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HAZARDS ANALYSIS BY THE DIVISION OF LICENSING AND REGULATION IN THE
MATTER OF CURTISS~-WRIGHT CORPORATION ~ DOCKET RO. 50-39

Introduction

The Curtiss-Wright Corporation submitted on October 29, 1956 an spplication
for & license to construct and operate a 1000 kilowatt pool-type nuclear
reactor. & construction permit was issued by the Atomic Energy Commission
on June 20, 1957. l

Location and Description

The reactor is located at the Curtiss~liright Research and Development
Center at Quehanna, Pennsylvania, This center is located on an 80 square
mile tract of lund, surrounded by a low population density area, in the
north centrel porticn of the State. Of the 51,175 total acres controlled
by Curtiss-Wright, 8,579 are owned outright and 42,596 are leased from the
State of Pennsylvanie for 99 years. The reactor itself will be located &
minimum of 3 miles from the present boundary of the property. The closest
tovns of eny appreciable size are about 10 miles distant from the reactor.
The ares within a 25 mile radius of the reactor hes an average population
density of spproximately 28 people per square mile.

The reactor is of the light water modersted end cooled, solid fuel type,
often referred to &8 & swimming pool reactor, The sluminum-uranium slloy
fuel plates are similer in construction to those used in the Bulk Shielding
Reactor at Ozk Ridge,Battelle Memorial Institute and the Materials Testing
Reactor at Arco, Ideho. Cooling water is circulated through the core by
netural convection &t power levels up to 100 kilowatts; cooling is to be
by forced circulation of water above 100 kilowatts. The core is immersed
in a 20 feet wide by LO feet long by 26 feet deep pool, with a minimm of
19% feet of water covering the core. The reinforced concrete pool is
separated into two sections, one being a three-sided end section penetrated
by three beam tubes for experimentetion purposes, the other a 20 feet by
2l feet section used for bulk shielding studies. The larger pool volume is
about 93,600 gallons, while the smaller containg 53,800 gallons. The
reinforced concrete pool walls are 18 inches thick, except at the beam
hole end where the thickness is increased to 5% feet. The outer four feef
contain a high density ferrophosphorus aggregate which extends to 9% feet
above the floor level in the beam room.
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The reactor core will be made up of eighteen or more Curtiss-Wright-
designed, #IR-type fuel elements, The standard elements will contaln
ten fuel bearing plates. Each fuel plate conteins 2 uranium-sluminum
alloy "meat" 0.020 inch thick surrounded by 0.020 inch thick aluminum
clsdding. The urenium in the mest is enriched to greater than $0 per
cent in U-235, The dimensions of the finighed plete are approximately
3 inches wide, 2l inches long and 0,060 inch thick., Ten fuel plates
are fitted into an aluminum box (3 inches by 3 inches) to make up &
standerd fuel element. At one end of the element, & male gulde piece

- of circular cross-gection is attached, bringing the over-sll length
of an element to zbout 3 feet, This guide piece is inserted into a
hole in the grid plate which supports the entire fuel element array.
Both ends of the elements are open 8o that cooling water may flow
between the fuel pletes. The outer surfaces of the elements are cooled
by water which passes through & funnel formed et the intersection of
four elements and through auxiliary coolant holes in the grid plate.
Pertiel fuel elements:identical in size to the standard element are
available in which s0lid aluminum-plates have replaced some of the
fuel bearing pletes. Thirty graphite reflector elements and eight
beryllium oxide reflector elements also will be eveilable for use in
the reactor. These will be canned in sluminum and tested with helium
to inswre lesk-tightness. Reflector elements will be clearly distine
guishstle from the fuel elements under the full depth of water in the
pool. HMoreover, each reflector elenent will have a lerge identification
number engraved on two sides in order to positively distinguish these
elements from the fuel elements. DBoth the fuel and reflector elements
will be supported in & grid plate which has 5k holes; in a 9 by 6 erray.
The grid plste is positioned so that the fuel is at least L} feet sbove
the pool floor.

When the reactor is operating al powers in excess of 100 ldlowatts,
convective cooling will not be relied upvn. Instead, water will be
pumped downward through the core. This will not cnly, gool the fuel
plates, but will reduce the quantity of radioactive N - rising to
the pool surface.

