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1 Critieality Of The BEHE, April 25, 1957.
AR the log counting ralte recorder indioates
renctor, eritionlity, the oulmination of sevoral
vanrda of rosearch, deavelopment, and construo-
tiomn is being observed by Dr. Chouncey Starr,
Vioe-Propldont. of MWorth Amerioan Aviation
mnd Gendral Manager of Atomics Intornontionml
{cenier), and Dr. Sidney Siegel, Technioal
Direatorof AL (righth

'sodium reactor experiment

On June 25, 1954, Atomics International
entered into 4 contract with the United States
Atomic Energy Commission fora program of
development leading to the construction of the
Sondium Heactor Experiment (SHE). The bhroad
agpects of this progrom included the develop-
ment of the basic technology for the use of
godium as a reacior coolant and the use of
graphite as the maoderator and reflector. The SRE
itself was desipned to produce 20,000 kilowatts
of heat, It was originally planned to dissipate this
heat into the atmoaphere through air-cooled heat
exchangers. Subsequently, however, an agrea-
ment was reached with the Southern California
Edison Co. whereby o steam-slectric plant, to be
eracted by that company, would utilize the heat
goneratod by the reactor to produce about 8,500
kilowatts of electricity to be fed into the South-
ern California Edison distribution syatem.

The Scdium Reactor BExperiment is located
in the Banta Susans Mounteins, approximately
30 miles northwaest of the center of Los Angeles,
and about 10 miles northwest of Canoga FPark,
California.

Thiz booklet containg a number of photo-
graphs and diagramas, tracing the construction
progress of the 58RE, detailing o number of iis
important components and illustrating soma
of its technology and a part of the research
required to develop this technology.




E Hite Exonvotion,
March 1865, The circular
covity 1o the left will con-
tain the foundatian [or the
reactor ¢ore; those to the
right nre for the fuel stor
apoeglls, the fuel elemone
gleaning cells, nnd the hot
oell

B Muoin Sub-Floor Structurnl Components, The block
to the left containe the cors cavity linet ond the vaults
for the primary acdlum loop and the primacy sodium FiL
tanlc The block to tho uppor pight sontains the hot eell
Enaerment room. Wieibla between the pwo Blooks are the
three fuel element cleaning collas, the 96 irrodintod-Tuel
storage colld and the thres moderator-can storage colls,

":1' The Struciurnl Steal Frameworlc For The Reactor Buaild-
ing hoving boen oompletod, the outér tanlk of the reactor core
I8 being lowered into pleos. The tank 1o the far 16t 18 the cone
tonle, nwaniting installation,




site

and buildings

E SRE Site at completion of construction in Morch, 1857, at
which time pra-operational teata were alrendy boing carried
out, The largs building to the right of the phiotograph containg
the reaccor and ite associatood cqulpments and controls, The
srructiee immediately 1o ite lafs i the pedium-ate heat
exchanger. From the reactor boilding, sodium piping Ieads
neroga the roadway, lefi, to the aleam genervsior of the electricnl
genermmting plant. At lower leftis the power piant control buaild-
tnE Other bulldinga ahown in the lelt ceanier parc of the
photogroph are engineering developmont Inboratories.

D The Reactor Build-
ing Under Constroction.
& tllt-up, sonceata plab
mothod of conatruction
woas usad
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r? Model Of The BILE shows tho popiticn of the renctor core in
relntion to the roat of the plant. The galleries which contain the
primavy 2odium systom ore insideo the biildine and ndjacont to tha
renctor. The piping of the socondery sodium system s designed to
allow the sodium 1o [Now from the bullding to the sodivm-air hoat
exchanger, or to by.pass tho Rodium-aic hest exchongor and ow

to the giepm generator of the steam-nlectric plant (not shown in the
rrucdel).

