so the friction factor is’ 0,006| cne can calculate the opposing
force. ‘

. " ) ) - 2
where i is the fraction of steam
u =90, cm/sec
1-x
TABLE ¥
HEAT RENMOVAL BY_Boxt;NG' ' . Heat
. . Liquid Steam - Removal
% Steam cm[sec - cc!ggc cc/sec cc/sec cal/sec
5 9.8 21.8 20.7 1.1 1244
10 10,1 22,4 . .. 20,2 2,2 1212
20 10,7 . 23.7 19 b7 1142
o 12,3 27.3 16.% . 149 . 989
60 15.1 33.5 13.4 - 20,1 - 813 .
80 21.3 47,3 9.5 = 37.8 572

The required heat removal is 680 cal/sec, It is concluded that even a few
percent steam is sufficient, Vapor binding is not likely with 5 to 10%
steam, It is interesting to'mnote that the liquid water pumped by a small
amount of steam is more effective than more complete vaporization.

Cooling Water Requirem nts

It is interesting to investigate further the water requirements after
shutdown, During operation at 30,000 kw 13,100 gpm of water at 30 ft/sec
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- Huffman to File Cooling After Shutdown

inside and 25 ft/sec outside the assemblies ‘are required thréugh the
lattice portion including leakage water. In addition a flow of 1,900
grm at 12 ft/sec is required through the beryllium (arbitrarily, in over-
all design 1,000 epm more should be added for thorium cooling).

The rates of flow after shutdown are-approximately proportional to
the rate of decay of heat release; For the lattice this is '

13,100 _1;950 /ff£f°-? - (¢ 4 T)*Q;Z ‘ - (18)

30,000

and for the beryllium

1,900 _4s0 402 L (s 4 T)“é;j;7 (19)

280 '

' ‘Bince reduct1on in beryllium heat is less than in pile heat by a
factor of 4,2 althdugh the pile water reoulrements drops off more at
shutdown, tothl flow is determihed by cooling rates dictated by the
beryllium, It should be remembered that this water flow it deter-
mined by thermal stress rather than by heat capacity considerations,
As a result the flows through the pile system as a function of time
after shutdown are given in column 8 of the following table, calcu-

lated from
15,000 w(t 4T (20
(_4215_1”280 / (x4 )/ (20)

These figures should be checked for heat transfer usiné

0.8 ' 0.8
he = 150 (1. # 0,001t) ¥ o= liQ_Léiél VoS (21)
£ 5» ’ p? T (omnt ‘

e

V in ff/sec .
D in inches 2 o ’
hf = Btu/hr 1< "F -
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. ' b PABLE VI
FALL OFF OF HEAT RATES. AND VATER RATES
Reactor latiice . Beryllium Reactor Lattice’
. S ' ft/sec
. : . - ) : Active
Time  kw Cal/sq cm sec gpm “kw gpm . gpms® . ft/sec” Second
bperation (30,000) (24.3) 13,100 - 1,280 1,900 . 14,000 .30 _
‘sec - 1,950 1.525 850 350 518 3,570 . - 8.2 1.95
1,840 1.43 .7 3300 - . :
1,300 1,01 : .23 i B _ v,
1,120 0.87 - 488 201 298 . 2,050° L7 1.12 ' e
: 877 0.68 . . 158, - T A et
nin 715 0.55 o 1287 g oo ' T seeser
C 606 0.47 . 109 -
490 0.38 88 -
416 0.32 ‘ /PR
326 0,25 58 : S
hr 269 0.21 118 48 72 498- 1.13 © 0,27
’ -220 0.17 ' - 39 A - - ' : -
129 0.10 56. 23 34 236 0.54 0.09
1 day | 90 0.07 E 16 - o ' ' Yt
67 ~ 0.05 . 12 ‘ t. e
45 0.03 20 '8 12 . 8 0.19 0.05 e

Based on Beryllium‘gontrolling
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Huffman to File . ' Cooling After Shutdown

The bulk temperature is taken as 100°F, the aliowaﬁle'film temperature
drop as 100°F, and the scale coefficient as 25,000. The possible heat
fluxe§ are calculated in thg following table,

TABLE VII

HEAT TRANSFER RATE vs WATER VELOCITY

ft/sec ~“he - ~h Cal/sq cm sec
30 6,450 5,120 38.6
8 -+ 2,230 - .2,050 15.5
5 1,534 . 1,450 10,9
2 739 2 - 9.5 -
1 L2y B 5 T3 3,14
0.5 244 T2u2 1,82
0.2 117 116 0.875

This shows the flow in the lattice dictated by the beryllium flow is

very much more than sufficient to cool the lattice (by factors. of 10),
Actually 1 ft/sec in the lattice is more than sufficient to cool at

10 seconds after shutdown; it takes out 3.14 cal/sq cm sec. The actual
heat flux is 0,87 cal/sq cm sec which requires 0.2 ft/sec. (See Table VI)

The heat generation in the beryllium at the median plane .in the
material cooled by one 1/8" D hole nearest the pile is 7.5 watts/cc,
However 5 watts fcc is taken as average. The 1/8" D hole drains heat
from a surface of 7 sq cm over 100 cm of length,

So 3,500 watts is removed from & cooling surface of 30 TTsg cm or
a2 heat flux of ' ~ .

. 3450033 0.24 =. 9 cai/sq cm sec : (22)

This is during operation. The remainder of the beryllium receives much

less heat as shown by the fall off given in MonP-272, As a function of
time this heat flux falls off-after shutdown as follows

(9 cal/sq cm sec) 1;230) ///’t-9.2 - (s 4 T)‘O:52;7 (23)
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Huffman to File o " Cooling Aftet Shutdown

Recent experiments 1ndicate that there. is probably a factor of
4safety of 4 in the thermal stresses developed in the beryllium, Further-
more, thermal stress is not controlling for the emergency heating after
shutdown,

8o calculations have been made assuming that the heat fall off rate
for the pile can be used for the beryllium flow rate. Column 8 of the
Table VIII shows that water would beil in the beryllium after shutdown.
For safety it is decided to permit. the water in the beryllium to reach

the boiling point, i.,e,, roughly a 60°C temperature rise and the flow rate .

in the beryllium calculated (see column 9), This rate is about exactly
twice the flow rate dictated by pile requirements., It is suggested there-
fore that the flow rate after shutdown could be graded according to

2 x 15.ooo 1,950 042
554%85 . - (t £ 1) ’4// gpn (24)

and given in the last column of Table VIII,

The total water requirements after shutdown can now be estimated by

(}. 1,950 /%792 (340027 a7 (25)
) ' 60 B 4 . '
] ’ : :
= 40,5 to'8 gallons:
with sufficient accuracy.
‘ PABLE IX
TOTAL WATER REQUIREMENTS
Time &3;9 Gallons
1 sec 1 : 40,5
2 1.74 ‘ 71
5 3.62 146
10 6.3 255
30 . 15.2 617
60 “ 26.5 1,080
5 min 9 . 3,900
10 . 166 6,750
30 + 400 16,200
1 hr 700 . 28,400
2 1,200 57,000
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"""" —y . ' TABLE VIII

BERYLLIUM HEAT FLUX AND COOLING REQUIRELENTS

B : Flow forAT
. Pile Be . Be . H0Be  Ap of 60°C Pile Be  Total
Time - Calfsa cm sec Velocity Velocity - Cal/sec grfsec o¢ gr/sec ft/sec ft/sec _gpm
Operation . 9.0 30 ft/sec 12 ft/sec 849 29 29,4 .7 15,000
0 see 2,46 1,95 0.78 232 1.89 123,06 - 3.87 - 3.9 1.56 1,950
. 1 2.32 1.84 0.73¢ 219 1.78. 123 - : 3.68 1,47 1,840
S 1.65 1.31 0.52, 156 1.26 . 2,62 1,04 1,300
f..al10 1.41 1,11 0. 4k 133 . 1.08 123~ 2,22 2,227 0.89 1,120 seeses
seeees 30 1.11 0.88 0.35 105 0..85. 1.76 0,70 877 P P
eeatet 1 min 0.9 0.71 0.2_88 - . 84,8 0.79 1.42 0.58- 715 -f\f,:—o--c'
----- . 2 0.76 - 0.61 - 0.244 72.2 .. 123 1.2 1.22 0.45 606 telees
P+ 0.62 0.49 0.19 58.5  0.48 0.98  0.39 490 - ey
e s 12 0.52 0.41 0.16¢ L9 0.40 0.82°  0.33 416 e
ceeen 30 0.41 0.33 0.13 38.7 0.31 0,66 0.26 326 et
----- ‘1 hr 0,34- . 10.27 0.10g 32 0.26 0,533 0.54 0,22 269
5., 2 0.27 0.22 0.08g 26,2 0.21 0,44y  0.18 220
L .. 10 0.16 0.13 0.05; . '15.1 0,12 0.252 0.26  0.10 129
UL 1 dey 0.11 0.09 0.03¢ 10.4 0,08 ' 0.18  0.07 90 feeert
Ll 2 0,085 0.067 0.02, 8.0 0.06- 0.13 0.05 67 . s s
NI 0.057 0,045 0.014 5.4 0.04, 123 0.09 0,03 ks Saoees
Sq cm of heat surface = 309
XS for flow = (2.54 2 v
D ‘ L(—B—)L)_ L = 0.0794 sq cm
‘ ,
N Sulinfinliniaie
n
>\
Bv .
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APPENDIX C
"Iﬁformation for Reactor Safeguard Committee Meeting
September 9; 1948," by John R. Huffman and S, Untermyer:
dated Avgust 26, 1948. ORIL CF# 48-8-348.
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INFORMATION FOR REACTOR SAFEGUARD COVMITTEE MEETING

September 9, 1948

(High Flux Research Pile)

John R. Huffman and S, Untermyer

One of the main objections raised to the high flux pile
operated at 30,000 kw was the danger after shutdown of the fuel
assemblies melting and releasing fission products into t he air,
This objection, it was stated, could be removed if adequate water
flow .could be maintained after shutdown to remove the heat liber-
ated by radiocactive decay of fission products. Accidents might
occur which would cut off all of the three supplies of cooling
water. It was expressed that maintaining the pile lattice.submerg-
ed in water mi_ht provide adequate cooling by natural convection
or partial b0111ng.

Calculations and experiments have been performed which show
that as long as the pile can be kept submerged there is no danger
of melting. .By natural convection without boiling, 27,500 Btu/hr
sq ft can be removed. By boiling the water as much 35'220,000 Btu/"
hr sq ft can be removed for at least twenty minutes.even if a come-
plete thermal syphon cannot be provided, i.e., the return passage
is not .available, the water in the pile tank will remove 19,500
Btu/hr sq ft. At the instant of shutdown after operation at 30,000
kw the heat flux is 20 000 Btu/hr sq ft, falling to 13,000 in five
seconds,

The accompanying sketches show changeé in the<ie51gh pre=-
sented in MonT-433 which will assure submergence at all times,
barring a direct bombing or a drastic earthquake,

Sketch No. 1 shows changes in the pile structure, The inlet
and outlet air and water ducts are relocated in the top of the pile
structure, The outlet water ducts are provided with air bleeds at
their topmost point to :

This document contains restricted data within the meaning of
the Atomic Energy Act:of 1946 and/or information affecting the
National Defense of the United States within the meaning of
the Espionage Act, 50 U.S.C. 31 and 32 as amended. Its trans-
mission or the revelation of its contents in any manner to an
unauthorized person is prohibited and may result in severe
criminal penalty.
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eliminate syphon effects: In this manner the thermsl shield would pro=
vide a secondary tank to hold water in case the pile tank should rupture.
If this is so, these changes are sufficient to assure continual submergence
of the pile lattice. :

One of two other provisions could also be mades In the first alter-
native a safety reservoir could be placed on top of the pile building or
in the pile shield and directly connected to the pile tank. As a second
alternative, the basement could be eliminated, the pile placed slightly
below ground level and the canal water level brought above the upper level
of the pile lattice. In case of an emergency the water in ths canal would
flow into the pile tank, through any ruptures into the pile structure and
through sm1ll leaks around the beam holes into the pile building, eventually
filling the building with water to a height of 4-5 feet., In this case suf-
ficient water storage capacity would have to be available in the canal or .
an attached reservoir. Sketches No., 2 and No. 3 show these two additional
provisionse - ‘

Calculations indicate that by increasing the cooling gap from 0.3 cm
to 1.0 cm, natural convection air cooling is sufficient to prevent melting
at operating levels below 3,000 kw,.

The committee, in its report of February 10th, suggested that consid-
eration be given to methods of confining any escaping gaseous fission pro-
ducts. If such a provision is necessary, the pile and surrounding experi-
mental space conceivably could be enclosed in a pressure shell with air _
locks. To handle 15 1bs/sq in pressure, a steel shell 1/2" thick, 60 £t in
diameter weighing 100 tons would be necessary.

" The attached pages present additiomal data and calculations to assist
the committee in studying the pile at various operating levels up to
30,000 kw, -

This document contains restricted data within the meaning of the Atomic
Energy Act of 1946 and/br information affecting the National Defense of
the United States within the meaning of the Espionage Act, 50 U.S.C. 31
and 32 as amended. Its transmission or the revelation of its contents
in eny manner to an unauthorized person is prohibited and may result in
severe criminal penalty. '
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In order to evaluate the heat removai pfoblem.énd the haza?ds after

shutdown it is necessary to have considerable derived data,

this material is summarized in this section.

The power
losses, is

The total

TABIE 1

Number of Fuel Assemblies
Number of Thorium Shim Rods
Number of Cadmium Shim Rods
Volume Active Lattice
Volume of Water in Active Lattice
Heat Capacity Active Lattice
Heat Capacity Active Lattice with
no water
Volume of Beryllium
(28 liters HpO)
Heat Capacity of Beryllium
Heat Surface in Active Assembly
Volume Water in Pile Tank
Cross section for Flow in
All Assemblies (up flow)
Cross section of Discharge Chute
(dovm flow) ’

912,000

For reference,

22
4
4
115.1 liters
67.5 liters
97,800 cal/Oc
30,310 eal/Cc
liters
cal/0¢
sq em
gallons

1,360

14,045
3,500
880 s@ cm

'225 sq cm

evolved in the active lattice section, neglecting end

P =1950 /67042 - (t £ 7)*0:2 7 1w

heat eiolved in the pile tank is obtained by integration

H= 7.2 x 105 t0¢8 calories

time after shutdown
in seconds

time of operation
in seconds

This document contains restricted data within the meaning of the Atomic
Energy Act of 1946 and/%r information affecting the National Defense of
the United States within the meaning of the Espionage Act, 50 U.S.C. 31

and 32 as amended.