The reactor pool is housed in a large bay L8 feet wide, 120 feet long
and extending 4O feet above the genersl floor level and, ylelding a
free volume of about 230,000 cubic feet. At the beam hole end, the
floor is dropped 20 fest to provide access to the beam tubes as they
emerge from the pool wall. The walls of the bay urea are constructed
of corrugated aluminum pannels fastened to the structural steel frame=
work and insulated by & 1 inch layer of Fiberglsse: The roof consists
of a metal deck, 3/h inch Fiberglass insulation, and four ply roofing.
There ere no windows in the bay and only two doors opening directly
to the outside. The estimated leekage rate with doors closed and
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ventilation off is one air-change per 32 hours under normasl atmospherie
pressure and temperature conditions.

The pool water supply is softened and deionized prior to being supplied
to the pool, There is elso a continuous pool water repurificetion system
which mekes use of edditionel ion-exchange columns. Special lead shielded
contsiners are availsble in cese the resin should become conteminated,

A pneumatic rabbit is provided for short term irradiations end, three
beam tubes &re provided primarily to obtain collimated beams of neutrons
for experimentel purposes, and they are also used to provide dry irradiation
chambers. Each beam tube conteins & borsl 8 inch internal diameter
section which extends from the beam hole room through the concrete shield
and then tapers to & 6,05 inch internal diameter aluminum beam tube
extender section (four feet long) which reaches to the face of the core
and is sealed at their resctor ends. Concrete shielding plugs are availe
able for each hole when not in use. The plugs are contained in & 1/} inch
thick aluninum outer casing. There are 1 inch drains leading from the
bezm hole liner to the contaminated waste system. These beam hole dreins
will carry eway any weter which mdght leak into the beam tubes.

Heat and ventilation for the resctor bay are supplied by a single over—
head space hezter. This oil fired unit provides & minimum of 20 per
cent outside sir end at least 6 air changes per hour. The supply fan

is suspended from the ceiling of the reactor bay snd draws its sir from
gbove roof level. Assovcisted with the supply fen is an oil fired space
heeter which 1s ectusted by & thermostat in the reactor bay. There are
two exhaust vents located at the opposite end of the roof from the supply
unit. A system of recirculation is normally used whereby & portion of
the exheust air is recirculated to the intake of the supply fan. &n sir
sanpler loccted in the reactor bay willl provide a continuous record of
the emount of radiosctive air contemination. In the event of high
activity in the bay air, the ventilastion fan can be stopped menually and

811 dampers closed, thus confining the contamineted air to the stated
nornel leskage rate.

Three safety-shim rods and one reguleting rod are used in controlling the
reactor. Each of the three safety rods, made of boron carbide and cadmium,
provides & delta k/k of 2.7 per cent for a light water reflector, and &
delta k/k of 1.0 per cent for & grephite reflector. There are insuf-
ficient Be0 reflector elements to completely surround the core, although

a calculation by the applicant indicated that & 3 inch layer of Bed

backed by water would provide about the ssme reflector savings as would

& 3 inch graphite lsyer backed by weters Therefore, the epplicant conw-
siders that each of the shim szfety rods would be worth about L.0 per cent
for a Be0 partiel reflector. The szfety rods are magnetically coupled to
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their respective drive mechanisms, and during & scram, the rods fall
freely under gravity. The maximun rete of withdrawal of the safety rods
is 6}% inches per minute., At their most effective position, about 50
per cent withdrawn, this speed corresponds to 2 rate of chenge of
reactivity for eny one rod of ebout 0.021 per cent per second for a
water reflector, and 0.031 per cent per second for & graphite reflector.
The safety rods may be withdrewn individuelly, or any combinetion of
the three rods may be withdrawn simulteneously as desired., Since the
migration length for light water is so small, there will be little

"rod shadowing® and hence the maximum rete of reactivity insertian
corresponding to the simultaneous withdrawsl of all three rods would

be 0.063 per cent per second for & water reflector and 0,093 per cent
per second for & graphite reflector.

One stainless steel regulating rod is used in the control system. This
rod provides a delta k/k of 0.7 per cent for z light water reflector
and delta k/k of 1.2 per cent for a graphite reflector. The maximm
withdrawal rate for this rod is 25 inches per minute. In its most
effective position, the maximm rate of change of reactivity of the
regulating rod is 0.018 per cent per second for a water reflector and
0.029 per cent per second for a graphite reflector. An interlock
requires 2 counts per second signal before rod withdrawal is permitted.

