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Thia report is based upon studies conducted (or the Atomic Energy Com­
mission under Contract AT- 11 -1 - GEN-8.

The Atomic Energy Commission has undertaken a development program 

to provide the technology needed for the evaluation and economic design of 
nuclear power plants.1 This program is to be carried out during the nest five 

•< several national laboratories and industrial organisations. The Sodium 

Graphite Reactor (the SCR) is one of those to be investigated and exper imentally 

tested as part of this S-year effort. The program on the SGR is intended to 

expand our area of information covering sodium - g raphite technology, experi­
mentally demonstrate the feasibility of this reactor complex and extend its 

performance limits, and apply the information developed to designs suitable 

for the full-scale nuclear power plant. As a principal part of this program, a 

Sodium Reactor Experiment (the SRE) is to be constructed and operated; it will 
be the major experimental facility in which the performance of this reactor 

will be studied and new technologica 1 advances tested.

This report continues an earlier series'*"7 la which previous work on 

the SGR and the SRE has been described. In this report, the progress on the 

program is described in two main sections. Section A is devoted to work re­
lating to the general technology of Sodium Graphite Reactors, and to studies 

relating to the full-scale plant. Section B covers progress on the analytical.

. *nd design efforts devoted solely to the SRE. required for its 
design and construction
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SECTION A

TECHNOLOGY OF THE SODIUM GRAPHITE REACTOR

f I. FULL-SCALE REACTOR STUDIES

A. Analysis of Nuclear Prr(ortn«nt< (C. Roderick)

in that the

ratio*

9

nimz:... MM,,,

are 

Pu

O.S 
« *
• •

• • * *» • ••* •• •

and U 

tn the feed mttrrial

1. Plutonium Feedback Fuel Studies - It would be highly desirable to use 

fuel in sodium graphite reactors which would not require enrichment in the gas­
eous diffusion plant. A misture of plutonium and natural uranium apparently 

would be a suitable fuel under certain conditions. It is the purpose of the pluto­
nium feedback study to define these conditions and to investigate the feasibility 

of operating reactors utilising this type of fuel.

.. CONFIDENTIAL. 
Fr - i l H >. ■ •• »*• * ••• • • •• • •

Plutonium feedback tn a thermal power reactor has promise of producing 

substantial reduction! in fuel feed costs by entending the reactivity lifetime of 

the fuel. There a-e two possible feed schemes. (1) remove the Pu from the 

irradiated fuel and return It to the reactor with fresh uranium feed. e. g..natu- 

ral uranium, the depleted uranium, at a U cone entration comparable to the 

waste from a diffusion plant, would be discarded. (2) separate only fission 

products from the irradiated fuel and add small amounts of quite highly enriched 
2 tc 22 Ml

uranium, e. g. . 20 per cent U . to replace the burned U and U . With 

either scheme the concentrations of the plutonium isotope* 

are always the same in "steady state."

In order to assess the value of plutonium feedback, some "steady state' 
calculations have been made, the transient, between start-up with slightly en­

riched uranium and operation with constant plutonium concentrations in the feed 

fuel, will be investigated when the desirable "steady state" conditions are de­

termined. The calculations are done for sodium graphite reactors but the trends 

determined are applicable to any thermal reactor using slightly enriched uranium 

fuels. The feed is assumed to be natural uranium, and the important variables 

the initial amount of eacess reactivity, lattice spacing and «. the ratio of
2,9 to in the feed fuel. The system is called "steady state
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to the 
then determined by the above ratios, 
centrations of the various isotopes are 
Some of the results are given In Figs. 1-6. The constants 

pertain to 400’ C neutrons and are as follows:

Zer a(4O)

The fact that the plutonium 

the fueling of additional reactors 

riched fuel; if desired, s 

fuel another reactor.

/N49

/N49

41

^f 41

N40

2,9 added 
241

N41

'a 49
0r__

In the calculations s value of « is chosen fining the aRM^* Pu 

natural uranium feed material, the cone ent rations of Pu and Pu
The variations in reactivity and in the con- 

then computed as functions of exposure. 
1-6. The constants used in these calcula-

obtained from setting the build-up differential equations to aero, are used for 

the feed concentrations, and the feed material to the reactor is always the same; 

in the calculations these ratios change only slightly. Doing irradiation of a 

fuel element the U2’5 -nd U2>8 steadily decline, while tl plutonium isotope 

concentrations initially increase then decline. In order to have enough pluto­
nium for feed material it is necessary to remove the fuel from the reactor be­

fore the plutonium content drops ‘elow its initial value.

concentration increases initially makes possible 

without resorting U> a diffusion plant for on-

part of the plutonium could be removed and used to
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Study of Full-Scale Sodium-Graphite Reactor Designs (W. E. Abbott)

II. REACTOR PHYSICS

IKHf 17
* * * *
• * *

A, P«ttrw>|a4U<w of Power and Temperature CorHicicnt* of Reactivity 

(G W. Rodeback)

*7

• •• • 
a •

Ar part of the continuing study of th* full-scale sodium graphite reactor, 
alternate types of fuel elements, permitting more economical operating condi­

tions. are under consideration. A preliminary survey of various arrangements 

of fuel which might be adapted to a large, sodium-cooled, tank-type reactor 

utilising the airconium-canned-graphite moderator concept has been initiated. 

In one arrangement examined the fuel is contained in thimbles inserted in the 

coolant channels of th* moderator cane. Th* thimbles ar* fix*d semi­
permanently to th* reactor structure and serve the function of separating the 

fuel from the sodium coolant. Th* thimble configuration is adaptable to both 

unclad solid fuels and to liquid (fluid) fuels. The uae of unclad solid or liquid 

fuels promises substantial savings in chemical processing and fabrication. 
Liquid fuels have the additional possible attractive features of essentially un­

limited burn-up and high operating temperatures. A bismuth-uramum solution 

and a fused uranium salt mixture both appear to offer possibilities for use as a 

liquid fuel in such a system.

as
• *

•w

•• * ••♦
• * • *
• is

Attention has been directed to the advantage* of separating the fissionable 

and fertile materials within the fuel assemblies. Such a separation appears to 
211 have attractive features tor the Th-U system and the U-Pu (Plutonium Feed- 

ba« k) system ,

•« ■
• • a• • • •...
♦ • S
• • **

The increase in the effective resonance absorption integrals of some of 

the reactor materials with temperature ordinarily results in a negative tempera­
ture coefficient of reactivity in a graphite-moderated reactor. The temperature 

effect of the neutron absorption in the fuel elements is usually predominant and 

is all the more significant when a fast "runaway” is being considered. It has, 

therefore, been deemed advisable to measure the temperature effect on the 

effective resonance integral of U up to as high a temperature as feasible and 

for the particular geometry of the SRE. It is also planned to make a similar
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breeding material is contemplatedsince its use as a

SECRET18

, ^*.232measurement lor Tn

for the SGR.

The inner surface of the aluminum cylinder will be plated with a layer of 

cadmium, which in turn will be plated with a very thin layer of chromium. Tne 

former serves as a thermal neutron shield while the latter serves as a heat re­
flector. The reflector should permit the slug to be heated to near 1000* C with 

several hundred watts in an axial resistance heating element.

A simplified schematic drawing of the apparatus to be used appears in 

Fig. 7. The uranium slug essentially consists of two halves carefully fitted 
together. In the inner face of one is a carefully machined depression into which 

fits the sector-shaped depleted uranium foil. The slug rests on ceramic pieces 
which are fastened to stainless steel supporting members. The slug is centered 
in an evacuated aluminum cylinder which is water-cooled on the outside. This 

is sealed on both ends by removable covers with the right end opening into a 

pump-out tube.

Ideally, the greatest precision for measuring the temperature coefficient 

of the effective resonance integral could probably be obtained by using the 
••danger coefficient- method, or the pile oscillator method. However, the dif­

ficulties attendant on maintaining the uranium samples at elevated temperatures 
while doing the above experiments would be considerable in the particular re­

search reactors which may be available for these measurements.

experiment is being planned using an alternative method, measuring 
238 through the /3 ’ activity of U239 formed as a result of the 

Instead of irradiating ordinary uranium and separat- 
as was done in 1943 by 
238 which are highly de­

based on those used by Kisser, 
a sector-shaped thin foil of de­

An
the activation of U 
U238 (n.y) U239 reaction, 

ing out the contaminants chemically before counting, 
Mitchell, et al,9 it is proposed to irradiate foils of U 

pleted in U235. The methods to be used are 

et al.10 As was done in the above experiment, 
pleted uranium will be placed in the center diametral plane of a slug of the 
uranium fuel material and the entire slug will be surrounded by cadmium. The 
resulting foil activity will then be representative of the resonance activation of 

the U238 in the slug. The epithermal flux entering the slug is monitored by an 
indium foil and the temperature coefficient will be determined by measuring the 

ratios of U239 activity to indium activity at the various temperatures of exposure.
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The basic graphite pieces will be

B. Nuclear Parameters o< Sodium-Graphite Lattices

1. Exponential Experiments (M. A. Laubenstein) - More information is 

needed on the nuclear characteristics of sodium-graphite reactors to enable 

accurate design calculations for full scale reactors for power production and 

accurate predictiona of power cost. An exponential experiment has been 

selected as the most economical method of determining the validity of theoretical 

reactor physics calculations and of indicating the sourcea of possible discrep­

ancies between the theoretical calculations and experimental lattice parameters.

An exponential assembly for invest > gat ion of sodium graphite type lattices 

has been designed and is now under construction with delivery expected by 

August 1. The assembly will be placed on top-of the vertical graphite thermal 
column of the water boiler reactor which will provide a source of neutrons for 

the experiments.

A graphite assembly 5 feet high and 42 to 57 inches square will be used 

depending on the lattice spacing desired.

The heater la to consist of molybdenum wire helically wound on as alu­

minum oxide core (over-all diameter approximately 1/• inch) which will fit in 

a concentric hole in the length of the uranium slug. The neutron absorption 

resonances of molybdenum do not overlap those of U and therefore thia 

metal should be well suited for a high temperature heating element. It appears 

that the slug with heater and core will have an effective resonance integral not 

appreciably different from that of a solid core, at least in the region of the de­

pleted (oil. However, neutron distribution measurements are to be made to 
chech this conclusion. The heater lead on the left side la grounded to the alu­

minum cylinder and after irradiation will be removed together with the left 

half of the slug. The depleted toil can then be removed for counting. The 

indium monitor (oil will also be removed from its position next to the water- 

cooled cylinder wall. The entire capsule together with pumping, electrical, 
and water lines will be embedded in a graphite stringer and irradiated in the 

reflector of a water boiler-type reactor of suitable flux. The irradiation, 

adequate to give counting rates from the foil of about 50,000 c/min, la not ex­
pected to activate the assembly to the level where remote manipulations are 

necessary
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column* 7 inch** square and 9 feet high which will each hive a hoi* for th* fuel 

cluster length**•« down th* center. Thea* basic pieces can b« used to build up^ 

a *qu«r* lattice with a 7-inch spacing. By th* use of graphite spacer block*. 

9-1/2 inch and 12 inch laltict* will also be constructed.

■ • •«

initial experiment* with the exponential assembly will const*! of buckling 

and tntra-cell flux distribution measurement*.

Two different type* of fuel cluster assemblies have been designed for use 

tn the exponential assembly. Th* first type will utilise a four*rod cluster 

(quatrefoil) of l-4nch diamete- uranium rods. Since 1-inch diameter uranium 
slugs of 0.9 per cent U2>5 enrichment are now available at NAA. this first 

fuel cluster will enable some preliminary measurement* to be made before 

fuel for the SHE is available. The second type of fuel cluster will have a 

seven-rod cluster of >/4-inch diameter uranium rods. Pending th* availability 

of the necessary quantity of SHE fuel, preliminary experiments with seven-rod 

cluster* of »/4-inch diameter rod* will be accomplished ualng natural uranium 

now available at NAA

Aluminum will be used in ih* fuel cluster of the exponential assembly to mock 

up the sodium coolant. The macroscopic absorption cross section of 2S aluminum 

is only 14 per cent larger than that for sodium at room temperature. A pre­
liminary measurement of the intra-uranium flux distribution in a seven-rod fuel 

cluster has indicated that streaming of neutron* between the rod* la important 

in determining the flux tn the uranium. Therefore, it is desirable to use • 

material to mock up the sodium which has a similar macroscopic scattering 

cross section. 2S aluminum with a macroscopic scattering cross section of 
0.09* cm’1 for low energy neutrons has the lowest cross section of any com­
mercial alloy found, and compares favorably with the 0. 07J cm 1 scattering 

cross section of sodium at room temperature. The fuel clusters will consist 

of solid aluminum cylinder* with holes drilled in them for insertion of the ura­

nium slug*.