Its transmission or the revelation of its contents

in any manner to an unauthorized person is prohibited and may result in
severe criminal penalty.
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TABIE II

Heat Flux and Total Heat After Shutdown

(30,000 kw)

L Power Heat Flux Total Heat
Time £=0e2 - (t £ T)De2 £0.8 - low cal/sq cm sec Calories
Operation © 30,000 (23.3)
0 Sec 1 4 © 1,950 1,525
1 0.944 1 1,840 1.43 7.2 x 10°
5 0.669 3.62 1,300 1,01
10 0.574 - 643 1,120. 0.87 -
30 0.45 1542 - 877 0.68 :
1 min 0.366 2645 715 0,55 1.9 x 107
2 0,311 46 © 606 0447
6 . 0.252 111 490 0438
12 0.213 194 416 © 0432
30 0.167 400 326 0425
1hr 0.138 700 269 . 0421 5 x 108
2 0.113 1,220 220 0.17
10 0.066 4,400 129 0.10
1 day 0,046 8,850 90 - 0,07 6.4 x 109
2 0.0345 15,400 , 67. 0.05
4 days : 0,023 26,900 45 0.03 1.9 x 1010

One day after shutdown if heat were not removed by other means, the
total heat evolved would boil 2,800 gallons of water. Table III shows that
it is necessary to link the pile lattice with the water contained in the pile
tank to prevent meltinge.

TABLE III

Temperature Rise After Shutdown

(No Cooling)

Temperature Rise °C

Time Lattice Only Lattice Only Pile Tank
After Shutdown No Water Plus Water Plus Water -
10 see 149 46 0.2
- 300 2,270 ' 702 2.6
600 ‘ 1,220 - 5.0
3,600 ‘5,110 19,3
ST
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Heat Removal by Natural Convection

Exploratory calculations were hade'to determine the heat flux which
could be handled by a thermal syphon. lhe heated path was. consideted to
be the 60 cm high, 3 mm wide cooling gap in the active portion of the fuel
‘assembly and the downward path to be the 100 cm high 6 inch square dis-
charge -chute in the beryllium reflector. These calculations neglect
entrance, exit and eddy effects in the pile tank which would lower the
heat removal; also the existence of other downward paths (226 sq em in the
beryllium reflector cooling holes and 67 sq em at the tank wall) and the
fact that lighter density water would persist in a column for some distance
above the lattice, both of which would favor more heat removal,

Driving Force = /31 "/oo 'h

o . } )
S el o ey
nn g8n L B

2
Pressure Drop in Cooling Slot = 12/ uh (McAdams,
: a2 g p.124)
Pressure DfOp in Discharge Chute = 4f h u%
2gd)
-~ 880
1 77 M
Heat Flux = ¢ = 3600 d fep & T )
' 2 n
height in feet '
density in lbs/cu ft
gap thickness in feet
velocity in feet/sec
viscosity in lbs/feet sec
gravity in feet/sec sec
friction factor
heat flux in Btg/hr sq ft
specific heat in Btu/lb OF
TABLE IV
Inlet " Outlet q q. . u AP
Temperature Temperature Btu/hr fﬁz cal/éq cm sec’ ft/%ec ft H20
400C 80°C 17,000 1,28 0.42 0.020
40 90 27,300 - 2,07 0.547 0.027
40 100 41,500 3,13 0.684 0.034
-
de ooo‘ [ . o oo ss o & Sed \’. ,

[~ -


hamrind
Pencil

hamrind
Pencil


LAY X
steowng
evsose
asese?
esacee
ecsona

L]

.
* o

-9=. [ ——

By comparison with the 1,525 cal/sq cm second heat flux given in Table I,
a temperature difference of about 40°9C is sufficient to cool the pile at
the instant of shutdown without boiling water.

In addition experiments have been performed at ANL and ORNL to confirm
the heat removal by thermal syphon with-and without boiling. In these ex=
periments the return passage was sufficiently large so as not to produce
appreciable additional friction,

The experimental equipment used at ORNL was designed to correspond to
one fuel assembly channel and its related reactor structures as nearly as
practicable. A mild steel tube with inside cross section 1/@ X 2-3/@ inches
was mounted vertically and had a heated length of 24-5/8 inches. An 11-3/8
inch unheated section extended upward to simulate an upper adapter to a
3-inch glass pipe to simulate the proportional cross section of the reactor
tank which, in turn, was connected to a 15-gallon head tank with the water
surface 40 inches sbove the top end of the heated section of the tube. A
line of 1 inch and 1/2 inch pipe comnected the bottom of the tank to the
rectangular tube below the heated section, and a gate valve in the line
was closed when it was desired to prevent outside circuletion. The rec-
tangular tube was heated by passing through it a heavy current from a
variable transformer, and heat flux was determined from measurements of
current and voltage drop in the tube, Thermometers to measure fluid tem-
peratures were placed in the inlet below the heated section and at a position
just above the top end of the rectangular tube. Thermocouples placed on the
putside of the rectangular tube were used to measure the meta)l temperatures.

In the tests conducted with outside circulation, the power input was
increased successively and readings were taken after steady state conditions
were reached for each value of power input. DNo appreciable fluctuations
were observed in any test, and no difficulty was encountered in reaching the
capacity of the equipment. Circulation was rapid enough that the metal tem-
perature did not exceed 1000C until a heat flux of 14,000 Btu/(sq ft)(hr)

. was reached, and boiling was not observed at the top of the 1/8 x 2-3/4 inch
passage until the heat flux was increased to 25,000 Btu/(sq ft)(hr). With
little or no boiling a flux of 27,500 Btu/{sq ft)(hr) was removed.

When the recirculation valve was closed so that fluid could enter and
leave the channel only at the top of the tube, a similar procedure was
followed except that the tank was drained and refilled each time the water
became hot in order to determine the effect of the residual water temperature.
Visible boiling and audible bumping occurred when the heat "flux was increased
to 5,200 Btu/{sq ft)(hr), and all temperatures fluctuated several degrees du=
ing the remainder of the tests. The power input was increased successively
until a "hot spot" developed, indicating that vapor binding was occurring
and that excessive metal temperatures would result. The maximum heat flux
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achieved with hot water in the tank was 17,000 Btu/(sq ft)(hr) and the max-
imum heat flux with cold water in the tank was 19,750 Btu/(sq ft)(hr). Rough
calculations indicated that 5-20% steam formation by volume would remove
20,000 Btu/hr £t2,

At the ANL an aluminum section was fabricated to simulate a section
of the high flux pile assembly representing the equivalent of three water
gaps. This unit was suspended vertiéally in a 105 gallon water tank. The
plates were heated by the passage of low voltage AC current. Power was
measured by a watimeter on the primary of the power supply transformers
Sufficient power was available to run a unit until the plates warped.

The first element tested had been air-cooled at 0.25 cal/cm? second
"and the plates were slightly warped. This element was used to test equip-
ment and calibrate meters. It was run for about 10 minutes at 44 kw
(8.7 cal/em? sec). ' It failed immediately at 90 kw (18 cal/em? sec) and
- inspection showed that the plates were severely warped.

The second unit was operated for 20 minutes at 48 kw (9.6 cal/’cm2 5€C)e
At the suggestion of Dr. Teller, the power was increased to 82.5 kw (16.5:
’cal/%mz sec), and the unit was operated at this power until the water tem-
perature had risen to 96°C. This required about 20 minutes. Boiling was
violent at first, bBut when the water temperature rose to~about 900C the
churning sound disappeared and was succeeded by a slight hissing. Current
was shut off momentarily when the water reacned 969C. The unit failed
when the current was turned on again. :

Finally, at ANL, a complete high flux pile fuel assembly (18 plates)
was suspended in the 105 gallon tank. The assembly was surrounded by
2-inch thick wood for insulation. It was opcrated for 30 minutes at 69 kw
and then for two minutes at 86 kw without a sign of failure. Output of
the transformer was limited by electrical power lines. These power in=-
puts correspond to 1.1 and 1.4 oal/sq em second respectively. The tem-
perature of the water in the tank was not over the boiling point,

Air Cooling After Shutdown

Calculations were made to determine how soon after shutdown natural
convection of air could handle the heat flux. '
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Combining the proper equations given above and neglecting both friction
outside the cooling gap and entrance and exit losses, the following equation
can be obtained, ‘

qa = 3600ega3 P ap S or
| 48 ¢, b

AT Z temperature
R difference in

. air in °F
The driving force is
p= o0.073 AL __
Qp = um oo
For the 3 mm gap, 30°C inlet air .
qa = ou1_Ab1
o 546 £ AT
u = 0,667 AT -
SLE £ AT
AT = 6.1 _9_
u
The filmA&rop'is found from
hDe = @ (DgGep) (De)
ko (k) (L)
'-(McAdams
p. 199)
(mininfeininiay
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TABIE V -

Air Cooling After Sﬁutddwn

qQ ; .

q ! .
AT Btu/hr £4° cal/sq ch sed  ft/sec tm
120006 15.6 " T 0.,0017 . - 0.265 129500
600 79 - 0,006 0.442 903
1,000 152 0.0115 0,512 1,540

If the metal temperature is to be kept at 600°C, i.e,, below the melt-
ing point.of aluminum, 0.0036 cal/sq cm second is the maximum heat flux which
can be handled, This is reached at 50 days after shutdown for the pile
operating at 30,000 kw, Air cooling after shutdown is definitely not
possible.for the 3 mm cooling gap and 30,000 kw operation. If operated
at 3,000 kw this flux is reached after three days cooling, )

The effectivenesé of air cooling increases as.the cube of the width
of the cooling gap., The following table gives the heat flux possible as
a function of the gap again maintaining the metal temperature at 600°C,

If a wider gap is defined as
4 = bd

these formula become

tq = 011 AT
546 74 AT
v o= 9.1k b2 A/J
The film drop is independent of b,
. TABIE VI
Alr Cooling vs Gap Width
q
Gap Width - ‘cal/eq cm sec
3 um ' 0,0038
6 - 0,0290
7.5
9 . 0.098
10 ,
12 _ 0,232

15 0.454
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These calculations do not take advantage of the less of heat by
radiation and conduction to the pile beryllium and pile tank walls,
For operation at 30,000 kw this might reduce the heat flux by 10%. for
operation at 3,000 kw the factor might be 50%.

- Using twenty-two assemblies increasing the plate thickness and
decreasing the number of plates per assembly, the heat fluxes existing
in the pile &t shutdown for various power levels were estimated and are
shown in Table VII., Since more gamma energy will escape the pile lattice
if no water is present, the power and total heat were taken as follows:

5

= 0.05 PO t~0.2 1y gec
H = 4,5x 105 t0,8 calories
TABLE VII
, S _
. Bffect of Plate Spacing and Power Level
on Air Cooling
, Plates Héat Flux ‘Heat Flux at Shutdown
Case per Plate Cooling Removed by Air 5,000 kw 3,000kw 2,000kw
No., Assembly Thickness Gap calfsq cm sec . . cal/sq cm sec
1 18 0.15 0.3 . 0,002 0.182 0,11 0,072
2 9 0.20 0.6 0,016 - 0.36 =~ 0,22 0.146
3 5 0.3 1.1 0.098 0.65 0.39 0,26
L 3 0.5 1.8 0.43 1.09 0:65  0.43

In Table VIII the time in which the pile would reach the melting point
of aluminum, assuming no other loss of heat, is compared with the time after
shutdown necessary to reach establishment of a steady state for air cooling.

TABLE VIII

Time Comparison for Air Cooling
' Time After Shutdown

Time After Shutdown to Reach Steady State
to Reach 600°C, No Cooling ~ with Air Cooling

Case ' Seconds ’ Seconds
No, 5,000kw 3,000kw 2,000kw 5,000kw 3,000kw 2,000kw

1l 730 1,400 2,300 = - -

2 1460 900 1,450 - - -

3 400 780 1,250 13,000 1,000 136

b 400 780 1,250 100 7.6 1

From this table a pile operating at 3,000 kw with 3 mm thick plates, and
1.0 em cooling gapes would be safe with only air cooling after shutdown.

s e

esoe
- .
sosece
L]
o @
®essce
Tesess
.
weos
XYY Y]
3
esvee
se0 00 e

C-77-/82


hamrind
Pencil

hamrind
Pencil


s o086 U o & o e o v yoe o e ss
LK o LY . L] . e * 00

e o . @ L] (LN L] . e @
* o *e o *e L] * o . * o o
. 0 o » L] . ¢ o e o 0 o o o
®0 980 o oo ¢ . . L) o0 e

AI"?ENDIX_, D
"Materials Testing Reactor Desi_gn _Dﬁpa Sheets"
by D, J. Mallon dated,October 28, 1949
"ORNL CF# 49-10-232
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MATERIALS TESTING REACTOR
Light Water Moderator - Beryllium Reflector

Fifth Edition
October 18, 1949

Physical and Pre-Desigﬁ
(see MonP-206, 272,357,433:0RNL 79,167)

1,0 ENGINEERING DESIGN
1,1 Pile Structure

Height: above floor -level = . 2 £t _
Overall eross section of conérete 3 ft x 32 ft 6 in,
Balcony level : _ 11 £t :
Height of Basement : in building 136"
in sub pile rm, gron
Centerline of Pile above floor level ~ 3 ft-6 in,
Centerline of horizontal beam holes above .
floor level 3 ft-6 in;
Water, depth in discharge canal : 17 £%
Clearance to crane hook 28 £t
Thickness of Aluminum tank 3/4 in,
Design cooling water flow 19,500 gpm
Purge of cooling water 3%
.
1.2 Reactor
1,21 General Data
Operating output 30,000 kw
Normal pile loading (23 fuel assemblies :
no shim rod contribution) 3.3 kg 235
Max, possible loading (37 fuel assem- - '
Number of lattice spaces L5
Number of shimesafety rod spaces 8
Heat fluxes Average 294,000 BTU/hr.sq.ft.
Center of Pile 367,500 BTU
Maximum 533,000 BTU
CAUTTON

ocument contains informa

f the

Act of 1946,
in any manner

on is prohibited
iminal pen-


hamrind
Pencil

hamrind
Pencil


1,22

‘Témperatures:

sune
Iy
.