The position of all control rods is ccoatinuously indicated to within

4 0.05 inches at the reactor control console. £ servo amplifier system
is used to sutomatically control the power level at the desired opersting
level. This system is interlocked so that it cennot be energized unless
the actual power level is greeter then 90 per cent of the desired
‘operating value, Four gamma compensated ionigstion chembers znd & fission
chamber serve as the flux level detecting devices. One of the ion chame
bers is connected to the log N period emplifier system which furnishes

e period signal to the safety amplifiers.

There are three types of automztic shutdown which provide protection
against nuclear excursions. They are:

ls Slow shutdowm
2. Slow scram
3« Fast scream

The slow shutdown is initisted by & microswitch in the Log K recorder
whenever the flux level exceeds 120 per cent of the desired opersting
level or the period is less than 20 seconds. This action drives all
control rods to their lower limit at full speed. The slow shutdown
feature is designed to be the first line of defense against any incipi-
ently dengerocus condition such &s & reletively slow rate of incrcase
in flux level above the desired operzting value.
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The slow scram action is initisted by a disruption of power to the
safety amplifiers, which results in a somewhat longer rod release
time (sbout 50 milliseconds) than would result from e fast scram
brought on by a current interruption to the safety rod coupling
magnets., Both scram actions result in &1l rods falling under the
force of gravity. The slow scram is brought on by movement of the
reactor bridge during reactor operation or by manually pushing the
seram button. The fast scram is brought on when the neutron flux
increasses to 110 per cent of the desired operating level or when the
reactor period is 5 seconds or less.

Ganma radietion detectors are located in the beanm room and on the
reactor bridge. The bridge monitor is interlocked with the reactor
safety system to cause an autometic slow shutdown in the event that
radiation levels becone greater than during normal operation. A
coolant activity monitor which detects delayed neutrons will cause an
automatic slow shutdown upon the release of fresh fission products,

Hazards Analysis

There is an extensive body of relevent knowledge snd successful
operating experience for swimming pool type reactors. Further the
BORAX and SPERT experiments have provided information relating to
reactivity restrictions necessary in this type reactor.:

The applicant has reviewed the availeble BORAX and SFERT detaz and
coupled with the results of calculations has concluded that the
Curtiss=-tright reactor can withstand & step function increase in
reactivity of as much as 1.5 per cent and & ramp addition of sbout

2.5 per cent at & rate of 0.09 per cent per second without mechanicsally
damaging the fuel elements or epproaching the melting point of the
fuel elements. This appears 10 be a reasonsble conclusion.

Based on these observations, the epplicant has designed the control
and regulating rod drives to prevent withdrawal of the rods at a rate
which would be dangerous. Also, based on the ‘gbove conclusions, they
have limited the tota}] reactivity worth of small experiments of the
type which could conceivably be rapidly removed to 0.2 per cent.
Further, under no circumstances will an experiment be installed which
has & reactivity worth greater than 1.5 per cent. ‘This type of .
experiment would be designed to prevent its removal except while the
reactor is shut down. In addition, the total worth of 21l "fixed-type"
experiments will be restricted to & reactivity worth of 3 per cent.

Two desirable characteristics in any reactor are & negeative temperature
and a negative void coefficient of reactivity., Curtiss-Wright has .
stated that they expect their reactor to have a temperature coefficient
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of » 1.5 x 1075 gelte X/k per °F. at about 100°F. and an average void
coefficient of approximately = 5 x 10™° delta k/k per cubic centimeter,
Battelle Memorisl Institute has conducted a number of experiments to
determine the void and temperature coefficients in & reactor employing
fuel elements of the same plate spacing and thickness as Curtiss-Wright.
The results indicate that the vslues quoted by Curtiss<liright are of the
magnitude to be expected. We feel there is reasoneble assurance that
this facility will have both a negative void and temperature coefficient;
however, Curtissliright will measure these coefficients during critical
experiments prior to full power operation.

The applicant has considered & nmumber of mechenisms which would unin-
tentionally introduce excess reactivity into the core. None of these
accidents would repult in the release of fission products., In view of
the aforementioned reactivity limitations placed on the control rods and
experiments and the expected negative tewxperature and void coefficients,
we concur on this conclusion.

