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3. INTRODUCTION

; neat gources for the

PR IR ik 79 Reac;fm's ou_maay frypx,a have been suggeqh"_"
"-,;:central-staﬁ,mn type m stpam pOWar x;lam an ok ‘the mout promn z: v Lot
f’earlv devalopmeut m th@ am"ww- ¢ mla,d graphlu‘ m*vnas‘rated Z.hm*s’rw}
reactor, Ina pr@yct S{»mmtared wzm?y by the Airmnr hnergy (”,f;,mmz a:"mtﬂe
and Noxth Am erican Aviation, Inc. it is prc’poaea to r‘enduc £al s,:f.-:;d,z wre Fead

o st B

Experi ment" "f“‘wﬁﬂ'f‘ at the North American F:elc"s Taat Sia
; Cal“vf@rma:. “This 2xpEY irnzut will involve the conahﬂwhen and orssrz\fg’,., R
20 MW, aodmmocc)oipd g’ﬁiphl{n u?ﬁloderaﬁed rearms The purpas& of this
expemment :.s to: :
L= AR T Demoustrate Jhe: capability of the Sodinm (:r,a\pm%« },{ enc wz*'s;sﬂ'-:st@z:rx,
‘2. Evaluate and theml the pe’:rformance hmﬂs of IOWG»enrztchmM:é, e
| ‘ u fuel elements. ' ' NS IR
3. Evaluate and c*ztend the capabghties of the 'I’h U (’"Eh 53 a}&@y as. '

a reactor :;uel.

The proposed szte was pxesented before the Reactor Safeguards_(mmrmttee

as been' obtamed




: ""».jf’:'but hmhly 1mp6ubable mf :ident in which some fuﬂl <~, E

iX, QC@NCLU lﬂl\f

A study has heen made of the pnnmble hazarma aaaocmtnd with the apez‘ah 3

f the proposed reactor az thu, proposed sgite. We have considerzd the concequences
,£:Aéquapment faxlures and malfunctions, the ev«.nts wlu ch m;ght follow operating ;
, er.rors by per&onnal ac?.s of sabotage, and the mcndenta which "xngh%‘ arfise frove

natural causes. In par ticular we have smd;ed

gl\ Reactur anclear runaw&ys ({tmcontrolied t'eleaep of u:a,ﬂ*savzw amonntis

_of nudea.r energyh'

i (2)- Interrupﬂ.mn to the flow of c.oolant in the reacmr \ﬁ«nlurc of ‘Jne ﬂormﬂ

means of heat removall

| (3) Sodium fires

((4D fOther chermcal feactmns
s ((5) Releaae of ‘stored energy : =
(6‘ D&tonatmu of chemxcal expl@swes as an aa‘t :r:f ﬂabotage

(7) 'I'he efxecus ai' earthqu&kes

_ "'~ 'Et is concluded thax, the saaxum react@r expenment presem.es zm gexrious
hazard to the general pubhc and to the surroundmg area under the mﬂﬂ? savers

';condztmns of acczdent or: sabotage, whxch may be fbaéistzcaily asaumed to be

pos Slbl@o i

: : The sodmm graphtte«iow eamcnmant uranmm;ystem ha:: an inkerent
o "_"nega.txve tempemwre @0&.{{1@1@& it of 3 ea,cmv:ty Ina d%mn, the T ~;A;mr the
B ﬂeszgmed is tr_s prevent

":rea@tor contrclgn cmd Lh? conung system have be@nv
acmd@nts msohr a.a this' is. p@ssnﬂe and praa,tmczl ma to limit tw“ [+ )’:H-‘(_}l'.:i.’,f‘.'lﬁfi.‘;.z?i

o arranged Ehat i

e of any acc “idents. Eurchermor the yutem has bes e wossible
28 melt W),M uz’QSﬁn& rG

‘semous hazard to the gener al pub

The re hac ?.ien bpen calculated the “ultamate imz. 2rd! e the pu eiy hypo~ '

thet1ca1 and not at all realmtxc Caee o wherem all ﬂrne radmac&thy in the reacior

‘18 releaeed to the atmasphf_re, Even in this case 1t m 9‘mwn thdﬁ‘ t‘he mtuaticn

is not cataatroph:ecp =:md that thexe is mtiu a ”factmr cri safety”n over. Lﬁndltlﬁhﬁ

i

assumed acceptabla on an cmcrge»nc.y ‘bam.sa
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AI Locatmn '

- The proposed site is located 30 m11es norﬁhwest of downtown Los Angeles,,

: 6 mxles west of Chatsworﬁ.h and 3 miles south of Santa Susanag Cahﬁorma,, in the";‘il‘_

Simi Hills.

o The elevation of the z'eactor m.fe is approxxmatc!y 18‘5& feet, and the max-
.. imum elevations of the Srmx Hzlls are about 2400 feet. The elevatxon of the g
San Feraando and Simi Valley ﬂoors at the base of the hllls in approxxmately

,_-900 feeto : ' : ; 0 ‘
. The anu Hills are a very rugged outcropping of sandstone strata, 'I‘he

-'ﬂl;v.'i_‘hﬂ.ly surroundmg barren area whxch provxdea the requxred i, 4 mile radial ;
: The proposed szte xs umqme in that xt

', in the proxxm:ty of scaentxﬁc resources (See Fxg 13

Chmatology

The Los Anneles basin is in a semx»arxd reglon controlled for the mest
: part by the semz-permanent Pacxﬁc lugh pressure cello Durmg the summcr
aea son the hxgh is dxsplaced to the’ north resultmg in moatly clear skxes thh
little g:n'ec:xmta.txc:m.° . Thm,, in’ con;unctmn thh the dzurnal therma.l lows that
5 form over the inland valleya and desertsp ,results m sfratus durmg the early
a».:-,mormng hc:»urs° Wmds are ma.mly dmrnal sea to land durmg the day and land e
In the winter there is moderate preczxpx&aﬂ:u:nzaB and the .

