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I. INTRODUCTION 
t i 

,$ 
I 

fl . Reactors of many types have been suggested 8s heat sourceq for the 

catrat-station-type of rteam power plaut- One of the most promisiag for 
early development is the aodium-cooled, graphite-moderated, thermal, 
reactor: In I project sponsored joiatly by the Atomic Energy Cornkission 
and North American Aviation, Inc. it is propoeed to conduct a "Sodium Reactor 

- Experimentt1 tt*SRE") at the North American Field Test Station at Santa Suaana, 

-J tc 
4 *  

d *  

. 
f 

3 .  

California. Thie experiment will involve the construction and operation of a. 
20 MW eodium-cooled, graphite-moderated reactor, The purpose ob this 
experiment ie to: 

1 . Dcmonstrate the caipsbility of the Sodium Graphite R eactor system. 
3 2, Evaluate and extend the performance limits of lowcnrichmcnt 

V 
U fuel elements9 

<, 4, 3, Evaluate and extend the capabilities of the Th-U235 (Th-8) alloy as 
% 

a reactor fuel, a. ::* 
v The proposed site was presented before the Reactor Safeguards Committee 

at its 19th'rneeting on December 16, 1952 at Arcon Idaho, 
under consideration a8 the possible site of a Plutonium and Power Reactor 
Experiment ('IPPRE''), which was a 30 MW pilot reactor plant for the simul- 
taneous production ob plutonium and power,, The baric site data which were 
presented in NAA-SR-Memo-414, Part 2 have, of couraep in no way changed 
since thie earlier presentation, however some additional meterological data 

has been obtained. 

A t  this time it w a s  

Y 
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A. Location 

. The proposed site is located 30 milee northwesf. of downtown Los Angeles,, 
6 miles west of Chatsworth and 3 miles eouth of Santa Susana, California, in the 

Simi Hille, 

The elevation of the reactor site is approximately 1850 fdct, and the max- 
imum elevatione of the Simi Hiller are about 2400 feet 
Sarr Fernando and Simi Valley floor8 at  the baee of the hills is approxiinately 
900 feet, 

The elevation of the 

The Simi Hills a r e  a very rugged outcropping of sandstone strata, The 
hilly surrounding barren a rea  which provides the required l,, 4 mile radial 
clearance for a 20 megawatt reactor. 
provides the isolation and eecurity required'for a reactor facility while  being 
in the proximity of scientific resource6 {See Figo 1)- 

B. Climatology 

The proposed site is unique in  that it 

The Los Angelee basin is in a semi-arid region controlled for the voe t  
part by the eemi-permanent Pacific high pressure cell, During the aummer 
season the high is divplaced to the north resulting in  rnorstty clear skies with 
little precipitation. This, in conjunction wi th  the diurnal thermal lows that 
form over the inland valleys and deecrts, results in stratus during the early 
morning hours, Winds a re  mainly diurnal sea to land during the day and land 
to eea during the night, Sn the wintei there is moderate precipitatioqand the 
winde are predominately from a northerly direction, 

The surface winds in the Lo Angeles vicinity have a diurnal and a 
eeasonal variation due to the influence of the ocean. In addition they a re  
greatly influenced by topogrdphy, In the case d the site, the surface wind 
during the cooler hours of the day wi l l  be southca~ttrly, corresponding to the 

downwaGd stope of the terrain toward Simi Valley. *he afternoon winds should 
tend to reflect the main ocea nent effect, rcsultibig in westerly winde in  
~ u m m e t  and northerly windr in winter, 

. 

. 
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The wind speeds in summer, and fa winter In the abeence of storme, a re  
light. Loa Angoles City Office has an annual average of only 6 miles per hour, . 

The winds at the site should aleo be expected to be light, the iacrease'in eleva- 
tion not being sufficient to make material difference in winter, while in bummer 
the wind6 at moderate elevations may actually be stronger than those near sea 
level, where the sea breeze ie  idue&tial ,  

A subsidence inversion is. present almost every day during the summer 
months and frequently in other months. In addition, a ground inversion is pro- 
duced-by radiational kaoling during clear night6 in fall, winte?, and spxing. The 
nocturnal inversions prvduced on clear night8 are aReociated with a tendency 
for the cooled air to dri ir downward from the slopes on which the oite ie  
located, During the day,, even when the subsidence inversion over lower 
terrain is lower than the site, the diurnal heating tends to establish a stirred 
layer with adiabatic lapse rate immediately above the hills. 

The occurrence of fog at the ground and 'other limitations to vieibility i e  
.-. 

strongly a function of elevation and location in this vicinity, 
being near the kidge of hills, will  not be subject to local radiative fog at all,, 
and in general will enjoy excellent visibility both Bummer and winter, Only 
when the inversion'baee is higher than the site will. there be a chance of €og 
or stratus cloud, Because of cold a i r  drainage, there will  seldom be'radia- 
tional fog in winter. 

The proposed site, 

A 1 

-? 

C I Vertical Atmasnheric Cross Section 9 

The inversion structure a e the site is of prime importance There 
a re  four patterns pertinent to diffusion of contaminants,, 

1, No inversion existso The lapse rate i s r  then unstable, allowing rapid 
vertical convection currents and a thorough mixing of the conta-ninanta 
into a deep layer of air, Xe i s  only during the winter months that 
these conditione prevail for any significant per cent of t.he time 

2, fnvercliori below the site, This may persist for days,, Such inversioae 
are caused by s u b s  

not easily be broke 
the most common caae for the eite,, lJncler auch conditions con,:am-, 

inants releaaed at the B i t e  would diffuse laterally only; the invr:*nion 

ing ob the air mass in the high ceAP, hence can- 
by dkytiime insolation. Percentage wise thin is 

prevent 3 any dowrawrard transport, 
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3* Inversion at or  above the sit&, This is a rather ra re  occurrenceo 
When the inverltion is at or  elightly above the eitc, then the most un- 
favorable situation for diffusion exists o since contaminants a re  pre- 

vented from upwerd diffusiou and tranrrport downward is very likely, 
However, when the iavereioa height i o  more than 4000 feet (mean t3ea 

level) then there is sufficient lateral and vertical diffusion to minimiee 
the probability of concentrations from reaching the valley floors, 
Nocturnal ground inversion. Such inversions form during the night 
OD calm clear nights and rapidly dissipate soon after sunrise. During 

such inversions, there.ia cold a i r  drainage into low-lying area6 and 
valleyu. However, this air  does not reach the valley floor but rides 
over the valley air, 
not reach the eurface in appreciable amounts, 

Therefore,, contaminants a r e  kept aloft and do 

De Wind Pattern Studies 

Two types of studies have been carried' out to obtain a more detailed 
wind flow etructure in  the immediate area of the site: 1) balloon tracking, and 
2) aerosol diffueion. 