Although there does not eppesr to be a credible accident which would
relecse fission products, the spplicant has calculated the doses which
would result should such a release occur., The dose at the site boundery
following the release of 10 per cent of the fission producte in the
reactor would be less than 1 rad from internal or externel radiation.
Such a low dose is due primerily to the large area controlled by the
applicant. The nearest site boundary is three miles,

Conclusion

Due to uncerteinties in the magnitude and sign of the tempersture and
vold coefficients of reactivity, it is recormended that initiel experi-
ments on the Curtiss~Wright Kesearch Reector should verify these coef=-
ficients prior ‘to full-power operation. However, due to the remoteness
of this reactor site, the relatively low dosages which would result in
public areas even from the release of fission products by some acecident
which does not appear credible and the existance of fully developed
emergency precedures, there sppeers to be sufficient essursnce that this
facility cen be operated st the proposed location and at power levels
up to 1000 Klowatts without undue hazard to the health end safety of
the public,
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The reactor core will be made up of eighteen or more Curtiss-erght-
designed, MTR-type fuel elements. The standard elements will contain

ten fuel bearing plates. Esach fuel.plate contalns & uraniume-aluminum

alloy "meat® 0.020 inch thick surrounded by 0.020 inch thick aluminum
cladding. The uranium in' the meet is enriched to. greater than.90 per - -
cent in.U-235, The dimensions of the finished plate are ‘approximately

3 inches wide, 2L inches long and 0,060 inch“thick, Ten fuel _plates

" are fitted into an aluminum box (3 inches by.-3 :anhes) to make upa -
standard fuel element. Ab one ‘end of the" element, a male -guide ‘piece

of circular cross-section is attached, brlngmg ‘the- over-all Jength .

of an element to about 3 feets. This guide piece is ‘inserted into-a
hold in the grid plate which supports the- entire fuel -€lement - -8YTaye. -
Both ‘ends of the elements are open so that cooling water may flow &=~
between the fuel plates. The outer surfaces of the.elements are ‘cooled

by water which passes through a funnel: formed. at the :Lntersect:.on of

four elements and through auxiliary coolant. ‘holes in “the grid- plate.
Partial fuel elements identical in size to- the standard elemen'b are -
.available in which solid aluminum- plates- have replaced ;gome’ of “bhe~ =i~ - ~ -~
fuel bearing plates. Thirty graphite reflector elements and’ e:l.ght .
beryllium oxide reflector elements also will be: avallable for:use :m L
the reactor. These will be canrned in aluminum and tested with heliim-

to insure leak-tightness. Reflector elemen‘bs will be clea.rly distin-
guishable from the fuél elements under. the full depth of: water in-the
pool. Moreover, each reflector element will have ‘a large -identification ™
number ‘engraved on two sides in order to pos:.tlvely distinguish these - .' ,
elements from the fuel elements, - Both the fuel and reflector. elements L
will be supported in a grid plate which hasg:Sl’ holes, An<a’9 by: 6 array. L
The grid plate is- posrba.oned 80 'bhat 'the fuel is at’ 1east h i’ee'b above L
the pool floor.  ° 0 Tl Rl T om0

When the reactor is operating -at powers in excess oi' 100 k:n.lowatts, SR
convective cooling will not e’ rel:n.ed upony Instead, water will be’
pumped downward through the core. - Tha.s m‘.ll not only gool the i’uel

the pool- suri‘ace.

The reactor pool is housed in a large bay? : 120 .
and extending L0 feet above ‘the general floor level and, yn.eld:.ng as
. free volume of about 230,000 cubic feet, At J'bhe “beam hole’ end, “the:
floor is dropped 20 feet to. provide access t0; the beam tubes ‘a8’ they
emerge ‘from the pool wall.:  The wells .of ‘the’ bay ‘area: are constructed g A
- of corrugated aluminum pannels fastened to the structm:al steel i‘rame-; PR
work and insulated by 2 1 inch layer of: Flberglas” £ el

of a metal deck, 3/L inch Fiberglass insulation;*and’

There are no windows in.the bay ‘and only two’ doors open:.ng d:.rectly
to the outside, The estimated leakage rate m.th doors closed and



' sampler located in the reactor bay will- pronde 2 :continuous record fof‘

Lyall Johnson -3 -

ventilation off is one an.r-change per 32 hours under normal atmospheric
pressure and temperature conditions.

