
-STANDARD FORM NO. 64

Office Memorandum * UNITED STATES GOVERNMENT

TO :Lyall Johnson

FROM :Clifford K. Beck

SUBJECT: CURTISS-;PdIGHT -

DATE:December 20, 1956

APPLICATION

SUI4BOL: CA:EEB: KEB

PART I - DESCRIPTION OF THE REACTOR

The Curtiss-Wrignt Corporation has submitted a license application for
a reactor to be built and operated on an 80 sq. mile tract of land at
Quehanna, Pennsylvania. The proposed reactor is a one megawatt light
water moderated and cooled, solid fuel type often referred to as a
srinmming-pool reactor. Considerations of neutron economy may at times
dictate the use of a beryllium oxide reflector. The core is immersed
in a 20 ft.t wide by 40 ft. long x 26 ft. deep pool with a midnimum of
19 ft. of water covering the core. The reinforced concrete pool is
separated into tao sections, one being a three sided end section
penetrated by three beam tubes for experimentation purposes, the other
a 20 ft. x 24 ft. section used for bulk shielding studies.

The reactor core will be made of S1TR type fuel elements containing a
maximum of ten fuel bearing plates per element. Each plate is essen-
tially a sandwich of aluminum-uranium alloy between two layers of
aluminum cladding. A fuel element -will contain about 170 gns of U-235
enriched to - 90p. These elements are supported by a grid plate capable
of accommodating a 9 x 6 array or a total of 54 elements. This number
of fuel elements would almost certainly not be used, but many flexible
arrangements are possible, and present plans do include placing peripheral
rows of beryllium oxide elements as reflector around the fuel elements.
Previous experience with this type of core places the cold clean critical
mass at.2.75 - 2.85 kg U-235 but usually the requirements for available
reactivity to override xenon-poisoning--and'experimental needs-- wfl -`ihcrease
the critical mass to 3.4 or 3.6 kgo

In this case, the applicant states that the maximum reactivity requirements
for prolonged operation at 100 kw and 1000 kw are as follows:

Source
Negative Temp. Coefficient
Equilibrium Poisons (Xe, Sm., etc.)
Xe override
Burnup (1000 days)
Adequate rate of change of power level
Addition of smalles increment of

reactivity available

Reactivity
'100 kw

0.0006
.018
.o000
Q0005
.003

Required at
1000 kw

.001

.o40
.0005e'.oo00
.003

.003
-

.003

.053*;Yc-Totals . 4025p'.
* Only one indicated in total
*- No allowance made for experimental reactivity requirements
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The reactor control system consists of three (3) safety shim rods and
one (1) control rod. The boron carbide safety-shim rods have a reactivity
control worth of 2.5% each for a water reflected core and 3.8% each for a
beryllium oxide reflected core. The stainless steel control rod under
similar conditions will have reactivity worth of 0.6% and 1.2% respectively.
The safety-shim rods are magnetically coupled to the drives which are
capable of driving the rods at 24 in/mine Upon power failure or receipt
of scram signal the rods will fall freely into the core. The control rod
drive mechanism is rated at 6 in/min.

When operating at low power, up to 100 kit, convective cooling will be
sufficient to cool the core. For operation at power levels in excess of
100 kw, water will be pumped through the core at 70 6gpm and recirculated
via a holdup tank to allow essentially all of the No activity to decay.

The reactor is to be housed in a 481 ad. x 120t 1g. bay of the Radioactive
Materials Laboratory Building. The exterior construction consists of
aluminum panels fastened to structural framework. Estimated leakage rate
with all doors closed and the ventilator off is estimated to be one air
change in 32 hours.

The site selected by Curtiss-Wright for its research facilities comprises
51,175 acres of which 8,579 are oiwned outright and 42.,5 96 leased from the
State of Pennsylvania for 99 years. This tract, approximating a circle
of 10 miles diameter, lies in North Central Pennsylvania encompassing
portions of Elk, Cameron and Clearfield Counties.

The reactor itself will be located a minimum of 3 miles from the present
boundary of the property. The countryside surrounding the site is largely
uninhabited with the closest towns of any appreciable size being 10 miles
from the reactor. The area within a 25 mile radius has a population
density of approximately 28 people/sq. mile.