: '_”_.to sea durmg the mghto
'-".wmda are predommately from a northerly dn'ectnonn »

; The suriace winds in t‘he Los Angeles vzcmzty have a dmrnal and a
sea sonal variatwn due to the mﬂuencc of the ocean. In addatzon t.hey are

gfeatly inﬂuenced by topographw In the case of the sate,, the surface wmd
'4o£ the day wnll be southeastr»rlyo corretspondmg to

durmg the coolor hour‘ -

i e
“‘w ok J g‘ﬁmrwmwmmm




: ‘The wind sneeds ir summer, and in winter in the abseace of stovme, avo
: light. Los Angeles City Office has an annual average of only 6 miles per Lour.
The winds at the site should also be expected to be light, the increane in a2leve -

e ‘tion not being sufficient to make material difference in winter, while in avenme

the wmda at moderate elevations may ac'mauy be stronger than thoss v 23 sea

B i Ievel,, where the sea breeze is infinentinl,

A subsidence inversion is preseat almost cvery day during the sv nmew

“months and frequently in other menths., In addition. o ground iuversiss 10 pro-

duced-by radiational conling during cleaw nighte in fall, wictew, and apiing

& o

nocturna.l inversions pruduced on clear nights are sasaociated with a fendc w2y
. for the cooled air f~ dv.in downward from the siopes on ‘which the site iz
e lacated _ During the day, even when the subsidence inversion over lower

terram is lower than the site, the dinrnal heating toads to establish 2 glE e

layer with adiabatic lapse raie 1mmedmt&.ly abava the hills.

o

:‘ff / ;: .~ The occurrence of fog at the ground and other limitations to visibility is
strongly a funciion of elevation and location in this vicinity, The proposed site,
bexng near the ridge of hills, will not be subject to local radiative fog at ail, |

' and in general will enjoy excellent v&sxb;hty both sumnmer and wintex. Only

when the inversion base is hzgher than the site will there be a chance of iog

rh stratus cloud., ~Because of cold air drainagen there wzn seldom be radia-

s

: n_ wmter,, _

'deep__ ayer of a:u;-., It is only durmg !;he wmter months that

andztmns pr a!.l for auy s;gmfxcant per cent n£ the tnnef

_the moat ccmmon case for the a:teﬂ Under sm..h c.enditmnﬁ ccm&a

: _;inanta releaped at the site would dxﬁuse laterally only. tlm invs‘”amn :

"’-prevent@ any ‘downward transport.
| I ﬂq;w ",ﬁ" 3 M ;m m%’;‘lm\\"ﬁﬁm

%) 3
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3. Inversion at or above the site. This iz a rathey rare occarveacs,
When the inversion ie at or slightly above the site, thea the most un-
favorable situation for diffusion exists, since contarninants ave pre-
vented from upwérd diffusion and transport downward is very lizely.
However, when the inversion height is more than 4000 feel (imm=an ses
level) then there is sufficient lateral and vertical diffusion to minimice

the probability of concentraticas from rezching the vailey iloora.

4, Nocturnal ground inversion. Such inversions s form g 2t
on calm clear nz,ghfs and rapidly dissipate soon after sunrige. Dariog

such iaversioms, there is cold air dra ajnage into low-lying arcas and
valleys. However, this air doen not reach the valley floor bat rides
over the valley air., Therefore, contarninanis are kept aledt and do

not reach the suriface in appreciable amounts.

D. Wind Pattern Studies

Two types of studies have been carried out to ebtain a more detailed
wind flow structure in the immediate area of the sitz: 1) balloon tz racling, and

2) aerosol diffu gion.

>3

The balloon studies confirmed the divrunal nature 2 of the local winde during
the summer., Also, the effect of topography was very evident in the devicus

paths followed by the balloons in the lower levels.

The aerosol duiuamn studies gave a more quantitative angwer to con-

taminant t:zra;.ngpq;nrto This one study pictured the efiect of hoth inversions and

- winds. Fortunatcly the pericd of the runs was in the r?arly spring so that both

FOHM 81 L:2 REV. 2 54

summer and winter conditions were encountered. Ou the other hand » tural of
only 405 samples were taken, and there -fore the resuits have only & gunlitative

s»n.gt'uimm'meu The reaults may be surnmarized as followss

1. .V_ery low ceum_te were found when no inveérsion wasg present.
2. Very low_‘c‘é:u.nts were found when the invereion was below the site.
3, The highésﬁ counis were found when the inversions were at or near
| the elevation of the ant L
f 4, Radzatwn‘mvers ivns did not cause any large counts in the vﬂ,leys -

due to the slow draivage rate and at"rmou byy aﬂntrapmem in gullxes i

and ravianes,

YA TRl e

CEEEEESENE P SN R T2
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5. On days of strong turbulence ccunts wirs shtained in dinmeirically

opposite directions, attesting to the value af turbulence i producing

a broad diffusion pattern.

»3
. . 3 : .
The highest count of 15 particles/#t”, anforiunately occurred on a day
o it " when no radicsonde obgervation duata waere telken. However, iuiarpolating

between the preceding day and the succaeding day it is pafe to say thai!

inversion was at or siightly above the site.

Taking all the various conditions into considzration, about 93 pur .ont
of the time there is a lower danger of contamination of populated arces. The
7 per cent figure for the time for unfavorable situstions is a liberal one ‘nclade

" ing various degrees oi it ensity of possible contamination.

X, Hydrology

The proposed site is located on relatively fiat terrain whica alraddies
the drainage divide between the San Fernando and 3imi Valleys. The rupoil
from the area is collected in gulleys or washes whichk are génex‘ady dry most
of the year, The southeastern half of the proposed site drains into tha Loz
Angeles River which empties into the Pacific Ocezn at Long Beach. Tu the
noxth and west, drainage follows the Simi Valley to the west and discharges

into the Pacific Ocean apprcaxzmateiy 1 miie southuast of Port Hueneme,

A poruon of the local runoff which oxiginates on the east side of the

Simx Hills is captured by the Chatsworth "{e@ervm'*o This drainage avea g

over 2 miles from the grgpoged site and on the opposite aide of the hi iils; the

regervoir itnelf is approximately 4 miles sast of the proposed site. Itis o

‘ sezsonal revu‘i ating and storage veservolr with a capacity of approximately
L w0 .. 10,000 acre feet, The regervoir water is uped for drinking and geoeral
,_:vdomestxc purposes except in the fall of the year whean the water is uoed for

i"-._irrigat‘wno During this tire potable water is rerouted from other resexvoirs.

This alternate supply route couid be uaed for an mdefmxte period of time in

case of an emergency.

: _Since the proposed aite area ie high, the immediate drainage ars:a. ie
; relatWely sma119 uppmmznmﬂre]y 260 acrea, The maximum precipitati on in
24 hours with a probable frequency of occurrence cuce in 50 years in % to ‘?

inches, Asswming 5 inchen of vunoff, abeut 85 acre-feet of water might be

" expected from a single amrm. nuung a normal year only 50 acre-feet would

cami < M A TSI

Gt ran off,
i ORM 51 L ZREV. 2 54



Since the total expected runofi is relatively sreall, it is propossd t5 mals

‘p"x‘ovisions for capturing all of it in a reserveic, Al the surface drainwge ina
. normal year would evunoraﬁe from the reservoir sarface.