LR
voscohn
evoser
cscena
eove
[ -
svevean

Héat Transfer Coeff101ents Film (30 ft/sec)
Scale
Overall
July average wet bulb(ARCO)
Pile cooling water inlet
Pile cooling water outlet
Makx Temp drop across film
Max Aluminum metal temperature
Water veloclty ih active portions
Pressure drop across pile)
Oboling air require'ts @ (70%F& 25.5 cm; Hg)
Atmos. cond,
Temperature of graphite pebbles (max)

Exit air temperature
Pressure drop {(thru pebbles) .
Fuel Assembly: 25 per unit area

6,300 BTU/hr.sq.ftSF
25,000 "

5,100 "

659F
100°F
110,2°F
97°F
223°F .
30 ft/sec
35 psi

25, 000 CFM

410°F @ 30,000 kw
570°F @ 45000 kw
155°F @ 30000 kw

© 30-40 ins. Hy0

20.3 mg/sq em-

% composition starting "25"-93.4%

28 - 5,5
2 - 1,1
% compositlon re;ection 25 -60,3% <
26 -23,7%
2 & 28 -16
Per cent 25 Consumed before rejection 73.9%
Maximum Uranium in alloy 22 % by weight
Ratio: VA1/VHoO (Active lattice) 0,70/1.00
25 per active assembly 140, gms
~ Total heat transfer area per .assembly 14,045 sq cm

Number of active plates 18
Water gap between active p‘ates 0117

1,23

V"A"‘Piece eross section

Reflector !Be!

cooling water passages
Ratio VH o Vpe

Removable lattice pleces-cross ‘section

0.02 .

coollng water passages

Raﬁlo VH20/ VBe

3,018 x 3,018 in,
1/8 Dia holes-lm centers

3.015 x 3.150 in,

1/8 D1a holes-1

in.center
0,02
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1.3 External Reflector.

Graphite pebble bed 55-3// inside dia

E<W & N-S(outside) 7 ft-4in, x 7 ft-4in,
Permanent graphite E=W & N-S(inside) ‘ 7 ftef in x 7 ft-4 in,

E-l] & N-S(outside) 12 £t x 14 ft

Height - ' 9 ft = 4 in

1.4 Shielding

1.41 Thermal Shield

Composition ' | Iron ' o

Thickness ' 8", 2.4" layers with
: 3" air gap
Inside dimensions ‘ 12 ft=-1" x 14 £t 1v
Height . 12 ft - 10 in,
Distance from centerline of pile 6 ft-0} and 7 ft -0} in,

1,42 Biological Shield

Composition AConcrete
Thickness (Minimum of Portland Mix) 9 it

1.43 Top_Shielding

Composition (separate) Water 19 ft-10 in, H,0 above
pile centerline-
Plug: 3} "SS : '
‘ 7" Lead 101 in (total)

Composition at shutdown . 18 £t-~10 in, Hp0 above GL
1.44 Bottom Shielding
Composition (éeparate) Water 8 ft below pile centerline
Plug: 1" SS
13" Lead : , N
2" SS 16 in (Total composition)

2.0 Nuclear Data
2,1 Neutron Fluxes (nv)

Maximum Virgin Flux ,At= 5 cm) 1,2 x } 14 n/sq.cm.sec.
Maximum Epicadmium Flux". o 6 x 10 "
Average Slow Flux(Active Portion, no Thorium) 2 x 1014 1 "
Maximum Slow Flux(In Be Reflector, no Thorium) 5.2 X }2 4 "

2,5 x 10 "

Slow Flux at Center of Slab Pile
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Nuclear Data (cont'd)
13

Max, Slow flux at Al - Graphite Ball Interface 34 cm Be 5,2x10
50 cm Be 3.5x1013

Slow Flux at Entrance to Thermal Column 9 x 101
Slow Flux at Face of Thermal Column (with Boren Shield) 6 x 107
Slow Fluxes in Thorium Production Rods . 5x 1013

Neutron Fluxes above and below Pile measured from
Lattice Surface

Distance : Total Incident . Epithermal
__Cm N/sa_em/sec N/sq_em/sec
100 1 x 109 6 x 108
150 5 x 107 2 x 107
200 3x10% | 1 x 100
300 : 3 x 104 ~1x 104
400 4 7x10° 3.5 x 10°
k of cold, clean pile 1,614
6 k/k for Xe poisoning (operation) : -0,039
4 k/k for Sm poisoning (operation) ~0,010
o k/k Xe (maximum @ 11 hours after shut-down) =0,435 ‘
» k/k Sm (@ 11 hours after shut-down) -0,012 (0,033 Max)
o k/k 25 Depletion (1% of 25 per day) =0,0033/day
A k/k Temperature (maximum) -0,008
4 %/k Thorium - : . -0,007
ok/k allowed for experiments ~0,050
. & k/k allowed in Design (total) 0,190
k of pile at end of operating cyele (288 hrs) 1,31
Thermal Utilization 0,77 o
Minimum Critical Mass . : : 0.95 kg
Average energy of Pile Neutron -1 Mev »
Neutrons escaping lattice per fission 0.9(k= 1,6)0,67(k= 1,37)
Neutrons absorbed in aluminum and water '

per fisasion 0,40

2.2 Neutron Properties

Material Diffusion _Area Neutron Age Transport Mean Free
_ (1) .cm? (%) cm< Path
Avg.Slow Avg Fast
cm cm

In Pile 3.32 60,3 0.8 3.73

In Water _ 8,3 33 0.5 3.43

In Be(2% Hy0 by vol) 400 96 1.9 2,01

In Ho0 = Al 15,6~ 60,3 0.75 3.73

In Thorium Production Rod 7.3 : - 3.9 -
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2.2 Nuclear Data (cont'd)

Diffusion Area Neutron Age Transport Mean Free

. , Path
In Thorium Shim Red 5.1 59.6 0.83 3.8
In Graphite . 2500 - 350 2,71 3.34
In Pure Be 625 . 98 2.3 1,89
" In Aluminum .. 296 10,400 12 8 -
In Bismuth £ 10% Hs0 - 224, ' - - 4423
In Bismuth £ 30% Hy0 - 76 .- 4oR5
2,3 Gamma Ray Spectrum
 Source Material .  //fission ' Energy/y Energy/fission avg.watts/cc
' Mev Mev Mev :
Fission of U235 :
Prompt Fission 5 1 5 8.
-Fission Product 2 2,5 5 8.4
- Capture in "25" : 0.18 - . 6,0 1.1 1,02
Capture in Al ‘ 0,11 8,0 0.9 1.48
Capture in Hp0 0,24 2.2 0.5 0.88
Capture in Th. 0.08 6.0 0 . 0,46
Total 13,0 Mev 20,6 Total
3.0 Pile Control S
3,1 Regulating Rod
- Composition Cd-Al,
Total weight of combined rods - 55.5 pounds -
Buoyant force of regulating rod 8.1 pounds
Total buoyant force ' ‘ 17.9 pounds
Resistance force of rod thru pile section }
i ' (friction) 7.4 pounds
Acceleration . ~1,3 g
Accelerating force required at rack to raise _
rod (¢éombining only mass of rod & g) -»130, pounds
Total Force required at rack to raise rod ~~111 pounds
Accelerating force required to lower rod ‘
%comb ly ma f rod & .8 pounds

Total force requigégga%nrack 28 Tower rog) :j%?.pounds

The horsepower required to move the rod
at four feet per second within 1/10
second has been estimated to be approx.
20 per cent of the total load and he
total horsepower required is estimated

at 5 hp,
Factor of safety of regulating rod ‘ 2.8
Factor of safety of drive rod . 55
4> k/% per rod . ' "~ 0,005
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NEUTRON FLUX RELATIVE TO CENTER OF PILE
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Regulating Rod (cont'd)

Force Acting for Safety

- Acceleration required for safety

3.2

Shim-Safety Rod--General Data

Compogition

Max, No, of Rods 4
Max, Speed of Travel (up and Down)
Minimum acceleration of fall
Total travel

Permissible overtravel upward
Permissible overtravel downward
Length of Thorium, Cadmium or U, Sections
External Dimension, Cross Section
Thickness of Thorium plate

Number of Thorium Plates

Water Gap in Thorium Plates
Number of Uranium Plates

Thickness of Uranium Plates
Thickness of Uranium End Plate
Space between Plates

& k/% for Thorium Section

2 k/k for Cadmium Section
Magnetic release time

3,21 Thorium-Uranium Red

Weight of rod

Weight of magnetic coupling

Total weight-rod, shaft, coupling

Water pressure load on rod

teight of rod and water pressure minimum
brg, friction

Load on Magnet (rod being withdrawn)

23 Production in Thorium (max)

seese
.
ecssee

365#

1 G in first 3" of travel

Th-25 and Cd-25

8
0.2 cm/sec(0,0798 in/sec)

1 gravity
2 ft, 6-7/8 inches

1/2 mm (0,0197) inches

2 mm (0,078 inches)
60 cm (23-5/8 inches)
7.21 x 7.8 cm

5.1 mm '

6

9.48 mm

14
0.060 inches
0,241 inches (1.55 cm)
0,113 inches
0.04 per rod
0.07 per rod
v 0,03 second

132 1bs,
40 lbs,
207 lbs,
290 1lbs,

352 lbs,
467 1bs,

2,85 g/day or 0,08 atoms
Th per atom 25 destroyed

“
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3.22 Cadmium-Uranium Rod

Weight of rod 135 1bs,
Total weight-rod, drive shaft, coupling 210 1bs,
Water pressure load on rod 290 1bs,
load on magnet (rod being withdrawn) 470 1bs,

3.3 Shock Absorber

Length of Shock Absorber 8 inches

Maximum Downward Acceleration of Cadmium Roed 2.7 g

Max, velocity of rod in fall at 35 psi press. '
drop 15 ft/sec,

 Maximum force to stop rod : 127, 1bs,
Pressure developed in dash-pot : 175 psi )

4,0 EXPERIMENTAL FACILITIES

4.1 Available Flux(nv 1014) (Fast and Thermal Neutron)

4.11 Active Lattice Hole - A 3" x 3" vertical hole through
* shim rod location in the active lattice, '

4,12 Horizontal Through Hole - A 5" x 5" horizontal hole extending

from side to side of reactor adjacent to active lattice,
4.13 Horizontel Beam Holes - Six -~ 6" dia, ( at inner ends)

o these to be 8" I,D, outside the reactor tank,
4,14 Horizontal Pneumatic Rabbits - Two 1" I,D, rabbits pene-
trating permanent Be near Active lattice edge.

\ horizontal holes penetrating permanent Be to lattice, two of

4,15 Vertical Hydraulic Rabbits = Four holes situated in permanent

Be near lattice edge and penetrating vertically through

bottom shield; two of these are 1" I,D, and two are 13" I,D,

(The latter are regulating rod spaces not in use),

4,16 Replaceable Beryllium Positions ~ At least forty sections of
the Be reflector are removable without appreciably reducing

flux values for other experiments,

4e2 Available Flux (nv 1013) (Thermal Neutrons)

4,21 Horizontal Neutron Channel - A 10" wide x 16" high. approach

hole to the tank wall, Actual neutron channel comes from

5" x 12" tunnel through cans in Be to face of active lattice,
Vertical azcess to hole close to the aluminum tank from the top

~of pile structure,
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4,22 Apgular Beam Holes - Six downward sloping 2" I,D. holes in
the permanent Be that do not pierce tank, Access through
6" I.,D, holes to outside of reactor tank, :

4L+23 Oriented Sample Holes - Two 4" dia horizontal holes
penetrating to tank wall, :

L.24 -Pebble Zone Holes ~ Six 4" dia, vertical holes penetrating
from top of reactor to bottom of pebble zone, Two of these
holes actually penetrate through to the canal,

4,25 Inclined Pebble Zone Holes - Thirteen 23" dia, inclined holes,
slightly offset from vertical, penetrating from top of reactor
to .pebble zone near tank wall, .

L.26 Vertical Instrument Holes - Six 23" dia (actually inclined)

" holes penetrating from top of reactor to tank wall, Two of
these holes terminate in the oriented sample holes and two
-terminate in holes described in 3,27,

4,27 - Horizontal Approach Holes - Two 6" dia, horizontal holes,
approaching tank wall at angle of 30° to N-S centerline,
and penetrating to tank wall,

4.3 Available Flux (nv 101%)

4,31 Tegt Holes - Approx, thirty-seven 2" dia vertical holes
penetrating from top of reactor to bottom of permanent
: graphite, ,
4,32 Horizontal Through Holes - Two 8" dia, and two 4" dia,
holes -extending from side to side of the reactor and
penetrating through the permanent graphite,
4,33 Horizontal Instrument Holes - Two 10-3/4" I.D, horiz. holes
- extending from side to side of the reactor (parallel %o
\ N-S centerline) and penetrating through the permanent graphite,

4.4 Available Flux (nv 1010)

Lol Vertical Thermal Column Holes - Two 1 ft x 1 ft holes pene-’
trating from top of reactor to and including the Horizontal
Neutron Channel (see 3,21 above),

4.42 Horizontal Thermal Column Holes « Two 4" x 4" horizontal

: holes extending from side to side of the reactor through the
Thermal Column, Six horizontal holes extending to thermal shield,

Le5 %vai}ghﬂe P jamma_Flux (1962 - Two vertical holesg penetrating
rom top of reactor to a point 10 ft. above pile ¢ and into
the pile exit water line cross-overs (one per cross-over,)

5.0 Miscellaneous Data

-

5.1 Health Hazards

Tolerance for areas 1 cm? 0.1 r of, ¥/24 hrs,
(total additive) 0,025 rdentgen equivalent
: physical of f.n,, 200 n/cm?
sec, 1,500 n/em? sec, th,
neuts,
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Tolerance for areas 1l cm?
Gases
River

Normal Background

Ve oven

0,1r/8 hrs for beams
on average

General Tolerance

dusts 3.1 x 10 ¢/cc air
‘Na®4 6,3 x 10~l4e/cc air
0.5 wc/liter water
0,015 mr/hr

5.2 Induced Activities in Pile Structure ( 3 months operation)

(Values to be used for Major Overhaul) -

Stainless Steel Bottom Tank
Stainless Steel tank section

Upper Support Ring
Beryllium Reflector
Aluminum Tank
Replaceable Graphite Ring

(no self absorption)

Total Graphite Reflector
Magnets

6,0 RESUME' OF DATA SHEETS ISSUES

6.1 Issue No, 1

Doses at top

of well
No Water
90 millicuries :
25 curies 2:5
1.5 curies 9.0
2600-10,000 curies 250-1000
500 curies
60 curies
500-5,000 curies 845

. 3,7 curies total -

Memo to file by John R, Huffman June 1, 1948

ORNL CF 48-6~68

Issue No, 2 Memo to Steering Comm by J.R.H. . April 1, 1949
ANL-ABS-3 '
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APFENDIX E
"Reduction in Reactivity of Heterogeneous Reactor by
Expulsion of Coolant,". by S, Untermyer ANL-WPB-60
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S ———— ANL=WPB-60

Reduction in Reactivity of Heterogeneous Reactor

By Expulsion of Coolant

Introduction
Several receﬁt reports (A) (B) (C) have questioned vhether plate type
heterogeneous water-cooled and moderated're%ctors fail safe in event of a
major reactivity excursion. As it seems difficult to calculate accurately
whether the moderator éan be expélled or heated quickly enough to stop thg
pile before the fuel plates melt, we have done experiments which indicate .
that expulsion of the coolant starts within 30 milliseconds after applica-
tion of heat, In most thermal reactors, this appears ﬂo’be fast enéugh to

prevent melting of fuel plates.