PART II - HAMZPIMS ANALYSIS

1. General Considerations

There is an extensive body of relevant knowledge and successful
operating experience for reactors of the type under consideration. Pool-
type reactors using fuel elements and having core arrangements generally
similar to those proposed for this reactor have been safety and successfully
operated for several years. The power levels of these reactors are in the
10 - 100 kilowatt range for the Geneva demonstration reactor and the Penn
State Reactors, the few megawatt range for the Oak Ridge Reactors and the
many megawatt range INETR,

Whlile it is true that none of these previously built and operated units
are exactly duplicated in the design of the proposed reactor, and while
there are certain features proposed for this reactor such as the greater
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flexibility occasioned by the large number of available fuel positions
(54) which will require special attention prior to the issuance of
operational approval, the stability and predictability of pool-type
reactors, which has been demonstrated by the extensive successful
operation of these reactors, leaves no reason to doubt that an adequately
engineered and carefully constructed reactor of the type proposed by the
applicant should be capable of safe operation.

One feature of importance in these considerations is the characteristic
of negative temperature coefficient shared by this reactor in common
with others of this type. The negative temperature coefficient con-
tributes to both the static stability and the dynamic stability of the
reactor. A reactor possesses static stability in changing temperatures
if it decreases in reactivity with an increase in temperature (negative
temperature coefficient), i.e., if for any cause there is a rise of
temperature within the reactor, the effective multiplication factor, or
its ability to sustain a chain reaction, will then tend to decrease.
Consequently, the rate of heat production or power level will also
decrease, tending to offset the rise in temperature. Conversely, if
the temperature coefficient were positive, the reactor would be unstable
to temperature changes. (Al-F has presented results of calculations which
indicate that) The proposed Curtiss-Uright reactor possesses a relatively
strong negative temperature coefficient of reactivity which tends to
insure stability in the event of probable types of power excursions.
(These results are consistent with values measured in existing MTR type
reactors).

The extent of density changes in the coolant or moderator brought about
by changes in temperature have a strong influence on the sign and
magnitude of the overall temperature coefficient. However, such density
changes do not result instantaneously from temperature variations in the
fuel elements, and as a result oscillations may develop in the neutron
flux and reactor power. If such oscillations are rapidly damped out
because of the inherent features of the reactor, the reactor is said to
have good dynamic stability. Although this phenomenon has not been.
completely analyzed with respect to the proposed reactor, its general
aspects should not be significantly different from satisfactory obser-
vations of this characteristic made in existing reactors having similar
nuclear characteristics.

2. Radiations

Realistic appraisal of the maximum accidents considered credible for
this reactor has not been made. This will be done at a later time. In
lieu thereof the applicant presents results of calculations on the con-
sequences of total release of all fission products inithe most unfavorable
physical state and under various meterological conditions, including the
most pessimistic'ones. Even under these conditions, which may be conceded
to be unrealistic, the maximum radiation dose at the nearest site boundaries
does not greatly exceed what is considered a non-injurious, permissible
emergency does: lOOR of external gamma radiation and 4000 rem exposure of
the thyroid due to iodine inhalation. While these numbers'are higher than
would be desired, they are not in the lethal range, and realistic doses
which could be expected from more credible accidents and dispersal con-
ditions would be many times lower.
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3. Conclusions

Based on the above considerations, but without attempting at this time to
ascertain what credible accident might actually occur in this reactor
(though there would certainly be less than the maximum situation assumed
above) or examining closely those details of the reactor design, the
proposed instrumentation system, or the plan of operating procedures, which
have been presented thus far by Curtiss-Wright in its application for
license, it is concluded that there is reasonable assurance that a reactor
of this general type to be operated at the power level proposed, can be
designed, constructed and operated at the proposed site without undue risk
to the health and safety of the public.

This conclusion is reached mith the understanding that, prior to the time
when the reactor, as built, is allowed to go critical, a final evaluation
of the hazard aspects of the completed reactor, the operating and super-
visory procedures, and the emergency plans, must show that there is
reasonable assurance that the reactor, whose detailed design is then known,
can be operated as proposed without undue risk to the health and safety
of the public.
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Tic "artU3s&-kw1r, , Ootpor.-AUon has stiht-.ed a licne application for
a reactr- tc" br bulat aS.I operated on an 80 rq. mile tract of land at
_2u;hnz., ?er^'.nltpa. TI-t proqosed reactor is a one xegawatt,light
-ttr nbrated =id cooled, 2olie fucl tnc often rfr'errcd to a: a
swil..ng-poc3L recciI.-. Conciderationr of neutron ecano.- may at tilws
dictrate thic use of a berryllium oxide reflector. The core it.IMcrsed
ir. a 20 Zt. uide by lO ft. lorng x 26 ft. deep pool ;.itb a maininum of
19 ft. of water coveri.n the core. The reinforced concrete pool is
separated into tr:o sections, one being a tiree sid-ed end section
penetrated by thire benn tubcr for e~erizzntatlou purposez, the otDcr
a 20 ft. s 24 ft. section used for bulk shielding studies.