. ervoir would hold 200 acre- feet, although it would appear that & 130 .oy swfeet

The propoased res«
x t

storage reserveir wouid be adeguate.

The Simi Hills are composged primarily of morine sedimeats consl sting
TACE LR

£ rightly cemented sandstones and shales (Chico frrmation) of U

These are relatively impervicus layers tilted onch thet

wezt of north) and a dirz of approximately 32°
24} 2 ¢ 2 ¥

v domae Bii g
HEx i

age,
off approximately 325° (35°
The relatively smnall £lats found in the area ”'sm ist of alluvinnn of recent

geclogical age. Generally the alluvinmincreases in thickness as the slope of

the hillgide decreaszs, and ig a maximum thickness in the relatively flnt arcas

it Thege recent aliuvial fills are relativsly pervious compared (o the

+ and valleys,
relatwely 1mpev~vxous sedirnentary strata from which they are derived.

In many

The ‘exposed sivata have a :maximu.m thickness of about 30 feet,
places they are badly fractured and large monoliths have brck.a:f_a. locoge and fallewn
re scatﬁ:ered on the hillsides.

‘from thear ‘original strata and &
AL T.me fmsuras and fractures of the ﬁaults contain 2 water bc,armg aqwxi er,
and wells drilled into this pervious material have been found to be very gocd

The water in theee fissures and fractures is tightly contained by the regatwely
The aquzfers are rechax’ged durmg the

i zmpervmus rock which encloses thema
:_razny season by rain- perc@latmg dzrectly through the soil to the aquxfer and

: alao by the strcam beds crossmg the pervmua fault zone whxch traps some of
itis posanble that some of the strata could be aemlapcrvmua and

" the runoﬁ
thereiore allow a ﬂ.und to mave parallel to the beddmg plane. .

: As summg that ﬁ;he dzp of the beddnng planes is conszstently 22"; 1t w seen
“tha.t the partacular planes mter sectmg the szte area would pro_]ect far below thau




G Since the terrain is such (hat complete surface control ig ecasily uctown-
~ plished, the site appears tc be weil located, The sub-surface hydrology of

the area also seems favorable.

F. Seismological Characteristics

e

E . The Southern California region has had a2 rather active hisioxy of esrth-

quakes, Building desizns and metheds of conetruction have bees dewvel

withstand earthquake forces, While a assvere eartbouake sbwaye lzaves b ity

%

~wake many celiapsed Lm}.dmgs,. experience has shown that other FJE,E'ﬁisﬁh.’.i@)fr,.’ in

.  the area which were designe ed pro ﬂy have been capable of withs

strongest recorded earthguake a?zmckso

Since the proposed reactor is o be built on zolid ground saveral mik:
away from an active flault, the siructure, when pruperly designesd, will Lo
capable of withstanding the strongest recovded zarthquake s’hodm . Asan

added safety factor, mechanisms that operate when a predetermined shook

- intensity llevel is reached will be utilized to scyam the reactor,

G Populaf.ion Digtribution

; No people reside within the exclusion rvading of 1.4 miles. Cne and one-
half miles from the reactor site is the NAA propulsicn laboratery emploving
approximately 300 people., Within & . B-mile radius reside 3000 peop!l “@n, and the

population within a 10-wmile radius is 56,000, Most of the population withdn

the 10-mile radius is in the San Fernande Valiey, zast and on the m:gm;nc gite

of the Simi Hills from the proposed site. Cha.t:swerth,, 6 miles east, has a
population of 2,500, To the north is the Simi Valley. It includes a aumber ol
unincorporated sparsely populated areas. The total 1952 wopulation in the

Sxma Valley prc«per is estimated at 3,280 (See Fig. 2.

The arca seems to be growing at a normal rate. No sharp increase in
- this rate is expected b.saca'usa » of the water shertage in the avea. If it is ever
!ound ieasxble to bring water into the area irom some outside source fo re-
plenish the rapldly dedﬂ,mmg underground water supply, a more _rapid growth

:‘could be expected to %:a?w place. However, the mmmtains around the valle" ‘

mak‘e thia task a very Mﬁficult and costly one, s _

ORM B Li2 REV. 284
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il Réactor

The rea tor of the SRE facility {¥ig. 3)is a 20 me==gawatt fnovainal ) unit

compand of a graphite moderator and reflector, sodium coolant, and Jcw en.

~richment uranium metal fuel. Essentially all the {issions are produced hy

i - neutrons of thermal energy which in the SRE is near 0, 075 ev. The nev ron

h,te time is approximately .5 millisecond.

Each fuel element consists of » cluster of

verxtically from the top shield by 2 hanger rod aund 2ld plug.
E’ ¥ Y =

composed of six slugs of uranium smetal 3/4 inch diameter by 12 inc

slugs are contained within 2 0. 0190 inch wall siain 288 steed tube.

0. 010 inch thick stagnant sodium bonding layer bf»"w«»n the uraniim and the sies

L
. cladding. The uranium will need to contain appro-dmately 2. 0 atom pes- cent
235 - s ga ma .
! . The fuel elements, nominaily 31 in number, are arranged on a i ia

lattice with 11 inches between centers,

The graphite for the moderator and reflecto is contained within 14

zirconinm cans, The moderator cans are hexagonral prisms, spproxinsiely

11 inches across the flats and 10 feet long, containing a centraily locatzl fuel
channel 2, 805 lnches iuside diameter running the full length of the can, The-

purpose of the zirconium can is to isolate the graphite from the s;ogiium and to

localize any leak that might occur., The retflector elements are 35 wWlar except

,»thﬂy @ontam no fuel channels,

i’here are 37 fuel channels; 31 will be loaded for norinal operatior. Ownt

of 72 reflector ga.r»s 13 in the first vrow outside the core coptain ge

tonal { ﬁ xibility and experimental poepeoses,

chan nels for ad

or elements ave voptained within = sitee! core

, The moderator and reficst
. tank 1] feet ID by 21 fO'D& high. The graphite stack is roughly 2 cviipder 11 feu-
OD by 10 feet high. Sodium coalant enters at the bottom of thie taplk and flows