Apparatus (Figure 1)
Heat was applied to a thin-walled Al tube by the momentary passage of

a large, low voltage alternating current, Current was obtained from the one
turn secondary coil of a small transformer, The 220v ac primary input was
controlled by an electric timer, so that the auration of heat iﬁput could
be varied. |

The sample was an Al tube, about 15 cﬁ long, 1 cm ID and, originally,
aboﬁt 50 mil wall, The central hzated section of the sample was machined
to 5 mil wall thickness, The sample was mounted vertically so that the tube
could either be empty or filled with stagnant water, |

One pen of a Brush oscilloscope was connected to the heating circuit.
The other pen was actuated by immersion of two probes in water eipelled from
‘ the tube, Thus, a permanent record was obtained of heating time and of the

time delay in expelling water,
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A low heat capacity thermometer was used to measure the initial and

final water temperature,

ata
The minimm time to melt the.tube wall was'determined by épplyihg

successively longer impulses until the tube melted,

Condition Time to Melt Tube (cycles = §§%)
1" long tube - no water 5% ‘
1" long tube - filled with water 11
2" long tube - no water ' 11

2" long tube - filled with water ' >31

The water temperature rise was measured for a two inch long tube, The

average value was:

0.9%C/cycle
or N
54°C/sec
The time delay in start of expulsion of water was measured on the - -
oscilloscope tape, ' V ' y
Tube Length Time Delay (cycles = §§%)
z B

Typical oscilloscope records are shown on FPigure 2, ™
Calculations |
A. Heat Input
From "Metals Handbook" we find that the heat required to heat and

fuse 20°C aluminum is 256 cal/gr or 692 cal/cc,
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ANL-WPB-60. Page 3.

A 5 mil tube wall contains 0,012 gﬁ? meta]_, Thus, to melt such a ’

wall reﬁuires 0.012 x 692 = 8,3 cal/%mz of heat,

The burnout time for theil_inch tube was 5% cycles or 0,092 sec; corre-
sponding'to a heatvin?ut éf o?égz z 91 cal/'cm2 s56§ The ? inch tube:ﬁad;a iurn-
‘out time of 11 cycles,‘corresponding to-a heat input of 6?&%%'= 45 cal/%mz seé;

The over-all tube length was 15 cm and the ID was 1 cm so the water volume
"was 12 cc. Thus the heat input deduced from the temperature rise of the
water in the 2 inch tube was 54 x 12 = 650 cal/%ec. The heated surface

area was 16 cm2 so the heat input was %%?- = 41 cal/cm? sec. Considering

heat losses and other uncertainties, this seems a reasonable check on the

value of 45 cal/'cm2 sec calculated from the time required to melt the Al,

Be Heat Transferred to Coolant

At the time the 1 inch water-filled tube melted, 8.3 cal/cm2 must
have been retained in the metal wall, However at this time heat had been

generated for 11 cycles (0.183 sec) at a rate of 91 cal/cm? sec. This

corresponds to 16.7 EE%_. Thus, 1647 = 8,3 = 8,4 cal)@mz must have been
cm . :

trensferred to the water in 0.183 seo, giving an average heat transfer rate
of 46 cal/em? sec to the water,

C. Rate of Steam Formation

It requires‘aﬁout 600 cal of heat to cbnvert one cc of 409p water

to 1700 ce of 1 atmosphere steam. With a heat flux of 40 cal/cm2 sec steam

is generated at the rate of

20 X = ; 2
50 1700 = 110 cc/em? sece
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ANL-YPB-60, Page 4.

Thus, the steam generated in 10 milliseconds would fill about 10 per cent of

a 1 cm cooling passage.

ﬁgacfivitz Decrease in a Heterogeneous Reactor

The diffusion area (L2) is given by j\a As . ~,Ra depgnds princi-
pally on fuel concentration, while ;As dependsBOn moderator concentration,
Thus, expulsion of 10 per cent of the moderator has about the samé éffect ..
on Qiffusion area as removing 10 per cent of the fuel, In addition, T
depends on ,%52; thus it is seen that expulsion of.(say) 10% of tﬁe
moderator increases L2 by 10% and'increases'jrby 20%, For enriched
piles, vhere k-1 is over 1/2, this will cause reactivity reductions of

about 5%; which will promptly stop the chain reaction,

For reactivity excursions beyond prompt criticality, the pile period

is approximstely Prompt neutron lifetime
1S approxt v excess K beyond prompt

+

A prdmpt lifetime of 1 millisecond and an excess k of 2% gives a
period of 50 milliseconds, which is appreciably longer than the time

required to expel water from the reactor,

S. Untermyer
Eefereﬂceé
A, - NAA-SR-31, "A Study of Reactor Hazards" - by M, M, Mills;

B, - NAA-SR-34, "Design Study of Low Power'Reseérch Reactor"
by A, S. Thompson and T. Fahrner,

C, ~ NAA-SR-47, '"Transient Heat Transfer in Heterogeneous Reactor"
by ¥. C. Parrish,
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APPENDIX F

"Reactor Hazards," by J. J. Katz and H, R. Hoekstra

dated January 27, 1950 ANL-WMH-596
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January 27, 1950
W, M. Manning

J. Jo Katz and H, R. Hoekstra

Reactor Hazards

A theoretical examination of reactor hazards has recently been made

in North American Report Nos NAA-SR=31, Dec. 7, 1949, Ain additibn to the

nuclear phenomena resulting from a sudden increase in k, the heat evolved

as a result of complete chemical reaction of the fuel elements with the

-~

coolant has been computed. The reactions which are considered are:
3U -+ 8Hp0 —— Uz0g + 8Hp
83U + 409 ey Uz0g
4Al + 3Hg0 ——3 24150z 3Hp

4A1 + 30, === 2A1,03

It is assumed that these reactions would occur when the fuel elements reach

a sufficiently high temperature. In the case of CP-3, it is estimated that

the heat evolved by these chemical reactions is comparable to that evolved
by the nuclear reaction.

There is little doubt that the thermochemical calculations presented
in NAA-SR-31 are correct or are at least of the fight-order of magnitude.
However, it is implicitly assumed.fhat these are esSentially instaﬁtaneous
self-propaéating,reactions. This situation would ¥ery likely obtain if

the fuel elements were vaporized, or if they were in some way rapidly dis-

tributed throughout the coolant as very finely divided solids. We have examined

the behavior of massive uranium (and seme uranium alloys) with steam and

Bech
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_oxygen at temperatures close to or above the melting point of uranium.
The rates of these reactions appear to be such as to require hours rather
"than seconds for completion.

Reaction of Uranium Metal and Alloys with Steam:--Samples of metal and

alloys were treated with steam at 1000°C, 15 psi, with the following results;

: _ Rate of formation of oxide gn, metal reacted/%mz/hr

i
H

i
; in mm/hr at 10000C* at 10000C* i
i : : , ~|
| v 0.28 i 0.55 |
’ U(6%)-2r 0.20 l 0.12
~ !
! U(10%)-Al | not measurable ‘ not measurable g
(SR s amrmnm ' 4

#Results calculated from resulté obtained on 15 mine exposure.
The samples were fairly sﬁall, of the order of 1-3 g with surface areas
of 1-3 cm?, Uranium metal was examined in the temperature range 500-1000°C;
the rate at the higher température is four times that at the lowers
This indicates a modest temperature coefficient for the steam reaction.
- In the case of thé uranium~-aluminum alloy, the seample was far above its
melting points Deformation occur;ed, but the oxide coating which practically

prevents reaction was also effective in stopping free flow of the alloye.

‘Reactiqn of Uranium Metal and Alloys with_Oxygen:—-Samples were
treated with axygen at t emperatures up to 115000, which is above the
melting point of the metal and the aluminum alloy. .The results are given
graphicaliy>in Figure 1. 1I% can be seen that although éonsiderab}e re=-
action occurs, fhe rates are slow, even above the melting point. This
‘must ce?tainly be the result of the oxide films which form very repidly
and which are quite adherent. In the caée of the #iuminum;alloy,.after
a rapid initial'uptake'of oxygén,‘little reaction occurs evén after long
continued heating, | |

Reactions of Aluminum:--The usual method of preparing aluminum shot

is to pour the molten metal into water. The literature shows quite clearly

! | (:5‘17f7‘§2‘)17
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that the reactions of molten aluminum with water and air are very slowe

Conclusions: . - .

1. The reaction of uranium metal, U-Zr, and U=-Al alloys with steam
at 10000C and with.oxygen up to 11500C are relatively slow. We have seen
no evidence for self-propagation, but”this méy be due to the small samples
used here, |

2. The aiumiﬁum and zirconium alloys are less reactive than the
pure ﬁetgl. This is true for the aluminum alloy even‘at temperaﬁures
far above its melﬁing point.'

3. The contribution of the cﬁemical reaétion to the heat evolution
as a res&lt of a run-away ﬁill depend on the degree of subdivision of the
fuel elements. Ifthey are Vaporized or dispersed in very finely divided
tform, then the contribufion wiil approach thét resulting from the thermo-
chemical considerafions. If, however, the fuel rods melt and persist in
maséive form, then the heat evolutian from chemical reaction may be nege

ligible compared to the nuclear energy.

Jsoose
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APPENDIX G

1

"Meteorology of £hé-R§actor Test Site, Arco, Idaho,"

prepared by U.S; Weather Buréau, Septembér 16, 1949,

less the detailed tdbulat dath,
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
September 16, 1949,

Meteorology
of the
REACTOR TEST SITE, ARCO, IDAHO

Introduction

The weather of the Snake River Plains in which the reactor test site is located
is principally determined by the combined effects of altitude, topography and
the moderating Pacific Ocean operating in a belt of prevailing westerlies, On
- c§§ion‘cold waves and blizzards of Canadian origin cross the Continental
E@gﬁép%o the north and east, but on the whole the climate is milder than the
latitude and altitude would lead one to gxpect.

The egg-shaped area, 160 miles long in a northeast-southwest direction and

120 miles wide, with which this report is concerned, is shown in Fig., 1, This
area is bounded by the Snake-Salmon watershed on the northwest, the Big Wood
River and Gooding on the west, the Snake River and Camas Creek on the south
and east, and the Continental Divide on the north, Within this area lies the
reactor test site, defined for purposes of this report (Fig.2) as a rectangle
without a northwest corner, 25 miles in the east-west direction and 32 miles in
the north-south, enclosing the Arco Navy Proving Ground., In the southeast
corner are Middle and Little Buttes, reaching heights of 6394 and 6605 ft,
above sea-level in contrast to the average of about 5000 ft. over the gently
rolling remainder, which is the focus of 'several rivers that disappear in or

near the site, The largest of these are Big Lost River, Little Lost River,
Birch Creek and Camas Creck, '

Three separate meteorological reports dealing with this area have been pre-
pared in recent months, The U, S, Weather Bureau submitted two reports to the
Washington AEC Division of Engineering, namely, "Preliminary Climatological
Report of the Pocatello Area," dated December 21, 1948, and "Cold Weather
Climatological Study of Arco, Idaho," dated February 12, 1949. Additional
information on the weather of the site  neighborhood has|/also appeared in the
"Survey Report," by Smith, Hinchman and Grylls under the general title of
"Climate." This report draws freely from these various publications and in
some instances abstracts or includes complete sections, All data and estimates
contained herein have been examined critically and in some cases are revisions
or. extensions of earlier material based upon a rather complete examination of
all available data, field trips in the area, and conversations with local
residents, The needs of the engineers, designers, contractors, and the problem
of atmospheric pollution and its behavior in the atmosphere have been kept in
mind as much as possible during the writing of this report. It is hoped that -
the present report will provide a useful estimate of the climatology of the site
until actual "on the gspot" measurements are available,
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The first of the three principal sections comprising this report discusses the
meteorological expectations of the site, weather data outside of the site being
mentioned when considered helpful or documentary., The second summarizes the
principal weather estimates for the area., Tables and sources of climatological
data for the area are given in the final section.

I, METEQRQIOGY OF THE AREA

The site embraces perhaps the coldest and driest portion of the Snake River
Plains, and one of the coldest and driest regions of the State, The southwest
and northeast quadrants describe at least two thirds of all surface winds, and
these occur in about the ratio two to one, Calms represent a large part of the
remaining third.

Details of the wind, temperature, precipitation, humidity, frost, fogs, clouds,
and miscellaneous weather features are discussed below in order,

1., WINDS

Because of its location in a valley oriented southwest-northeast in the zone
of the westerlies, the test site has a prevailing southwest wind, Winds from -
the opposite direction, northeast, may be expected often also, largely due to
gravity effects when radiation outward cools and hence makes the air at higher
levels of the large valley more dense, Variations in this general wind picture
may be expected due to the local circulations in the mountains to the west and
north,

Ordinarily, the direction and speed of air flow is governed pretty much by
widespread pressure systems such as are ohserved on weather maps., However,

in hilly country this is not slways true. Because of the lowered density,

air that is being strongly heated during the day tends to flow up the valleys
and mountain sides. At night, the air cools off rapidly at the high elevations
of the area and then flows, much like water, downhill out onto the plains.