The balloon studies confirmed the diurnal nature of the local winds during 
the summer, Also, the effect of topography was very evident in the devious 
paths followed by the balloons in  the lower levels. 

The aerosol diffusion studies gave a more quantitative answer to con- 
- taminant transport. This one study pictured.the effect of both inversions and 
winds, Fortunately the period of the runs wa8 in the early spring so that both 
summer and winter conditions wer 
only 405 'samples were taken, and 
significance. The r e s u l t s  may be summarized as follows: 

ountered, On the other hand a total of 

fore the results have only a qualitative 
P 

1. 

2. 
- 3" 

4" 
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Very low counts were found when no inversion was preeent, 
Very low counts were found when the inversion wae below the site. 
The highest counts were found when the inversions were at or near 
the elevation of the site, 
Radiation inversions did not causi any large counts in  the valleys 
due to the slow drainage rate and attrition by entrapment i n  gullies 
and ravines, 
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5 .  On days of strong turbulence counts w e r e  

opposite directions, attwting to the value 
a broad di€fueion pattern, 

obtained in diametr ica Zly 

of turbulen.ce in  producing 

3 The higheet count of 15 particIes/ft ,, unfortunately occurred on a day 
when no radiosonde observation data were. taken,, However interpolating 
between the preceding day and the succeeding day it is safe to say that the 

inversion w a s  at or slightly above the site, 

Taking all the various conditkone into consideration, about 93 per cent 
of the time there is a lower danger OX contamination of populated areas, 
7 per cent figure for the time for unfavorable situation6 is a Liberal one indud-. 
ing various degrees of intensity of poesible contamination, 

The 

L 

E, Hydrology 

The proposed site is located on relatively f lat  terrain which straddles 
The runoff the drainage divide between the San Fernaado and SPmi VallLeys, 

from the area is collected in gulleys or washee which are generally dry most 
of the year, The southeastern half of the proposed site drains into the Los 

To the 

north and west, drainage dolfows the Simi Valley to the weat and dischargee 
into the Pacific Ocean approximately f. mile southeaet of Port Mucnemc, 

Angeles River which empties into the Pacific Ocean at Long Beach. 1 

A portion ob the local runoff which originates on the east ride ob the 

Simi Hills is captured by the Chatrerworth Reservoir, 
over 2 miles from the proposed site and on the opposite Bide ob the hills; the 

reservoir itself is approximately 4 miles east of the proposed site. It is a 
seasonal regdating and storage reservoir with a capacity of approximately 
10,000 acre feeto 
domestic purposes except in  the fall of the year when the water is ulaed for 
irrigation, During this time potable water is rerouted from other reservoire, 
This alternate supply route could be used for an indefinite period of time in 
case of an emergency, 

This drainage area i s  

i 

The reeervoir water is wed for drinking and general 

i 
I 

Since the proposed site area is high, the immediate drainage area i r  
relatively small, approximately 200 acreso The maximum precipitation in 
24 hours with a probable frequency of occurrence once in 50 years i a  8'to 9 
inchee. Assuming 5 inchee of runoff, about 85 acre-feet of water might be 
expected from a single etbrm. During 8 normal year only 50 acre-feet would 
run off. 
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Since the total expected runoff i e  relatively small,, it is proposed t~ make 
provisions'for capturing all of it in  a reservoir, All the surface drainage in  a 

normal year would evaporate from the reservoir surface The proposed res- 
ervoir would hold 200 acre- beet, although it would appear that a 100 bcre-feet 
storage reservoir would be adequate, 

The Simi Hills a r e  composed primasily ob marine sediments conaisting 
off tightly cemented sandstoncs and shales (Chic0 formation) of 'Uppet Cretaceous 
age, These a re  relatively impervious layers tilted such that they have a strike 
OK' approximately 325'" (35. west of north] and a dip ob approximately 22" 

The relatively small flats found in the area consist ofalluviumof recent 
geological age. 
the hillside decreasee, and is a maximum thickness in the relatively flat areaa 

Generally the alluviumincreasee in thickness a5 the slope of 

and valleys, 
relatively impervious eedimentary strata daom which they are  derived., 

These recent alluvial fills a re  relatively pervious compared to the 

T The exposed strata have a maximum thickness ob about 30 deet,, In many 
places they a re  badly fractured and large -monolithe have broken Looae and fallen - 

,x L from their original strata and a re  mattered on the hilleidea., 

The fissures and fractures off the faults contain a water bearing aquifer,, 
and wells drilled into this pervious material have been found to be very good, 
The water in  thege fissures and fractures is tightly contained by the relatively 
impervious- rock which encloses them. The aquifers art recharged during the 

rainy season by ra in  percolating directly through the Soil to the aquifer and 

also by the stream bede crossing the perviousr fault zone which traps some of 
the runoff. 
therefore allow a fluid to move parallel to the bedding plane, 

. 

It is poesiblc that some of the strata could be semi-pervious and 4 

?- ' 

I 

.. 
..... 