The reactor core will be made of ]iTh ty-pe fuel cleenta containing a
=aximur4 of ten fuel bearirzi plttes per clement. Tanh plate is essen-

tinly a sandwiea of luminum-urauium =l, betwoen two layers o'
arusxrnmr cladding. A fuel elere-nt will ronrtin about 170 ,,u of U-235
enriched to 90%. Theso elesmuts arS supported by a grid plate capable
of acconodatitg a 9 x 6 array or a tuotrl of 5L. elmzntE. This nuimber
of fuel elce=nt would 0l=-t certaily r-ot be use-,' but many fle.:ible
arrangc.iioats are poscible, and preecnt pJOzns do' inciude plucir., peripheral
roeP of beryllium oxide ele:nts as b-eflector around the fuel elemnts.
Prr-zns crperlemxo vitL this Lype of core pSlaccs UE cold claCn critical
mass at 2.75 - 2.850 kg U-~235 but uwuallj- the requIrements for available
react!vit to ovorride xcnmn -oisoning and cvperimcntal ncc.z will increase
the cr4itical. nase to 3.4 or 3.6 kg.

this case, the applicant states that the maxi.un reactivity req nt8
for prolongei1 operation at 100 kw and 1000 kv are h' followms:

Reactivity required at
S~ource 100 kw 1000 kv

Hegatir'e Temp. Coefficient .0006 .001
Equillbrlm Poisons (Xe, Sm., etc.) .018 0040
Xe override .000 .006*
Burnup (10o0 days) .0005 .°°5*
Adeouate rate of change of power level .003 .003

ction of smalles incremnt of

O FICE* reactivity availablo j . .003 __-3*O_

Totals IC 25** *0
:'%WNA M* -ne -- t--- --- ____ ___ |_ __ _

D o*TtD' allowance made for exper ntal reac tity req_ e______,7,
iorm ARC-318 (Rev. 9-M) v. S. SOVInamuff PRINTIJIG OFICI te,--Owai-a
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The reactor control system consists of three (3) safety shim rods and
one (1) control rod. The boron carbide safety-shim rods have a reactivity
control ;:orth of 2.5% each for a water reflected core and 3.8% each for a
beryllium Oxide reflected core. The stisnless steel control rod under
similar conditio=s will hcve reactivity worth of o.6% and 1.2% respectively.
The oafety-shim rods cre magnetically couoled to the drivess which are
capable of rivn the rods at 2L in/|in. Upon pover failure or receipt
of seram signal the rods vill fall freely into the core. The control rod
drive mechanism is rated tt 6 in/min.

When operating at low power., up to 100 kut, convective cooling will be
sufficient to cool the core. For operation at power levels in exceis of
100 kw,, water will be pwqped through the core at 7096gn and recirculked
via a holdup tank to allow essentially all of the NW activity to decay.

The reactor is to be housed in a BO' wd. x 1201 1g. bay of the Radioactive
Yzteri-ls Labo~ratory Building. the exterior construction consists of
aluminum pnels fastonod to structural rzramework. E'atiriated leakage rate
with al doors closod Pnd t-de vcntilator off is ectimzited to be one air
chanace in 32 hours.

The site selected by Curtiv5-Wright for its research facilities coiprises
51,17> acres of ihich 8,57? arm ovme. outright are 4s2,596 leased from the
State of Pennsylvania for 99 yars. Thin tract, akproimating a circle
of 10 rriles diameter, lies in North Centrcl Pennaylvarnia.encompassina
portions of Mik, Carreron and Clearfield Counties.

The reactor Itsclf vill he lotated a mini=m of 3 miles from the present
boundary of the property,. The countryside surrounding the site is largely
uninhabited witt. the closest tovwns of any appreciable size being 10 miles
from the reactor. The area within a 25 nile radius has a population
density of apiroxiately 28 people/sq. mile.

pAuiT IT - JMlk.kR:S ;ALLTSI.

1. -,cner&l Considerationz

There is an "tensivr body of relevant knwlcdFe and successful
operatin, experience for reactors of the type mder consideration. Pool-
type reactors using fuel elents and having core arrangements generally
similar to those proposed for this reactor have been safety and suCcessfully
operated for several years. The power levels of these reactors ure in the
10 - 100 kilowatt range for the Geneva demonstration reactor and.the Pen=
State Reactors, the few megawatt range for the Oak Ridge Reactors and the
many iegavatt range MMR.