This cycle of "drainage wind" movement is evident on a large scale in the
Snake River Valley, but also appears in the small valleys like these of Little .
Lost River or Birch Creek Valleys to the northwest of the site, The up slope and
drainage effect should not be considered merely as super-positions on the free
atmospheric wind, since they may at times be so powerful as to reverse direction
of the surface wind from that expected from a study of weather maps.,

During the cold half of the year, frontal wind shifts at the ground often do
not occur or else last only a few hours as the fronts ride over the surface
pool of cool air, :

A. Uinds in the General Area,--Wind records were not available for the vicinity
of the Naval Proving Grounds so that a detailed summary of the frequency of

the wind directions and speeds for the site itself would be guesswork. However,
such summaries are available for a few meteorological stations along the Snake
River such as Idaho Falls, Pocatello, Burley, and Boise., The wind at the site
had to be evaluated from these data along with a study of the daily prevailing
wind as recorded by cooperative observors who take one meteorological reading
each day at most of the other stations shown in Fig, 1.
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For Idaho Falls, six years of hourly observations have been summarized in Table
I, Tabulations both for a year and by months are given of the frequency of
occurrence of wind directions and speeds. Winds of 40 mph or more have occurred
in all months of the year, the highest frequency of wind speeds over 31 mph
occurring in February, March and April, the lowest in July and August. Calms
(0-3 mph) occur each month with a frequency between 8 and 17%, are least
frequent in March through June, and most frequent in October through January,
High winds (over 31 mph) occur almost exclusively from the south through west-
southwest, the ratio of annual frequency in this sector to the balance of the
wind rose being approximately 20 to 1, High winds outside this sector occurred
almost exclusively in April through July, and arrived from all directions. '
except east, 'ith regard to direction frequencies, on an annual basis southwest
and south occur 43% of the time and are to the secondary direction, north and
northeast (23%), in almost the ratio 2 to 1, However, in January and February
these direction groups occur with practically equal frequency, while in April
and May the ratio is practically 3 to 1, Furthermore, if attention is confined
to the light wind class (4-15 mph) it is seen that about three fourths of

these winds annually are southwest to south or northeast to north, and these

are in the ratio of only 13 to 11 (¢f. 2 to 1 if all speed classes are considered),

In the months November through February, northeast to north in the light wind
class even exceeds southwest to south, in January and February, the ratio being
approximately 2 to 1, The directions east and west occur with minimum frequency,

Six years of hourly observations at Pocatello Airport ending in 1938 are
summarized in Table II which gives the annual frequency of occurrence of wind
directions and wind speeds, Calms (0-3 mph) occurred more frequently (17 %
compared with 135%) than at Idaho Falls., The frequency of southwest and south
winds is to the frequency of northeast and north winds almost as the ratio

5 to 1, At Pocatello Airport winds from the southeast are just as frequent as
those from the southwest, Table ITI presents average wind speeds at Pocatello
and Pocatello Airport by months for two different periods of record. There is
a suggestion that in spring and summer the city is shielded somewhat by the
Bannock Range from the prevailing southwesterly winds,

In Table IV, the percentage frequency of occurrence of various wind speeds by
seasons is given for Idaho Falls, Pocatello, Burley, and Boise, based upon 5

to 8 years of record for esch station., Calm and light winds (0-3 mph) occur
most frequently in fall and winter at Idaho Falls and generally at the other
stations, and least frequently in spring., Moderate (16 - 31 mph) and heavy
(over 31 mph) winds are more frequent at Idaho Falls than at the other stations
downstream on the Snake, occur in all geasons, and are most frequent in spring.

Boise frequencies of occurrence of wind speeds in the classes 0-3, 16-31, and
32 mph or over for a period of approximately & years were studied because they
exhibit features of the diurnal wvariation of wind speeds in the Snake River
Valley which apply to the site neighborhood, but which are not available for
stations nearer the site, A common feature of the data for all four seasonal
mid-months (January, April, ete.) is a high frequency of calm and light winds
(0=3 mph) between 2130 and 0730 hours, with the maximum frequency at 0730.%*
Minima occur at 1330 and 1630 hours, the frequencies being 1/3 to 1/10 of the
maxima, Calm and light winds occur most often in October, and least often in
April, Winds of 16-3) mph occur most often at 1330 in all months except July
when they occur most often at 1630, This class of wind speed is most frequent
in April and least frequent in October and July.

#Times in this paragraph represent the 3-hour period centered on the given

time, All are local times,
é Q_77‘2l5' ;
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. The prevailing winds by months for each of 16 stations in the area under
consideration, and including Boise are given in Table V, It should be remembered
in the interpretation of this table that no information whatsoever is given about
the second most frequent direction, Furthermore, at cooperative stations (those
not marked with an asterisk,) the prevailing direction tends to be based by the
daytime wind occurring at the most regular time of observation, The prevailing
wind directions given for Pocatello, Pocatello Airport, Idaho Falls Airport,

and Boise on the other hand are determined from hourly observations. The more
detailed Idaho Falls and Pocatello Airport records were mentioned above. Most
striking is the influence of the Portneuf Valley on the Pocatello City prevail-
ing direction. In the five miles from the city to airport, going away from the
Portneuf Valley, the prevailing direction changes from southeast to southwest

in every month of the year, This is mentioned since it shows the effect of
valleys on prevailing winds.,

For stations on the Snake River Plains, the downstream direction prevails in
January and February at Idaho Falls, and similar shifts from southwest and

west to north, northeast or east may be noted for Richfield, Shoshone, Gooding,
Aberdeen, and Hailey., Mackay, up in the Big Lost River Valley, has prevailing
northwest winds in all months, due to the combined effect of valley air drainage
downstream and the reaction of westerly flow aloft, upon the valley topography.

Tornadoes are of rare occurrence in southern Idaho,

B, Maximum Winds in the General Area,--Maximum reported winds over the Snake
River Plains area are comparable at Idaho Falls, Pocatello, Burley, and Boise
(see Table IV), Maximum winds for each month for Idaho Falls are given in Table
I and for Pocatello in Table VI. The later table contains records for both city
(40 years record ending in 1938) and the airport (10 years record ending in 1948),
~ Maximum winds of 38-47 mph have occurred in every month of the year in the city

and of 39-56 mph in every month of the year at the airport. The average number
of days in each month that the wind exceeded 31 mph during the 8 year period
ending in 1946 is also given in Table VI, General winds of 20-30 mph often
continue for two days at a time in the spring,

C. Winds Aloft.-~Upper air movements to 3,000 feet follow closely the surface
winds, except that the frequency of southwest and west winds will tend to in-
crease largely at the expense of north and northeast winds. From 3,000 to 25,000
feet, the winds are predominately from the west, favoring southwest in summer
and northwest in winter, Average wind speed at 10,000 feet mean sea level is
approximately 15-25 mph,

D. Average Wind Conditions over the Test Site.,--From detailed study of the

wind information discussed above, it is beligved that the wind over the site
follows the general wind picture as depicted by the Idaho Falls wind summary

in Table I, modified to some extent because of the neighboring mountains to

the west and northwest of the site, so that a greater frequency of west and
northwest winds (15-20% instead of 10%) is expected at the expense of the pre-
vailing southwest and northeast wind directions. The most frequent direction of
strong winds will be southwest*, of light winds, northeast, The season of
lightest winds will be late winter and early spring., UWinters may be expected
when stagnant near calm conditions will prevail in the site neighborhood and
over mogt of the Snake River Plains generally for several weeks without in-
terruption., The prevailing wincd should still be from the southwest quadrant, and

there should be a definite secondary maximum from the northeast quadrant. Wind
k-
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flow from the northwest quadrant should follow in percentage frequency. The
least frequent winds should arrive from the east and southeast. One or two chi-
nooks may be expected annually, occurring in January or February,

The percentage frequency of the wind speeds will probably be similar to those
reported for Jdaho Falls, although it is expected that a greater percentage

(18-23% instead of 13%) of calm to light winds shall be encountered. Maximum
winds should average 55-65 mph although gusts may reach 20 or more mph higher,

Winds aloft should be approximately the same asg those discussed in section 1-C,
A good example of the change in the wind direction with height can be noted by
examining pictures of the "Big Blast" at the Naval Proving Grounds in August 1945
which are shown in Fig, 3. From special meteorological observations which were
taken during that experiment, it has been noted that winds from the surface to
approximately 900 feet were northeast 4 mphchifting gradually to southwest 4 mph
at 1600 feet above the ground and increasing to southwest 18 mph at 4900 feet
above the ground, The temperature was nearly constant at 16°C to 130 feet above
the surface, then rose to 189C at 1500 feet, remained at 18°C to 2220 feet, and
was adiabatic above, Note how the smoke in the lower portion of the smoke cloud
drifts to the left (southerly) and aloft it drifts to the right (northerly).

2. TEMPERATURES

\

A, Variation of Surface Temperature.--lMore reliable temperature data are
available over the Snake River Plains than wind data described earlier, and it is
therefore easier to state with some fair degree of accuracy the average surface
temperature conditions which may be expected over the site, '

Table VII shows that the highest temperatures recorded in this area range from
99°F at Idaho Falls to 109° at Hailey, while the lowest temperature ranges from
=239F at Pocatello Airport to -46° at Arco, - The winter climate is tempered some-
what by warm air currents moving in from the Pacific Ocean, but this effect is
noticed less at the site than southeast of the Midway rise. The yearly average
minimum temperature ranges from 26,0°F at Arco to 36.8° at Pocatello, while the
annual average maximum temperature ranges from 56.4°F at Arco to 62,0° at Burley.
The yearly average temperature ranges from 41.8°F at Arco* to 49.4° at Hazelton,

From a detailed study of these temperature data, there appears to be a definite
"ecold tongue" protruding over the area from the northeast and north roughly
centered on the site, During the winter, this tongue is much more marked,

A brief cooperative weather record available from Midway for the period October
1941 through September 1943 was examined. The mean monthly temperatures were com-
pared with those of Pocatello and Pocatello Airport for the same period, 1In

every case the Midway temperature was lower than the corresponding Pocatello
temperatures, and most of the time exceeded the 2 to 3 degrees toc be expected due
to altitude differences, reaching 8 to 9 degrees lower during this short period

of record. :

To get some idea of the duration of cold weather in the neighborhood of the site,
a detailed tabulation of approximately 16 years of maximum and minimum temperatures
records for Arco was undertaken., The minimum temperatures observed for each winter
month during the period studied is tabulated in Table VIII, The sub=~zero minimum

# 38,99 at Chilly, 38.7° at Spencer, and 37.5° at Sun Valley, all at considerably
higher elevation than Arco, Average maximum and minimum temperatures for these

vStations do not appear in this report,
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Figure 3. Photographs of the Explosion of an Ammumnition
Storage Igloo at Navy Proving Ground, Arco, Idaho, on

August 29, 1945. (See text for description of meteorological
conditions accompanying this blast.)
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temperatures observed during all of the above months are tabulated by ten degree
intervals in Table IX.

To obtain some idea of the duration of this cold weather, the maximum temperature
for each day of sub-zero weather is also tabulated in the same table. It is of
~interest to note in Table IX that during the entire period studied, there were
510 days with temperature below O°F, or approximately 33 days per year, This

may be expanded in the following distribution:

Temperature range Average number of days per
year with sub-zero temperature.
0° to =10°F, 21
=11  to =20 8
=21 to =30 3
=31 to <40 1
=41 to =50 -

In Table IX it is also of interest to note that out of the 510 days with sub-
zero temperatures, 117 days (23%) had a maximum temperature greater than 320F,
Also there are only 2 days when the maximum temperature remained below O°F,

It appears that whenever low minimum temperatures occur, the temperature rises
most frequently during the day to approximately 21-329F, January is by far the
coldest month on the average, as shown below:

Month ‘ Average number of days per
: ' year with sub-zero temperature,
November 1
December 7
January 14
February - . 9
March ' 1

In order to provide additional information on the duration of the cold weather,

all data which shows sub-zero minimum temperature on consecutive days (2 or more),
during this period of record are tabulated in Table X. The following distribu-

tion of this cold weather may be noted:
Minimum temperature : Average number of

: consecutive cases
Q°F or below

~11° or below : 2
-20° or below 1
=30° or below less than 1

As might be expected, the most frequent number of consecutive cases calls for
2 cold days in a row, although there were many cases when the minimum tempera-
ture remained below zero for 10 or more consecutive days,

To give further information about the duration of cold weather, Table XI shown
the number of consecutive days (2 or more) when the maximum temperatures never
exceeded 32°. ' Over this long period of record the following distribution was

found:

Maximum temperature Average number of consecutive cases per
A year.
32°F or below 8
20° or below o1

10° or below .
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This means that one may expect 8 cases per year whén the maximum temperature
on consecutive days is below 32CF, An idea of the number of consecutive days .
that this will happen on the average may be found by studying Table XI.

The mean monthly and annual number of degree days for Pocatello for the 47
years ending in 1946 is given below:

Janvary Feb, - lar, Apr, May June, Jul, Aug. Sept. Oct., Nov. Dec,
1221 997 843 553 328 118 14 22 177 480 819 1166

Annual
6740,

Jt is estimated that the number of degree days at the site will exceed the
Pocatello total by 1500, meking a total of 8300 degree days with base 65°F,

Based on the above data, it is believed that the temperature at the site may
vary from an average deily maximum temperature in January in the high 20's

to an average minimum of about 5°F, In July, the average daily maximum
temperature will be in the mid 80's, and the average daily minimum temperatures
in the high 40's. Extremes of 105°F and -45°F may be expected, Temperatures
above 90°F will be observed from May through September, and freezing weather
can océur in any month, On the average, temperatures of 90°F or over will
occur about 20 days a year, and temperatures of 32°F or below on about 150 days.,
Temperatures of 0° or below may occur on an average about 30 days a year,

Killing frosts will on the average occur as late as the first week of June and
as early as the second week of September, with an average growing season of
95-100 days. (See Table XII). Growing seasons as short as 53 days and as long
as 130 days may be expected, '

Indications are that frost will penetrate the soil to a depth of 3 feet on the
average. A significant combination of weather circumstances occurred in the
latter half of January 1943, which is reported to have resulted in widespread
pools of water and ice on the "rye grass flats" southeast of the Navy base,*
Midway cooperative records show that several days of below freezing weather with
minimum temperatures below zero and with gbout 6 inches of snow on the ground
were followed by a 10-inch snowfall on January 20,, 1.36 inches of rain and 2
inches of snow during the following three days, and temperatures ranging above
freezing up to 40°F. It is believed that such a combination of circumstances

may repeat, but probably less often than every 10 years on the average.