Assuming that the dip of' the bedding planes is codsistently 22', it i5 seen 
that the particular planes intersecting the site area would project far below the 
Simi Valley. These atrata a re  sloping away-from the San Fernando Valley. 
Thttefore no drainage parallel to the bedding planes could reach a populated 
area, It is concluded that any radioactive material accidently released into 
the surrounding substrata would 81 ly permeate far below the laud surface 
and remain trapped there, . 
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Since the terrain is such that cdmplete surface control i d  aarily accom- 

plished, the site appears .to be well  located. The sub-eurface hydrology of 
the urea also eeeme favorable. 

F, Seismological Characteristics 

The Southern California region ha8 had a rather active history of carth- 
quakes, Building designs land method8 of construction have been developed to 
withstand earthquake forces. While a severe earthquake always leaves in its 
wake many collapsed buildings, experience has shown that other buildinge ia 
the area which w e r e  deeigned properly have been capable of withstanding the 
strongest recorded earthquake ehocke. 

- 

Since the proposed reactor i8  to be built on solid ground several miles 
away from an active gault, the structure, when properly demigned, wi l l  be 
capable of withstanding tbe strongest recorded earthquake shocks, A s  an 
added safety factor ~ mechanisms that operate. when a predetermined shock 
intensity level i 6  reached yill be utilized to scram the reactor. 

G, Population Distribution 

No people reside within the excluoion radiue of 1 -4  mike,  One and one- 
half mites from the reactor site is the *NAA propuleion iaboratory employing 
approximately 300 people, 
population within a 10-mile radius i e  56,000. Moet of the population within 
the 10-mile radius is in the San Fernando Valley, east and on the opposite site 
of the Simi Hills from the proposed site,, Chatsworth, 6 miles east, has a 

population of 2 ,500 ,  To the north is the Sim; Valley, It includes a number oil 
unincorporated sparsely popul d areaso The total 1952 population in the 
Simi Valley proper is estimated at  3,280 [See Fig. 

Within a 5-mile radius reside 3000 people, and the 

The area seeme to be growing a t  a normal rate, No sharp increase in  

t h i a  rate is expected because of the water shortage in the area, If it i e  ever 
found feasibls to bring water into the: area from BOmll€! outside source to rc- 
plenish the rapidly declining underground w a t e r  supply,) a more rapid growth 
could be expected to take place, However, the mountains around the valley 
make thia task a very difEicult and  costly one, 
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A. Reactor 

The reactor of the SRE facility (Fig. 3) is a 20 megawatt (nominal) unit 
composed af a graphite moderator and reflector, sodium coolant, and low en- 
richment uranium metal fuel. 
neutrons of thermal energy which in the SRE is near 0.075 eve 
life time is approximately 0 .5  millisecond. 

Essentially all the fissions a re  produced by 
The neutron 

Each fuel element consists of a cluster of seven 6-foot long rods supported 
vertically from the top shield Sy a hanger rod and shield plug. 
CQMpOSed of six slugs of uraniutn metal 3/4 inch diameter by 12 inches long. 
slugs a re  contained within a 0,010 inch wall stainless steel tube. There is a 
0,010 inch thick stagnant sodium bonding layer between the uranium and the steel 
cladding. The uranium will need to contain approximately 2 . 0  atom per sent 
U235. The fuel elements, nominally 31 in number, a re  arranged on a t r i , q p I a r  
lattice with 11 inches between centers. 

Each fuel rod is 

The 

The graphite for the moderator and reflector As contained within thin-wallled 
zirconium cans, The moderator cans a re  hexagonal prisms, approximately 
11 inche.s across the flats and 10 feet long, containing a centrally located fuel 
channel 2 .805  inches inside diameter running the full length of the can, 

purpose of the zirconium can is to isolate the graphite from the sodium and to 

localize any leak that might occur. The reflector elements are similar except 

they contain no fuel channels. 

The 

There are 37 firel channels; 31 will be loaded for normal operation, Out 
of 72 reflector cans 18 nn the first row outside the care  contain centrally located 
channels for additional flexibility and experimental purposes, 

The moderator and reflector elements are contained within a steel Core 

tank 11 feet ID by 21 feet hig 
OD by 10 feet high. Sod-iurn 
upward through the process 
or reservoir above the r.ans 

deep. 

he graphite stack xs roughly a cylinder 11 feet 
nt enters a t  the bottom of the tank and €laws 

annels and between the zirconium (:am- to a pool 
This reservoir of sodium is approxin-latelv 6 feet 

The: exit coolant temperature from .each channel is monitored rontinuously. 

The entire reactor and p r i m a r y  cooling s y s t e m  are  constructed below grolGrid 

level; the only a c c e s o  l o  the reactor and primary cooling system is thrta the toy 

shield. This orrangemeet simplifies the reactor breilding and the shielding and 
contributes to the over-all safety of the instal8atior1, The toD ~ h i e l d  as a 5-fOOt 
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thick steel and dense conc,rete assembly containing the movable plugs from which 
the individual fuel elements a r e  suspended. 
structure (side and bottom) wi l l  be constructed by pressure grouting a preplaced 
aggregate, This wi l l  also pressure grout adjacent soil strata making them im- 
pervious to seepage. The inner faces of the foundation-shield will be l ined with 
a gas-tight steel membrane. An inert gas atmosphere will be maintained within 
i t  at all times. 

The reactor foundation and shield 

There are to be four control-ehim elements and four  eafety elements. Each 

oet of four elements will control about 8 per cent Ak or roughly $10. These rods 

are mounted vertically and operate in thimbles located within channels similar to 

fuel channels but spaced between lattice points, 
and sodium vapor from the rod operating mechanism* 
lead screws driven by motors located on top of the upper neutron ehield. 
nuclear poison material w i l l  be 3 per  cent boron steel. 
ball-type. 
during reactor operation- 
a gate opens under the action of gravity. allowing the balls to fall into a thimble 
in the reactor core. 

The thimble is to exclude sodium 
The rods a re  actuated by 

The 

The safety elements a r e  

Balls containing a nuclear poison are stored in  a hopper above the core 
When a holding magnet is de-energized, a8 on scram, 

A n  air  stream is used to.return the balls to the storage hopper. 