8 Cross-SBoctional Drawing Of The Heactor with details on its
various somponents. Thoe liguid acdium enters the lowor plenim
beneath the grid plate at s temperature of approximetely 500% F ond
flgws upward through the fusl-eloment ohannels as weoll ns botwesn
the moderator cang, reaching the upper sodium rescrvroiE &t o iemper-
pttrn of approximatoly BE0° T The renctor atmosphere prossure of
the helinm abowvo tho uppar sodium resecvoic is & pounda per
aqunrn inch Eage,
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The heart of the SREE is the roactor itself, The follow-
ing gection shows the various components of the reactor,
astarting with the pavity liner, inside of which are con-
secutively fitted the insulating blocks, the outer tank, the

the Treactor thermal shield rings, and the ocore tank. The core proper
containa the graphite moderator assemblies, the fuel ele-
ments, and the control and safety elements,

9 Cavity-Liner of the reactor ooro, showing the tetralin
coalant lings Lo remova hait from the conereie shiclding
which will surround this tnnh. The lacge hole, 1elt of con-
tor will sontnln the acdinm inlor and owtlet pipen.
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1D Thermol Insulating Blocks being
inztnlled inside oavity liner,




the reactor

11 Outer Tank af 1 3-dnali-thick, low oarbon
Bl will contaln the sodivm in aausn of o look

in the core tank. Itls 12-1 2 feet in dinmeter
and 18 fect high.

12 Thormal Shield Rings of ocoast oteol, [
5-1;2 incheos thick, ara being lowared into
plapo inside the outer tank, The rings ary not welded
tx each other ond the boteom ring Bimply Tosts on

the bottom of the outer tank o pecmic frooe thermal
expAangion. ' '




1:3 Stainless Steel Core Tanl sections being
weldod LogEgihiar,

14: Core Tanlk, being lowaenesd into posilion,
ia 1l feet in dinmeter and T8 foet in height, (The
circular wall surrounding the sub-Tloor-layval
rRACIOF AFron 18 0 temporary comstruction
safogunrd:)

—
].D Hottom Grid Plate 1neide the core tank
Sodivum ontorsg the cofe tonk into the
plenum Benaath this greid plate, Pedeatala ol
thee hottom of each unnm_:d. graphite moderntor
I:I:lH-L'-I:I'I.I‘.i-[:.-' Fit dnko tha holese i this ﬂ'l‘h‘t Plato;
thits positioning the can. In nddition, the pod.
patal has o circular channel alang lta nxia
witleh dirocts the I:CH.‘I:I:IJ:ITI from the lower
plenum up through the goolsnt tuba in the
modarator can assembly.

o
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16 coanned Graphite Moderator And
Roflector Assembly shown in this cue
away drawing, is hexagonal in shapn, 17
incher acrosd thy [uts ond 10 feol long,
with a center conlnnt ochannel 2.8 inches
in dinmeter, The fusl slement 18 ingerted
into the center coolant channel so'that
the liquid sodium coclant, flowing up
ward through the channel, removen tho
heat from the fuel element, The vent
tube is provided to allow eecapo of any
absnorbed gosna in the graphits,

the reactor

1? Elroonivm Moderater Gan, [ormed of
Bix sidao- pl:|.:|'.|.l.'l1|=| whiclh are _jgjnnd h.!.r e lelriD
plotely automatis helinre weld, The sircsninm
aheat ia 0035 incher in thickness and is dim-
pled to provide o apace between adaoent osns
theough whioh sodinm may flow.




18 Complotion of Laading of canned
graphite moderator asgembliong, The vent
tubas will exitond from the moderntor crna
to the spoaoe sbove the sodium pool. The
core holds 118 ¢ens containing grophite,
of which 5% are ziq.'unn'i.um moderntorE oags

- _-
Tl A
ok
1\.-"'-\' |
|
_\__.J-_\__. i 'Dl:'“n.':'.nll:
T

A
e W D ﬁ SOWTHIL FLEATHT

| BN MFITY PP
" i raropiimess

] E. NEd PN o

iy

| [ B e el s
|

]
CETNE S i 9 1-ELs
|

with conter coolant ochannels. Of the 82
ralleator cans, 28 are identioal to the mod-
Orator cans except that there are no centar
aoclant channels. The other 33 are mode
of sainless fteel and cange in shope from
Full o half hexogon,