The pool water supply is softened and delonlzed prior to being supphed

to the pool. There is also a continuois pool water repurification system
which makes use of additional 1on—exchange columns, - ‘Special lead shielded
containers a.re avalla'ble in case the resn.n should become contam.nated. '

A pneumatic rabb:.t is prov1ded i‘or short term 1rrad1atlons and, -three

‘beam tubes -are provided primarily to obta:nn ‘collimated ‘beams of- neutrons ,
- for experimental purposes, and they .are-also used to. prov:.de dry . :.z'radlat:.on

chambers., ‘Each beam tube contains-:a boral 8 inch internal dlameter e

- section which extends from the beam’ hole :room “through the concrete shaeld

and then ‘tapers to.a 6.06 inch internal-diemeter sluminum beam’ tube’:

~ -.extender section (four feet long) which reaches to the face of ‘the'core {

and is sealed at their reactor. ends. Concrete sh:.eld:n.ng plugs are ava:.l-:
able for each hole when not in use. "The plugs -zre contained in a'1/l3 ‘inch

"thick 2luminum outer -casing. ‘There -are. 1 inch' dra:ms 1ead1ng from ‘the”

beam hole 1.1ner to the contaminated waste .system. These beam hole: dra:x.ns
will" carry away any water which m:l.ght leak :Lnto the beam tubes. :

Heat and venta.lat:Lon for the reactor bay are suppl:.ed by a. s:Lngle over-.

‘head space heater, . Thls 0il fired. unit: prov:Ldes a’‘minimum:of 20 per:
* . cent outside -gir and at least. 6-air changes per hour.A ‘The supply fan ™
" is suspended from the ceiling- of the: ‘reactor: ‘bay: and draws its air:from

above roof . level. Associated with the: suoply “Pan":istan 0il: fired spacel g
heater ‘which is actuated by a thermostat in: the reactor ‘bay.: ‘There .are’

“4wo exhaust “vents located at the: oppos:.te end of “the: roof. i‘rom the. supply' |

unit., A system of recirculation is nomally used where'by a8 port:.on of °*
the exhaust air is recirculated to: the intake ‘of . the supply fan. “;An’ a:Lr

the amount of radioactn.ve air contamination. *'In the ‘event .of high
activity in the bay air, the ventllation fan -can be stopped Tanually.
all dampers closed, thus conf:.m_ng the contamnated a::.r to the stated
normal lealcage rate. AR . ST

Three sa.fety—shm rods and one regulatlng rod a.re used in controll:.ng the s
reactor. Each of the three safety rods, made ‘of :boron carbide -and cadmum, o
provides a delta k/k of 2.7 per cent:for & hght water 'rei‘lector, ‘and: a o
delta k/k of 4.0 per ‘cent for a- graph:.te reflector. There ‘are n.nsu:f.‘-
ficient BeO reflector elements to’ completely ‘surround the core, although

a calculation by the applicant indicated that-a- ‘3 inch’ layer of BeO

backed by water would provide about-the same reflector: -8avings’ ‘as: would .
& 3 inch graphite layer backed by wraters: Therei‘ore, the appl:.cant con- ‘ .‘
siders that each ‘of :the shim safety. rods would be: worbh ‘about -L.0 per: cent
for a BeO partial reflector. - The safety rods ‘are magnet:.cally coupled to
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their respective drive mecham.sms, and during -a scram, the rods i‘aIL'L
i‘reely under gravity. The maximum rate of w:rbhdrawal of the safety rods
is 6% inches per minute. At their most effective position, ebout 50
per cen'b withdrawn, this speed corresponds to-a rate of change of -
reactivity for any one rod of about 0.021 per cent per séecond for.a
water reflector, and 0.031 per. cent :per second for a graphite reflectors
- The safety rods may be withdrawn individually, or any:combination of |
‘the three rods may be withdrawn s:.nml‘baneously .as desired. Since the
;migrat:.on length ‘for light water- is so small, “there will be little "
#rod ‘shadowing® and’ ‘hence the maximum rate of’ react:.v:.ty insertion -’
corresponding to the- ‘similtaneous withdrawal of 'all three’ rods would
. be 0,063 per -cent per second for a water reflector and 0.093 per cent
per second i‘or a graph:.te reflector.