Deposits up to half an inch of rime and hoarfrost on exposed surface objects
such as trees and wires are reported to occur every few years,

B, Vertical Distribution of Temperature,--Frequent inversions (i.e,, in-

crease of temperature with height) will be found in the low layers of the atmos-
phere at the site in all months, especially in fall and winter, It is considered
probable that in view of the low frequency of cloudiness and the high altitude

of the site inversion condition will occur about twice as often as lapse rate
conditions (i.e. decrease in temperature with height), It may be recalled that
effluent recleased within an inversig ﬁ% ygr diffuses slowly, especially in the
vertical direction, compared with tﬁg;reieased in a lapse layer,

#Claims are made that the extent of the high water may be told evenmw from
aircraft, :
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It is believed that actual measurements at the site of vertical temperature
distributions (and wind) are most desirable for purposes of stack design and
analysis of safety problems,

B., PRECIPITATION

Precipitation in the area is low mainly due to the intervention of the Olympic
and Cascade mountain ranges in the westerly flow from the Pacific, Average
yearly precipitation in the area ranges from 7,38 inches al Mud Lake, 7.45 at
Chilly, and 7.80 at Monteview to 1.7.93 inches at Spencer, and 18,88 inches at
Sun Valley (see Table XII;). The greatest precipitation is in the late spring
and mid-winter with nearly twice as many hours of precipitation expected in
winter as in spring., Precipitation has varied in wet to dry years from 18-22
inches to 6-8 inches in Pocatello, The area average is about 11 inches annually,
and the most frequent values are 9-11 inches., The maximum precipitation in one
month was 3,2 inches at Arco and 4,34 inches at Pocatello, In 24 hours it was
2.6 inches at Pocatello (see Table XIV). The maximum precipitation in one hour
may be expected to be approximately 1-2 inches, This indicates that it is un-
likely that floods would occur in the.area because of heavy rains alone,
(however, see section 2-B),

While snow has fallen in all months except August in this general area,
practically none has occurred from June through September, The average annual
fall ranges from 23.7 inches at Aberdeen to 81,0 at Hailey (see Table XV),

The maximum snowfall in one month was 27.4 inches at Pocatello (see Table XVI),
while the greatest for Pocatello was 14,6 inches, The greatest number of
consecutive days that 1 inch or more of snow cover remained on the ground was

approximately 68,

For the site itself, precipitation will average about 9 inches annually,
falling in amounts of ,01 inch or more on about 50 days of the year (see Table
XVII), Most precipitation falls in late spring and mid-winter, wvhereas, least
may be expected in late summer and fall. '

The average winter precipitation will be 3~4 inches (melted equivalent), The
average precipitation from a wet to a dry year may vary from 13-16 inches to
4=~6 inches, As much as 4 inches may fall in a month, and most of this in one
storm, Sprinkles resulting from showers which largely evaporate before reach-
ing the ground will occur often in the. warm months, Snow may fall in all
months but August (small amounts in June through September). The average
annual snowfall will approximate 35-40 inches, falling on perhaps 60 days of
the year. It is ventured that snow (one inch or more) may be expected to re-
main on the ground annually for 80-100 days. Maximum snowfall in one month

is not expected to reach the Pocatello figure of 27.4 inches nor is the maximum

depth on the ground likely to exceed 20 inches except in drafts,

The thunderstorm season extends from April to October with a maximum in the

summer months. The average total number per year is perhaps 30, More than this
will be observed over neighboring mountvain ranges, Hail accompanies these

thunderstorms on an average of 4 days per year,
4, HUMIDITY

Relative humidity records have been collected by the Pocatello and Idaho Falls
Weather Bureau Offices, However, only the former records were found to be

A
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tabulated and are presented in Table XVIII. At Pocatello, average relative
humidity ranges from 53 to 79% in the morning(8:00 a.m.), 26 to 71% at noon, and
24 to 72% in the late afternoon, At Pocatello Airport, average relative humidity
ranges from 54 to 85% at 5:30 a.m,, 29 to 80% at 11:30 a.m,, 22 to 77% at 5:30 pm,
and 37 to 87% at 11:30 p.m., The higher average relative humidities occur in
winter and in the early morning.

Because of the slightly higher elevation of the site area as compared with
Pocatello, (refer to Figure 2), its situation in the lee of prevailing
westerlies, and its distance from the moisture supply represented by the Snake
River and its irrigetional system, the everage wet-bulb temperature at the site
will be somevhat lower than that of Idaho Falls, which has in July a wet-bulb
temperature of approximately 55°F,

5. FOG AND CLOUD COVER

Dense fogs are not frequent throughout the Snake River Valley, Idaho Falls
experiences light to moderate fog approximately 15% of the time during the winter,
although relatively little dense fog (see Table XIX), The effect of this fog on
visibility can be noted in Table XX which shows that visibility on the average
may be reduced to 6 miles or less approximately 20% of the time during the
winter months, Cloud cover also has a winter maximum, & study made of the
instrument, closed aor contact flying conditions expcorienced at various airfields
along the Snake River indicates that the maximum frequency of instrument or
closed conditions occurs at all fields except Pocatello from December through
February, The highest frequency occurs at Idaho Falls, which may experience
approximately 22% instrument or closed conditions on the average in January.
Pocatello shows spring maximum in April through June and an August through
October minimum, Similar conditions are also noticeable from Table XXI which
shows the percentage frequency of occurence of various ceiling heights at Idaho
Falls, Pocatello, Burley and Boise., From this table, ceilings less than 5000
feet above the ground can be expected nearly 40% of the time during the winter
months in the immediate vicinity of the Snake River around Idaho Falls, Ceilings
less than 1000 feet may be expected approximately 15% of the time during winter
months, However, much sunshine exists in late spring, summer, and early fall

as can be seen in Table XXII,

For the site itself, it may be expected that long 2nd almost cloudless days in
summer with invariably cool nights due to rapid radiation. Because the location
of the site is on the lee side of the mountains, both fog and low cloudiness
should be less frequent and the air drier than experienced along the Snake River,
Clouds may form and hang on the Buttes on many days during the winter. On the
average, when clouds do exist over the site area they should be much higher above
the ground than the ceilings measured along the Snake River, and rarely should
get below 1000 feet above the ground except during storms, Little fog is ex~
perienced over the site area according to local observers,. and during thces
occasions, it will more than likely be ice fog, '

6, DUST

There are no data regarding the dust content of the atmosphere in the Snake
River Plains area, Local observers report occasional "dust devils" or small
twisters which wend a zig-zag course across the plains, These appear to have a
strong twisting force but not enough to domage buildings and other structures,
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- However, these storms have been reported to carry dust many hundred feet into
the air, Pilots have reported these twisters to be windy and turbulent and
have stated that some of them are large endugh to carry '"mud balls." Local
weather personnel estimate that the avérage diameter of a large dust devil
may approximate 5-10 miles and that there may be at léast six of these occur-
ing during each of the months of May, June and July:

In dry years there is some "soil-blowing" resulting in dust storms over con-
siderable areas, especially where the soil cover has been removed, This type
of storm is reportedly worse close to the American Falls Reservoir where local
observers estimate that 6-12 light to moderate dust storms may be expected
annually. The best months for these dust storms appear to be June and July,
and in rare occasions visibility may.be reduced to zero, Pilots have reported
that on the average, the dust in these storms may be carried to 2-3,000 feet
above the surface, A competent observer who has lived for at least 10 years
in Eastern Washington and for a similar period in the Snake River Plains,
states that the dust storms experienced in the latter locality are definitely
not as severe, numerous or as lengthy as those experienced in the Yakima,
Washington area, Continuous dust storms of several days duration have not

been observed,
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METEOROLOGY OF THE SITE

The following summary is presented as a brief resume of the average meteo-
rological conditions which may be experienced in the vicinity of the test site -
over a period of years based upon study of such neighboring records as are

available,

A, Surface Winds

Prevailing direction

Next most frequent direction
Least frequent direction
Frequency of wind speeds

0=3 mph -
4-15

16-31

32 and over

Most fréquent direction of

strong winds

Most frequent direction of

light winds
Season of highest winds

~ Season of lightest winds
Annual number of chinooks

Maximum winds

B. Upper Winds

Most frequent direction

below 3000 ft. above surface

. Most frequent direction
3000-25,000
Average speed 10,000 ft
Co Temperature
January
Average daily maximum
Average daily minimum

July
Average daily maximum
Average daily minimum

Extremes
Maximum
" Minimum

-
.

sw

NE

E
15-20%
60-70
10-20
1-2

sw

NE

late winter and early spring
fall and early winter

1-2 per year

55-65 mph with gusts increasing
wind by 20 or more mph,

S thru W

W
15-25 mph

high 20'sOF
4-6 OF

mid 80!'sOF
high 40'sOF

1050F
-450F
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Average no. days annually
with temperature
S0°F or over
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20 days’
320F or below 150 day‘s
09F or below (see pp. 6 .
to 7 Part I for details.). 30 days
Average no. Degree Days :
annually (base 65°F). 8300
Inversion .
Season of maximum number of inversions fall and winter
Ratio of inversions to lapse rate
conditions. 2 to 1 -
Precipitation ‘
Average annual precipitation 9 inches
Season of most precipitation late spring and mid winter
Season of least precipitation late summer and fall
" Average total precipitation
October to March 4,5 inches
Average total precipitation
April to September 4,5 inches ~.
No. days of 4Ol in. or more
annually 50 days )
Precipitation in wet /dry year. 13-16 in./@-sin.
Max. precipitation in 1 month 4 inches '
Maximum precipitation in 1 day 2 to 3 inches
Maximum precipitation in 1 hour "1 %o 2 inches
Average annual snowfall 35 to 40 inches
Month of greatest snowfall January
Month of no snowfall August (June through Septe)
Average number days annually with
1 inch or more snow on ground 80 to 100 days
Maximum snowfall in 24 hours 25 inches
Average no. thunderstorms 30 (more will be visible over
per yearse . distant mountains.)
Months of maximum frequency - June-August (4 to 5 per month),
of thunderstorms(no.) 4 ’ .
Average number days annually 4
with hail
Frost

Average date first killing frost
Average date last killing frost
Length of growing season

Range in length of growing season
Average depth of frost penetration
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2nd week September
1st week June

95 to 100 days

50 to 130 days

3 feet
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| 6i Humidity

Average annual relative humidity
Average summer relative humidity
Average winter relative humidity

Averagée July wet bulb temerdture

He Fog and Clouds

". Season of Maximum occurrance of fog
Percent of occurrence of fog in winter
- Season of maximum cloudiness
Percent of occurrence of ceilings
less than 5000 feet in winter
Percent of occurrence of ceilings less
than 1000 feet in winter
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early afternoon

near sunrise

early afterncon

near sunrise

70% early afternoon

85% near sunrise ,
50 degrees ' -

40%
75%
20%
55%

Winter

5 to 10%
winter and spring

25 to 35%

5 to 10%.
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APPEIDIX H

"Argon Activity in Reactor Cooling Air," by J. A, Lane

dated November 17, 1949, ORNL CF# 49-11-180

C-1T-227
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* - ‘ Oak Ric}g‘é: ﬁétional Laboratory
_ Central Files Number
4911180

bate; November 17, 1949

Subject : Argon Activity in

Reactor Cooling Air

To: MIR Steering Cormittee

From: J. A, Lape

Before reading this document, sign and date below:
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defined in the L6,

CAUTION
contains informatj
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To: MIR Steering Committee

From: J. A, Lane

Subject: Argon Activity in Reactor Cooling Air

" The féllowing.calculations indicate the activity of the pile cooling
air &ue to neutron cabturé in argon and resulting AAl decay for the exist-
" ing design of the graphite reflector, Contributions from the pebble zone,
* plenum chambers and permanent graphite are considered separately for

operation of the MIR at 30 M.W.

Pebble_Zone
maximum thermal neutr;n flux = 5x lo13
flux at top of pebble zone = 5 x 1011
flux at bottom of pebbie zone= 1,5 x 1012‘
average flux at tank wall = 1.2 x 1013

average flux at permanent
graphite

3,6 x 1012

average flux in pebble zone = 6 x 1012 n/sec(cm)?

The absorption cross section of A = 1,24 barns

.00002 atoms/cc

N

at 60°C, 720 mm

CAUTION
nt contai -

se of the United
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The concentration of.argon in air is 0.94%;
NOa = 2.5x 1075 |

The number of atoms of A%l formed per second is,
N, = (N0a) nv (,0094) V

.where, V = volume of air in pebble zone

0.40 x 9.5 x-20° cc (not including plenum)

3.8 x 10® cc air ,
(2.5 x 105) (6 x 10%2)(9.4 x 10~3) 3.8 x 10°

=
"

5,37 x 1012 atoms per second

4,64 x 1017 atbms per day

N\ =0.693 = 0.693 = 1,05 x 1074 secs
- t1/2 110 x 60
MA = 464 x 1017 x 1.05 x 1074

3.7 x 10%0
1.3 x 103 curies = 1300 curies per day

u

In_Plenum Chambers
Tog glenﬁm
nv(avg) = 2 x 101_l
V =150 cu ft.
= 4.25 x 10 ce
Ny= 2.5 x 1075 (2 x 1011)(,0094) 4.25 x 10°
= 2x 1011 atoms per secona

Nyt= 50 curies per day
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Bottom plenum chamber .
(nv)avg = 6 x 1011 neuts/cm?(sec)
N, XA = 145 curies per day -
Perménent Graphite |
700 cooling holes, 1/2" diamefer”93£h long
| = 2,6 x 107 ce
Assume half of holes are in an average.fluk qf 2x 1012 and half of

holes in flux of 1 x 1012 . ‘
(2.5 x 107%) (1.5 x 1012)(9.4 x 10-3) 2,6 x 105

Ny
9 x 1010 atoms AAl/sec

NA)\ = 23 curies per day
, . .
Total activity in air is equal to 1500 curies/day.

7.2 x 107 cf/day

50000 cfm up the stack’

' 2 x 1012 cc/day
Activity at top of stack = 7.5 x 10-10 curies/cc
' The dilution due to wind velocity over the stack is given as follows:

" The width of the cloud is roughly equal to one seyénth of the
distance from the stack., The height of the cloud depends on.inversion factors,
etc, Conservatively it may be‘taken és'twice the stack height. For a 2 mph
wind, the volume of air past the stack per day, 700 feet from theAstack is, -

- 2(5280)24 = 2,54 x 107 ft/day - '

For a 250' stack the width and height of the cloud are 100 ft. and 500 ft.

respectively,
The air flow is 1,27 x 1010 cu ft/day
= 3.6 x 101 cc/day
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The activity in this cloud due to A4l i
" 4 x 10~12 curies/cc | '

The maximum )8 energy is 1.18 mev/disiﬁtegration and & energy 1,37
mev/photqn. Assume that range of gammas is 1000 f£ and betas 5 ft, The
radiation intensity for the;ﬂfrays is equal to,

(3.7 x 1010) (4 xAlO'lz) ;Alg x 100 = 5.8 x 104 ev/sec (cc)

: 3
(5.8 x 104)(4.8 x 10-10) 3600 x 103 = 3,1 mr/hr frog;#?rays
32 _ -

The radiation intensity due to 2/§ays is,approximatgly

I=1Io (1L =Fy (gh)) _ where, h = 50 ft,
—% 1 M ’/“ = 1/1000 ft,
= (0.34) Io_
2

I = (0.17) 1,37 = 0,234 mev/dis,

The radiations'frbm the Y rays will therefore Se equal to 1.9 mr/hr,
The total intensity is 5 mr/hr for the above conditions,

Experience at ORNL indicated that in all probability, the_dilutidﬁ due to
wind is considerably greater than estimated above, At Oak Ridge the maximum
argon activity ever observed on the ground in the vicinity of the 105 stack
amounts to'f~110'13;quries/cc, while the concentration at the top of the
stack was 10~10 curies/cc. This means a minimumidilution factor of 1000 -
compared to the calculated value of 200. Even under unfavorable wind conditions
at Arcﬁ, therefore, the activity at the ground level due to argon will probably».

not exceed 1 mr/hr,

signed__J. A. Lane.
J. A, Lane
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APPENDIX I

Stack Height Calculations

The stack height of 250 feet was determined by the following
calculations made in the main by Mr. Carl Leyse(l " of Argonne National
Laboratory.

a. Horizontal Cone Analysis.