_fupward throug&n the pm.\,@w @lmnnms and between ik zirconivm cans to a pmﬁ
or reservoxr above the cans - This reservoir of sodium is approxine ately 6‘ feet

x ;(ieep ‘The emt coolant ternperature from each channel is monii.nre‘a «*'nntmuouwy

: The ent%r'e reactor and primary @,owlnn,z system are constiructed bc!ow gru Al
: level; the onily access Lo the reactor and primacy oo m}“ng systein is thvu the m
:ff:'Abéhi'e?d. This ;.u“F'm'a;qu:'a'i;{-u.i simplifics the reactor building and ihe shisidmg and
"contmbutea to the over-all salety of the installation. The top shield is a S»_fqo’*\‘, :

et R BN AL

st s i o itk a2




NAA-SRNemea-908 12, T
Page 11 .

m&mm»&w.ummw»

‘thick steel and dense concrete assembly containing the movable plugs frau wailh
,'_the mchvxdual fuel elements are suspended. The reacter fonndation and shield
structure (sxde and bottom) will be constructed by pressure grouting a preplaced
! aggregate, Thie will also pressure grout adjacent soil strata making them 1o~
pervious to- seepage. The inver faces of the foundaticn-shield will be linad with
a gas-tight steel membrane. An inert gas atmosphere will be maintained within

it at all times.

mencs, mach

‘There are to be {our contrel-shim elements and four safet
LAGE POUR

¥ @
set of four elements will conirol about 8 per cent Lk ox sughly 510,

o 1

_are mounted vertically and pperaie in thirables located within channels

fuel chaunels but spaced between lattice poinia., The thimble is to excluds secium

. and sodium vapor from the rod operating mechanis sm. The rods z.n-e‘e:a:t:%;uzzi:ed by
lead screws driven by moiors located on top of the upper neutroa shield. "E‘i’m
nuclear poison material will be 3 per cent boron stee The safety clercints ara
ball-type. Balls containing a nuclear poison are siorad in a hﬂpw-x abova the core
duriong reactor operation. When a huldang magnet is de-energized, as on scram,
a gate opens under the action of gravity, allowing the balls to fall into a tzimble

in the_: reactor core. Aun air stream is used to return the balls to the stooage hopp2

Safety circuits will be provided which will cause the reactor to "Sethack™ o
”Scr m' on the following signals:

1. _Short period of reactor neutron flax

2 "Hagh Reactor Flux Level ’
3. Loss of flow in any of the four sadmm loope
4.7 Loss of air-flow across air blast heat exchangers
5

&2

Low sodium level in reactor tank or surge tanks in the two ¢ 2condary

loops. _

6. Low pressure of blanketing gas in the reactor tank or in ihe surgé tanks
or two secondary loops | |
'High temperature in hot leg or cold h.g of reactor

8. ngh fuel temperature
. 9 Failure of elecirical power

10: ' . EarthQuake shoclk

The followmg mh,x*lm.ks will be 1ncorporated in the control c:.rcuar

'1‘. "Control rods may net be withdrawn until the poxson balls of the H.afety

elements have been rermoved from the thimbles and re turtmd to the

lements cocked). On any "Scram' couir ol rods

storag,e hoppers, f(mfe‘y e
Alr S BT "ﬂ;“‘Lmatmally

" will be drive X ot
Wil be drivepimlg




TABLE 1

AL St M i ATERAA-

REACTOR DATA

NAAS R Mo
If‘eaige 14

B o

"+ . Nominal power rating

ol o T Y '  Fuel, Enriched Uraninm metal {for ’
"~ ©° 31 channel loading)
Uz-gs content for criticality
Average specific power :
Initial conversion ratio (UZS)% into E?’u""") )
Maximum gross f{ission product beta-activity
. Maximum gross {ission product gamma-activity

Maximum plutoniwrmn build-up

" Number of fuel elemenis (nominal)
% Active fuel rod length

Effective core diameter

5 Litt_s‘ice spacing (triangular array)
; ‘Aver'a.ge thermal flux in fuel

; Peak thermal flux in meoderator

Peak fast flux in moderator

" ' Neutron generation time
St Muitiplication factor, kg, -
Materia?l buckling, & : ;
Resonam,e ‘escape probability, p
B ,Thermall utnnizﬁ,tmn, f '
Fast effect, @

’ j-i‘SJiowmg down area,.. 2

L=
__Thermal diffusion area, L%

20, 000 kw

2120 kgg 0 atoin por
cent U ’)5

42.4 kg
9 kw/kg-U {or 470 bw/ky U

23

0.50

31
6, 0 ft,
5.4 ft,
1. 0 inches
3 2
2 % 101’ Bl - eg
1:’“5 s :(“r N {
5.9 % 10 n/fein «sec {approx
io Zx.&(ﬂ n,/rug' sec faporon

0. 5 millisecond
1,260 ‘
450 x 10 s
0. 87

0.89

-2

349 cc:m?"

172 cmz

-:2":VRE‘;V. 2 54‘»
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Coolant in the four sodium loops must be circulating at or above 50 p=r
cent of desmned {ull power ilow before the safety elernento may he conkes
A specified minimum counting rate ranst be provided by the low level

counting channel before safety rods may be withdrawn, This will assur e

that an extraneous source of neutrons is present, and t}mr the counting

channel is operating. '
Neutron fluxes in the reactor and coolant temperatures and pressires ite Lhae

reactor and cooling system will be monitored, and an audible alarm sounded wiien

a specified range is esceeded. This will include such signals as tempe ature of

individual fuel elemen&sg pressure of inert gas blanket, flow in awxilisy couiant

circuits, and temperatures at points along the resctor tank wall. The penerdd
philosophy is to inform the operator of every comiition which represents abnor mea
behavior in any part of his system, yet to hold the number of serams Lo the

necessary minimum.