' 'One sta:r.nless steel regulatlng rod is used in the control systan. : Th:.s
rod provides a delta k/k of 0.7 per-cent for a light water reflector
-and delta k/k of 1.2 per cent for 'a graphite reflector. The maximum -

- withdrawal rate for this rod is 25 inches per minute. In its most
-effective posit:.on, the maximm rate of change ‘of reactivity of the
regulating rod is 0.018 per cent ‘per second for a water reflector. and
- 04029 per cent per second for a.graphite ‘reflector, -An interlock =
requlres 2 counts per second s:.gnal before rod mthdrawal is pemrbted.- '

"~ The posrbion of a1l control rods is" continuously :I.nd:.ca'bed 'bo ithin:

+ 0. 05 inches at the reactor :control ‘console.. -A servo" ang)hfler system

- ~iIs:used to automatlca]ly control the power level ‘at the desired’ operat:mg :
' "levele. -This system is interlocked 'so that it cannot be’ energm.zed unless
the actual power level is greater than 0 per cent :of ; :the ‘desired .

~operating value. Four gamma: compensated :Lonizatn.on chambers and a ﬁss:.on s

 Chamber serve as the flux level ‘detecting devices. ‘:One“of ;the ion. cham-
bers is connected to the log N.period amp]if:.er system Whlch :f.‘urn:.shes

& penod signal to ‘bhe sai‘ety amphi‘iers. o e

There are three types of automat:.c shxrbdown whn.ch prov:xde protectn.on -
.aga:mst nuclear exwrs:.ons. They ares - . S :

1. Slow shutdown
2. Slow -scram
3. Fast scram

The slow shutdown is :mit:.ated by .a mcrosw:.tch :Ln the *I.og N recorder
~ whenever the flux level.exceeds 120 ‘per cent ‘6f the desired: 0perat1ng
level or the period is less than 207 seconds.- ‘This-action drives. a].'l.
.control rods to their lower limit at“full speed.” ‘The'slow: shutdown

" feature is désigned to be the first line of deéfenseé. againsgt; any . :anlpl- T

ently dangerous condition such as a relatively slow rate of . :anrease
in flux level above the desired operating Value. - :
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The slow scram actlon is initiated by' a disruption of power to the.
safety amplifiers, which results in a-somewhat longer rod release
stime (about 50 nn.lllseco*xds) than would result from a fast scram
" ‘brought on by a current in‘berrup‘b:.on to the ‘safety rod coupling
- magnets. -Both scram actions result in 211 rods falling under the
forece of gravi'by. The ‘glow scram is brought on by movement of the

'_ reactor bridge during reactor operation or by manually pushing the

~ ‘scram bubton, : The ‘fast 'scram is brought on when'the neutron flux
"increases to 140 per cent of- "hhe desired opera‘blng 1eve1 or when “the
reactor per::.od is 5 seconds or 1ess. _

Gamma rad:.atlon detectors ‘are located in the beam Toom and on’ 'bhe '
reactor 'br:a.dge. The ‘bridge ‘monitor is n.n‘cerlocked with the reactor
sai‘ety system to cause an automatic. slow shutdown-in the event that

- radiation ‘levels become  greater -than -during normal. opera'bion. A
“.coolant activity monitor which detects delayed neutrons will cause an A
automatlc ‘slow shu'bdown upon the release .of fresh i‘:.ssn.on products. o

Hazards Analys:Ls -

- There ‘is an . extensive body of relevent knowledge and successful

" operat:.ng experience for swimming pool type reactors. ‘Further: ‘bhe
" BORAX and 'SPERT experiments have prov:.ded information- rela'bn.ng to
reactlv::.ty restr:.ct:.ons necessary 111 th:.s type reactor.- R

'.l‘he appln.cant has renewed the avaa.lable BORAX and SPERT data and
- .coupled with:the results, of calculations 'has~concluded ‘that the
" Curtiss-Wright reactor can withstand-a step. i‘unct:.on :anrease in" .

‘ react:.vn.ty of-as much'as 1.5 per cen'b and -2 ramp: ‘addition-of ‘about’-..
2.5 per.cent at -a rate of 0,09 per.cent per-second without mecham.ca.'lly,.’
. damaging the ‘fuel elements or.approaching -the melting point ofithes . 7
:Euel elements. Th:.s appears to be ‘a reasonable conclus:.on.