2. Intra-Uranium Flux Distributions in a Seven-tod Cluster ( E. Martm.

S. W. Kash. F. E. Estabrook) - A preliminary investigation of th* intra 

uranium flux distribution in a seven-rod cluster has been completed in prepara­

tion for full-scale lattice measurements on septafoil* in graphite moderator.

so •* ♦ • • • lit’ 
see*• eee



ticaiT

*

•quart array.

• • ••• • • • « ••• •«

F is the ratio of the surface to the 

« 1. 19 ± 0.04.

The flux Is plotted vs r to obtain an expanded 

A combination of data from Figs. 9 and 10 gives the flux pattern from 

the center of the cluster directly through an outside rod (Fig. ll>.

As a matter of expediency, the moderator for the preliminary measurements
was D.O and the uranium was the 0.90 weight per cent enriched material which ■a
was already available.

Each rod of the cluster consisted of five 4-inch long. 1-inch diameter 

uranium slugs in water-tight aluminum tubing. These seven aluminum tubes 

fitted into cavities in an aluminum cylinder, shown in cross section in Fig. 8. 

The cluster was suspended in the center of the D^O tank and was buffered by a 

lattice of 1-inch diameter uranium rods, of the same enrichment, in a 6-inch 

The central 12 rods had been removed from the buffer lattice.

H

Flux measurements within the central rod of the cluster and one outside 
rod were made by the standard intra-cell procedure?1 Because of the sym­

metry of the cluster, it was sufficient to map out the flux in a 30* sector of the 

central rod. In an outside rod. the line of symmetry is the diameter connecting 

the centers of the outside and central rods. Flux distributions were investigated 

along thio diameter, and along diameters 30* and 60* therefrom. Bare foil 
activities were corrected to thermal by subtracting 1.05 times the cadmium- 

covered activity. All flux values reported have been normalised to the thermal 

flux at the center of the cluster.

• • ••• • o a

1 , 37 
1.15

Figure 10 presents the thermal data across a diameter of an outside rod 

function of distance from the center of the rod and angle between the diam- 
2 

eter and the line of symmetry. The flux is plotted vs r 

scale.

Measurements in the central rod did not indicate any angular flux variation. 

Figure 9 presents the thermal flux va the square of the radius for this rod. An 

average flux for the central rod was obtained by mechanical integration and the 

disadvantage factor, F. was calculated  ̂

average flux, and is here equal to

An average thermal flux over the outside rod was obtained in the following 

manner: The flux values at. say. the surface of the rod. were plotted against 

Q . This was mechanically integrated to give a flux, averaged from 0 to 2 w, 

at r a 1.27 centimeters. Similar procedures resulted in average fluxes at 

r • 0. 72 and r ■ 1.01 centimeters, the points of measurement. Then one more 

integration over these radial values sufficed to yield an average flux for the 

22  »«C«ITa •»» a a a• a as• • a *? • *• * a• a • • • •
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some experiment*] work don* at Argonne National 
~~ Argonnt uae<^ 1-tnch diameter natural uranium rode, 

and investigated the flux distribution an a single rod, and an a quatrefoil with

Hf
The individual flux values reported ar* believed reproducible to ±6 

cent, with an internal consistency of * 3 per cent or better.

The arrangement of uranium rode ia a cluster introduces two important 

effects: (1) relatively large streaming of neutrons through the aluminum be­

tween th* rods, end (2) hardening of the neutron spectrum ia each rod due to 

the influence of neighboring rods. The first effect explain* the fact that the 

thermal neutron current io everywhere into the rods (see Fags. 10 and 11). It 

also accounts for the small but definite increase an the Hua from the inner tor- 

the outside rod to the opposing surface of the central rod (Fig. 11). 

since th* outside rod point is partially shadowed by uranium from the neutrons 

streaming la through the gaps. Also, due to this streaming, th* angular distri­
bution of th* neutron* at th* surface of th* central rod is highly anisotropic, and 

is directed chiefly toward* the center of the rod.

la thaa connection, r 
1-sboratory is of interest.1^

• oo • 9: i :. :••• •

• so

• • • • • OS

>• • **19 V x « •• - • *•• •*• • ♦ • • ♦ 9sen so • a• t» * •*• •*

outside rod n l.»2 * 0.01. Figure 12 is a plot of 0 vs r~. If a synthetic dis­

advantage factor. F*, is defined as the ratio of an average surface flux to the 

average over the rod. then F* a f* W • 1.19* 0.04.

Th* hardening of the neutron spectrum results from th* approximate 1/v 

absorption of uranium. Th* n*utrem which reach the central rod after passing 

through th* outside rods will have an average thermal energy higher than that 

of th* neutron* in th* D^O.

Previous work in this laboratory ha* determined th* disadvantage factor of 

a single enriched uranium rod to be 1.2>. In th* cluster. F of the central rod 

ar>d F* *** ant side rod were *qual to 1. 19. The decrease for th* central rod 

is *xpllcable on the basis of the two previou* arguments. Th* *«.i sot ropy of th* 

neutron distribution at the surface of the rod means a relatively higher flux in 

the center of th* rod and h*nce a smaller F. The hardening of th* energy spec­

trum implies less absorption ia th* rod. and again, a smaller F.

The exact coincidence of F and F* may be fortuitous. However, the sam* 

hardening undoubtedly affects the flux in the outside rods, and is most likely th* 

major cause of the decrease of F in this case.



Outaida Rod Radial Distribution of Thermal Flua Averaged ovar All Angle*Fit. 12.
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c. Neutron Leakage Through Shield
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The multi-group diffusion equations for this case can be written in the 
matrix form

D^O circulating between the rods, 
single rod in the CP-2 and obtained F « 1. 19. 
data for the quatrefoil in complete detail, 

for a quatrefoil rod by a method similar to the one used on the cluster,
was equal to 1. 14, again lower than the single rod value.

They measured the disadvantage factor of a 

They presented the experimental 

so that it was possible to evaluate an

“21o

0

This preliminary experiment has suggested certain experimental modifi­
cations for flux determinations within a cluster of uranium rods. It has also 

emphasised the inadequacy of diffusion theory and the necessity for an empirical 
approach in this case.

(F. L. Fillmore)

Multi-group diffusion theory in slab geometry for non-multiplying regions 

be formulated by matrix methods in such a manner that computations on a 
desk computing macmne are within reason for several groups of fast neutrons.

,e r*a*°ns for this are that the eigenvalues and eigenfunctions of the problem 
easily found for the case of non - mu It iply i ng regions; the eigenvalues are all 

distinct, and the computation can be arranged so that only diagonal and triangu­
lar matrices are involved. Moreover, certain reasonable simplifications can 

be made for the case of a reactor shield so that the required boundary condi­
tions lead to formulas which are readily evaluated.
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group.

The solution of Eq. (1) can be written in the form

y(«)

*1*
0

Y

0

and S is a matrix which diagonalises M. Thus

MS

a

30 sicbitij

3 is an arbitrary vector which is determined by the boundary conditions of the 

problem.

•WO • • •
ass • 
• * a 
a a • • • •

s1

• a* ••
• a a a
• •» a a
• * a a
• a • •

• •a ••

a
- j a 

e

■ SY(x) 3

These Zn-rowed matrices are partitioned into n-rowed matrices, thus 

separating the fluaes and currents, in order to facilitate the application of the 
boundary conditions. It is found that the submatrices into which S and S' 1 are 

partitioned are triangular, and such matrices are easy to invert. The solution 

to the following two problems can then be readily derived:

Here y^ is the flux. -D^ Yn4.l titee current, the removal cross section, and 

p^ the capture escape probability, m the i-th group. It can be shown that the 

eigenvalues of M are where .X is the inverse diffusion length for the i - th 

...
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Case I- (Two Reglone) 

Region 1 of Ihitkneii m* 
Region 11 of infinite thlikneti 

Flu* known at n • O

Yz<«>

Flu* and current continuous at the interface 

Flu* vanishes at infinity 

Case 11. (One Region)

Region of thickness at.
Current known at * * 

Flu* vanishes at *
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Six-group calculation* have been carried out for a 76-centimeter graphite 

reflector and a 15. 8-centimeter iron shield. The group constants were cal­

culated from cross sections given in AECD-2040 and are listed m Table I.

The vectors a 

is infinite.

are determined by the boundary conditions, and s 0 ifand a^

AS«

*1

n - I
• • n2

1

*L

*21

32 '

AM

The application of these results to the calculation of the flux m the thermal 

shield of a reactor consists of the following steps:
1. The two-group core-reflector criticality problem is first solved and 

the thermal and fast flux at the core-reflector boundary is determined. It is 

then assumed that the energy distribution of the fast flux is 1/E and the multi­
group fast fluxes are calculated subject to the condition that their sum equals

• the fast flux previously obtained.
2. These fluxes are used as the boundary condition in a Case 1 problem 

which consists of the reflector of thickness Xj and an infinite thermal shield. 

The currents are evaluated at the reflector-shield boundary.
3. These currents are used as the boundary condition in a Case II prob­

lem which consists of'a thermal shield of thickness Xj less the extrapolated 

boundary. The fluxes in the shield and the leakage at the outer boundary can 

then be calculated.
4. For a cylindrical reactor a simple correction is made to the above 

results by multiplying (x) and J(x) by x/R, where R is the core radius and 

x is the distance measured from the core boundary.

n - 1 
' ' nl

1

A 32
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TABLE I

Graphite Iron

Group D(cm) D(cm)P P

1 0.00645 1.18 1.0 0.00205 1.17
2 0.0588 1.06 1.0 0.00429 1.61
3 - 142 O.0150 1.06 1.0 0.0159 0. 449 0.947

142 - 1 0.0128 1.06 1.0 0. 372 0.640
5 1 0. 074 0.0250 1. 106 1.0 0. 367 0.257
6 thermal 0.000395 0. 906 1.0 0. 324 0. 364

• ••
• • •so • a• • •• • aaaa aa

Figure 13 shows the fluxes in an infinite iron shield as obtained from Case 1. 

Figure 14 shows the fluxes in the 15.8-centimeter iron shield as obtained from 
Case U.

0.0397

0. 191

0.992

0.991

The data for graphite have been adjusted to be consistent with the experimental 
values for the age.

-s

An experiment has been planned in which iron slabs will be placed on top 

of the WBNS reflector and the thermal flux measured as a function of position 

through the iron. These measurements will be compared with the thermal flux 

for this geometry as calculated by the above method. The results of this com­

parison will indicate the reliability of this type of calculation and will also be 

useful in predicting better values of the neutron leakage to be expected in SRE. 
SSCBtT

El*v| 

- 3x10*

•*
• -
• •
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** * **'
• • * •
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2xl06 

3x10* - 10* 

10*

This method can be extended to multi-region shield calculations without 

incurring an unreasonable amount of computational labor by doing two regions 

at a time, the second region in each case except the last being taken as infinite. 

The boundary condition for the problem for each pair of regions is obtained 

from the preceding two-region problem by evaluating the current at the inter­
face between the two regions. The same number of groups must be used in each 

problem, and a sufficient number should be used so that a reasonable representa­
tion of the cross section vs energy curves in each region can be made by taking 

constant values forff(E) over each group. For a graphite-sodium-iron-concrete 

system it was decided that six groups was a reasonable number to choose. Six- 

group computations for the radial and axial SRE fluxes are in progress.
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IM. REACTOR FUEL ELEMENTS
a

A. Metallurgy of SGR Fu«l (B. R. Hayward)

2. Dimensional Stability of Uranium and Urinlutn Alloys at High Tempera -
lures

Sfcatr

One of the ten powder-compacted hot-pressed uranium hollow slugs has 

been completely sectioned and is currently being examined for uniformity 

through metallography and hardness tests.