B. Cooling System

: The coolant in the SRE is sodium. The SRE cooling system consists of twe
parallel circuits; a main circuit and an emergency circuit. Each eirceic is made
up of a primary and a secondary loop coupled thr's an intermediate exchanger.
~The primary loops (main and °mergency)) are cominon at the reactor r.m?;y, The
secondary loops are completely mdep'endent and ‘ave separate sodium-lo-alr hen

exchangers thru which they re;;ec& the reactor hest Lo the atmo apﬁuu

The main cooling system is capable of remnvmg 20,000 iui wwariw; the
emergency system 1000 kilowatts., The speed of the main pumps may e varied
so as to.mainfain a constant temperature difference across the reactor for all
power levels between 2 and 20 megawatts, Fithe - of the two paraliel circuits s
' operate if the other should fail. If the reactor tank or inner container & hould
rupture, the reservoir of -odium is such that the sediwm level wili not rall belew

the suction lines in the reactor vessel. Thermal convection in the main clrewit
‘,wiM permnt dnsmpatwn of at least 200 kilewatts of heat, There will be, of cours.

b an emergency power supply for the puxnps and mstrwment&
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TABLE J1
COOLING SYSTEM DATA
. Reactor - o
) ’ .
Nominal reactor thermal power {31 charnels) 20, 009 kw
. Inlet tempevature : 500° K
Outlet temperature {mixed mean} 9eG° F
Coolant flow rate 485, 000 Lbs /hr
Maximium coolant velocity 6 fﬁ:ls e
Maximurn uranium teraperaiure 1200°¢ ¥
Pressure drop thru coolant tube ' 2.5 psi
Main Cooling Circuit
Nominal thermal rating 20, 004 lew
Emergéncy Cooling Circuitl
Nominal thermal rating 1, 000 kw

© C. Auxiliary Cooling System

B An auxﬂ.iary heat removal system using th: erganic fluid toluene is pruvid
. e .to cool the biclogical s shield lining the reacior cavity, the reactor top shield plug
: . " and the inert gas atmosphere in the underground galleries housing tae primazry
'_".'sodsum system. Toluene has the advantages of = relatively high beiling peint,

compatlbﬂ ity with soc‘imm, and a low thermal ari radiation decomposition rate

in this application., The toluene cooling systetn »iil have a capacify of approxi-
P Y P

mately 10& kw ox 1/2 per cent of the thermal rating of the reactor.

D. Bu11dnng_

s _The building“héusing_ the SRE facilities will have a high-bay area over the
V;-:"rejactoi'. and primary cooling system which is approx:ma&ely 100 feet long by

50 feet wide by 45 feet high., A connecting building will provide cover for lab -
".":;uorA‘é‘\tbx‘y fé;cilitiea and a storage pond for irradiated fuel elements. The bui&din;

T will be so designed that the level of the water in the storage pond wilk at all tisr

© 7 be at least 4 feet below the operating face of the reactor.

3
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4 The building will be constructed of steel and concrete. Waill pans g will e
lxghtwezght precast reinforced concrete fastened to steel columns spaced at '
16 feet centers. Indavxdual panels will be about 8 feet high and 6 inches thick wii
an msulatmg cavity. The roof deck will be lightweight precast reinfurced zoncs @
attached to sieel purlins spaced on about B feet centers. An insulating core is

also contemplated in the roof paz;eﬂs,
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V., EAPERIMENTAL PROCEA

The reactor facility described was ﬁxigma.ili’l.gr conceived as a teol Jor a lunp

' range, experimental program, The object of this program was the de-mlopmenf:

Y5

Rigk of a low-cost reactor system for the generation of « corapetitive electric power.
This program was envisioned as including the stody o fuels, moderatuys, ana
: coolants in various configurations as well as the proof zeating of anxiliary equip -

ment.

The Sodium Reactor Experiment as presenied here cons siitutes the first phasc

onlw of this program. sdiate obiectives ! the Experiment were ligted
£ ¥

: above. They are:
1. Demonstrate the capability of the Sodiwmw {raphile Reacior Sysiem
2. Evaluate and extend the perforrmance liraiza of low enrichmant 7 fuei

elements
oy

2

: >
3 ) cqlle D D ¥ EE @

3. Evaluate and zxtend the capabilities of the Th-U 7 {Th-U) alloy as a
reactor fuel

~ent no basic changes will bo

In the conduct of tie Sodium Reaclox Exper
made in the reactor configuration or in the major ¢omponents. in genersi, the
successive, individual experiments will involve oenly the change of ong ¢r more
iyel elements or the substitution of test s specimens fow fuel elements in sz ected
fuel c-::hanngls" The scope of the proposed experime ‘ot is best defined with respe

to the areas of investigation:

1. Coolant

Vr

The only coclant to be studizd will o ofdiurn, Experimenie willl
to determine the upper limitation on temypersture, that is, femperateyes
will be raised above the design puini
2. Moderator
gl fo, . The experiment will utilize only zirconium canned graphite for the
reactor modz: rator; study of othexr moderators will be limited to irrad:-
,_'atmn of specimen: in capsules inserted in the fuel channels
3 h mels :

i '. The pi *'m:?.pa! part of the experimental program will relate to mels

Expcmmems will investigate varions temperaturves, fuel gunnetnes

and the wranivn and ‘maruun nurdmum meP syetems.

FORM.B1.L52 REV. 2 54
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tigieshbep st ool

: 'Varieu&s stru\e{:_tufal materials will be also siudied, Irradiations will

be carried out only in coolant channels used as test holes,

Design Studies

Fluxes, temperatures, etc, will be measured in the SRE to stndy pes

- I3 ki AR formance characteristics.

6. Components

Varicus designs of components such as pumps, instroment chamnbers

and ete. will be tested in tha program.

The reactor will be shut dowa for all changes affecting the reacioy oore,

It will be impossible by virtue of interfering mech snical latches to gain atces

a1l control rods to the "in" position and ir ripping

¢ .. to the core without fir st moving
inteviock will relizve the pres -

»the safety mechanism, Any attempt to bypass thi:

‘sure in the reactor, and a scyram will result.

In operating the reactor, the instruments of primary concern to the operata:

i

‘will be: .
(a) Neuiron flux level and pemod in the reactor
(b) Hot and cold ileg temperatures in the przmdry and see,cmdary Iocps of

the heat removal system : Sl :
% ((@) Sodmm flow rates m tne pnmary and secondary loops of the h_eat A

removal system‘ e
(d) Ambxent a.nd exzt alt temperatures

at the anr-blast heat exchanger

deszred power Level the operator

To achieve steady state operation at a

arry out an nFerative process of ad;ustment of rea«:tor flu,x, e

_‘"wnll manual.‘iy @
: sodium coolant flow and aw flow. ==

«;mttcal the sodmm in t‘ne mam prmnary d-ﬂd

Before the rea@tor is brought
o 50 per cent of full flow° o) wxll be held at";\‘

secondary loops walﬂ be brought up t
to 250° F by the pipe heating system,, After the reactcrr"-‘

temperature of @lose
power level will be razsed gradmally umtzl a temperamre"

the. reactor and. the heatmg of the sodmm B
;’dnscontmued At tms pomt the e:oolant flow may be reduced below 5() pe )
if desxred Then the reactor power will be ra.ised slowly by ad;ustmg fh
"dds manuany and rldjlkl\bhng the inlet vents on the airub}.ast heat exchangers to

:%F@ ond»stmns.

becoines crntical nts
-dﬁfzerentaal 13 e tabhshed ACTOSS
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A SRS RS At power levels above 10 per sent of full xeactor power, reactor saliet

ifihe

temperature in the primary loop will be held at % eH0° F, the flow rale «f the

i ',sodmm bemg manually set at the proper value to achieve this condation Asg the
‘ power level is shifted from one steady stage value to another the desired sodinn
N RUE temperature conditions will be maintained by ehanging the mlet vent seilings and

by varymg the speed of the fans and the pumps.