Based on’ these observatlons s 'bhe appl:.cant has des:.gned 'the con'brol, ’
~and” regulat:mg ‘rod drives to’ preven'b m‘bhdrawal ‘'of . the. .rods ‘at” a?*rate.v o

’.

o «whxch‘would~be'dangemus.-. Also; :based on: the ‘above’: conclus:.ons s »;'bhey

.‘;.-_‘have Timitedthe total reactlv:Lty worth of small exper:unents of theé

S _exper:.ment would ‘be designed to_prevedt its removal:except while the-;,-

) “: 'f.'"'._fexperments w:.ll‘ be restr:.cted to a: reactlv:Lty wor‘hh_ of 3

type: wh:.ch could concelvably ‘be’ rap::.dly removad to 0.2 pEr | cent. 3
- _»‘Further, under no circumstances.willian® expenment be: installed wh:. h '
“. hés a Teactivity worth greater than: 1.5 per :cent. “This’ type of

- ‘reactor is shut:down, :In addition,the total worth: of ‘a1l ufued-typeu_;
per.centé::

Two des:n.rablet haractemstlcs 1n ‘any reac*bor a.re .a' nega'bi “temp
and a negatn.ve Joid’ coefi’lc:.ent -of’ react:Lv:Lty. - Curt:.ss-Wr:.gh‘b has’
stated - ‘hhat 'bhey ‘expect their reactor 'bo have a 'bemperature coeffn.c:\.ent" '
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of - 1.5 x 10"5 delta k/k per °F.-at about 100°F. and an average void

- coefficient of approximately -5 x 10-0 delta k/k per cubic centimeter,
- ‘Battelle Memorial Institute has conducted a number of -experiments ‘to
- .determine the void and temperature -coefficients in a reactor employing
- fuel ‘elements of the same‘plate: :spacing:and thickness as. Gurtn.ss-Wr:.ght. o
" The results indicate that the values quoted by Curtn.ss-nght -are .of the
'magnitudé to. be- expected. Ve i‘eel there ‘is reasonsble assurance that
<this facility will have both a negat:LVe void and’ temperature coefficienty
however, Curt:.ss-WrJ.ght wﬂl measure these coeff:Lc:Lents during cr:.t::.cal
expen.ments pnor to full power operation. ‘ : :

The aophcant has oonaidered a number of mechanlsms wh:Lch would um.n-
‘tentionally introduce excess reaotn.v:.ty into the core. None ‘of these -
“gccidents. would result in the release ‘of i‘:.ss:.on products. In View- of .

" the aforementioned reactn.nty limitations placed on the control rods ‘and
expen.ments and the expected negatn.ve temperature and vo:Ld coei‘i‘n.c:.ents 3y
‘we concur on this conclus:.on. S : S

Although there does not appear to be 8 credl'ble acclderrt whlch would
release fission products, the- appi!icant ‘has calculated +the doees whlch o
" would result should such a release occir. ' The dose-at:ithe site boundary
-following the release of 10 per cent of the fission’ products in‘the: " -
‘reactor would be less than 1 .rad fram internal 6r external rad:Lat:.on.
' ‘Such'a’low ‘dosé 'is due primarily to the 1a.rge -area oontro].'l.ed by the
appl:Lcant. The nea:est site bounda.ry :.s ‘three mn.les. U

Conclus:n.on - — _
" -Diie- to uncerta:mties inthe magm.tude a.nd sign of the temperature and o
“yoid - coeff::.clents of reactlvlty, ‘it is recormended -that “initial: expen-
‘ments on the Curtiss-Wright Research Reactor- should ver:.i‘y ‘these coef- ..
ficients prior to full-power. operatlon. However, .due “to:the. remoteness
.of ‘this reactor site; the relat:.vely low dosages wh:.ch would result in’-
- public areas even from the ‘release of- fission products ‘by ‘some” acc:.dent
“which does not .appear cred:.ble and the "existance -of :fully developed .
_emergency procedures; there: appears toibe sufficient assurance ‘that- th:.s o
~.facility can be operated .at-the’ ‘proposed location and at” power levels B
up to 1000 lcz.lowatts v:.thout undue hazard to the health and: safety of
the public. A
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