• • ** 
OS •

A large thermal cycling furnace has been designed and built for cycling 

the large hollow cylinders (2.42 inches OD by 1. >• inches ID by 4 inches). The 

hollow cylinder is vertically mounted in a vacuum sealed pyrex tube which is 

raised and lowered in and out of a stationary furnace, by means of a cam oper­

ated program controller and a series of limit switches. Tests with dummy slugs 

indicate the slug heats quite uniformly and will require an approximate cycle of 
>5 minutes heating and 85 minutes cooling for cycling between 1OO* C and 500* C.

• •

*•♦ •• 
• ess 
» SO O O
*• ♦ • ♦

1. Hollow Slugs - A single hollow tube fuel element may have significant 

advantages over a cluster of small diameter rods. Among these are nuclear 

parameters, fabrication simplicity, reduction in number of pieces to be handled. 

A test batch of large hollow cylinders has been made by powder metallurgy at 

Sylvania.

a. Uranium Alloys - A number of powder-compacted uranium speci­
mens have been thermal cycled from the lower alpha phase (200* C) to the beta 

phase (700* C) for a test of approximately 500 cycles. The apecimens were 

powder-compacted uranium alloys of Bi. Nb, Cr, Al. Si. and Mo. All of the 

alloys were hot pressed. The results are shown in Figs. 15 and 16. As illus­
trated. some of the alloys showed very large dimensional changes and others 

were relatively stable. A tabulation of all of the results to date indicates that 
the hot-pressed alloys of U-Nb and U-Cr are much less stable in this cycling 

test than uranium alloys of comparable compositions which were cold-pressed 

and sintered. The cold-pressed and sintered specimens however have lower 

densities than the similar hot-pressed alloys. A possible explanation for the 

greater stability for the cold-pressed and sintered alloys may be that the more 

complete alloying takes place during the sintering operation (•— 1000* C) than 

during the hot-pressing operation (— 600* C).

>6 oo Sse os • 
• • •*
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Results of 500 Thermal Cycles (200 - 700* C) on 

Powder Compacted Uranium Alloys

U-Cr. 1.0 w/o Cr 
Change in diameter 
Change in length 
Surface
Internal porosity

U-Nb. 1.6 w/o Nb 
Change in diameter 
Change in length 
Surface 
Internal porosity

U-Bi. 1.0 w/o Bi 
Change in diameter 
Change in length 
Surface
Internal porosity

*

• * »a
• • *
* •
• i• • ••

Slightly rough 
None

*oa <
I

♦205b
♦ 165b
Severely cracked and bumpy 
Many email and large holes

a ♦»
• •

-

- *27%
- *65*
a Bumpy and porous 
a Very porous

Uncycled specimen. All specimens (Figs. 15 and 16) 
are to scale and all specimens were approximately 
the same aiae as this specimen.
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Result* of 500 Thermal Cycle* (200 - 700* C) on 

Powder Compacted Uranium Alloy*

U-Mo. 0. 35 w/o Mo 
Change in diameter 
Change in length 
Su rface
Internal porosity

U-Si, 0. 49 w/o Si 
Change in diameter 
Change in length 
Surface 
Internal porosity

« *5%
a *3%
a Slightly rough
« None

» +9%
- +7%
* Slightly rough
a Some porosity throughout

a +23%
a -13*
a Rough and badly cracked
* One medium size hole

U-Al. 1.0 w/o Al 
Change in diameter 
Change in length 
Surface
Internal porosity

I

9

K
U

4
■a

M
M

SM
M

M
M

M
I



SECRET
h'

(1)

(2)

(3)

(4)

(5)

(6)

changes,
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The metallographic analyses of this series of alloys after the 200” C to 
700” C cycle test revealed the following facts:

*•
•••••• ••

The 1.0 w/o Bi-U hot-pressed alloy changed from fine grained to 
very large grained with the alloying constituent completely reacted 
and dispersed. The hardness decreased on an average from 273 to 

257 DPHN.
The 1.6 w/o Nb-U hot-pressed alloy was fine grained and the Nb was 
present as globules in the original condition. Asa result of the test, 
the grains grew in a range of medium to large and the Nb appeared 
completely reacted. The average hardness decreased from 278 to 

238 DPHN.
The cycling of the 1 w/o Cr-U hot-pressed alloy resulted in only 
partial alloying of the Cr and the grain sise increased moderately. 
The average hardness increased from 283 to 365 DPHN.
In the as-received condition the 1.0 w/o Al-U hot-pressed alloy had 
fine irregular grains with incomplete alloying of the Al. A second 
phase was present in large agglomerates. The matrix grain size in­
creased and the Al-U compound was more homogeneous and complete­
ly reacted as a result of the cycling. The average hardness decreased 

from 288 to 249 DPHN.
In the 0.49 w/o Si-U hot-pressed alloy the grain size increased from 
small to medium and the unreacted second phase (perhaps Si com­
pound) remained in large agglomerates. The average hardness in­
creased from 297 to 347 DPHN.
As a result of the test, the 0. 35 w/o Mo-U hot-pressed alloy became 
somewhat porous throughout; the alloying constituent was still incom­
pletely reacted and the irregular shaped grains varied from small to 
very large. The average hardness changed very little, from 272 to 

278 DPHN.

b. Unalloyed Uranium - To evaluate further the large dimensional 
as previously reported, resulting from alpha-beta thermal cycling 

between 630* C and 680” C, an alpha-rolled rod specimen was cut perpendicular 
to the axis of rolling from a 2-inch diameter rod. After 200 alpha-beta cycles 
the rod length increased only slightly but the rod became severely oval shaped
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Metallurgy of Brreder Fuel (F. E. Bowman, B. R. Hayward)B.

C. Determination of Maximum Operating Temperature Limit* of SCR Fuel

SICIST40

In conference* at SEP and at FMPC both concern* have indicated a willing* 

ne*> to undertake the production of pilot quantities of such Th-U alloys as might 

prove to be of interest for the SCR.

• as • 
• • a

• •

In conferences at ANL it was indicated that little is known of the physical 
metallurgy of the Th-U system in the region of interest, 
prepared and are now undergoing irradiation in the MTR.

been started at NAA toward studying the solubility of uranium in thorium.

along its entire length. The short axis of the oval was the original axis of roll­
ing. This dimensional change agrees in direction to the decrease in length found 

in the other specimens. In addition to the dimensional changes, there were sur­
face cracks but with no particular pattern.

A program has been started to establish the performance of thorium-base- 

uranium alloys as fuel materials for a sodium graphite reactor. Present data 

indicate that thorium base fuel elements may be operated at higher temperatures 

and may be carried to greater burn-up than uranium fuel elements. further­
more, the use of thorium-base fuel may result in a reactor with a breeding 

ratio of one or higher, which would replace the fuel it burns.

1. Restrained Slugs (B. R. Hayward) - In uranium metal fuel elements 

operating above 1200* F (alpha-beta phase transformation), without greatly in­
creasing the sodium coolant temperature, there will be a temperature gradient 

within the fuel element in which the lower density beta phase region at the fuel 

element core is entirely surrounded by a higher density alpha phase region. 

The change in volume, due to the change in density, results in a large stress

Some alloys have been 

Preliminary work has 

An
experiment is underway to establish the feasibility of obtaining quantitative 

solubility data through the use of diffusion couples. A thorium specimen has 

been prepared by melting iodide material in a Kaufman type arc-melting furnace 

in order to retain the highest possible purity. Powder-compacted uranium will 
be used for the other member of the couple. It is hoped that from the initial 
couple a relationship between uranium content and thorium alloy lattice param­

eter can be established. If this esn be established, then X-ray diffraction will 
provide a convenient means for analysing subsequent specimens.
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TABLE 11

Max. A Z % Ma*. &d %Number of Cycle*

♦

41
:

100 
zoo 

400

-7.0
-10.0
-1Z.4

• *•<
• ••• *

♦6. 1
♦9. ■ (slightly out of round)

♦ Zi.6 (out of round)

which may either (I) rupture the alpha shell. (Z) exceed the yield strength of the 

alpha shell resulting in a permanent over-all dimensional increase, or (3) cause 

a temporary increase in dimensions which would return to normal upon a de­
crease tn temperature. The relative cross section of beta material to alpha 

material and the geometry and temperature level are important factors.

• *s

* da

Z. Resistance Heating Experiment (B. R Hayward) - The 500 kva ther­

mal cycling unit at California Research and Development Company was partially 

tested for use with a full scale SRE fuel slug. In this apparatus, the dimensional 

SICIIT

Laboratory tests were made to simulate the above conditions without the 

large t-mperature gradients in which duplicate samples of stainless steel- 

jackcted alpha-rolled uranium slugs were cycled 400 times between to30“ and 

600* C. The wall thickness of th* stainless steel jacket varied between 0. OZO 

inch and 0.060 inch. The ends were unrestrained. The 0.0Z0 inch wall speci­
mens became progress! vely mor* out of round as the number of cycles in­

creased. with severe distortion after 400 cycles. The jacket remained intact. 

The 0.040 inch wall specimens had a minor incress* in diameter (0.005 inch 

maximum) between aero and 100 cycles and only a slight increase (0.001 inch 

maximum) between 100 and 400 cycles. After 100 cycles with the 0.060 inch 

wall specimens, the maximum increase in diameter was 0.003 inch. This di­

ameter increased insignificantly after 300 additional cycles. There were no 

jacket failures in either the 0.040 inch or 0.060 inch jacket specimens. A pre­
viously reported jacket rupture in a 0. ObO inch wall jacket was not duplicated tn 

these tests. All of the unjacketed control specimens with the above tests were 

similar in the direction and amount of distortion. The following table indicates 

the typical change in dimensions vs the numb** of cycles of the unjacketed control 

specimen*.

• • • a a -• • a a aa * *•*a a a • •* aaa a ••
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This allows a 

the formation of the iron-

adequate for heating; how 
The surface temperature 

coolant such as Do*therm, 
the use of a water coolant.

wa rptng 

lavite. 
along the length, 
alundum cement i 
modified because
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. a Dal* confirming re»ult»
of alpha-rolled beta-treated uranium have been
previously reported in NAA-SR- 1027 were obtained for temperature. up to the 

am ma range at 770* C. Attempt, to extend the measurement up into the high 

gamma range have been unsuccessful due to failure of either the mam‘ " "J 

heater. The most successful main heater for the parlicu ar geo 
found to be 0.010 inch diameter molybdenum wire wound on a lavite

of 0. 125 inch diameter molybdenum rod prevented the lavite core from 

when the heater was brought up near the softening temperature of th 

. - h.ptrr at a more uniform temperatureIt also aided in maintaining the heater at a mo
The end heater, have been made of K-nth.l embedded in 

»< grooves in a lavite disc. This heater design will have to be 

failure, caused term.nation of the last two runs.

•km .nnrlnrtivitv of uranium in a longitudinal 
The apparatus to measure the conductivity oi ur
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Schematic of Apparatus for Longitudinal Thermal 
Conductivity Measurement (Modified for Uranium)

3 IN. 0.0. STAINLESS STEEL 
TUBE TO MAINTAIN INERT 
ATMOSPHERE

STAINLESS STEEL 
TIE ROOS

LAVITE 
TURNBUCKLE

POSITION OF THERMOCOUPLES INDICATED BY 
COUPLES ARE 0 8 IN APART ALONG SPECIMEN

NICHROME HEATER 
FOR GRADIENT

URANIUM STEEL 
SCREW CONTACT

INERT 
/ATMOSPHERE 

INLET

FLANGE WITH GLASS- 
METAL SEALS FOR 8 
thermocouples, nichrome 
heaters FOR GRADIENT 
ano current leads for 
HEAT LOSS DETERMINATION

COPPER TUBE
2 IN. I.D. X Z^IN.OD X2OIN LONG 

FILLED WITH BUBBLE ALUMINA 
AND CLOSED WITH LAVITE END CAPS

12 A W.G COPPER
WIRE TO FLANGE 

FACE vacuum 
PUMP

J IN DIA * 40 IN LONG 
FURNACE URANIUM SPECIMEN
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IV. REACTOR MATERIALS
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These 

watt*

at 350* C, which agree* with extrapolated value* of other measure- 

The exposure were carried out to 1. 1. 2.4. and 

The larger of these exposure*

• w • ••
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/

• a
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A. Engineering Evaluation of Graphite (R. E. Durand. D. J. Klein)

An experiment is under way to determine the effect of reactor irradiation 

on the thermal conductivity of type AGOT-CSF graphite tn the range of tempera­

tures JOO* to 700* C. covering the design temperature* of the SGR. One set of 

three samples has been irradiated for four weeks in the E-42 position tangent to 
the surface of the MTR core, where the thermal flux is 4 x 1014 neutrons/cm sec. 