A servo system will be provided to drive one rod in such a manngr as Lo

bA
bl

hold the neutron flux constant. This servo will be brought into use only alter ine

desired flux level has besn attained under manual coatrol. A purnp e€ouing

will be used to kold \;gm‘gtan the speed of both the maia primary eoolent purmnp and

¥ the main secondary ¢ oullant purnp at selected, fixed values after desived fhow
conditions have been attained manually, The pump contrels may alse be wsed i

2

adjust the pump speed to hoid some other variable in the systern constind,

other than pump speed) such as the primary cold leg temperature.

The emergency heat removal system will operate continuousiy. 1h
pexature in the primary system will he fixed by the main primaery loog, since

the sodium streams ave common in the reactor. The puzop in the prionzry loop

of the emergency system will operate at either full flow or 1/2 dow at &l times,
The pump in the secondary loop of the emergency system will Lave a variable
speed drive so that the soclant flow rate may be sot at the propeyr vaiae io madadia.
the desired temperatures in the secondary of the : mergency system. The air
blast exchanger will have adjustable values and a variable speed for ¢rive for air

flow contro]; similar to that provided for the main sodium -to-air exehange rs,

o N
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VI, HAZARD EVALUATION

A, Generél

_ Nuclear reactors are similar to conventional pieces of power equipment
in thattheir hear capacity between the vperating temperature and the melting
point of the materials of coustruction ia small in comparisen with the energy
flowing from the machine in each minuge of full power operation, Thus, if

the flow of energy into a furnace or turbine is continuesd while the flow oul of
. the boiler or geunerator is gihddenly interrupted, the equipment wiil be reduced
to a molten mass of brick, copper, and steel in a matter of minates. Thal
such accidents occur infrequently is ample proof of the adequacy and relia-

s | bzhty of the safety devices used with them,

Nucleax reactors differ from the more conventional items of power eguip-

ment in three important respects:

1,, The energy reiease rate may mcrease rapidly and may exceed the

‘designed, full-power value by virtue of the chain-reacting nature of

the system. :
e " The energy release rate may not be reduced to zero in case of an_

emergency, the "afterglow" is an apprecmble £ractzon ot' full power } 3

_ for a long time aiter shutdown. < ST R R e %
o 3 Wxth a l'ugh energy release rate is assoczated a hxgh acthty of f:ééion'
' producta whxch are, in certain mstances,, hzghly toxic '?co the human

systemo

i The radmactwe ﬁfwswn ﬁragments and plutomum can be potentxal haaard
to the pubhc only aﬁter they are released from the reactor. In the normal
roperatmn oi the SRE most of the activity is restricted to the fuel metalhc 3
}xamum or thonum_,, and in general all the activity of great toxxcxty m cén
ined thhin, the claddmg of the fuel elements., For radmacthty to become a;
ublii: hazard there must be (1} a melting of the fuel\, elementa to releaae ih'
aﬂsxmn fragménea and plutonium from the iuel that is, the heat generatmn
eat removéi must be out of balanceo and (25; some mechanism to relea’s'e the

coolant and dmaolved or suupended iis sion £ragments and plutomum inm th

5 O S e

; atmosphere or mto ground wai:en

X mAL |
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B . _Nuclear Runawa L

We have been especially interested, therefore, in restricting the nuclear
; ‘ 'energy which can be released under any circumstances to arnounts which can
?_, ; - be removed safely by the normal full-power operation of the cooling syciem,
’ % . And we have been equally interested in making available temporaxy storage
for the afterglow heat released immediately afier shutdown and in providing
a path by which this energy may, in time, be safely dissipated o the atraouphere

by natural means.

- We have analyzed a dnclear runaway during start-up, This m}y G Lo
be the most serious, salistic accident in which the rate of relzass of caergy
exceeds the capacity of the coocling system, It is the most serisus

. the flux period may be quite short when the flux reacnes the power rangs

{(above 1 kw}; it is realistic inaswmuch as start-up i 2 normnal operation in-

; hecanse

volving the deliberate and purposeful release of reactivity.

.The reactor aud cooling system will be protected by iaterlocks an:i con-
trol circuitry so that the control rods may not be withdrawn unless a mdaimum
szgnal is obtained in the neutronfluz sensing circuits; unlegs the safety a,iememg
‘are cocked and unless the coolmg system is cperatmg above 50 per cent of
3 V’_full power flow in all four loops. The rate of release of reactivity will be

:‘_ limited to a maximum of 0.3 cents/second; this will correspond to all four
: fcontrol rods being withdrawn at a maximum rate set by the synchronons speed
'f the motors ‘md the assocxated positive gear train, When the ilux is many
ldecadea below the power range, flux permd cxrcunts will become sensxtwe and
% will xnterrupt control rod w;thdrawai if the pernod becomes dangeroualy :;hmrto
. _Adjuatable flusx level "set backs' and "gcrams'" w111 also be avaﬂabie in thxs “
ramger A fxxed fluxulevel "scram" will be set to operate at 125 per cent of
ﬁxll power flux, When the heat released in the fuel results m a sensible v
ncrease m the temperature ‘of the coolant, hxgh temperature "scrama" willﬁ i

become eﬁ‘ectxve e

c_oef__ﬁczent_of.}reactxwty of the system. The fu.el will not melt durmg

POAM 81 L-2 REV. 254 - T '
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the transient, and probably not for a matter of several mionies therealte:, For
a rate of reactivity release somewhat greater, 0.5 cents/second, the stact-up
time will be shortexr, nearer 30 minutes instead of 50 minutes; but in the run-
’ _ away the fuel would enter the gamma melt phase approximately 14 seconls
after full power is reacned, In both cases full power flux is reached and a
temperature rise of coolaat is signaled before promps critical iz reached.
During the runaway at stari-up with a rate of reactivity increase o 0.3
cents/second if the coclant is not flowing, our calculatious indicate that ine
fuel will melt approxirmately 6 seconds after full power is reachad.
It is our conclusion that undes the above conditions a start-up runaway
which results in melting of the fuel is highly unlikely. An incident in which

© . gome fraction of the fuel does iell must bowever be recognized as realistic

and possibie.