Safety circuits wi l l  be provided which wil l  cause the reactor to ''Setback" or 
"Scram" on the following signals: * 

1.. 

2 .  

3.  
4. 

5.  

6 .  

7 .  

8 .  
9 .  

10. 

Short period of reactor neutron f lux 

High Reactor Flux Level 
Loss of flow in any of the four sodium loop8 
Lo80 of air-flow across air blast heat exchangers 
Low sodium level in  reactor tank or surge tanks in the two secondary 
loops. 
Low pressure of blanketing gas i n  the reactor tank or i n  the surge tanks 
or two secondary loops 
High temperature in  hot leg or cold Leg of reactor 
High fuel temperature 
Failure of electrical power 
Earthquake shock 

The following interlocks w i l l  be incorporated in the control circuits: 
1. Control rods may not be withdrawn until the poison balls of thp safety 

elements have been removed from the thimbles and returned-to the 
storage hopper8 (safety elements Cocked). On any "Scram" control rode * b 

I 
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P REACTOR DATA UI 

u- - 
Nominal power rating "r- 

-- 
a Fuel, Enriched Uranium metal (for 

uZ3' content for cxitiealjty 
Average specific pawer 
Initial conversion ratio (P5 into ~u 
Maximum gross fission product beta-activity 
Maximum gross fission p r d u c  t gamma-as tivity 
Maximum plutonium build -up 

31 channel loading] 

2 3 9 )  

Number of fuel elements (nominal) 
Active fuel rod Length 
Effective core diameter 
Lattice spacing (trfangdas array) 
Average thermal flux in fuel 
Peak thermal flux in moderator 
Peak fast f l u x  in moderator 

.. 
;* 

-1 

Neutron generation time 
Multiplication factoro k, 
Material buckling, 64 
Resonance escape probability, p 
Thermal utslization, f 
Fast effect. Q 

2 Slowing down area, L 
Thermal diffusion area, L $ 2  

FORM 81 L-2 REV. 2 64 
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-- 
e 

-- 
20, QOQ kw 

. cent U 
42.4 kg 
9 kw/kg-ll for 4710 kw/kg 1IJ 
0 . 5 0  

9 5 , 5  megaceur5ee 
3 x 10" Meu/sec 

2 , 2  kg (220 caries 1 

2'95 
) 

e 

31 
6 ,  0 ft.  
5 . 4  f t "  

11.0 inches 
2 x 10" n/cm -see 

5 , 5  x n/cm -sed: (approxj 
1.. 2 x 1 d 4  n/crn2-sec (approxj 

2 
2 

0 5 millisecond 
1 LI 260 
450 x 1 0 ' ~  cm-' 
Q a7 

0.. 89 
1.034 
349 cm 
172 cm 

2 
2 

* 

- * -  - -  .. .*e e e e.. 0 . .  
e... : : ... 

. 
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Coolant in the four ;odium loops must be circulating at or above 50 per 
cent of designed f u l l  power flow before the safety elements may be cocked. 
A specified minimum counting rate must be provided by the low level 
counting channel before safety rods may be withdrawn. This will a s s w e  

that an  extraneous source of neutrons i s  present, and that the counting 
channel is operating. 

Neutron fluxes in the reactor and coolant temperatures and pressures in the 
reactor and cooling system will be monitored, and an audible alarm sounded when 
a specified range is exceeded, This will include such signals as temperature of 
individual fuel elements, pressure of inert gas blanket, flow in auxiliary coolant 
circudts, and temperatures at points along the reactor tank wall. 
philosophy is to inform the operator of every condition which represents abnormal 
behavior in any part of his system, yet to hold the number of scrams to the 
necessary minimum. 

The general 

B. Coolingastem 

The coolant in the SRE is sodium. The SRE cooling system consists of two 

parallel circuits; a main circuit and an emergency circuit. 
rap of a primary and a secondary loop oupled thru an intermediate exchanger. 
The primary loops (main and -!&re common a t  the reactor only. The 
seeohdary loops gre completely independent and have separate sodium-to-air heat 
exchangers thru which they reject the, reactor heat to the atmosphere. 

Each circuit is made 

in cooling system is capable of removing 20,000 kilowatts; the 
stem 1000 kilowatts. The speed of the main pumps may be varied 

I 

so as to.mainCain a constant temperature differeqce across the reactor for all 
power Bevels between 2 and 20 megawatts. 
operate i f  the other should fail, 
mpture, the reservoir af ?odium is such that the sodium level will not fall bebow 
the suction lines in take reactor vessel,\ 
wil l  permit dissipation of a t  least 200 kilowatts of heat.. 
an emergency power supply for the pumps and instruments. 

Either of the two parallel circuits may 
3f the reactor tank or inner container should 

Thermal convection in the main circuit 
There will be, of course, 
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TABLE 11 

COOLING SYS'rEM DATA 
,- - 

I React or 
. L' 

Nominal reactor thermal power (31 channels) 
Inlet temperature 
Outlet temperature (mixed mean) 
Coolant flow rate 
Maximum coolant velocity 
Maximum uranium temperature 
Pressure drop thru coolant tube 

I 

- Main Cooling Circuit 

Nominal thermal rating 
Q 

I. c . . .  
Cooling Circuit 

Nominal thermal rating 

. 

20,000 kw 
500' F 
960' k' 
485,000 lbs/hr 
6 ftt'sec 

1200' F 
2.5 psi 

20,000 kw 

1,000 kw 
.--- .... 

C, @ 1 Cooling System 

An &&$#k$ heat removal system using the organic fluid toluene is provided 

to cool the biological shield lining the reactor cavity, the reactor top shield plug, 
and the inert gas atmosphere in the underground galleries housing the primary 
sodium system. 
compatibility with sodium, and a low thermal and radiation decomposition rate 
in this application. 
mately 10Q kw or 1/2 pe 

D. Building 

Toluene has the advantages of a relatively high boiling point, 

The toluene cooling system will  have a capacity of approxi- 
=ent of the thermal rating of the reactor. 