Success in the measurement* on these first samples was hampered by (1) failure 

and subsequent repair of a gas seal, which had the effect of changing the gas 

pressure surrounding th* samples, hence their temperature*, during the run, and 

(2) fluctuation of the thermocouple reading* of unknown origin. An attempt is 

made to minimise the effect of the*e fluctuation* by an averaging process in 

taking the data.

The data have not yet been corrected for certain geometrical factor* 

(e. g. . finite length of cylindrical sample*), which are expected to be of the 

order of 1<* per cent. The result* of the run *ho« saturation of the thermal 
condicti'ity at 0.6 watt* cm’1 (C*)’ 1 for a sample irradiated at 425* C. 

0.4 watt* cm’1 (C*)’1, for sample* irradiated at 635* and 660* C. 

sample* showed an unirradiated value (in the same apparatus) of 1.2 
cm’1 (C*)'1 

ment* made in this laboratory.
2.4 kwh/gm, respectively, for the three samples.

portion of the specimen is heated up to 1000* C. It is also hoped that discrep­
ancies due to end heating effect* caused by contact resistance* will be decreased 

with the longer specimen.

The end plate was modified so that it was rigidly connected to the heavy 

wall copper tube by tie rod* of stainless steel connected with a la vile turnbuckle. 

The entire assembly could then be inserted into the stainless steel tube with 

minimum damage to the thermocouples. It wa* found that a number of 0.005 

inch diameter platinum vs platinum-rhodium thermocouples were broken during 

assembly even with the increased structural stability. Thermocouple* of 0.010 

inch diameter chromel vs alumel will be used for greater strength.
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tinted, 
of th* Zr 

less steel.

*r*«**l«r will be studied, 
determined.

::F •« eoa

The second set of samples *• ready for irradiation, and is expected to be 

irradiated dunnf the next quarter. The thermocouple* in thia assembly have 

been more securely cemented in place in an effort to reduce th* OuctuaUon* 

in their readings. Sulphur monitors have been included to permit a direct 

determination of the fast flu*.

The experiments *111 be identical with the capsule experiments used 

to study the transfer of Type 547 stainless steel, as reported in NAA-SR-ZS4. 
In the present experiments. Zr foils 2 inches by 0. 5 inch by 0.005 inch 

will be used as a source. These foils were prepared by irradiation in the 
MTR to a total net of 101’ neutroos/cm*. The capsules will be 1 inch 

outside diameter by 12 inches Ion*, of Type 504 stainless steel. A tem- 

•**ral**re Sr*4»ent of 00’ to 400* C will be maintained from the bottom to 
the top of the capsule.

The foils have been returned from the MTR. have been loaded into 

the capsules, and the capsules should be filled with sodium and the soaking 

period started within the next week or two.

C.

corresponds to approximately one year in SRE. It was impossible to follow the 
build-up of damage, since saturation termed to occur before 0.2 kwh/gm. the 

first point of measurement in the case of the 425" C sample.

• saw

• an a

L: Radioactivity from Zirconium (S. Nakaaato, A. M. Saul) - 
Experiments to study the transfer of ZrW by liquid sodium have been ini- 

The experiments will be used to compare the order of magnitude 

activity transferred with that transferred from Type 547 stain- 

The <«»ct of oxygen concentration in the liquid sodium on the 

Further, the "gettering** action of the Zr will be

Organic Coolant Investigations (E. JL- Colichman)

Certain organic compounds show promise of being useful as special pur­

pose coolants in reactors as well as perhaps suxiliary coolants in sodium grapn- 

ite type reactors. Of the more stable components, the terphenyls seem to have
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a.

c.

d.

2.
a.

Recent progress in the determination of the practical limit• of application 
of these coolants at various temperatures, under the influence of different kinds 
of radiation, are reported in NAA-SR-1O2O; details of procedures and expert, 
mental methods are given in that document.

the most desirable physical properties and, therefore, are betas investigated 
here as being possible organic coolants. Advantages, disadvantages, and 

possible reactor applications for ouch materials are listed below.

1. Advantages

Permit use of low pressure coolant sys-

The pump loop described in NAA-SR-1026 has been operated with 

m-terphenyl up to about 750* F. Due to operational difficulties encountered in 

using the various components at high temperature, no significant heat transfer 
data have yet been obtained. These difficulties are gradually being surmounted

The greatest difficulty was experienced with the Viking pump. The pump 

packing did not bold the fluid, the bearing cracked, and the bead gasket burned. 
The electrical insulation an the Waugh flowmeter could not withstand the high 

operating temperature and failed in service.

Greater safety. Do not react chemically with water, liquid 
metals, or uranium.

Low corrosion. Do not scale heat transfer surfaces, permit 

use of lower cost materials of construction.
Good moderating properties. Permit smaller reactor siae then 
Be or graphite.

Low vapor pressure.
tern.

Disadvantages
Poor heat transfer characteristics compared with Na.
Subject to decomposition by beat and radiation. Will sludge 

and form infusible mass if decomposition ia allowed to pro. 
ceed uncontrolled.

Applications
a. Primary coolant and moderator at temperatures up to 750 -

• 50* F.
b. Secondary coolant up to about 500* F.
c. Shield coolant.

••
••

••

••
••

••

••
••

•
• •••
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V. REACTOR DESIGN AND EVALUATION
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SECTION B
SODIUM REACTOR EXPERIMENT

A. General Engineering and Phv.>c» Evaluation (W. E. Abbott)

The fuel enrichment for the SHE is being determined by two independent 
analytical approaches. The "hot, poisoned** enrichment is being calculated on 
the basis of a criticality loading with JI fuel elements. The required enrich­
ment so calculated is then increased to provide the necessary excess reactivity 
for control and compensation for the poisoning effects of experimental equipment 
in the reactor. A survey is also being made of all available data regarding re­
actor critical experiments. The correlation between the theoretical predictions 
and the experimental data is being determined. Experimental data from critical 
and exponential experiments are being used to check the calculations for the SRE 

core. Calculations to date indicate the required enrichment will be between 1.0 
• nd 2. 9 per cent.

•• seS • • a s<
•• |j •• 

0*4 e a • * e•» ••* • a •

An independent machine calculation will be made to check the hand-com­
puted enrichment mentioned above, which is required to obtain criticality in 
the SRE. This calculation will be a two-region, eight-group representation. 
An IBM 701 machine has been chosen in preference to a UNI VAC because check­
ing of the coding of a problem for the UN1VAC would require an unwarranted 

amount of time and effort for the single SRE criticality problem.

B. Reports. Specifications, Drawings

Quarterly reports describing the progress on the SRE program will be 

issued to cover engineering analysis, development, design, and construction. 
A topical report is now in process which will emphasise the design and oper­
ational features of the SRE Special emphasis will be given to the over-all 
safety of this sodium-graphite reactor.

Specifications required for equipment. nuterUls. and processing pro­
cedures are being prepared as required. They are being written according to 

North American Aviation. Inc. (NAA) Standards and arc being issued through 
normal company channels.
wctn
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Land, Building*. Services (J. F. Stolx)C.

1.

Reactor Building - The Reactor Building (Fig. 20) consists of the

b.

SECRET48

2.
following areas: 

a.

A preliminary group of 39 scope drawings for the reactor hi s been com­
pleted. The majority of design emphasis is now being devoted to component 

assembly and detail drawings.

High Bay Area (46 feet high, 5,850 square feet).
This area houses the reactor primary cooling system, traveling 
bridge crane, a service and storage area for the fuel handling 
coffin, and a dry underground storage area for radioactive ma­
terials. This building area is windowless and is constructed to 
minimize air infiltration.
Lx3w Bay Area (4960 square feet).
This area will contain the Reactor Control Room, various experi­
mental facilities, and the service equipment required for the build­
ing and reactor.

Site - Three site areas at the Field Laboratory have been compared 
with regard to cost, future expansion area, and over-all desirability. Survey 
work has included both ground and aerial topographic mapping, drainage studies, 
and the location and testing of wells. The site now tentatively selected is in­
dicated in Fig. 18. It meets the requirements that the reactor shall not be 
closer than Z. 000 feet to the southerly NAA property line, ample recurity con­
trol area is available, and surface water drainage may be controlled. The ar­
rangement of the buildings and facilities at the site are shown in Fig. 19. Space 
is available for future expansion of both Reactor and Engineering Test Buildings. 
Space is also available for the future construction of a "water boiler” reactor. 
The arrangement of the buildings permits the maximum economy of services 
and utilities such as roads, drainage, water supply, fire protection, electrical 

power distribution, and security (Fig. 19).

The proposed construction area for the SRE is at the Santa Susana NAA 
Field Laboratory which is located in the Santa Susana Mountains, 20 miles 
northwest of the center of Lx>s Angeles. The present work has been concerned 
with the layout of the site and the arrangement of the Reactor Building and the 
Engineering Test Building. Progress to date is reported under the following 
headings:
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(1120 »qu*r* feet).
irradiated fuel element. will be 

**cb as control rod* and 

here following removal from th. re-

r:

’ I

* •*
*«

* I
* I

It will not interfere
all length of the bridge runway 4* approximately 101 feet

*-»•* oe• • •■ -
• •

•: i• • ♦ a • «i

•
*S I -T .
• *

Secondary Cooling System Hou.mg (120 square feet).
Thia area will enclose tho.e unit, of the .econdary cooling ey.tem 
which are above ground and which are .erviceable because they 

are not radioactive.
Sodium Serrtr. Ar«. («•« 
TT'.ToO.om molt ••ok. «>■" —*«• “•*

will be located in thi* area.
Radioactive U^bor .story Are* (2200 square feet I.
Thi. area will contain a hot cell for di.mantling irradiated fuel 
element, and other item, for inspection and testing. All contami­
nated work will be performed in thi. area, and access will be 
through change room, which contain the nece..ary monitoring and 

decontamination equipment.
Irradiated Fuel Handling Area
Thia area contain, a pond in which 

cleaned and stored. Other component, 
safety element, will be stored 

actor. 
Administrative Area (1120 .quare feet). 
Thi. area contain, the administrative office, and the room, 

quired by Health Physic*. 

Qutside Area.
Thi. area is outside of the reactor building and will contain t e 
secondary cooling .y t.m piping and fin-fan beat ..changer.. A 

tow wall surrounding thi. are. will confine any .odium which may 

leak from the system.
A traveling bridge er... i. located in th- High Bay Are. to transport th. 

fuel handling coffin, the top shielding plug., and a anil la ry equipment. e ue 
handling coffin, when not in use. will be stored in a .ide bay area adjacent to 
th. main bridge runway. Th. coffin is .elf-propelled and may be transferred 

from th. storage runway are. onto the bridge. The coffin will s.rvic. there-. 
actor room are. from th. reactor to th. irradiated fuel .tor.,, pond. A 75-toe 

auxiliary trolley to handle other load, remain, on th. bridge at all time., it can 

be placed »o it will not interfere with normal operation of the coffin. Th. ov.r- 
P --------- % the main bridge .pan
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The Engineering

etc

VI FUEL AND FtOOUCEH ELEMENTS

A. Development of SHE Fuel Elements (W. J. Hallett)

M ttcwiv

*• approximately 42 feet, and the distance from the finished floor to the under* 
•***• of the bridge is 12 feet clear.

All general construction including (ini she a. hardware, doorc. painting. 
. will follow NAA epeeifications and standard practice.

e • • • • I

as oea e 
' • so

• see• • g
• ♦<

a# e

The original fuel element design for the Sodium Graphite Reactor con* 

tained a 12 foot long section of uranium slugs. This design has been modified 
to reduce the length of uranium to 6 feet for the Sodium Reactor Experiment.