-,

IE Loading Pattern of reactor core,
Thirty-one fucl clomants Ara located nesr
the-canter of the coce while 12 sxtro fuol
chonnels nre provided for flexibility of
Toading,




EIU Ring Bhield; 15 feet in dimmeter, is pictured pricr
to installation. It is stopped to receive the rotatoblo
lepding-faca ahield and to provent rodiotion streaming,
The entire phicld in filled with donss conorate for ahiald-
lﬂg Purpoaada.

22 Ohecking Alignment Of The Reactor Loading-
Fooa After Instollation,

21 Rotutable Londing-Faos Shield, 11.-1/2 foct in
dipmeter, hae s totnl of Bl small plugs extonding through
it for noopes to all of thi fusl eloments, the control and
safety slemenis, and tha axporimentnl channels Thara
are nlso threo lnvge plugs s loostad Lo provide nooeas io
ROY Eraphite assembly within the core tink when the
shipld is rotawod to the proper position. All plugs are
sropped to prevent rodintion stroaming, Like the ring
shield, this loading-face shiald is alsa filled with denso
conorete,

the reactor




23 Exporimental Londing Of -t
SHE Fuoel BElement into core. Tha
aloment i8 made ap of seven rods,
anoh rod ponsisting of twalvo
B-inch Iong ukanium slugs, in o
thin-wanlled stainless-stocl jaclone-
tubs, The dix outeide rods are
spirally wrapped swith strinlass-
sled] wire L0 maintain spocing
botween the rods and 1o nsgura
muixing of the dodium as it [lows
through the inner passngos juaL
tFl.II"l'l:ll.IT'l.ﬂil:'lg the conteal fod, and |
through the outer passagos sur-

rounding tha gix rods At the bot. T i
tom of the rods 1 o locating gu;.lda

nnd an. orifioe plate for controls
ling the flow of the Rodium as
required for epch partioalar cools
rnt tube Tho entire feel alo-
ment is attaohed to o plug in
the londing-faco shield by n han-
ger rod.

E‘J: {:_."vu-ntrnl Elomont, disaascmblod,
The right-hand rod is the thimble into
which the control plement s fiteod. Thie
neutron ﬂbHDI‘"JH’IF matorial g madae up
of 1% rings of boron-nickel alloy.Thara =
mrd o total of foar sontrol alements in
thio roactor, anch of which contrals
1.8 por gont of I"'I.'lﬂ-'l_:tl"u?i'liﬁl'. Drive molors
are capable of controlling the move-
ment ol the control elaments ot ppaads
of cithor (.24 or 3.0 foot por minute.

25 Intorlor Viaw OF Reactor Bullding showing repcicr
lopding-face and primary sodinm cirenit galleries befors instal.
lation of conorete shialding hlocks,




203 Exporimental Leading OF
SHE Fosl Blament into core. Thao
aleament is made op af seven rods;
aach rod consisting of twelve
B-inolh Iong urnnium |_=|:I|.1g5|, in n
thin-wallod atainiess-steel jocioee-
tube. The six outside rods are
apirally wrapped with stninlosg-
steol wire to maintaln sapacing
betwenn the rods and to assore
mixing of the sodinm ms it fows
through the inner pessages just
surrcunding the centrol rod, and
ithrough tha cutler passagen our-
rounding the six rods At the bot-
tom of the rods is o looating guldno
and nn orifice place Tfor contreol-
ling the [low of the sodinm aag
required for each partionlar ooaol-
ant tubke, The entire fuasl olo-
ment is attnched ton plug in
ihe loading-Tece shisld by o han-
Fer rod.,