This approach has been used previously in CH-504, Report for Period
Ending February 27, 1943, Metallurgical Project, Health Radiation and
Protection. It is assumed that the vertical cross sectional area of the
contaminated cloud at the point where it reaches the ground is h2,

h being the height of the stack,

The total volume of the cloud past this point per day is =~

then
The v ¢ where h = stack height, cm
v = wind velocity, cm/%ec _
t = time for days activity to

pass observer, 86,400 sec.

Then, if C is the totel curies produced per day and ¢, in
curies/%c, is the tolerance at ground level, we have

c = 7rh2 vte
The tolerance for an observer immersed in a semi-infinite
medium of A4l is 10-6 micro-curies/cc for plant areas.

The total activity for one day is 1500 curies.

The above then reduces to

0.55 x 1010

h2

. v =

which enables us to calculate the minimum velocities necessary
to provide sufficient dilution for different stack heights.

C-T77-234


hamrind
Pencil

hamrind
Pencil


«

evee
eesenw
ssveem
esmoem
sseoee
seseeer
e
neee
.
(X
seae
esncesn

-2-
Stack Height (ft) Minimum Wind Velocity (mph)
200 3.4
250 2,16
1.5

300 )

In a report by the Weather Bureau on the Arco, Idaho Site,
the wind is less than 4 mph only 15-20% of the time. Thus, a 250-foot
high stack appears adequate.

b. 0Oak Ridge Experience.

In CF-49-11-134, Dr., K. 2. Morgan of Oak Ridge National Laboratory
gave the following information. The argon intensity at the exit of the
200-foot high stack at ORNL is 142 x 10=%4 micro-curies/cc. Instruments
on and off the plant at ORNL show that activity has not exceeded
2 x 10-7 micro-curies/%c at any time in the past five years and has
reached this on only a few rare occasions which are believed largely
due to dissolver gases and not argon. This represents a dilution fac-
tor of 600 which has always been exceeded or a factor of about 103
which probably has always been exceeded for argon. ‘

If, on the basis of this information, e dilution factor of
103 is applied to the MTR, the activity at the ground would be 1.25
% 106 micro-curies/cc, which is 1425 times the tolerance 10=6 micro-
curies/bc. This figure is for meximum concentration likely to occur,
while the tolerance is for continuous radiation. Thus the integrated
dose over a period of a week is not likely to exceed tolerance. Since
the ORNL stack is 200 feet high, the same height may suffice for the
MTR stack, It should be remembered that the terraird at ORNL is hilly,
while that at Arco is flat. The minimum dilutions at both places will
not necessarily be the same. '

¢+ Use of Sutton's Equations.

The equations derived by Sutton(z), see references qn page 11,
have had some experimental verification as reported by various authors.
While the equations cannot be relied upon to give precise data, they
are believed to be the best available. The Sutton Equation is

. i
e = (Z‘n) x @ "._Cyz x(z-n) ,';

7rcy Cz ux

equation continued on page 3.
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where

concentration of gas at any point (x, y, z) down wind,
strength of source, curies/sec.

stack height, cm.

distance down wind, cm.

distance cross wind from center line of smoke stream, cm,
vertical distance above ground, cm.

mean wind velocity, cm/%eo.

‘diffusion coefficient in horizontal

diffusion coefficient in vertical

0 - extreme lapse rate

% - neutral

1/3 - mild inversion

% - strong inversion

Q

Q
Bund snd ¥OREO

If we are interested only in the concentration at the ground
(z = 0), on & line down wind from the stack (y = 0), the above equation
reduces to

c= 2 B {F‘—~;b%z-—f) curies)bc
77°Cy Cz u x(2-n) : o Cp2 x "y . )

The above equation can be differentiated‘to give the maximum
concentration at ground level down wind from the stacke. This will give
a maximum concentration of - :

C.. = oM Cz curies/cc
. m 77U e he - y
at a distance from the.staoklof
1
sz cm
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The diffusion coefficients Cy and C; are assumed to be equal

and are taken as equal to 0.,07. The value of (n) is taken as zero;
this corresponds to an extreme lapse rate, Both of the above values
are reasonable and conservative based on information given by Sutton

and on Thomas(g) correlation of data from several smoke stackss

The above equations then reduce to

Cp = 2M | xm = _h 14.3 stack heights
7u e u2 mt e 5 &

The distance of maeximum concentration at ground level for
stack heights of 200, 250 and 300 feet would be 2,860, 3,575, and
4,290 feet, respectively. . Since the MIR site is within a radius of
2,000 feet from the stack, the maximum concentration will not be w1th-
in the site area for any of the above stack heights,

The equation for maximum concentration is solved for three
stack heights, where the maximum concentration is given as a function
of u', the mean wind velocity in mphe The strength of the source has
been taken as 1,500 curies/day. These equations are also solved for
several wind VGIOCItleS and the results are tabulated below,

Maximum Concentration at_Gpound Level for
MIR with Stack Height of

200 feet 250 feet 300 foet
Wind Velocity(u') Cp = 2:44 x'10-12 Cps Le56 x'10'12 0= Le 1 x'10“12
u u’' . u
mph curies/cc _ curies/ce . curie§/bc
1 2,44 x 10-12 1.56 x 10-12 1.1 x 10-12
io- 0449 0.31 0.22

0.24 0.156 0,11

If we consider tolerance as 1012 curies/%c, the wind velocities
necessary to reduce the maximum concentration at ground level to toler=-
ance are 2,44, 1.56, and 1,1 mph for the 200-, 250-, and 300-foot stacks,
respect1ve1y.' ' ’
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The above calculations are for maximum concentrations at ground
level. These do not occur on the area of the site. Therefore we will
next calculate the maximum concentration that will occur on the site..
The values Cy = Cz = 0.07 and n = 0 will agaein be used. The maximum
concentration on the site when calculated by Sutton's equation will
occur at the parts of the site farthest from the stacks This distance
is taken as 2,000 feet. ’

The equation used is

C'." ZM - h

77 (0,072 u.x® ©

The expressions for the meximum concentration at ground level
on the MTR site are given below for the various stack heights being con-

sidered.

Height of Stack, ft. Max. Concentration on Site, curies/cc.
‘ " 1.75 x 10~12
200 ,
u

S 0.55 x 10-12
250 . -
\1 .

0.135 x 10-12
300 —
u -

The wind velocities necessary to reduce the maximum con-
centration at ground level on the site to tolerance (10-12 ocuries/cc)’
are 1,75, 0,55, and 0.135 mph for the 200-, 250-, and 300-foot stacks,

respectively. E

_ The meteorology report on the Arco site states that winds of
0-3 mph will occur 15 to 20% of the time. This 15-20% will not be
distributed equally among all velocities. That is, the probability of
the wind being O = .5 mph is much less than the probability of it being
' 246=3 mph., Then, winds of less than 0,55 mph may occur only about 1/&0
&s often as winds of less than 1,75 mph. Assume that-the winds of less
than- 1.75 mph occur 1.75/3 x 20 = 12% of the time., Generally, when-the
wind blows from the directions between ENE clockwise to SSW theq distence
from the stack to the edge of the site is 1,500-2,000 feet. W¢ will
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assume that for a 200-foot stack and winds from the above directions

the intensity may exceed tolerance on the site if the velocity is less
then 1.75 mph. The meteorology report gives the most frequent direction
of the light winds as NE. Then it is reasonable to assume that the ™'
light winds will be from the directions ENE =--> SSW about 75% even
though these directions constitute only 37.5% of the total number of
possible directions. Thus, with a 200-foot high stack the concentration
would not exceed tolerance on the site more than 5% of the time. How=
ever, if we consider the 250-foot stack on the basis that the wind will
be less than 0.55 mph.only about 1/10 as often as it will be less then
1.75 mph, the calulations show that tolerance will be exceeded less
than 1% of the time. Therefore, a stack height of 250 feet is desirable.

d. Gamma Radiation from Elevated Cloud.

The gamma radiation from the argon activity is calculated as
follows to determine the minimum wind velocities necessary to prevent
excessive radiation at ground level., The calculation was based on a
horizontal cloud at stack height. B

It is assumed there is little diffusion and that the radio-
active cloud is essentially an infinite line source at stack height.
This would be snalogous to a condition which may arise with low exit
velocity and temperature, stable air, and very light winds. ’

4

= A5, ] _
a . 47a [3'(3?'2 B) -._/_','ff(i,B)J

For no shielding [%%{2 B) - (jfl Bi] =_éé-j§, and for
an infinite line source gFo- &) =77

The above reduces to E, = ¢ EE
, 4a

where
St £ source strength per unit length in ev/%ec cm.

distance from observer to source, cm.

energy in ev/sec cc absorbed in air at the observer.

AL £ recoil absorption coefficient of air for gamma radiation

A¢Z 3,5 x 109 per cm for photon energies
between 0.05 and 4 mev,
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Eq is converted to I in roentgens/24 hr by the product of
the following factors

B, (air) - ev/sec cc

1/32 e ‘ ion pairs formed per ev

4.8 x 10-10 ' esu associated with each ion pair
8.64 x 102 sec/24 hr.

Then I, = 1.3 x 10-6 E, = 3.26 x 10'7,1(SL_
: a

The total daily activity of 1500 curies is converted to
source strength along the line as a dependent of velocity v in cm/%eo.

- 0.875 x 1015 A
v ev/sec cm

51,

" The above then becomes

4
- 10
I° av

t/?4 hr.

Tolerance for gammas is taken as 0.l r/24 hr., which can
be set equal to I,, giving

v = 105
a

This can be solved for wind velocity as a function of stack heights..

Stack Height (ft) Minimum Wind Velocity (mph)

200 : 0.375
250 0.285
300 0.25

These calculations show that only a very light wind is neces=-
sary to prevent excessive radiation at the ground level if the radioactive
cloud is at stack height. They also show that it is important to have
ample exit velocity and temperature to assure that the radioa?tive cloud
rises to sufficient height to keep radiation at ground level below toler-
ance during calm periods,
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Likewise calculations of vertical cone above the stack can be
made to determine the radiation intensity at the ground in case the exit
air raises directly from the stacke.

In CE-1398, (4) the behavior of stack gases discharging into
still air was studled. Theory and experiments were adduced which show
that e stack discharging air vertically upward into still air at the same
temperature and density as the stack air, produces a cone=-shaped body of
moving air above the stack., It was assumed in this report that the volume
of air induced into the cone at any distance above stack was proportional
to perimeter of cone and velocity of gas within cone at that distance.
Also it was assumed no friction between gas cone and surrounding air existed.

The radius of this cone is shown to be

r=rg+h tan‘%‘; 2 rg+ 0,15h o = & included angle of cone.

tan §-= approximately 0,15
rg = stack radius
h = distance above top of

stacks,

with the use of the principle of the conservation of momenﬁum,‘the vertical
velocity of the gas was determined -to be

r " . '
vasvs | S vg = stack velocity
, rg + 0.15h/

Likewise, the concentration of a contaminant was found to be:

- S g N ’ i
c = cg {.___.Ji____ y c¢g = stack concentration.
rs-vOlSh/l

These rules seem to break down for stacks less than two inches
diameter and were tested for stacks up to eight inches diameter. Several
months of qualitative observation of full sige stacks found no general con-
tradiction to them. Therefore, the given relations are used in the present
calculations. )

‘ The exit radius of the stack is taken as four feet. The height
of the stack is taken as 200 feet. The total concentration (C) in the
cone from the top of the stack to an elevation of 1000 feet (range of
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gammas in air) is found by the following integral.

- 800
/c d(Vol) = Cg /___ff_.___. x 7rr2 dn

Q
1]

r¢ +. 0.15h

o\

800 ,

»rrels /(rs+ 0.15h) dh -
J |
©

Q
{

2 1 800
h
C = 7rgs frsh + 0.15 5 |
. . * -J
0

= 7rgCq [4 x 800 + 48 x 103] = 6445 x 10% x Cg

c =
where rg = 4 ft
cg = ev/sec ftsl

A The concentration at the stack outlet for operation at
30,000 kw is ' ‘

eg = 1.75 x 1012 ev/sec £t3

The total activity is then 11,29 x 1017 ev/sec. This is assumed
to be distributed uniformly along a line source 800 ft long vertically
above the stack, The source strength is then

S, = 4.62 x 1013 ev/sec cm

In TNX-?,(s).the radiation from a line source viewed endwise
without self-absorption, receptor at origin, source on x-axis between

il - C-77-242
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10w
(xi - xz) is given as
Iz X9 I, dx = ' 1. 1
/;1 x2 N EC TN

where Ié = inteénsity at unit distance from the activity
in unit length of a line source.

Making the substitution for I; and converting to r/§4 hr,
the above becomes

\ .S .
I=1.3x10"6 4L 22 r/24 hr
477 X1 X2 1
Xy = 200 £t = 6 x 10% em
X, = 1000 £t = 3 x 104 em
then
I=22.3x 103 r/24 hr.

The radiation at the ground is thus well below tolerance when
the air rises in a cone-shaped body above the stack. '
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‘When separated from enclosures
Handle this document as
__Unclassified

. Excerpt from "Pacific Coast Uniform Building Code" 1949,

LATERAL BRACING

Lateral ' Refer to Sec, 2312. The following provisions are suggested
Bracing for inclusion in the Code by cities located within an area
(Earthquake subject to earthquake shocks:

Regulations)

Sec, 2312, (a) General: Every building or structure and
every portion thereof, except Type V buildings of Group I
occupancy which are less than twenty-five feet (25') in height,
and minor accessory buildings shall be designed and constructed
to resist stresses produced by lateral forces as provided in this
Section, Stresses shall be calculated as the effect of a force
applied horizontally at each floor or roof level above the founda-
tion. The force shall be assumed to come from any horizontal direc- -
tion, '

All bracing systems both horizontal and vertical shall trans-
mit all forces to the resisting members and shall be of sufficient
.extent and detail to resist the horizontal forces provided for in
this Section and shall be located symmetrically about the center’
of mass of the building or the building shall be designed for the
resulting rotational forces about the vertical axis.