* •«
* son

•: I j• 5 5
• •

All building construction will be of the noncombustible type with reinforc - 
ed concrete floors and corrugated metal superstructure. A masonry wall will 
••«»••• ’he SF material vault and fuel fabrication area. A masonry wall will 
also separate the shops and laboratories from the administrative area. All 
areas of the building will be provided with thermostatically controlled indue* 
trial forced air heaters. The electrical requirements are approximately 400 
kva. 4 160 volts. 1-phase. 60 cycle.

>♦ Engineering Test Building • (7200 square feet).
Test Building is divided into the following areas:

a. High Bay Area (26 feet high. 2400 square feet).
1** this area will be located the facilities required for fuel element 
fabrication, moderator cell fabrication, and equipment for testing 
and annealing operations.

b. Low Bay Area (12 feet high. 2500 square feet).
This is an experimental area required for fabricating and testing 

components to be inserted into the reactor. Engineering data re­
garding control rods, corrosion, dimensional stability, and thermal 
characteristics will be obtained here. This area will contain a 
storage vault for ST materials.

«• A*mt*»***rative and Laboratory Area (IO feet*6 inches high. 2100 

square feet). This area will contain offices, electronic laboratory, 
counting room, lavatories, and showers.
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Metallographic •samiMtUma of three or lour stainless steel jacket tube 
specimens indicate a Urge number of nonmetaliu/inclusions. The fuel Jacket 

tube must have a minimum number of inc luoions or flaws which might reduce 
the life of the element or result in a rupture of a jacket. It may be necessary, 
in order to obtain tubing of the required quality, to use vacuum melted ingots 
and select the bloom as is done for bearing grade steel.

Recently acquired information indicates a lack of heat-treating data for 
the originally desired U-Zr (2 w/o Zr) wrought alloy. Difficulty was also en­
countered in producing Urge homogeneous ingots of this U-Zr alloy. The fuel 
material specification has therefore been changed to beta-treated unalloyed 
uranium.

as shown in Fig. 21. The guide fine above and below the fuel rod section as­
sist in guiding the fuel element into position when charging into the reactor core. 
The design of the weld joint between the fuel loading jacket and the end plug has 
been modified to improve the strength. Tensile tests indicate the joint is now * 
stronger than the Jacket tubing.

Nondestructive Testing of Fuel Element Components (J. Droher) 

it is important that no voids exist in the liquid metal bond between the 

uranium slugs and the stainless steel jacket. Such voids would interfere with 

the heat flow from the slugs to the sodium coolant and might cause the slugs to 
over-heat. T 

described, 
appears to be the Cyclograph 

seven. 12 foot long SCR fuel rods. 
NaK eutectic and three were filled with sodium as a bond

Several nondestructive bond testing methods have been previously 
To date the most promising production test for voids in the bond 

The Cyclograph was used for extensive tests on 

Four of the seven rods were filled with the 

Cyclograph traces 
were then made of each rod after welding in the end cap and before any heat 
treatment. Using a coil frequency of 4 kilocycles per second, it was possible 

determine that the liquid metal bond filled the annulus between the uranium 

slugs and the jacket. The best traces were obtained from the NaK bond, the 

sodium bond gave rather poor traces. These tests were carried out at room 
temperature and the sodium was solid, while tho NaK was liquid. This may 
account for the indicated superiority of NaK over sodium.
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Th* teat* to date with th* Cyclograph indicate it i* not sufficiently sensi­
tive to clearly distinguish between pin hole* and th* minor surface variations 

which exist in all tubing. Point probes have also been unsuccessfully used. 
Other methods of increasing the Cyclograph coil sensitivity are now being

In order to further evaluate the sensitivity of the Cyclograph the uranium 

slug* had been prepared with three different surface conditions: (I) slightly 

oxidised as received. (2) pickled in nitric acid. (J) polished slug*. The Cyclo­

graph indicated no superiority of the pickle* or polished surface* over the light 
oxidised surface when the fuel rod contained either NaK or sodium.

In order to frees* the NaK in a NaK bonded fuel rod. the rod was placed 

in a kerosene dry-ice bath. The jacket was then cut along its entire length in 

a milling machine and pulled back to permit inspection of the solidified NaK. 
The NaK was well bonded, and only a line void was observed. This ia believed 

due to the liquid NaK flowing away from the top surface of the slugs when the 

rod was placed in a horizontal position before freezing in the kerosene dry-ice 

***th- The bond was tenacious and wet both the stainless steel jacket and the 
uranium slug*.

Seven of th* fuel rod* were then assembled into a fuel element and heat - 
treated by soaking in sodium for IOO hours at 800* F. The fuel element was 

then withdrawn from the sodium, water sprayed and soaked to remove the ex­

ternal sodium, and disassembled. Each of the seven rod* was then tested with 

the Cyclograph. *1 he traces indicate le** deviation from a straight line for the 

NaK bonded rod* than for the sodium bonded rod* This seems to indicate the 

NaK bonding had been somewhat improved, while the heat treatment had not re­

moved many void* from the sodium bond. In order to examine the bond the 

stainless steel jacket was removed from one of the rods by peeling back along 

a helical spiral. The sodium bonded region and a typical large void ia shown 

in Fig. 22. A layer of oxide form* on both th* sodium and the stainless steel 

jacket upon exposure to air. Th* void area on th* uranium slug and the region* 

on th* jacket which were adjacent to th* void show a complete absence of sodium. 
Th* photograph also show* that the sodium adhered tenaciously to both the 

uranium and stainless steel, and that its adhesive strength to these material* 

was greater than Its cohesive strength to itself.
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(W. J. Hallett)Fuel Element Drop TeatsC.
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Four fuel rods were selected for testing. Each one was securely fixed 

to a 12-foot long hanger rod of 3/8-inch diameter steel pipe with a flange weld­
ed at the top end. The rods were suspended over a fuel storage cell by a cord. 

They were dropped into the cell by cutting the cotd. Since the flange at the 

upper end of the hanger rod was much larger than the storage cell opening, the 

rods were abruptly stopped while in free fall. Before dropping, the rods were 
heated by a clam shell heater to a temperature simulating that expected in actual 
reactor operation. The four preliminary tests indicate the following:

(1) A fuel element may be dropped 12 feet without rupturing the jacket.

During the operation of changing a fuel element in the reactor, a failure 
of the handling equipment could result in dropping ti?e fuel element into the core. 

Under the worst conditions a fuel element could fall approximately 24 feet be­
fore being abruptly stopped when the shield plug reaches its normal position in 
the reactor top shield. If the uranium slugs have sufficient kinetic energy to 

rupture the fuel jacket, the slugs would fall into the plenum chamber below the 

core. This would contaminate the sodium coolant with fission products and 
present a very difficult recovery problem. It was impossible to calculate 
whether or not the fuel rod jackets would rupture under these conditions, and 

a series of tests were made.

investigated. Preliminary tests using a Reflectoscope, an ultrasonic instru­
ment, were made on tubing, using a 5-megacycle searching unit. This instru­

ment indicated some promise and tests are continuing.

The failure of the stainless steel jacket will depend upon many factors, 
such as, the quality of the end cap welds, the metallurgical treatment of the 

jacket, and the temperature of the cladding at the time of fall. Because the 

impact strength of the jacket will vary significantly with temperature, it was 
decided to conduct the tests at a temperature simulating that of an accident in 

the reactor. The amount of energy which the stainless steel jacket can absorb 

was estimated by integrating stress - strain curves. Calculations indicate that 

if the jacket were fully annealed and the kinetic energy of the fuel were uni­
formly distributed, a 12 foot drop at room temperature would rupture the 

jacket.
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VII. MODERATOR, REFLECTOR. STRUCTURE

Reactor Foundation (J. F. Stole)
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A layout drawing of the reactor core aaaembly han been completed and 

detail drawing* of the coinponenl* are now being made. Aa shown in Figg. £5. 

the core assembly consists of a $041. stainless steel core tank which contains 

hexagonal graphite moderator cells individually canned in airconium. The fuel 

elements hang vertically in coaxial holes in the moderator cells. Sodium enters 

through a pipe which discharges into a sodium plenum chamber below a grid 

plate which supports the moderator cells. The sodium flows upward through 

the coaxial coolant tubes into a sodium pond above the reactor core. The sodi­
um is drawn from the pond through the coolant circuit and heal exchangers. 

Surrounding the core tank, is a cast iron thermal shield, a quarter inch steel 
intermediate tank, thermal insulation (fire brick or stainless steel wool j. a 

quarter inch steel plate cavity liner, and a concrete biological shield. Welded 

on the outside of the core cavity liner and imbedded in the concrete are shield 

coolant pipes through which toluene will flow. The core tank, as indicated tn 

Fig. £5. is supported on steel support pedestals. All necessary calculations 

regarding thermal stresses and earthquake loads have been made and are now 

being checked.

aa
• o• •

*

The biological shield serves also as the reactor foundation (Fig. £4) and 

is made of reinforced concrete. Thia structure distributes the bearing load 

to a supporting strata and retains all lateral earth, building column, and other 

surcharge pressures. The total reactor assembly weighs approximately 

400. 000 pounds and when combined with the shield itself and other surcharges, 
produces s foundation soil pressure of approximately 6£OO psf. The biological

Reactor Core Tank and Supporting Structure (W. Sanders)

If the jacket ruptures, it tends to shrink around the slugs and prevents 

most of them from falling out.

This should require the recovery of fewer slugs than originally anticipated and 

should simplify the recovery problem. Further fuel element drop tests are 

being planned.
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to capture gases released by graphite

<>)

blSICRIT

MMMP

ahi eld (reactor foundation) ia approximately 4 feet thick baaed upon a prelimi­
nary analysis of the structural and shielding requirements.

(1)
(2)

Several methods for adjusting and controlling the int*~inal pressure in the 

caaa have been considered in order to balance the hydroatatic loads and miti­
gate the build-up of intsrnal preaaurea:

pen • •
• • • • 
r : :

:

is
* 9 9
:• : :

* • a a 
a sen • •

• Si.• • • • ♦ •• • r -

Vacuum pack.

Vacuum pack with "getter" 

during operation.

Partial filling with helium with "getter**.

Arrangement of Moderator and Reflector Cell Unite (J. Facha)
5 bAs previously reported * the moderator and reflector graphite ia rn- 

caaed in hexagonal sirconium raws The fuel elements are supported vertically 

in coaxial hole a. Control rods. bail aafety devices. and experimental charnels 

are located at the cornera of the cana as indicated on Fig. i9. A horiaontal 

croaa section through one of the moderator unit a ia also ahown in Fig. 2T.

s i • 
fso

Previous aoil report data from adjacent area a on NAA Field Laboratory 

Site were uaed in making the atructural calculations. Final aoil surveys will 
be made aa required. Calculations indicate earthquake atability will be aafe. 

Shale aeama which promote alippage when permeated with ground water will 

be grouted and keyed if encountered.

The airconium moderator cell cana are approximately 120 inchca long, 
aa ahown in Fig. 2b. The airconium for both the aide wall and the coolant tube 

ia 0. 015 inch thick. Experiments are being conducted to develop the end clo­
sures (can ends). Three type a are being studied: ( 1 ) corrugated. (2 ) a thick 

flat plate. (>)a rigid plate with a uellowa attached to the lower end of the cool­
ant tube. A deaten muat be eelected which will beat withatand both hydroatatic 

preaaure and the thermal strain introduced by longitudinal differential expan­

sion between the coaxial coolant tube and the hexagonal side wall.

Development of Zirconium Moderator Cell Cano (R C. Brumfield. W. 
Cockrell)
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Fig. 26. Zirconium Canned Moderator Cell
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Stainless steel end fixture* attached to the can will provide a handling 

attachment. a guide for fuel element* during loading, sodium flow control, and 
mechanical alignment.

(4) Manifolding to control internal pressure from external source.

(5) Use of snorkel connecting can to helium plenum chamber above the 

•odium.

• • • • • • * • * a

Experimental work i* now proceeding to evaluate the above method*. In 

any event the graphite will be out-gassed in vacuum at 1500* F before the final 
seal-off of the can*. A search for suitable "getter” material is underway.