C. Cooling_Syetem Failures

_ We have considered the possibility of failures in the cooling system which
might weaken or destroy its ability to reject the reactor heat to the atrmosphere.

7 "'-.ff-'l.-v.-_' - The system itself has been designed for highest reliability while the interlocking

and safety instrumentation will be arranged to shut down or “"scram' the reactor
in case of failure of any component. As noted above, two cooling circuiis are
provided, a 26,000 KW circuit and a 1,000 XW emergency circuit, ‘Heat trans-
fer is normally by forced convection, the emergenc: { circuit is equipped with -

an emergency as well as a normal source of Dower. Each circuit may function

at approximately l, per cent of capacity by natural convection alone; thig amounts

to 200 KW for the main circuit.

: To operate either by forced or natural convection there must be ccolant
1n the loopas, The pri'v'nary or radioactive sadium loops which are jeined at
the reactor wxll be so sized and the pumps, exchangers, and piping so disposed

that no smgle leak will interrupt flow of coolant by natural convection,

The coo!mg system will be interlocked with the reactor control to scram
the reactbr in cage of failure of any :.ompcme"m In the case of a leak, loss of
coolant wzu be deted?d first by a change in the pressure of. the blauketing gas
and second by a lowering in the sodium level in the reactor or in the aurgc g

tanka" - Leak dete«_mra on piping and small vessels and leak detectors located
resence of a leak somewhat latexr. Finally, iosa

in the ga!lenes will mdu.a

| 'of _coolant would be re{@&_-ﬂ; Hﬁ@ENTB%L&om the ﬂow meteradl i
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~ As described abm)ev the reactor tank is surrounded by an outer container

The space between the tank and container is monitored to insure the integrity
of both vessels; a signal iudicating change in pressure of the monitoring gas.
'_:or the presence of sodium in this space will be used to shut down the reacior.
‘ The volume of the space between the tank and container and the total volume

# i  of sodium in the primary systexn are such as to insure continued operation of

the pnmary loop by natural convection,
D. Dissipation of Afterglow Heat

'The worst realistic accident which we imagice is a break in the coslant
discharge lines from the rzactor which in eff ect separates the reactor from
its cooling system, We postulate that the reactor is shut down at the sawms
time the break occurs. Uader these conditions our preliminayy analysis shows
that the afterglow heat released in a matter of seconds after shutdown will be
absorbed and stored in the fuel and cladding with an accompanying temparature
rise, We are aided in this by the modara%ely low average operating temperature
of the fuel, approximately 950° F at the point of highest power deasity, by the
high melting point of the fuel, and the high boiling point of the coolznt.

In a matter of minutes the mass of moderator in the cell associated with
each fuel element becomes effective as a sink for the afterglow heat. During
normal operation the average temperature of the graphite is not greatly different
from that of the mel since the cell is bathnd in c;ocala.atu The grapmn there-

for has a .large (,apag,,ni.y for afterg.&ow heat I‘b? enez’atmf: tempwsatz-;se however,

is. high enough to minimize deleterious effect of radiation damage on the thermal

conduetivity.

For a matter of hours after shuiclown the reflactor core tank and thewmal
shield become effective as a sink for zfterglow heat. The mechanisins redia-
tributing heat within the reactor are conduction, thermal convection of the |

ol 'Ab‘_vr.:oolant betweea moderator elements and possibly local boiling of sodium: iﬁ the
il 5 o '-_fu.el channels, All the sodium vapor fcrmed is rapidly condensed in the coolant
) above the core. '

g | ey Fmally, in a matter of days, the biological shield cooling system comes

into play to establish a steady etate comdition in whsch the afterglow heat is

removad as rapidly ags xt is generated,

ﬁ!ﬁ! g
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I£ the shield cooling system is moperative the bmlogxcal shxeld wﬁl 5
:_Aabsorb a certain amount of the afterglow heat. Heat will also be conducted
?_j'_:at aome rate through the bmlogxcal shield into the earth from which it is
) ﬁnally masxpated at the surface to the atmosphere. The effectweness of .
:'»these mechanisms for heat storage and removal is to be evaluated guantita-
‘tively in subsequent analyses. In a matter of days after an incident it would
' appear possible to remove a substantial number of fuel elements and thereby

reduce the total heat generation within the reactor.

It is our conclusion that in the case of the worst probable accxdeut to
~ the coolmg system, shearing of the coolant hnes,, afterglow heat wxll not
" melt the fuel elements. If the reactor is scrammed 1mmedxately after the

accident occurs, we do not believe it realistic to assume that the fuel will

& F:""-;'melto :

E, Worst Hypothetical incident .

Fuit Although the probability is very remate, an 1nc1dent can occur during

which a portion of the fuel will melt. This provides a mechaniam wher eby ;
'%'-,-the fission products and accumulated plutonium may be released £rom the :
fuel and dispersed in the primary ¢ cmolanl:° It is, therefore, proper to con-

aider what sequence of events rmght reahstxcally followo ;

; We cannot xmagme a mechamsm wluch would in a’ short permd of txmeo, ;
_-:;m,]ect the' actwaty into the aﬁmosphereu ‘The materxals of conatruct:on cannot
_:‘;_::mteract chemxcally with each other energehcally, ‘There will be no large
_;"etore of energy in the graphxte moderator arising £rom radxatzon damage S g
':’_‘:which can be released thh exploswe violence. o : '

The worst hypothetical mczdent is one in wluch a nuclear runaway durmg

start-up isfollowed by a godium fire which results in the dlspersal of all the

ﬁssxon fragments and plutomum mto the atmosphere m a permd of 12 hours., e

conaideraﬁone of avazlabihty of oxygen ﬁrom the atmosphereo We conszder

(13

L5 2y A beta dose reeultmg from inhalatmn of au‘borne activity
' (3) ’I‘he alpha and beta hazard conaequent to a ramout over the bhataworth ‘

reaervoir and subsequent mgeatxon of water over a 10 day period

B 2 TASENANLINRTS

i gt

CONEDENTIAL




S hy A ST B e e S0
FRRATERC TN VIR AL SRS L VA

Puge 24

_Cloud Agj:w:tty -_The gamma and beta dose from a clouvd way compuied

ear s B 06 e 4

' accordmg to the method set fortk in WASH-3 except that all fisgion products
. were assumed to go into the cloud, the cloud thickness was taken as 1/2 the

wxdth and a 2 mile per hour wind velocity was used. The results of thesne

" calculations gave a dose of 30 roenigens at a distance of 5 miles froin the

‘gite, 7 roentgens at 10 miles, and 1.5 roentgene at 20 miles. The firat figure

is to be compared with 25-50 ¢, the range of allowablz dose for a single

 exposure in & week's time or leas if the level of 0.3 r/week {AEC ilolerarcel

is not exceeded in the future. Tu evaluating the other figures it should be

. pointed out that 4 r in any 3" month permd is satisfzctory for "industrial

" hazards'" on a continuous bagis.