24 Control Blement. disassemblad,

The right-hand rod ia the thimbis into
which the controlelement is fitted. Tho
neutron absorbing matorinl 8 made up

of 18 ringa of boran-nickel olloy. Thore =

aro o totol of four control slaments in
thio reagtor, each of which controlg
LG per cent of reactivity. Drive motora
aro capable of conirolling the mowve-
ment of the control slemonts ot speads
of oither 0,24 or 3.0 feet por minute.
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EE Interior View Of Reonetor Hullding showing seaotor
loading-foce nnd primary aodiom oicouit palleries before instal-

lation of conorets shislding blocks.
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E-'E Donss Conerate
Shialding Block is being
lowered into place over
primary sodium eicouit
gallery. Theaes blocks are
G-1/2 Teat thiok and form
f gastight soal with the
edge of the adjncent floor.

| the reactor

b=

2? Control Room,
showing control console
and a part 0f thoe banl of
reagording and indicator
Insrruments.
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To change a fuel element, the cask is located over the desired
plug in the loading-face shield. A gastight seal is formoed between
the cask and the top shield. Following this, o large lead shield
skirt is lowered to the surface of the loading-face ghield. The plug
with its attached fuel element is removed and lifted into the cask,
A separate mechanism then rotates the fuel-element lifting
assembly bringing a new fuel element into position. After the
new element and shield plug are lowered into place, the spent
element is transported to the cleaning cells and then to the
Bltorage oells.

28 Fuol Handling Cask ——

over the loading-faco ahiield.
The consk is carcied on n hnn-
diimg bridge, and is capable of
being moved a8 reguired with-
in the rédaotor Toom, This cask
is 35 fect in overnll height ond
wilghs 50 tons. Thore la o
muximum thicknesa of @
inches of lead-shielding near
its basp, tapering o a thickness
of 12 inch near tho top.




29 Sodium Syatom OF The SHE.
The radioncilve scdium in tho main
Primacy girouic leaves the resciop,
pusses through tho intecmodiGie heat 3
axchanger nod refurne to the renctofr,
The nonradiopeiive sodinm in the main
aspondasy cirouit s hestod in the inter-
mediate heat nxchanger and travels o
the stoam Eenerntor (or to the sodinm.
air heat exchonger durting axperi-
montal aparations] bofora eoturning 1o
the intermedints huoat uxc-hrm_gar Tha
auxilinry cireait oporates simulta.
noonsEiy with the moin circuit in aordog
to nasure hent removal onpability in
the cvont of component failure in tho
FELRLI T 0iToat,

30 Primory Sodium Fill Tank from

which podium ia directed 1o the reactor o

corn, Bodium is firat introducod 1o thoe
fill tank from drums Rt twa differone
melt stations. A similar fill tank éxists

for the sccondnry sodlium cifoult, The

small tank atop the fill tank laa #odinm
Yapor toap,

PRIMEHY

FiL L

Th HCT SECOMDARY
TRAP DiSS, FILL TANK
|'| CoOLD TRAR _@
= DIFFUSION
CoLn CoOLD  TRAP
Lol THRAP
TRAR EXFANSION
TANK
- - 1id
AIRBLAST
I HEAT EXCH,
5 . —
MABIN. CIRCUT . , —
—ttl | ] F-)
ST .—
STEAM
X EANEION GENERATOR
HE&T TAME
EXCH
= | - o - LFFLSION
colo TRAP

AUXILIARY  CIRCLIT

— 1HIRBLAST
HEAT EXEH

the sodium system and its




components

31 Tuba Bundle of the main
intermediaty hoal axchangor,
during gongtruotion. Thera Ao
#3168 Deshaped tuhes which have
o tobel heat oxchonge sron of
1155 squars [aet, The primary
sodinm Nows through the ubes
whiles the seaqondary sodiurn
counterflows nround the tabos,

52 Main Intermaedinte Hent Ex-
ahangoar. Tobulor-type heators nee
groppéed to1lie heat axchongor nnd 10 thé
godium piping and vossels ol tha dod ium
syatem o hest them prior o [lling with
godivm and o koep the sodiom liguoid
until hant i penornoed within the reaotor
1tmeld.