Experimental development work has continued on the welding of sirconium 

sheet and plate. Successful joints have been made between 2-7/8 inches OD by 

0.045-inch wall tubing to end flanges of 0.015 inch and 1/16 inch thickness, as 

shown in Figs. 27 and 28. X-ray examination of a 10 foot long longitudinal can 

weld indicates gas holes along one side of the weld, as shown in Fig. 28. A 

study is now under way to determine the cause of these holes. A 14-foot welding 

•take at NAA is being modified to produce the six moderator cells previously

A maximum surface hardness of 170 Brinell has been specified for the 

sirconium sheet to be used in fabricating the cans. Fifteen sirconium ingots 

have been produced to date which satisfy this requiremen!, chemical analyses 

have also been made. Calculations of the sirconium cross section based on 

these analyses give a value which is the same as that used for th* nuclear cal­
culations for the SRE. namely 0. 22 barn. A specification covering the conver­
sion of the sirconium ingot to sheet, strip, and plate has been w ritten. and dis­

cussions are under way with several potential vendors. Discussions are also 

under way with potential fabricators who can form the plate into tubing and 

sirconium cans. A pilot run of approximately 1000 pounds of sirconium is now 

being made to supply sheet for experimental work and the fabrication of six 

moderator cells.

An order has been placed for enough machined hexagonal graphite sections 

to permit the assembly of six moderator cells. AGOT or equivalent graphite 

has been specified and upon receipt in July, will be examined for chemical im­

purities. physical properties, nuclear properties, and oul-gassing charac­
teristics.
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sieur
b7

S.

* a-a* 
< ** *•« ■■
• • • < ♦ «*• ••

♦a * •
• •« a £ a

a* *'** *
• • • ♦ 
s : j a :a

I

licitT

*

»

ji ’■ Hj-wqg,.
A w

1 

xt 
juu^i

Li



RSMMMHHI
Unclassified SRP 47-89 B

Weld of 0. 045 inch wall Zirconium tubing to 0. 1875 inch thick flange

J-----— — ---- — _—

* I

a* ..a*-*-'

SECWET

050 inch Zirconium Sheet

Test Welds on Zirconium Flange and Sheet

68 SECWET

X-ray (positive) of Shielded Arc W* Id in 0. 
(Note Bubbles )
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VIII. REACTOR COOLING AND HEAT TRANSFER
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System Operation - Both the main and auxiliary circuits operate at 

all timet. The main c ire bit is designed to remove 20 megawatts of heat and 

JICIIT

mentioned, if the modified welding stake is satisfactory, it will be used for 

manufacturing all of the cans required for the SRE. A 150kw electric furnace is 

being installed for heat treating and out-gassing full scale moderator cells. A 

high temperature vacuum chamber and vacuum system auxiliaries for use with 

this furnace have been designed. The moderator unite will be out-gassed under 

high vacuum at 1500* F in this equipment.

• es* •*y * • •• • • • ♦
♦ a as• » asa s»

All operational valves in the primary loops are equipped with extension 

handles for manual operation. The nonradioactive secondary system has valves 

and instruments located for direct manual operation. The concrete shields of 

the galleries *r« •«> arranged that maintenance on the loops is impossible until 
the sodium has drained from them. Flush lines are provided for the loops. 
Since the two galleries are shielded from each other, one loop may be drained 

for maintenance work without affecting the other loop.

1. I^urging and Ftiling the System - The four coolant system loops will 
be purged by sweeping with helium. Sodium will then be charged to the loops 

from the sodium service system which will t»e described later.

A. Reactor Cooling Systems (A. M. Stelie. G. R. Cogswell)

The reactor cooling system is used to conduct heat away from the core 

by means of liquid sodium. The system is divided into four separate loops 

29). -The Main Primary and Auxiliary Primary loops are radioactive 

and have communication through the reactor core. The Main Secondary and 

Auxiliary Secondary loops are nonradioactive and transfer heat from the in­

termediate heat exchangers to air blast coolers (Fig. 29). The primary cir­
cuit is fabricated of 6-inch stainless steel pipe, while the secondary system is 

made of 2-inch pipe. The radioactive primary loops are located in two gas 

tight galleries adjacent to the reactor and below the floor level. Each gallery 

contains one loop and they do not communicate with each other. The nonradio- 

actlve secondary system is located outside of the reactor building and is weather­
proofed and protected from water.

• » • • •• • do see see• • •‘♦a
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The main primary loop draw* suction from the sodium pool in the core 
tank. The suction nozxle and pump are located below the free surface to pro­
vide positive pressure in the pump. The sodium flows through the pump, the 
intermediate heat exchangers, and back to the sodium coolant plenum in the 
core tank. The sodium loops will contain cold traps and plugging meters. The 
auxiliary primary loop draws suction from the sodium pool at a level below that 
of the main circuit. This arrangement prevents the loss of suction in the event 
of an accident which would discharge sodium into the main pipe galleries. The 
core tank serves as an expansion tank for both primary loops. The sodium 
pressure at the eye of the primary pumps will be regulated by helium pressure 
over the free sodium surface. The fill tank is also in communication with the 
core tank in order to provide a large gas volume which will prevent large or 
sudden pressure changes. The sodium pool volume in the core tank will ac­
commodate a sodium temperature change of 400* F.

the auxiliary circuit will remove 1 megawatt. The heat is rejected from the 
• econdary loops to the air blast coolers which are manually controlled; auto­
matic control may be added later. The temperature difference between the 
heat exchangers and the cold legs of the loops will be held at 460* F through 
the range of 10 to 1OO per cent of maximum power. This control is provided 
by variable speed direct current motors on the two main pumps.

The temperature drive in the intermediate heat exchangers is limited to 
60* F to simulate reactor operation. The exchangers are located as high as 
possible in the galleries in order to provide the high direct drive required for 
thermal convection circulation of the sodium in case of power failure. The air 
blast heat exchangers are also located high enough to provide a high pressure 
head driving force.

The arrangement of the two secondary loops is identical. The sodium 
flow in the auxiliary loop is constant, while the flow in the main loop may be 
varied. The secondary loops are independent closed loops between the inter­
mediate and the air blast heat exchangers.

•• • • • • *• •

:.. F: ..: .: •

3. Draining Sodium from the System - Sodium may be drained from 
each of the four loops independently. Either primary loop may be drained by 
stopping the pump and introducing helium at the intermediate heat exchanger.



+*•«***? »*«^«-

t
w■

CQllCtTt.•

1 * • - •»• ♦ 4B

*

•U*»

•O’

• V

♦

-w «»v»
MMainw-'

COM HW"
‘J *

a4-J

f
|

••JL
C«»<U —■*>

»» »>»■>

:

♦

L 1
*U« 

caauni

< • .
-X •

MAW >1111,^1 
•MM - >104

wraw
•AO©

Wi
Ml

r»U. TMm

AM - PI III HO l
----------------

Rlmao i 
P«U r»OM«

»w» IM M/M*

'•w

« .

*• *

• *■• •

Z" 9 ------
' 19 9 *

**w> * w • • • • • *

3

Jt_

:

Sx-aT

L:.

“ « 
*«

•*

• • • • •• •»* »

• w • -I
■Xa a ■

""a • •
—-L-a_

• • * <»» •• * •» • •« *• • • • *•• * ♦ 99 *• * • • •• • *»• • •«

■ > •

• •

•» ••*• * •• • • •• • •• • •«k«

I—

'"*« « •* • ♦* ♦ «• •• ♦

fCBfT

4

SfCBfT

▼w 8CMHVM 
»v>r«M

¥

<MMC«

a,r>H
P M

W
 *• 

...........> dM
^W

Q

Fi
|. i

f. C
oo

hn
t S

ya
te

m
 4n

d S
trv

ic
* S

ya
te

m
 /lo

w
 Du

gr
ar

r

a«
«<

k>
«r

t cw
c

w
<t

«

M
 

•*



*

*

SICSIT
-

and maintain an inart atmosphere ina.

b.

71
IICHT

Contaminated sodium will be drawn off to portable 

Each cold trap in the reactor coolant system may be

as

c.

d.

• •

*
we

drain valves, i 

pension tanks.

4. Sodium Service System 

filtering,

• ••
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This will displace the sodium in the loop to the core Uni. Valve, may then be 

closed and the ptp.ng -outed from the tank. An alternate method of draining 

th. system is to lower the .odium level in the core tank by mean, oi a drain 

pump. The sodium will then drain from the loop to the core tank by gravity. 

Using this method, the fuel element, need not be removed from the rea-tor. 
If the fuel is removed from the reactor, th. .odium will be completely drained 

from both primary loop, and the cor. lank by means of a drain pump.

Either secondary loop may be drained by stopping th. pump, opening th. 

ant introducing helium at th. air blast heat exchangers and ex- 

The sodium will then be forced into the fill tank.

. All of the equipment required for melting.

and transferring .odium to the fuel tank, comprise, the sodium 

Mrvice • ystem (Fig. Wk This system will be u.ed intermittently, and all 

lines and vessels will b« empty when not in use. All vessels and sodium hear­
ing lines are electrically heated so they may be pr.-heated to JOO* F before the 

introduction of sodium. Th. system is designed to perform th. following func­

tions:
Purge air from the system 

the pipes and vessels.
Melt and transfer virgin liquid sodium to either th. main or aux­

iliary fill tanks.
Hecirculal. and filter used sodium from either fill tank.
Circulate sodium to th. cold traps in th. main and auxiliary cool- 

ing circuits to flush out precipitated contaminates.
Drain sodium from the pipes and vessels for stand-by condition.

The .ystem is purged by helium at the same time the coolant .ystem is 

being purged. Th. helium from the coolant system will flow from the (ill tanks 

to the transfer tank and out to th. atmo.ph.re Sodium, which will be purchased 

in 55-gallon drums, will be charged to the system through a melting furnace 

and a filter. The sodium is then pumped by a 55-gpm pump to both the primary 

and secondary fill tank. A check valve will prevent radioactive .odium from 
being accidentally forced from the primary fill tank back to the transfer tank. 

The sodium service system will also be used to recirculate sodium for filter­

ing and cold trapping. ~----------- a——• ------M—. will b. drawn of- to portable con­

tainers for disposal.
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MAIN PUMPS AUXILIARY PUMPS
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74 SECRET

pump and for the shaft teal.
to form the seals as shown

service system.
Gas purging lines 

to be blown out of the lines.

isolated from its loop and'flushed with sodium from the sodium 
The cold traps are located at the low points in the system, 
attached to each trap will allow the sodium

Size 
Capacity 
Pressure 
Speed

• : *: : : :
* •

1. 25 in. by 2 in. by 8 in.
60 gpm 
30 psi 

1 000 rpm

:.:
H

6 in. by 8 in. by 15 in. 
1200 gpm 

50 psi 
850 rpm

Sodium freeze seals are used at the
Toluene coolant lines freeze the sodium 
tn Fig. 30, which shows the arrangement of the auxiliary second­
ary pump. The primary pump is of the same design but has a 10- 
foot shaft connecting the pump coupling to the motor. This 10-foot 
section of the shaft is contained in a 12 inch diameter pipe housing 
which also contains lead for shielding purposes. An inert gas atmos­
phere is maintained in all pump access tubes at a pressure ap­
proximately equal to the sodium pressure on the shaft freeze seal. 
This will prevent the extrusion of solid sodium from the seal, and 

prevent contamination of the sodium. All pumps are mounted verti­
cally and are designed for easy repair and maintenance of the rotary 
parts. The pump case joint is bolted to the outside of the gamma 
shield. After draining the sodium from the pump, the entire unit 
may be unbolted and all rotating parts withdrawn by lifting the floor 
plate. No remote cutting or disassembly operations are required. 
Valves - The number of valves in the main and auxiliary coolant 
circuits have been kept to a minimum. Most of the valves are in 
the sodium service system. The valves for the primary circuits 
are modified gear operated plug valves. The modifications include 
freeze seals for the stems. The other valves in the system are 
single bellows globe valves with the bellows located away from the 

sodium or high pressure side.

5. System Components -
a. Pumps - The pumps being specified for sodium service are modi­

fied variations of hot process centrifugal pumps. The rating of 
the pumps are as follows:
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Heat Exchangers - Specificationsc.

B.

attnotp iere at 1500* F.