\ The building housing the SRE facilities will have a high-bay area over the 
reactor and primary cooling system which ils approximately 100 feet long by 
50 feet wide by 45 feet high, 
oratory facilities and a storage pond for-irradiated fuel elements, 
wi l l  be so designed that the level of the water in the storage pond wilk a t  all times 
be at least 4 feet below the operating face of the reactor, 

onnecting builddng will provide cover for lab-  

The building 
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- - t - - -  -- "-" 
" " "  "I '51 - .r. - . .............. -. , , ' , .  , .  ,. -. ,. 

k I J t I \ * I I T  I I I t  //IC 11b-1 I I  ...... .*.. ::*. *. ::. ::. :: . . . . . . . . . . . . . . . . .  



r _. 

--... 

-.- 

The building will be constructed of steel and concrete. W a l l  panels will  be 
lightweight precast reinforced concrete fastened to steel columns spaced at 
16 feet centers. 
an insulating cavity* 
attacked to steel purlins spaced on about 6 feet centers. 

also contemplated in the roof panels, 

Individual panels wil l  be about 8 feet high and 6 inches thick w.th . 
The roof deck wil l  be lightweight precast reinforced concrete 

An insulating core i s  

# 

-. -.” 
1 .  

- .  

’ .  
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V, EXPERIIMENTAL PROGRAM 

The reactor facility described was originally conceived as a tool for a long 
range, experimental program, 
of a low-cost reactor system for the generation of competitive electric. powere 
This program was envisioned as including the study oi fuels, moderatora, and 
coolants in various configurations a s  well  as  the proof testing of auxiliary equip- 
ment, 

The object of this program was the development 

I 

The Sodium Reactor Experiment as presented. here constitutes the first phase 
only of this program, The immediate objectives of the Experiment were listed 
above, They are: 

1. Demonstrate the capability of the Sodium Graphite Reactor eystem 
2. Evaluate and extend the performance limits of low enrichment U fuel 

elements 
Evaluate and extend the capabilities of the Tlh-U235 (Th-U) alloy as  a 
reactor fuel 

3. 

In the conduct of the Sodium Reactor Experiment no basic changes will$ be 
made in the reactor configuration OF in the major components- In general, the 
successive, individual experiments will involve only the change of one or  more 
Zucl elements o r  the substitution of test specimens for fuel elements in selected 
fuelchannels. 
to the areas of investigation: 

The scope o€ the proposed experiment is best defined with respect 

1 .* 

2" 

3,, 
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C o d  a nt 

The only coolant to be studied wi l l  be sodium., 
to determine the upper limitation on temperature, that is, temperatures 
wi l l  be raised above the design point, 

Experiments will be made 
4 

Mode rat or 

The experiment will utilize only zirconium canned graphite for the 
reactor moderator; study of other m.odcrators will be limited to irradi- 
ation of specimens i n  capsules inserted i n  the fuel channels. 

Fuels 

The principal part of the experimental program wi l l  relate to fuels. 
Experiments wi l l  investigate various temperatures, fuel geometries * 
and the uranium and thorium-uranium fuel systems. 

- 

r .  
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.---- Structural materials 

Various structural materials will  be also studied. 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 e t d y  per- 
formance characteristics. 

Components - 
Various designs of components such as pumps, instrument chambers 
and etc. will  be tested in the program. 

The reactor wi l l  be shut down for all changes affecting the reactor core. 
It will  be impossib1e by virtue of interfering mechanical latches to gain accees 
to the core without first moving all control rode to the IIinV1 position and tripping 
the safety mechanism, 
sure in the reactor, and a scram wi l l  result, 

Any attempt to bypass this interlock wi l l  relieve the pree- 

In operating the reactor, the instruments of primary concern to the operator 
wil l  be: c ~ 

-(a) Neutron flux level and period in  the reactor 
(b] Hot and'cold leg temperatures in  the primary and secondary loops of 

the heat removal system 

(e) Sodium flow rates in the primary and secondary loops of the heat 
removal system 

(d) Ambient and exit air temperatures at tke air-blast heat exchanger 

To achieve steady state o 

. 

ration a t  a desired power level, the operator 
w i l l  manually carry out an iterative process of adjustment of reactor flux, 
s o d i u m  coolant flow and air flow, 

Before the reactor is brought critical, the sodium in the main primary and 
secondary loops will be brought up to 50 per cent of full flow. 

a temperature of close to 250"  F by the pipe heating system. 
becomes critical, its power level wil l  be raised gradually until a temperature 
differential is established across the reactor and the heating of the sodium is 

discontinued, A t  this point the coolant flow may be reduced belaw 50 per cent 
i f  desired. Then the reactor power will be raised slowly by adjusting the control 
rods manually and adjusting the inlet vents on the air-blast heat exchangers to 

obtain the desired operating condxtions. 

?l ,  w'ill be held at 

After the reactor 
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At power levels above 10 per cent of full reactor power, reactor outlet , 

temperature in  the primary loop will be held at 960' F, the flow rate of the 
sodium being manually set at the proper value to achieve this condition, As the 

power level is shifted from OPE steadyestage value to'another'the desired sodium 
tdmperature conditions will be maintained by changing the inlet vent settings and 
by varying the speed of the fane and the pumps. 

A servo system will be provided to drive one rod in such a manner a s  to 
hold the neutron flux constant. 
desired flux level has been attained under manual control. 
will be used to hold constant the speed of both the main primary coolant pump and 
the main secondary coolant pump at selected, fixed values after desired flow 
conditions have been attained manually. The pump controls may also be used to 
adjust the pump speed to hold some other variable in the system constant, (in e., 
other than pump speed) such as the primary cold leg temperature. 