SEHAFT

CASE FREEZE SEAL

SHAFT FREEZE SEAL

DIECHARGE ==
IMPELL ER

SUSTION —————

BB Sodivm Pumps have specind
sodium fraese seale. A shall Froces s
madle ab o oooled gland inserind in the
gipacs normally provaded fop irmp pack-
g, and another sodium freeze soal oxists
at the pump casing. Tetralin coclant fa
circulaied through the glands oo keep the
sodium frosen.

3‘1 Muoin Primary Liguid Sodium
Fump boing lowerod into position, This
pump-has along ehsit extonding through
the vault shield so that during oporstion
the motor will remsin accossible obove
flzor lewval,

the sodium system
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and its components

350 Main Bocondary Liguid
Sodium Pump Being Installed. This
pump has noahort ahalt bocause the
aegondary coolont does not become
radionciivo and shiolding is not
roquirad.

Hauipped with 50-horasepower
drive-motors, theor sodium pumps
are capablie of delivering 1285 gal-
lons per minoute. All of tho pump
moLnre pre varinblo-speed drive.

BE Sodium-Alr Heat E:ﬂ:chnngnr diptrii-
utna the secondary sodium through banks of
-tubsess whioh ore cooled by #ir currant,

3? Finnad Tuba Banks of the sodium.nir
hent exchanger, during inatallaction, A cotal
of [oir banles of these tubes provides 253 600
square foct of heat romovnl suklaca,

38 Fan for the sodium-nir heat exchan =] ot
There are two s, eaoh deiven b E-hordo-
powner, variabic-apoed motor,
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39 Cold Trap providoes a rogion whers the sodinm
tempernture is decressed helow the sodium-oxide pro-
oiplintion poing thus ramoving the grenter part of tho
sodium Dxide from the system.: The cold trops are capablne
of Tﬂﬂllﬂl'l'lf.! the oxyEan contaent po about 16 parcls jel-d=
milliomn.

41 Hot Teapsa are used 1o remove the small
amount of sodium oxide not removod by tho
cold trap, The soadium and sirétonium in the
hot trop are heatod to nbout 1200° F. At this
temfserature, sirconium beoomes an excellent
absorher of oxygon and other gasrous fmpuri-
g, and ramoves them Irom the sodium. The
hot traps reduce tho oxygoi content toapproxi
mately 2 parta per million.
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42 Corruguted Zirconium Foil being in-
serted into tho hot teap during sonstroction.

<3 Hot Teap Installation,

o

the sodium system and its components




44 Seoondnary Sodinm Lines lead
out o the steami-alectric plant. Theso
limes are # inches in diameter and
CRETFY nonradiosctive sodium to the
stanm genorntor at BO0° F and 50
Pouwnds per sguare inch abeoluta
returning the podinm: at 4407 F, Tha
Acddium velooity g 13 foal per gecond.

The electric power generation facility, installed by
the Southern California BEdison Company, is rated at
7500 kilowatts, Temperature and pressure conditions at
the turbine throttle are similar to those encountered in
modern fogsil-fuel plants. In other respects it is as
similar to a convontional steam plant as the special
requirements of a reactor-heated system will allow. The
major departure is the onece-throngh asteam generator.

45 Complete Stenm-Eleotric Plant Showing ‘the U-shaped onco-
thrnugh RLoAIm Eennrator in the centor foreground and the turbine
grnarator toits lalt The stesm generator produces 88,700 pounds per
hour of steam ot n preasurc of 820 pounds por agquarn inoh and at &
pmparatura of 825% F.
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46 Cutowny Droawing Of The Stoam Generator
showing the doubleownllcd tubes, The annulnr appos
bBatween thoe tubes (e Filled with TEFCUEY pregsurizned
E &1 180 pounds per agonre inch which servres as & moni-
toring fluid for deteoticn of tube failure, The meroury
fuither serves as o popnrating mediom betwann tho
steam and the sodium. A leale in an ourer tube would