»tC««T
• as »e e • e 

ee e •
• • • 
• • • •as ••

have been >»«ue4 lor the purchase 

of the intermediate heat exchanger. for both the main and auxil­

iary circuits. These exchangers are horizontal. shell and tube 

counterflow units with provision for complete gravity dramage 
(Fig. ID. The heat exchangers are of all welded construction and 

will be fabricated from JML stainl.a. steel. The air blast heat 

exchangers are horizontal, finned tube, forced air units. Heat re­

jection control is achieved by shutter manipulation.

on SHE Components (D. Eggen. F. Bowman. R-
Engineering and Tests

Cygan. K. Johnson)
1. teanlatiym - Two materials are being considered for the thermal in­

sulation which will surround the reactor core tank; (1) steel wool in a nitrogen 
atmosphere; (2> insulating brick or mineral wool bats. The thermal insulation 

will operate in temperature range, around 1200’ F. — nitrogen is being con­
sidered as th. inert gas which form. th. surrounding atmosphere. U is nec.s- 

sary to know that steel wool and the 104 L. stainless steel, which form, the core 

tank, will be stable under these conditions. Preliminary experiment, have beer, 
completed in which specimen. of coarse, medium, and fine grade, of stainless 

steel wool were exposed in —aled capsule, in * nitrogen stmo.ph.re at 1200 

for one month. Except for turning black, th. steel wool .pitmen. were not 
effected. A second serie, of experiment, using the same grade, of steel wool 

were conducted at both 1200 and 1500" F with a slow stream of nitrogen passing 
over the samples. The specimen, —re examined weekly for four weeks. The 

fine grad, steel wool gave «vi< ence of serious embrittlement after a four week 

exposure at 1200" F. After one week at 15O0» F. the three specimen, had 

become extremely brittle and were easily reduced to powder. This suggests t t 
the reaction is progressive and that the coarser grade, of wool would probably 

become embrittled over a period of time. Diffraction studies of the powder widen 

result, from the treatment of me steel wool .< 1500* F indicate the presence of 

only iron and c iromium oxide. Toe function of the nitrogen remain, unknown. 

A piece of J04L Stainless Steel plate given the same treatment indicated severe 
scaling. The non—dherent character of the scale would indicate a relatively s.iort 

life for a 3O4L Stainless Steel tank in a nitrogen
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Heat Exchanger Assembly
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C. Engineering Tests of Sodium Flow Under SRE Conditions (R. Cygan)

♦

Examination of noth

78 SICRIT
o

Inert Gat Studies - It is planned to uae three inert gas ay ate ma in and 

These are:
Oxygen-free helium in a id« all veatelt and auxiliary equipment con- | 

taining sodium coolant.
Commercial helium in the control, safety. and miscellaneous 

thimbles extending into the core tank and in the ball aafety device. 
Nitrogen (relatively oxygen-free ) in the coolant galleries and the 
cavity around the core tank.

| z
*•5 a a

The teats indicate there should be no 
fuel element.

i **• 

: . i
a

Studies are now in progress to develop a method of removing oxygen from 
commercial helium. The objective of the studies is to optimise a NaK bubbler 
train for the SRE requirements.

2.
around the reactor and the coolant systems.

a.

Five electro-magnetic flow meters are being calibrated prior to instal­
lation in a sodium pump loop. They will be uaed on the pump loop plugging in­
dicator.

see a
• • ♦...
• • •• • osee a o

5. Sodium System Components - Various designs of sodium freeae seals 

are being investigated for uae in a plug valve in plac j of a standard packing 
gland. The valve and seal will be tested under simulated operating conditions.

Flow pattern observations were made to determine if stagnant fluid areas 

existed around the fuel rods. Variations in fluid flow velocity at various pointe 
along the element were also observed. The element was painted flat black and 
mounted in a transparent coolant tube. Aluminum particles of approximately 

140 mesh were added to the water circulating in the loop.

Experimental measurements to determine the vibration characteristics 
and sodium flow pattern past a seven-rod fuel element were made. Vibration 
was checked by means of strain gauges and a recording Cyclograph. The strain 

gage bridges were mounted at various points along the length of a fuel rod as 

indicated in Fig. 32. Measurements were made using water and varying the 

flow velocity from 12 to 20 feet per second. No regular nor deleterious vibra­
tion was found at any of the flow rates tested, and a periodical vibration was 

found to have a maximum amplitude of 0. 015 inch at the mid-point of the fuel 
rod. The testa indicate there should be no vibration problem with the seven-rod
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D.

Stainless Steel Metallurgy for the SHE (F. Bowman)

■

F. Inert Gas Systems (W. D. Alderson)

stoat
•’s:
• • •

• I

A survey of all stainless steels which might ha we possible application for 

the SEE core tank and coolant circuits was made to compare the weldability, 
elevated temperature properties. and coat*. It haa been established that weld 

cracking la a problem in the case of 147 stainless steel. Jib stainless ateel 
behaves in a similar manner

On the basis of 1. 0Q0 hour heat teata. it haa been established that sigma 

phase (an iron chromium compound) forme to a eignlfleant estent in both 347 
and >16 atainleaa ateele at temperatures as low as 11OO* F. No sigma phaae 

materials were found in J04 atainleaa ateel teated in the same manner. Since 
the sigma phaae la preferentially formed at grain boundaries and ia essentially 

brittle material. its effect on elevated temperature ductility could become seri­
ous after long exposures at high temperature. Tests indicate that the aigrna 
phaae formation causes a serious decrease in creep etrength.

'• ***

etill and motion pictures indie a to a no stagnant fluid arena. The spacer wire 
which ia wrapped helically around the individual fuel roda does not cause a 

marked spiralling of the fluid around and between the rode. This io illustrated 

in Fig. >3. where a spacer wire is located in the center of the photograph.

In view of the difficulties which may be expected in the welding and high 

temperature operation oi 347. 31b. and 3161. stainless ateele. it ia felt desira­
ble to specify 3041. stainless steel for use in the SEE. Material and welding 

specifications for 3041. stainless stool have been issuod.

««• e aa a • i •a • •a a a 
• • • e e as

Helium io used in the core tank and all components which come la direct 

contact with the sodium. It is also used in ail fuel handling facilities, such as 

the fuel handling coffin, the cleaning cells and the fuel storage cells. Sodium 

pumps, valve freese seals, control rods, and the ball safety device are also 
supplied with a helium atmosphere. 
80

The sodium pump loop previously reported*’ has been assembled and de­

livered to the Santa Susans site. The loop is made of 3O4L. stainless steel using 
the welding and cleaning specifications which have been prepared for the SEE 
coolant loops. The electric power supply to the pump is now being installed.

• • • a e • • - • . a • * 
eo « «•
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G. Toluene Cooling System

IX. INSTRUMENTATION AND CONTROL i
Control Rod Systems (C. J. Thompson)

SECRET82
i

Nitrogen will be used as the inert atmosphere in all other components. 

These include the sodium piping galleries, the cavity surrounding the core tank, 

the thermal insulation, and the double wall sodium inlet pipe* to the core tank.

A total of 32 kw are removed from the freexe seal* on the sodium pumps 

The bearing housings of the sodium pump* are also tolueneand plug valve*, 

cooled (Fig. 30).

I •

4.

• ••
see •• • • e e *

Approximately 66 kw of heat is removed by the toluene from other com­

ponents, such aa ion chambers, fission chamber*, sodium cold trap*, and 

vapor trap*.

A toluene cooling system is used to transfer heat from various component* 

and areas associated with the reactor (see Section X-B-2). Approximately 40 

kw of heat are transferred to the toluene in air to liquid heat exchangers mount­
ed on the wall* of the pipe trenches. The nitrogen gas in the trenches is drawn 

through the heat exchangers and give* up its heat to the toluene.

Both the helium and the nitrogen will be stored at 2400 psi and reduced 

to 50 psi for distribution to the various reactor component*. The pressure 

will be further reduced a* required by each component. Each gas system is 

noncirculating and is essentially stagnant except for the small volume of make­

up gas required by the loop*. All vent lines are normally closed and any gas 

containing radioactivity will be compressed into hold-up tank* before being re­
leased to the atmosphere.

• • •
• * * • * ••

1. Arrangement and Design - The arrangement of the thimble type con­
trol rod arrangemeit being prepared for the SRE has been previously reported^ 

The 3041. stainless steel thimble extends from the top of the reactor shield down

Preliminary scope and Lryout drawings for the helium and nitrogen gas 

system* have been completed. Calculations are being made to determine the 

amount of shielding required by the activity in the gases. The capacities of the 

various component* of the gas handling systems are also being calculated.

•■* *** 
* • • 
* * • • • * •
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The position of the control rod will be indicated on the control console by 
Selsyn motors. A rotational counter mounted on the two-tooth clutch will in­
dicate rod location within 0. 1 inch. It may be necessary to know the rod posi­
tion during the replacement of a drive motor assembly.

The entire control rod assembly is designed so that helium will be used 
as the heat transfer medium between the boron steel sleeves and the coolant 
sodium flowing outside of the thimble. The entire internal mechanism of the 
control rod may be removed from the reactor by using the fuel element handling 
coffin. If required, the thimble may also be removed by the same method and 
equipment.

The pull tube is attached to a ball nut assembly o' "• ball screw (Fig. 35-B). 
The nut assembly rides up the screw as it is turned. The screw .'haft is ro­
tated by a two-tooth clutch (Fig. 35-A), which in turn is driven by an electric 
motor mounted outside the reactor shield. This clutch arrangement permits 
the removal of the motor and gear box by lifting out vertically. Thia permits 
clearing the top face of the reactor when the fuel handling coffin is in operation.

through the sodium pool to the bottom of the reactor core (Fig. 34). The neutron 
absorption material is 3 per cent boron steel in the form of centrifugally cast 
sleeves. The boron sleeves are 2. 487 OD by 2. 180 ID by 4 inches long. Eight­
een sleeves are mounted on a pull tube which moves vertically in and out of the 
core. The sleeves fit loosely on the pull tube (Fig. 35-C)..and will adjust to 
any warpage in the thimble. The boron sleeves may be moved entirely out of 
the core on the pull tube which has a total travel of 7 f< et.

There will be four control rods located as indicated in Fig. 2 5. The rods 
are not located in the center tube of the moderator cells, but are in a tube-like 
space formed by the scalloped corners of three moderator cells. The four rods 
will be used as shim rotis, and one will be arranged to have an override on the 
shim movement so it might function as a regulating rod. The shim movement 
will be manually operated, while the regulating rod will be instrument con­
trolled.

2. Engineering Tests (H. Str ahi) - A technique for producing boron st«el 
control rod sleeves by spraying a high boron content material on to a stainless 
steel mandrel has been previously reported''. Four inch long specimen sleeves
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Control Rod Detail*
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Ball Safety Davie* Ar^»nge»n*nlFig. U.
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of the core, 
center tube 

i» forced down th* center tub*.

• •
-

w*r* thermeUy cycled between 800 and 1300* F on a I-hour cyclo. Very fin* 
cracks appeared on th* surface. It ia believed that these creeks may b* re­
duced by flame spraying th* metal onto a graphite mandrel and then removing 

th* mandrel after th* final machining and grinding operation.

Sleeve specimens which have been centrifugally cast of a boron nickel 
alloy have been prepared by local vendor*. These specimen* have a lower 
hardness than th* flam* sprayed specimens. It io also possible to machine 

thia material and eliminate th* grinding operation. It appear* that these sleeves 
will be leas expensive to fabricate than th* flam* sprayed one*. Physical test* 
are now being conducted.

•a * * *
• f ♦ •;• : :
• • • a• ea »

Safety Device System (C. J. Thompson)

1. Arrangement and De*ign - A ball safety device i* being designed for 

th* SRE Boron steel balls (1/1 inch diameter) are stored in a hopper located 

in the area of th* sodium pool above the core (Fig. 38). Upon the deenergisation 
of a solenoid, th* balls are released and allowed to fall into a thimble which •*. 

tends vertically through th* reactor cor*. The 304L stainless steel thimble ex­
tends from th* upper shield of th* reactor through the sodium pool to the bottom 

Concentric tubes located within the thimble form two annuli and a 

The ball* fall into the outer annulus and remain there until helium 

This deflect* the ball* into the inner annulus 
and pushes them back into the storage hopper.