This iervo wi l l  be brought into use only after the 
A pump control system 

The emergency heat removal system will operate continuously. The tem- 
peratures in the primary system wil l  be fixed by the main primary loop, sihce 

the sodium streams are common in the reactor, The pump in the primary loop 
of the emergency system will1 operate at either full flow or 1/2 flow at all times, 
The pump in the secondary loop of the emergency- system will  have a variable 
speed drive so that the coolant flow rate may be set at the proper value to maintain 
the desired temperatures in the secondary of the emergency system. The air  
blast exchanger will 
flow controX similar 
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have adjustable values and a variable speed 
to that provided for the main sodium-to-air 

... 0 . .  * *  

. . e .  . * *  . . . a .*** 

for drive for air 
exchangers. 
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VI. KAZARD EVALUATION 

A. General 

Nuclear reactor B a re  similar to conventional pieces of power equipment 
in  that their heak capacity between the operating temperature and the melting 
point of the materials of construction is emall in  comparison with the energy 

flowing from the machine in  each minute of fu l l  power operation, Tbu8, i f  
the flow of energy into a furnace or turbine i e  continued while the flow out of 
the boiler or generator is suddenly interrupted, the equipment wil l  be reduced 
to a molten mass of brick, copperp and steel in a matter of minutes. That 
such accidents occur infrequently is ample proof of the adequacy and relia- 
bility of the safety devices ueed with them. 

Nuclear reactors differ from the more conventional. items of power equip- 
ment in  three important respects: 

1, The energy release rate may increase rapidly and may exceed the 

designed, full-power value by virtue -of the chain-reacting nature of 
the system, 
The energy release rate may not be reduced to zero in case of an 2. 

L emergency; the "afterglow" is an appreciable fraction d full power 
for a long time after shutdown. 
With a high energy release rate is associated a high activity of fission 
products which are, in certain instances, highly toxic 00 the human 
system. 

3. 

The radioactive hssion fragments and plutonium can be potential hazard 
. 

to the public only after they a re  releaeed from the reactor, In the normal 
operation of the SRE most of the activity is restricted to the fuel, metallic 
uranium or thorium, and in general all the activity of great toxfcity is con- 
fined Within the cladding of the fuel elements. For radioactivity to become a 
public hazard there must be (1) a melting of the fuel elements to release the 

fiaeion fragments and plutonium from the fuel, that is, the heat generation and 
heat removal must be out o;f balance, and (ZJ some mechanism to release the 
coolant and dissolved or suspended fissiou fragments and plutonium into the 
atmosphere or into ground water. 

b 

.. 2 
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B, Nuclear Runaway 
-A - 

We have been especially interested,, therefore, in restricting the nuclear 
energy which can be releaeed under any circumstancee to amounts which can 

be removed safely by the normal full-power operation of the cooling system, 
And we have been equally interested in  making available temporary etorage 
%or the afterglow heat released immediately after shutdown and in providing 
a path by which this energy mayo in time, be safely dissipated,to the atmosphere 
by natural means,, 

We have analyzed a nuclear runaway during atart-upo This appears to 
be the moat serious, realistic accident in which the rate ob release og eiaergy 
exceeds the capacity of the cooling system, It is the most serious because 
the flux period may be quite ehort when the flux reaches the power range 
{above 1 kw); i t  is realistic inaamuch as  atart-up ie SI normal operation in- 
volving the deliberate and purposeful releaae of reactivity. 

The reactor 2nd cooling system wi l l  be protected by interlocks and con- 
trol circuitry so that the control rods may- not be withdrawn unleoe a minimum 
signa1.i~ obtained in the neutron flux sensing circuits; unless the safety element@ 
a rc  cocked and unless .the cooling lsyetem i e  operating above 50 per  ceut-of 
ful l  power flow in all four loops, The rate 0% releaee ob reactivity will be 
limited to a maximum of 0 , 3  cento/aecond; thir will  correspond to all Sour 
control rods being withdrawn at  a maximum rate set by the synchronous speed 
ob the motor6 and the associated positfve gear train, 
decades below the power range, flux period circuits will  become schsitive and 

When the flux i e  many 

wil l  interrupt control rod withd a1 if the period becomes dangerously short, 
L 

Adjuetable flux level Isset-back 
range, A fixed, flux-level "BC 

full  power flwc. When the heat 
iucreasc in the temperature'o 
become effective. 

d s f s ~ r a m a "  will also be available in this 
ml* wi l l  be rret to operate at  125 per cent of 

coolant, high temperature stecrarndl will  
leased in  the fuel results in  a sensible 

If all safety circuits fail and if control rod withdrawal is continued 
at the maximum possible rate, but i f  the coolant is flowing a t  the 
rate corresponding to full-power, our calculations show that the flux rise 
will be checked and reversed by the inherent negative temperature . 
coefficient of reactivity of the system. The fuel -will  not melt during 
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the tranaient, and probably hot for a matter of several minuter' thereafter. For 
a rate of reactivity releaee romewhat greater, 0.5 ceate/seco-nd, the start-up 
time wil l  be shorter, nearer 30 minute6 inetead,of 50 minuter; but in the run- 
away the fuel would enter the gamma melt phase approximately 14 second6 
after full power is reached, In both caees full  power flux it3 reached and a 

I 

temperature rise of coolant i 8  sigaaled before prompt critical i r  reached, 

During the runaway at  start-up with a rate of reactivity fncreatte' of 0 , 3  
cents/second if the coolant i e  not Qowing, our  calculation6 indicate that the 
duel wil l  melt approximately 6 seconds after ful l  power ie  Ceached. 