Junctures between distinct parts of buildings, such as wings
which extend more than twenty feet (20') from the main portion of
the building, shall be designed at the juncture with other parts
of the building for rotational forces, or the juncture may be
made by means of sliding fragile joints having a minimum width of
not less than eight inches (8")., The details of such Jolnts shall
be made satisfactory to the Bullding O0fficial., - :

(b) Horizontal Force Formula In determining the horlzontal
force to be resisted, the following formula shall be used:

F=CUW

WHERE

"F' equals the horizontal force in pounds,

"W" equals -the total dead load,
trlbutary to the point under cons1derat10n, except for warehouses
and tanks, in which case "W" shall equal the total dead load plus
the total vertical. designed live load tributary to the point under
consideration, Machinery or other fixed concentrated loads shall
be considered as part of the dead load,

"C" equals a numerical constant as shown in Table No, 23-C,
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TABLE NO, 23-C--HORIZONTAL FORCE FACTORS

: . . Direction of
Part or Portion Value of "C':k Force:

Floors, roofs, columns and Any direction

.15

. bracing in any story of a horizontally

. building or the structure . Nk 2 :

as a whole#*¥ :

Bearing walls, non-bear- .05 Normal to

" ing walls, partitions free With a minimum . surface
standing masonry walls of five pounds of wall -
over 6! in height : per square foot -
Cantilever parapet and - o : Normal to
other cantilever walls, .25 surface
except retaining walls .of wall
Exterior and interior or- Any
namentations and appen- » .25 ' direction
dages ‘ ‘ horizontally
Vhen connected to or a part *  Any

of a building: towers, tanks, © .05 ' direction .
towers and tanks plus contents, horizontally
chimneys, smokestacks and pent- - '
‘houses .

Elevated water tanks and other A Any’

tower supported structures - .03  direction

not supported by a building ' : horizontally

* See Map on inside back cover for zones, The values given "C"
are minimum and should be adopted in locations not subject to fre-
quent seismic disturbances as shown in Zone.1, For locations in
Zone 2, "C" shall be doubled, For locations in Zone 3, "C" should
be multiplied by 4.

## WYhere wind load as set forth in Section 2307 would produce
higher stresses, this load shall be used in lieu of the factor
shown,

4N is number of stories above the story under consideration,
provided that for floors or horizontal bracing, N shall be only
the number of stories contributing loads.
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(¢) Foundation Ties. In the design of buildings of Types I,
IT and III, where the foundations rest on piles or on soil having
a safe bearing value of less than 2000 pounds per square foot, the
foundations shall be completely inter-connected in, two directions
approximately at right angles to each other, Each such inter-
connecting member shall be capable of transmitting by both tension
and compression at least 10 per cent of the total vertical load
carried by the heavier only of the footings or foundations connected,
The minimum gross size of each such member if of reinforced concrete
shall be twelve inches by twelve inches (12" x 12") and shall be
reinforced with not less than the minimum reinforcement specified
in Section 2620, If the inter-connecting members are of structural
steel, they shall be designed as provided in Section 2702, and
encased in concrete, A reinforced concrete slab may be used in lieu
of inter-connecting tie members, providing the slab thickness is
not less than one forty-eighth of the clear distancé between the
connected foundations; also providing the thickness is not less than
six inches (6"),

Inter-connecting slabs shall be reinforced with not less than
eleven-hundredths square inch (.11 sq. in,) of steel per foot of
slab in a longitudinal direction and the same amount of steel in a
transverse direction, The bottom of such slab shall not be more
than twelve inches (12") above the tops of at least 80 per cent of
the piers or foundations, The footings and foundations shall be
tied to the slab in such a manner as to be restrained in all hori-
zontal directions,

(d) Plans and Design Data. With each set of plans filed, a
brief statement of the following items shall be included:

1. A summation of the dead and live load of the building
floor by floor, which was used in figuring the shears for which the
building is designred.

2., A brief description of the bracing system used, the
manner in which the designer expects such system to act, and a clear
statement of any assumptions used. Assumption as to location of all
points of counter-flexure in members must be stated,

3. Sample calculation of a typical bent or equivalent.

(e) Stresses. For combined stresses due to lateral forces and
other loads the allowable unit stresses and the allowable load on -
connections may be increase 33 1/3 per cent. In no case shall the
section be less than required if the lateral force stress be neglect-
ed, _

(£f) Detailed Regquirements.

1, Bonding and Tving. Cornices and ornamental details
shall be bonded in the etructure so as to form an integral part of
it. This applies to the interior as well as to the exterior of the

building,
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2, QOverturning Moment. In no case shall the calculated
overturning moment of any building or structure due to the forces.
provided for in this Section exceed two-thirds of the moment of
stability of such building or structure, NMoment of stability shall
be calculated using the same loads as used in calculating the over-
turning moment, :

3. Additions. Every addition to an existing building or
structure shall he designed and constructed to resist and withstand
the forces provided for in this Section, and in any case where an
existing building or structure is increased in height all portions
thereof affected by such increased height shall be reconstructed to
resist and withstand the forces provided for .in this Section.

4. Alterations. No existing building or structure shall
be altered or reconstructed in such a manner that the resistance to
the forces provided for in this Section will be less than that before
such alteration or reconstruction was made; provided, however, that

" this provision shall not apply to non-bearing partltlons, and shall

not apply to other minor alterations which are made in a manner
satisfactopry to the Building Depariment,

(g) Lime Mortars. Lime mortars shall not be used in any unit
masonry construction forming a part of a building,

(h) Veneer Ties. Veneer ties provided in Section 2902 (c) shall
be of sufficient strength to support four times the weight of the
attached veneer,

(1) Intention or Intervretation of lateral Force Provisions.
These lateral force requirements are intended to make buildings
earthquake~resistive, The provisions of this section apply to the
buildings as a unit and also to all parts thereof, including the
structural frame or walls, floor and roof systems, and other
structural features,

The provisions incorporated in this Section are generai and, in
specific cases, may be interpreted or added to as to detail by rulings
of the Building Official in order that the intent shall be fulfilled.
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APPENDIX X

"Earthquake Information of Possible‘Appliéation at

Arco, Idaho," by J. Stewart Williams,
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EARTHQUAKE INFORMATION OF POSSIBLE APPLICATION

AT ARCO, IDAHO

By
J., Stewart Williams

Introduction

This is a brief compilation of information about the movement of
the ground and buildings in an earthquake that may be of possible use
at Arco, Idaho, It is compiled at the request of Mr, Frank Smith of
the Atomic Energy Commission, It has been compiled in the course of
a few days, from sources available at the libraries of Utah State
Agricultural College, Logan, and University of Utah, Salt Lake City.
It is necessarily brlef

Ground motion in earthquakes

lemnia: The latest information available on ground motion in an
earthquake is that obtained from the Olympia accelerograph for the
earthquake of 13 April 1949 that was widely felt over Washington and
Oregon and did damage estimated at $20,000,000 (1). Following is a
summary of the accelerograph record; :
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Earthquake of 13 April 1949 at 115641 P, S, T.
Puget Sound Basgin

Barth Maximum Maximum

Wave Accelera~ Displdce-
Period tion ment Remarks
sec, cm/sec. cmi
Olympia accelerograph : : '
Vertical-up .10 107 .027- Very strong sinusodial
wave, ' ,
.15 72 .041  Short-period waves .0l
: _ ‘sec, superposed,
.19 55 .050 ‘
o1l 94 .028
SE: 170° - .13 119 .051 Sinusodial waves,
' - .18 131 107 - :
' ‘ o4l 171 «720 Maximm trace amplitude
on this component
030 . 145 0332
14 103 051
SW: 260° Jd4 a8 .049 -
: 24 98 - 145 Short-period waves ,01
' ' sec superposed..
A7 201 .147 Second largest trace
- ‘ amplitude on this
component,
.13 145 .063 ‘ -
.28 120 240  Irregular waves,
.34 321 v941 Maximum trace amplitude
4 on record,
.R7 42 ,078

. It will be noted that the maximum acceleration is 0,33g but that the
maximum displacement is less than 1 centimeter, The maximum acceleration and
displacement are on a period of 0.3 second,

The intensity (modified Mercalli scale) at Olympia was VIII,

RO - C-77:283
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Imperial Valley: The Imperial Valley earthquake of 18 May 1940 did demage

estimated at 5-6 million dollars and killed nine persons (2)s The maximum
intensity (IX) was at Imperial, 17 miles from the maximum slipping. An
intensity of VIII- was recorded for El Centro, where the accelerograph was

located, 7 miles from the epicenter and 4 miles from the nearest point on
the fault,

Following is a surmary of the mostwimportanﬁ,élements of the ground motion
as determined from the accelerograph record:

Maximum resultant horizontal acceleration 350 em/%ec.23°D & period
0.4 seconde.

Maximum resultant horizontal velocity B9 cm/%ec. _

Maximum horizontal displacement 21 cm. on period of 3.2 second.

Maximum renge .of horigontal displacement 39 cm.

Maximum vertical acceleration 220 cm/sec.2 on a period of 0.l second.

Maximum verticel velocity 11 com/sec.

Maximum vertical displacement 5.5 cme

Maximum range vertical displacement 109 cm.

At the time these data were computed a éomparison was méde'mdth the

results obtained previously at long Beach (1933) and Helena (1935). It is
contained in the following table: '
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Comparison of strong~-motion data on important earthquakes

M-M Intensities Mean Max. Lithologic Foundation
Earthquake Stations. “Epi- Town Station Accel- Dura~ "Destruc- Veloc=- - _ o
Epicentral distance. center eration* tion tivity" ity Town - : Station
cm/5602 Sec. Factorx* cm/_s'e’c.
Long Beach 1933 10 T ' '
Long Beach 7=9 9 1407 8 11207 35/ Recent alluvium,  Alluvium
17 miles . v : also, well '

consolidated soil

' Yernon : 7 7 110 1 110 24 . Broad alluviel.  Alluvium
Teelad 33 miles ' 70 3 210 o " - plain ' ‘
wreeee ' ) 30 9 270 ' . )
"**! L. A. Subway Terminal 6/ 6, 30 10 300 15/ . Thinelluvium . Tertiary Li.
O 37 miles ' S S on tertiary sediments, **evee
ot . ' A ‘ : marine sedi- well consoljx..
RTTTN : : ment. dated. seesce
: Imperial Valley 1940 10 - A ‘ R
El Centro, 7 miles 8- 8- 170 .5 850 42 . Surface silt Surface sli.i'...:
110 ] 5 - 550 on alluvium. . on alluviumese:
60 15 900 ‘ | .
Brawley, 17 miles -9 ' L do A do o
Imperial, 10 miles - . 9 do
Holtville, 7 miles 8- . ‘ T~ _ do
El Centro, 1934 9 . .
40 niles ‘ 6 6 50 15 750 do. .
Helena (Oct. 31) 8-
3 miles 8- ' 67 - 110 1.8 200 16 " Alluvium and _ Limestone
) linmestone S
(-P * Considered a measure of destructive energy released. Multiplied by the duration it yields a so=-called
3 "destructivity" factor. '
R
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Summary: Strong motion seismograms have now béen obtained for three
destructive earthquakes (Long Beach, Imperial Valley and Olympia) in each of
which the intensity was about VIII, In every case the maximum horizontal
acceleration has been around 0.3g and has accompanied periods of 0,3 to 0.4
seconds, The maximum displacement varies from 1 cm at Olympia through 6 cm at
Long Beach to 21 cm at Imperial Valley,

Natural periods of the ground

Alluvial fills in valleys appear to have definite periods of vibration,
Work in the Leine River Valley at Gottingen, Germany (3, p. 181) showed two
periods, one 0,3 to 0,4 seconds, the other 1.2 seconds. This was interpreted
to mean that vibration of the upper part of the fill only produced the shorter
period, while the longer period was produced by vibration of the upper part
with the lower part.

Suyehiro (4), used a seismic vibration analyser consisting of a number of
compound pendulums of different natural periods, He found the natural period
of the ground at Hongo, in the higher part of Tokyo, to be 0.3 second., At
Marunouchi, in the lower part of Tokyo, the prevailing periods were 0,7 to 0.9
seconds, . '

More recent work in California by Gutenberg (3) indicates that ground
periods of 0.2 and 0.3 seconds are outstanding., Periods of 0,5, 0.6 and 1.0
are common, : :

Macelwane (5) summarizes what was known of ground periods in 1940 as
follows:

"The following conclusions may be drawn from the five years of
experimentation, 1935-1940, First, the ground generally has many
natural periods of vibration which vary from place to place and are
usually different in different directions at any given place., Second,
most ground resonances cover a fairly wide band .of frequencies, thus
differing from building resonances which are usually sharp and well
defined, Third, resonances are more pronounced on .soft, marshy, or
made ground and less pronounced on solid rock, Fourth, a structure,
such as a building, dam, or tower, forms, together with the ground on
which it is built, a coupled elastic system in which vibratory energy
is readily transferred to resonating parts, Vibrations induced by a
shaking machine in the Hollywood Storage Building were picked up in
.the ground outside as far away as 1,2 miles, However, the natural
periods of the ground seem too numerous to make it practicable so to
design buildings that they will avoid all resonance with the ground,"

Vibration of a rigid building in an earthquake
Suyehiro and Ishimoto (4) have made the outstanding contribution to our
knowledge of how buildings vibrate in earthquakes, Studying the building of
the Earthquake Research Institute, Tokyo Imperial University, with vibration

meters, they found that the building acted as a rigid hody vibrating on the
ground bed with the period of the ground bed, 0,3 second,
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This was confirmed by seismograms obtained en the penthouse of the building
and on the ground adjacent the building. These showed that the building moved
exactly as did the ground, except that the building was insensible to vibrations
of about 0.1 second perioed, which showed on the ground seismogram-but not on
the building seismogram,

This was a strongly constructed building with 53 pounds of steel framing
and reinforcing per square foot of floor space.

Suyehiro concludes that:

"From these facts, it can be inferred that the dynamic stress
induced in a strongly constructed rigid building by an earthquake is
likely to be equal to the static stress which would be induced, .had
the building been subjected to the static load of the inuen31ty given
by the mass of the building multiplied by the horizontal acceleration
of the seismic vibration; and, also, that the component of seismic
vibrations having a very short period, say, less than 0.1 sec., is
not of much consequence for the building under consideration, although
e o« o « o there is the possibility in some cases that such a quick
Y¥ibration may cause a fairly intense acceleration," -

A building of medium rigidity was found to move w1th the ground as regards
period, phase and form, but the amplitudes at the top of the building were
20 per cent to 70 per cent higher than those of the ground, and there was
imposed upon them secondary vibrations that probably represent the free period
of the building.

A non-rigid building was found to oscillate with its own natural period,
the amplitude at the tope of the building being scveral tlmes the amplitude of
the ground motion,

In summary, Suyehiro says:

"To recapitulate, in an earthquake a rigid building moves nearly
the same as the surrounding ground; a non-rigid building moves with
its own period; and the motion of a building of medium rigidity is
intermediate between these two,"

-+

Possible application at Arco

The writer has not found any information that would indicate what might
be expected for the ground period at Arco where bedrock of basalt flows is
covered by about 50 feet of unconsolidated dry gravel. This could be learned
from shaking tests conducted at the site, In the absence of specific information,
the best approximation possible would seem to be to expect maximum acceleration
on periods of the order of 0,3 to 0,4 seconds.

If the building is constructed as a strong, rigid unit, it and its contents
can be expected to be subjected to the same motion as the ground expect that
the inertia of the building may prevent it from responding to all of the short
period motions,
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