- Fedult in o movement of marcu vy into the low pressura
gocdivm, while o lenlk in an inner tuke would allow paE-
dage of G20 pounds por sgquaro inch steam into the ] 'Y  Tube Bundle 0Of Steam Genorator during construc.
MFTLETY, tion. ¥ach doable-walled tuba 18 about B0 feet in Lo nipreh,

the steam-electric plant

| 45 Step-Up Tronsformerd increase the cutpul voltags
! te BB000 volle for tmnemisston into the Edison aysiem,
| The steam-electrio plant gnd the reactor bullding aee in the
DRk Eround
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4.'9 Liguid Sodinm Pump. with o capacliy of Bpproxis
mately 1200 pallons per minute and ocapable of producing
e haad of S0 pounds pes sguare inoh, is inaolied in ooscdiom
teat Loop o determiine the pump's charaoteristics and o
slady the performance of (t8 #0dium frenss 2eal and ita La-
brication syatem, Thea teast loop ke alse tsed to simulnge the
toaotor heat tranalfor aystom. Other componsnts tested wora
Elow moters, plugging melers, pressure goges aned oold traps,
(In the background is the SRE component test tower. An
operating platform on tho tast tower correspondA Lo o raao-
toropemting [ocr Below this lovel see cleaning aolla aond o
hantel pipss contninln pacdinm. A fuel hrndling oask i sus-
pended fromsa carcinge which traverses the worle nren and
parmita » fual element to bo inserted into the desiced oell)

20 Sodium Test Pot for test nE ol resotor componpnis
im liguid sodium at operating temperatures, Tha tast in

progreas i part of o program for development of Elguid-
sodinm lovel indicatars,

The SRE rezearch and development
program is intended to expand the aresn
of information covering sodium-graphite
technology. Primarily, the aim is to exper-
imentally demonstrate the reliability of
renctor components, to extend their per-
formance limits by design variations, and
to apply the information developed to
further improvements of the SRE.




51 Hydrouliec Exporiment. A scilo model of
the reaotor ooro tepk was usod to detoerming
pealant [low patterns and priesues doops 1n
thiz reactor pore, amploving heated watar 1o
motoch the Reynolds numbor of ligueid sodiom

research and development

52 Control Element Heat Transfer Exporl-
ment, performed to determine the rate of Beast
tranafar from the neutron absorber ringe 1o
pesurs adegquats cooling. A paatight tanlc sur-
rounds the apparatus,




DB Fuol Elemant Handling Exporiment,
logatal o cho specating platform of the compo-
rent test cower. Tvpicnl roRctor oparitions wors
garers] ot oapd the performonce of tho equip-
ment evaluated: Protocype foel elomonts wore
Inacrtndd Into the molten sodivm in o fucl
channel nnd wers Femoved for cleppning by uae
ol Bhe rermotely-operniod mslc
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54 Modorator Aspembly Test Furnaoe uaed
for vacuum snoealing of =irconium and for
performing outgaesing experiments on groph:
itz o determine pickup of gases-hy =2ivconiomn,
Men nre ongapad fn tha ramoving of ziroonium
oladding slter completion of & oest,




research and development

D5 1uterior View Of An
SHE Hot Cell during an axpar-
tment whore irradinted fuel b
sampleaof various typoaol
wranium alloys weans examined
to dotermine dimensionml
ochange due o radialion dam- L

e

D0 Hot cen Munipulntors. J ¥
The operator nhaerves the
axperimant thirougEh 42 inohes
of lend:-glass plotes. Tho hot
cobl, locnted haelow Tloor lovel
il e end of the resctor room,
la agulipped with thron aota of
manipulators and viewing win-
e arvd provides a faci |.j'|.;'-' Ior
the examinotion of any radio-
acbive Somponenls removed
from the renctor.
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