It is o u r  concluaion that under the Fbove conditions 6d' start-up runaway 
which reeults in melting of the fuel is -.@n - 9  incident in which 

might weaken or destroy its ability to reject the reactor heat to the atmosphere, 
The system itself ha6 been designed for highest reliability while the interlocking 
and safety instrumentation will  be arranged to ahut down'or ''scram'' &.e reactor 
in case of fa i lure  of any component, A8 noted 
provided, a 20,000 KW circuit and a 1,000 KW 
fer is normally by forced convection, the ed&&cy circuit is equipped with 
an emergency as well as  a normal 8ource ob pow&, Each circuit may function 
at approximately 1 per cent of capacity by natural convection alone; this amounte 
to 200 KW for the main circuit, 

cGc;$$ 

oling circuits are 
ircuit. Heat trans- 

To operate either by forced or natural convection there: must be coolant 
i n  the loops, The primary or radioactive sodium loops which a re  joined at 

the reactor will  be so sized an 
that no single leak wi l l  interrupt flow of coolant by natural convection, 

e pumps, exchangers, and piping so disposed 

The cooling system wi l l  be interlocked with the reactor control to scram 
the reactof in case of failure of any component, In the case of a leak, loas of 
coolant wi l l  be detected first by a change in the pressure ob the blanketing gas 

and second by a lowering in  the sodium level in  tbe reactor or in the surge 
tanks, 
in the galleries wi l l  indicate presence of a leak somewhat later, 

Leak detectors an piping and small veoeels and leak detectors located 
Finally, loss 

rom the f low meters, of coolant would b m  r z  
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AB described above, the reactor tank is sgrrouaded by an outer contaber, 
The space between the tank and container is monitored to iafipre the integrity 
of both veeeels; Q eignal indicating change in preseure  of the monitoring gas 
or the predence of sodium ita this space will be ucred to ehut down the reactor. 
The vdume of the space between the tank and contkinet and the total v o h n e  

of sodium ita the primary oystem are such am to insure continued aperation of 
the primary loop by naturd convection L a A 9 .cbJR + 1 I .# 

D. Dfseipaaon of Afterglow Heat 

. The woret redis t ic  accident which we imagine is a break in the cooiant 
discharge linee f tom the reactor which in effect separates the reactor from 
i t6  cooling system. W e  poetulate that the reactor is ehut down a t  the eame 
time the break occvre. Under these conditione our preliminary analyeis ehows 
that the afterglow heat released in a matter of secondr after shutdown will be 
absorbed and stored in the fuel and cladding with an accompanfiag temperature 
rise, W e  a r e  aided in this by the moderately l o w  average operating temperLture 

ofthe fuel, approximately 950° F at the point of highest power density, by the 
high melting point of the fuel, and the high boiling point ob the coolant. 

In'a matter of minutes the mass of moderator in the cell associated with 
each fuel element becomes effective 88  a sink for the afterglow heat. During 

normal operation the average temperature of the graphite is not greatly different 
from that of the fuel since the cell is bathed in coolant. 

for has a large capacity for afterglow heat. The operating temperature however, 

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

The graphite there- 
- - -- . - - - __ - . - - - __ _ _ _  . _ . _ _ _ L _ . _ _ _ _ _ _ _ . I _ . .  - - -  - 

I 

- . I_ ___ - - ___. - . - - - - - - - -.-- -. ---- -- ----- . . --------- --  
For a matter of hours after shutdown the reflector core tank end thermal 

ehield become effective as  8 sink for afterglow heat. The rnechanirrms .redis- 
tributiag heat within the reactor a r e  conduction, thermal convection ob the 
coolant between moderator element8 and possibly local boiling of sodium in the 

fuel channels, A l l  the 8Odium vapor formed is rapidly condensed in the coolant 
above the core. 

Firially, in a matter of days, the bioiogical shield cooling system comes 
into play to establish a steady state condition in which the afterglow heat is 

removed as  rapidly a s  it i e  generated, 
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If the shield cooling ayetern is inoperative the biological ehield will  

atsorb a certain amount of the afterglow heat,. Heat wi l l  aleo be conducted 
a t  some rate through the biological shield into the earth from which it is 
finally dissipated at the surface to the atmosphere, The effectiveness of 
these mechanisms for heat storage and removal i o  to be evaluated quaatita- 
tively in  subsequent analyoes, In a matter of days after an incident it would 
appear possible to remove a subotantial number of fuel  elemento and thereby 
reduce the total heat generation within the reactor, 

It is our conclusion that in the case of the worst probable accident to 

the cooling oystem, shearing of the coolant lines,, afterglow heat wi l l  not 
melt the fuel elementse If the reactor icr scrammed immediately after the 

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

E, W o r s t  Hypothetical Incident 

Although the probability is very remote, an incident can occur during ! 

which a portion of the fuel wi l l  melt. This provides a mechanism whereby 
the fission products and accumulated plutonium may be released from the 
fuel and dispersed in  the primary coolant, It is, therefore, proper to con- 
eider what sequence of events might realistically follow. 

t 

c 

We cannot imagine a mechanism which would, in a short period of time, 
inject the activity into the atmosphere,, The materials of conrtruction cannot 
interact chemically with each other energetically, There wil l  be no large 

I 

store of energy in the graphite moderator arisingfrom radiation damage. 
which can be releaeed with explosive violence. 

The wore t  hypothetical incident is one in which a nuclear runaway during 
start-up is.followed by a sodium fire which results in the dispersal of all the 
fission fragments and plutonhm into the atmosphere in a period of 12 hours. 
Twelve hour5 represents a minimum time for w e  of the sodium based on 
considerations of availability o q g e n  from the atmosphere, We coneider 
three poelrible haearde resulting from the dispersal of airborne activity: 

. (1) A whole-body gamma beta dose from a cloud passing overhead 

(2) A beta dore rerulting from inhalation of airborne activity 
(3) The ilpha and beta hazard consequent to a rainout over the Chrictsworth 

b 

reservoir and subsequent ingestion of water over a 10 day period 
* +  



- 

, r~C~.~-~#A.ctivitv-The gamma and beta dose from a cloud w a s  computed 
7 

according to the method set forth in  WASH-3 except that all fission producto 
were assumed to go into the cloud, the cloud thickness wa8 taken a8 1/2 the 
width, and a 2 mile per hour wind velocity was used; The recrulte of these 

calculations gave a dose of 30 roentgens rat a distance of 5 milesfrom the 
site, 7 roentgens a t  10 miles, and 1,s roentgenr at 20 milee, The first figure 
i e  to be compared with 25-50 r, the range of allowable doee gor a single 
exposure in a week's time or less  
is not exceeded in the future. In evaluating the other figures it should be 
pointed out that 4 r in any 3 month period is satisfactory for "industrial . 

hazards" en a continuous basis. 

the level of OK* 3 r/week BAEC tolerance) 

It should be noted that under the assumed conditions, 2 1/2 hours a re  
available for warning pereons at a distance of 5 miles, and 5 hours for warn- 
ing persona at a distance of 10 miles. It is noted earlier that the population 
within 5 miles of the site is 3,000. W i t h i n  a 10 mile radiurr the total population 
is approximately 65,000. 