While it is true that none of these previously built and operated units
are exac'ta duplicated in the design of the proposed reactor, and while
there are certain features ororosed for this reactor such as the greater

OFFICE*_ .__ ___ _____-_-|-____--
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DATE _ I--_-_.------- --- _-- - .- ___----_ --- ---- _
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flexibility occasioned by the large number of available fuel positions
(54) ihich will require special attention prior to the isauance of
operational approval, the stability and predictability of pool-type
reactors, ihich has been demonstrated by the extensive successful
operation of. -tlse reactors, leaves no reason to doubt tnat an adequately
engineered and carefu3ly constructtd reactor of the type proposed by the
applicant should be capable of safe operation.

One feature of importance in theve considerations is the characteristic
of negative.temperature coefficient shared b) this reactor in comon
with others of this t~ype. The negative temperature coefficient con-
tributes to both the static stability and the dynaric stability of the
reactor. A reactor possesseo 2tatic stability in c.5Uin- temperatzuem
if it decreases in reactivity with an increabc in teWe.rature (negative
teoeeratmr coefficlentt), i.e., if for any caue there is a rise of
teTerature within the reactor, tnc t.ffectiiv mutiplication factor, or
its ability to sa;thin a culain reactions -ill then tend to dec.7ase.
Consequently, tiz- rate of heat pi-aducticr or power level will also
decreazse tend:in to ;,ffset the rise i. tesmeperature. Converzoly, if
the temperature coeffLcienit ,e;ro positive, the reactor vould be unstable
to temperature c:anges. (A, has pre'Ecnted results of calculations uiich
in;cate that> The proposed Cu rtiss$Aright reactor possesses a rclatiiv¢ely
stronZ negativc temczcture cocfficinnt of reactivity, uhich tends to
insure stability in tne evnt of proboble types of power excursions.
(These resulLs arc conL-istent with vl-ueu 3c4.sured in exieting 1KTIR type
reactors).

The extent of density chanrges in tlh coolant or moderator brouZht about
by changes in temperature have a stlong infl.uence on the sign and
ragnitude of the overall temperature coefficient. :iowevor, snch denisiv
changes do not result instantaxeously from taemperature variatione in the
fAul eezacents, and as a result oscillatiorx may dclxvclan in th;e neutron
flu: and reactor powcr. if such ocil'Ltiuns r-rc rapidly ,ari-ecd out
becaase of tho inhvrnt featureEs of the reactor, t4e reactor is seid to
have good dynamic stallity. Xthough this Ipenomenon n.s not been
comaplu't;J,7 amz~l3zed iwiti respect to the proposed riactor, its Ccnoral
arptcts s1hould not b significaarly difoTrfn.t from satisfactory obser-
vatono of tCA ciiractoristic iwade in c:istirig llav-ng . ir
nuelegr c&a.ractcris tics.

2. Imdiations

Realistic apprivsal of the maxium accidentc considered credible. for
this reactor has not been nade. This will be done at a later time. In
lieu thereof the applicant presents results of calculations on tne con-
scquoanes of total release of El11 fission products in the most unfavorable
physical state axd ider varlouz meterological condltions , incli the
mat passimistic ones. Even under these conditiouss, uich =ay be conceded
to be unrealistic, the maximum radiation doze at the nearest site boundaries
does not greatly exceed what is considered a non-in'J I u s 1 par. i ble
ezr rgency MOBs .LUAJIL OJ. CZexc -n azz U -"4F14K"v4'"4v-

OFFIC~bk ~. _ -v -d.uc. ochdi IC.4.n 7aion.mi uahd'" rn ' arti highma.thani.
w~l be dheviredj they are no in the letb range,, and realistic cdo es

SURNAM~j.~ c-ol--.epcedfo. 're-crrnd*Iba 23Pci#4mn+.A? nn dpfljlmsajl....--
DT4 ons would be [many times I wer._____
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3. Conclusions

Based on the above considerations, bLut i&ithout attempting at this tine to
aseert.Vin wlrt credItle accidrait might actually oceur ir. this rcactor
(though there would certainly be less than the r irum situation assumed
above) cr eyAiidnih closely those detvils of the reactor design, the
prcposed instrurtentation eystemr, or thde pla of operating procedures, which
havc been presented thus far by r 1vtss-Wright in its application for
license it is concluded that there is reasonable assurance that a reactor
of this gcneral type to be operated at the power level proposecd can be
designed , conEtructed and operated at the pro-posed site without undue risk
to the health aned safety of the public..

This conclusion is reached with the understandinZ that, prior to the time
when the rtactor, as .'.-.it, is allowed to go critical, a fir2< evaluation
of tht hazard aspeots of tle coml;Itcd reactor, the operating as Csuer-
visory procedures, and the einergoncy plhrzs, r-Uut thow that therc' is
reasonable ass-=.uce that the reactor, whose detailed design is tLcrn known,
can be operatee. as propored wvithout unrue risl to the health and stfety
of the public.

C6, * 7
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