It should be noted that under the assumed couditions, 2 1 {2 hours sre

available for warning persons at a distance of 5 miles, and & hours for warn-

ing persons at a distance of 10 miles. It is noted earlier that the population

within 5 miles of the site is 3,000. Within a 10 mile radius the total popuzlation
is approximately 65, 000,

2. Inhalation Hazard - The beta dose from ivhalation is computed sn the

basis ofal2 hour exposure. Separate calculations were made for the dose to

the lung, thyroxd and skeleton. The activity (microcuries per cubic foo: of

‘azrD used in computing these dosages arxre czlculated by applying the resuits of

the fluorescent aerosol studies to the diffusion of the fission producmu This

wa 5 done on a rate basis, so many cur jes released from the reactor m oae

. minute being related to so many fluoreecent particles releasged per minuie.

As noted ab()ve0 405 air samples were taken in the valieys below the site and

' the number of p«iztnclea per cubic foot of aix determined. The largest value

obtained, 15 parimles per cubic foot, was muluplmi by the activity per particls

: (apprommately 2.4 /..\c/ particle) to obtain 36 p,c/ft p W ith an allowance for
'decay thh tnme the actxvxty bu,mmes roughly ioj,\c[iﬁt {3.x 10" ,,Mclcc) gross

.‘ ;':-_;, beta actnnty,, :

The f:gure of lﬂ)uclft is to be compared wnth 35).\c/it wh\ch we »

o ﬁﬂfﬁalculate to be the gross figsion product beta acthty corresponding to an :
_:aasumed permmeible e:rmerwnry lung dose of 1600 zep in 60 days 40}; c/ft

O CBNEIDENTRAL
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j'::.:s the gross b\.ta'activity figure corresponding to an assumed permianible
"emergency thyroid dose of 1000 rep. Considering a skeletal dose of 100 rep

~ in 60 days as permmsxble under emergency conditions, the activity should nos

exceed IOO/uc/ft o

Pl , The figure of 10 c,lft may e compared also with 0.3 puc Tl (307 .s,nc;
over a 24-hour period, the tolerance accepted by AEC for "bursts'.
These data show that in the worst hypotbetical incident the donage “alcvizted

from available experimental data on diffusion is lege than our asgsuer
mi ssible emergency doses by a factor of between 3 and 10; the activity, on the
other hand, is 300 times larger than the AEC value bur "bursts', which zppliec
to any populated area, It should be noted that the high readings (particles per
cubic foot of air) were obtained under atmospheric conditions unfavorabi= to
diffusion and that such unfavorable conditions may be expected to exist waly
perhaps 7 per cent of the time. It is interesting to note that the maxirnem count
of 15 partxclea/xt war observed at 15 miles from the site and repregenis a
_ concentration 300 times that for “ideal diffusion” defined as perfect mixing in

a cylindrical volume 15 miles in radias and 3000 feet in height..

3, Rainout over Chatsworth Reservoir - The hazard resaitxng £r o0
. ingestion of fission fragments following rainout over the Chatsworth rescs voir

wa s calculated on the basis of 2 3 miles per hour wind in the direction of the

reservoir, precipitaticn beginning while the cloud is passicg over the TEeBLEVOIY,
.and complete washout @fs the activity then over the reservoir. This results in
somethmg less than 4 per cent of the gross actzwty being px‘ecrpuaw\l iv the
reservoir, We assume further that the regservoir isfull (10, 000 acre foel of

. water) and that the activity becomes uniforynly distributed.

. The resulting ac%ivi&y due to strountium-89 is 4 x10° /u.c/c This is

to be compared with the Division of Biology and Medicine's proposed ingure

ior an acceptable risk for a 10 day ingestion pe*md of 9 x 10 ,u.c/ac The

'»_correapondmg figures for plutonium are 10 6;4 c¢/cc in the reservoir, and
the proposed acc.eptable risk figure for a 10 day ingestion period of 5 x 10 Mc/c.

EAN It ahould be noted also that the assumed conditions of wind direction and
:':precxplta.tion may be expected fo exist only 6 hours out of the year, That is to

¢ . say, in case of the worst hypothetical incident the proba‘bﬂ.xty of rainout in the

' reservoir is less than 0.1 per cen&r,

!5‘” oy
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4, _Discusgsion - The assumption that all fis sion fragments and pluioniam

| e o s

: .:Ecnt'ained in the reactor escape and are dmpersed is unr ealistic and pessimistic

in the extreme. This agsumption was wade above, however, in prefersuce to

takmg gsome arbitrary aitenuation factor. It is considered best to give n value
to this factor at the same time that the factors are as signed to attenuativi ‘.:xyj"
dxﬁfuaion,, probability of rainout, probability of existence of certain unfavorable

conditions, etc.

Many factors wﬂl make the possibility of a fire very yewnote and wiil

contribute to the reduction in the total aciivity escaping, Some of these [actors

are:

(1) Inert gas atmosphere in the corapartments containing the primayy
© sodiura
(2) Five feet thick biological shield blocks normally covering the heut
exchanger cotnpartinents when the reactor contains fuel
{3) Avaxl&bxhty of five px’otcctwn equipment '
(4) Omly a small fraction of the fuel may be expected to melt in th
incident _
(5) Some of the fission products wxll be retaived within the fuel matzrial.
~ even though molten _ '_
{6) Not more than 20 per cent of the fission products are gawcﬁa; the
~balance of the fission fragments and their products of combustion
are solids at ordinary temperatures ; :
{7) The products resulting from the combustion and hyﬁrclyais of

sodmmn sodium omd and godivm hydndep zre also solid

We ﬂon‘.iuue that the SRE mgtauafmn at Sants Susana presents nd 8¢ rious

.halz.'ard to the public.
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