*' 
2, Inhaladon Hazard - The beta doee from inhalation is computed on the 

basis of a 12 hour expoarure, Separate calculation8 were made for the doee to 

the lung, thyroid, and skeleton. The activity (microcuries per cubic foot of 
air)-used in computing these dosages a re  calculated by applying the results of 
the fluorescent aerosol studies to the diffusion of the fission producto. 
was done on 8 rate hasi6, 80 many curies released from the reactor in one 
minute being related to 80 many fluoreecent particles released per minute. 
A s  noted above, 405 air samples were taken in the valleys below the site 2nd 
the number of particle8 per cubic foot of air determined, The largest value 
obtained, 15 particles per cubic foot, waa multiplied by the activity per' particle 

.I 

This 

(approximately 2. dpc/particle) to obtain 36pc/ f t  3 
decay with time the activity becomeo roughly lOpc/ft  3 (3,x lO~*)~c/cc)  gross 

The figure of l O p c / f t  3 i o  to be cornparca with 35pc/ft  3 which we 

aseumed permissible emergency lung dose of 1000 rep  in 60 dayso 4 0 ~  c/ft 3 

With an allowance for 

* beta activity. 

el . -  r calculate to be the gross firsion product beta activity corresponding to an 
i 

- - I s .  . 
i 
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, 

is the gross beta activity figure correepondfng to, an assumed p'ermiseibk 
emergency thyroid d06C of 1000 rep. Considering a SkClet81 dose of 100 rep  
in 60 days as permissible under emergency conditions, the activity should not 
exceed lOOpc/ft ,, 3 

03 3 
m a y  be compared also w i t h x c l f t '  ( 10'6,U c/cc) The figure of 

over a 24-hour accepted by AEC for 1gbur8tsg10 

These data show that in the worst hypothetical incident the dosage calculated 
from available experimental data on diffusion is lee8 than our assumed per- 
missible emergency doses by a factor of between 3 and 10; the activity, on the 

other hand, it3 300 times larger than the AEC value bor 8gburstsg', which applies 
to any populated area, It should be noted that the high readings (particles per 
cubic foot of air)  were obtained under atmospheric couditions unfavorable to 
diffusion and that such unfavorable conditions may be expected to exist only 

perhaps 7 per  cent of the time, It is interesting to note that the maximum count 
of 15 particlee/ft was observed at 1.5 miles from the site and represents a 3 

concentration 300 times that for "ideal dif fusion1' defined a s  perfect mixing in 
a cylindrical volume A5 miles in radius and 3000 feet i n  height, 

3. Rainout dver Ghatsworth Rearervoir - The haza,rd resulting from 
ingestion ob fieeioa fragments following! rainout over the Chatsworth reservoir 
was calculated on the basis ob a 3 milee per hour wind in the direction of the 
reservoir, Precipitation beginning while the cloud is passing over the reoervoir, 
and complete washout of the activity then over the teaervoir, This result6 in 
something lc86 than 4 per cent of the gross activity being precipitated la  the 

reservoir, 
water1 and that the activity becomes uniformly distributed, 

W e  assume further that the reservoir isffull ( l O , , O O O  acre feet of 

-2 The resulting activity due to strontium-89 is; 4 x 10 p c / c c ,  This is 

to be compared with the Division of Biology and Medicine'6 proposed figure 
for an acceptable r i sk  for a 10 day ingeation period of 9 x 10 ,uc/cc,  The 
corresponding figures for plu , uc / cc  in the reservoir, and 
the proposed acceptable risk figure for a 10 dqy ingestion period of 5 x 10m3pc/cc. 

It should be noted. also that the assumed conditiana of wind direction and 
precipitation may be expected to exist only 4 hours out of the year, That is to 

say, i n  case of the w o r s t  hypothetical incident the probability of rainout in the 

reservoir is less than 0 ' 1  per cent, 

-2 
-6 iurn are 10 
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~~..lQj~~~qu.s-qjg~~ The a$ eumption that all f issioa fragments and plutoaiurn 
contained in the reactor escape and a re  dispersed is unrealistic’ and pessimistic 
in the extreme. This aeeomption waa made above, however, in preference to 
taking some arbitrary attenuation factor. It is coneidered best to give a value 
to this factor at the lame time that the factor$ a re  assigned to attenuation by 
diffusion, probability of rainout, probability of exhtencc of certain unfavorable 
conditions, etc -, 

Many factors will make the poesibility of a fire very remote and wil l  
contribute to the reduction in the total activity escaping, Some of these factors 
are: 

We 

Inert gas atmosphere in the compartments containing the primary 
sodium 
Five feet thick biological shield block8 normally covering the heat 
exchanger compartments when the reactor contains fue l  
Availability of fir e protection equipment 
Only a small fraction of the fuel may be expected to melt in the 

Fncident 
Some of the fiesion producto wi l l  be retained within the fuel material 
even though molten 
Not mor t  than 20 per cent of the fission products axe gaseous; the 

balance of the fission fragments and their product8 of combustion 
are solids at ordinary temperatures 
The products resulting from the combustion and hydralyeie of 
sodium, sodium oxide and sodium hydride, are alro solid 

conclude that the SRE instatlation at  Santa Susana presents no serious 
hazard to the public, 
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