The ball gate which retains the balls in the storage hopper is supported 

by three rode which pass through th* shielding portion of the thimble; this co- 

incides with th* lower portion of the upper shield. Th* rods ar* attached to a 

spider which in turn is attached to a triggering device. This design places the 

weight of th* balls in the hopper upon a pair of fingers rather than directly on 
the solenoid. When th* solenoid is energised the fingers are refrained from 
moving and permitting the ball gate to drop. When th* solenoid is deenergised. 

u triggers the finger mechanism, which allows the gat* to drop, and thus per­
mits the ball* to fall into th* annulus which penetrates the reactor core.

Th* triggering mechanism is so designed that it will be r*cock*d by the 
helium which blows th* balls back into the storage hopper. This design makes 

th* safety device as tamper-proof a* possible. In the event of any mishandling
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or mechanical failure, the mechanism will be triggered and the boron balls 
will drop into the core and shut down the reactor.

ij i *: : •

2. Engineering Tests (E. Phillips)
a. Ball Recovery Tests - Ball pick up tests previously reported 

have now been completed. The tests were performed using a 
transparent plastic mock-up of the lower end of the ball safety 
thimble as shown in Fig. 37. A stream of gas moving down the 
center tube is deflected by a cup into the annulus between the center 
tube and the outer annulus. As the air is deflected it picks up balls 
from the deflector cup and carries them up the annulus. The sat­
isfactory mechanical configurations have been designed and tested 
and the optimum flow rates and gas pressures have been determined. 
Sintering Experiments - Because of the high temperature in the re­
actor core and the pressure resulting from the weight of the boron 
steel balls pressing upon each other, it was thought possible that 
the balls might fuse together. In order to experimentally check 
thia point, 1/8 inch diameter chrome steel balls were maintained 
at 1320* F for 23 days in an atmosphere of dry nitrogen. A pres­
sure was maintained or. the balls equivalent to a 36 inch long col­
umn of balls, as indicated in Fig. 38. The balls would stick to­
gether but could easily be separated. Two different tests were 
made under the same conditions using Type 440 stainless steel 
balls. They were heated to 1320* F for 20 days under a pressure 
equivalent to a 7-foot column of balls. These balls were pressure 
welded together. Parts of the si.iter retort were also pressure 
welded together and could be separated only with great difficulty. 
These experiments are continuing.
Releasing Mechanism Studies (E. Hecker, M. Mueller) - A pro­
totype of the upper section of the ball safety device has been as­
sembled in order to determine the time and manner in which the 
boron steel balls are released from the storage hopper. The de­
vice has been modified to permit visual observation of the operating 
parts. The response time of the mechanical parts will be determin­
ed and the time lag between the deenergizing of the solenoid and the

? *•*
• • •
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c. lnitruwnt«tion and Control System Arrangement (E. Matlin)

91SCCtIT
i

was-

••

: : * 
• • • 
as •

falling of the (tret balls from the storage hopper will be determined. 
Other studies will be made to determine the ball density in the vari­
ous sections of the core thimble. Various electromagnets and sole­
noids for use in this equipment are being tested. The load capacity 
which the solenoid will hold and the release time are being measured. 
The optimum time is being determined using an electronic latching 
system. Magnetic amplifiers are being investigated at possible re­
placements for the electronic secondary circuit. Magnetic units 
are being tested which have a t*me lag of 16 to 50 milliseconds.

A layout drawing has b'-en completed which indicates the Location of 
the ionisation chambers, the fission chambers, and the thermocouples which 

surround the reactor core tank (Fig. 39). As shown on the drawing, there will 
be two fission chambers and sis ionisation chambers. The ionisation chambers 
will be located in thimbles on the horisontal center line of the core and in the 

region of the thermal insulation. Calculations Indicate the neutron flux at this 
location will be sufficient to operate the chambers (approximately IO9 nv at 

full power) If the section of the thermal shield adjacent to the chambers is re­
duced to a thickness of 3 inches. The two fission chambers are similarly lo­
cated. Calculations indicate that if the thermal shield adjacent to the chambers 
is removed, a satisfactory counting rate will be obtained at start-up with a 
source of 5 x 107 neutrons/sec in the center of the core. After the reactor 

power level has risen to five decades above the source level, the fission chamber 
will be motorised out of the high flux area.

*
’s

♦e

A design has been completed (Fig. 40) of an antimony-beryllium source 

for use during reactor start-up. The source will be initially activated in some 
other reactor. The antimony -beryllium will be contained in a graphite cylinder 

which is enclosed in a stainless steel case. The use of a large neutron source 
such as this allows the positioning of the fission chambers outside of the core 

tank. This la desirable because it allows the operation of the chambers in a 
low temperature region.

A preliminary layout has been made of the reactor control room, re­
corder and instrument panels, and other major control units.
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Fig. 40. Source Assembly Layout
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X. SHIELDING

Side Biological Shi*id

B. Top Rotating Shield (C. J. Thompson. M. P Heisler )

• ida the Ring Shield.

accessible for removal.

The toiu-

Iron ore

The Rotating Shield contain* two removable plugs 40 inches in diameter 

and one plug 16 inches in diameter. These plugs are arranged in such a pattern 

that with a relation of the shield all the moderator cells in the reactor will be 

Also located in the Rotating Shield are OS tubes through

The arrangement of the side biological shield which surrounds the core 

tank is shown in Figs, 21 and 24. It consists of approximately 5 feet of re­
inforced concrete. In order to prevent damage to the co.terete because of 

high temperature, toluene cooling pipes are imbedded at the inner surface of 

the shield. The pipes are fastened to the outer surface of th* core cavity liner 
(a 1/4-inch steel plate) and are connected to a ring manifold at the top of the 

tank. Approximately 10 kw of heat will be removed from the shield through 

these pipes. T>|is will keep the concrete temperature below 150* F. 

ene inlet temperature will be 4S*. and tho outlet temperature 125* F
•ltr*t*** will be used in the concrete for various section* of the reactor shield­
ing. In order to calculate the cooling requirement* the thermal conductivity of 

such concrete must be determined. Experimental equipment Is now being as­
sembled in order to obtain the required data.

I. Arrangement - The top shielding assembly designed for the SRE con­

sists of two major subassemblies, th* Ring Shield and th* Rotating Shield (Fig. 
4I>. The Ring Shield is an integral portion of th* reactor room floor. It will 

•>* keyed to th* building structur* to prevent any rotation after installation. All 

joints will be sealed by a low melting point alloy to prevent gas leakage. The 

alloy will be poured into place after installation of th* Ring Shield.

Th* Rotating Shield will be mounted on ball bearing* and will rotate in- 

The top race is attached to the Rotating Shield, and th*
lower rac* of the ball bearing will b* attached to the ins id* diameter of th* 

Ring Shield A locking device will prevent rotation of th* Rotating Shi*ld when 

it is not in operation Th* locking devic* will also lock th* Rotating Shield at 

various index points a* required.
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When it is

This will melt

the shield.

*>6 SECRET
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pass, 

seals.

28% 

2 3% 

3% 

46%

I
• • 
• •

which the fuel elements, control rod thimbles, and safety device thimbles must 

Stepped plugs will fit in the holes, and rubber O-rings will serve as gas

The Rotating Shield is made of a sheet steel form filled with concrete. All 
concrete will be entirely enclosed and only stainless steel will be exposed to 

the sodium vapor and helium atmosphere. The steel will be machined to per­

mit a close fit to provide seats for the gas seals. There is no drive mechanism 

on the Rotating Shield as all fuel elements, control rod thimbles, safety device 

thimbles and other equipment which goes into the core must be removed before 

the shield is rotated. The elimination of a power driven rotating mechanism 

will eliminate the possibility of an accidental rotation of the shield. This would 

shear off the above mentioned elements. The shield will be rotated by the use 

of turning anchors, a sheave, and a cable attached to the bridge crane hook. 
The Rotating Shield uses a low melting point metal for a gas seal,

desired to rotate the shield, the metal seal will be melted by tubular heaters 

which are imbedded in the seal. This will melt the seal liquid and allow the 

shield to rotate freely.

The heat generated in the thermal and biological shields is estimated to 

be approximately 270 Btu/square foot of reactor cross section. This heat is 

divided among the various gamma sources as follows: 

Na decay gammas 

Na capture gammas 

Core and reflector gammas 

Thermal and biological shield capture gammas

Preliminary calculations indicate a top shield thickness (magnetite or 

cone rete ) of 5 feet-2 inches is required to reduce the radiation to 10 per cent 

of the A EC tolerance. As indicated in Fig. 4 1. a layer of lead, a layer of steel 
plate, and a layer of thermal insulating material are located at the bottom of 

The present design specifies steel wool contained in stainless steel 
cans for the thermal insulation. Based upon a temperature of 1200* F in the 

sodium pool the heat loss is calculated to be approximately 450 Btu/hr per in­

sulating can. This correspond* to an average heat flux of 620 Btu/hr per square 

foot of reactor cross section.

a• a a 
*: : •:



sccaiT
M

c. Cooling System Components (R. L. Ashley)
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/

Piping in main coolant circuit (2) 

Piping in auxiliary coolant circuit (2) 

Main heat exchanger compartment 
Auxiliary heat exchanger compartment 

Pill and drain tank

Shield Thickness (feet)
4. 04

3- 55
4. 23
4. 00

4. 57

d*•

The shielding requirements for all piping and other vessels containing the 

primary sodium were calculated based upon the use of magnetite ore concrete. 

The shield thicknesses required to reduce the dosage rate at the shield surface 

to 10 per cent of AEC tolerance are as follows:

A detailed calculation of the specific activity of the sodium in the primary 

coolant loops indicates it will be O. 10 curie per cc. Approximately 4 1 per cent 

of the neutron captures in the sodium will occur in the coolant spaces between 

the hexagonal moderator cells, while 23 per cent occur in the coolant tubes. 
The remaining neutron captures occur in the annular space between the reflector 

cans and the reactor tank and in the sodium pools located above and below the 

core.

2. Coolant System - The total heat flux through the thermal shield 

amounts to approximately 890 Btu/hr per square foot of reactor area. This 

corresponds to a total heat loss of 85. 000 Btu/hr (25 k w ). This heat will be 

removed by 1-inch diameter toluene cooling pipes imbedded in the lead gamma 

shield and located approximately 9- 1/2 inches apart. Based upon an average 

temperature of 135* F on the outside of the cooling pipes, the temperature at 

the bottom of the thermal shield will be approximately 2 12* F and 188* al the 

top. As mentioned above,the toluene cooling system must be designed to re­
move 85, 00O Btu/hr. Including a 20 per cent safety factor, the toluene flow 

rate for a 20* F temperature rise will be 12, 000 pounds/hr, or 28 gpm. Thia 

corresponds to a velocity of 11. 5 feet per second with a pressure drop of 18. 5 

psi per hundred feet of pipe. The power required for pumping the toluene under 

these conditions is approximately 0. 3 hp per hundred feet of pipe.
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XI. REACTOR SERVICES

deep well.
l of the pond.

—

onnal.

the required thickness of lead. it was necessary to de- 

associated with the hard fission product gamma

sccbit
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A. Irradiated Fuel Handling System (F. W. Dodge)

U O< lu.l «tem.»t. from th. ....tot, tteoy will h. cl.-o.a to

r.m... .odium .ml Ute- .tor- U. . — ..r.illl.d pond. Th. ..r.hy.m.nt ol th. 
fu.l h.btllta, <..<»«.. l« .l~— 1" Fi« «• Th. l«.l .tem.nl will 1>. r.mov.a 

Irom th. ...cm. by m..o. of • K.nUHn, ..Ilin — will tb.n be low.r.d into . 

pu.t.bl. clowoio. O.U. -b«h I. *— m Fl«. «. Th. ..11 will b. .opport.d 

. ......lilted c.n.1 by men. ol . .m. 11 dolly or r.rri.«. -huh I. mounted 

who.!.- Th. ell will Ih.n be mo..d io w.ll-moonl.d br.ch.t. which .1 

po.Uioo it .... . drain .omt.ctlon in th. ....... pond. W.i.r -nd h.ll— li~. 
will b. conn.e.ed to th. top ol th. tte.nln. c.U <Fl, O 1. .nd th. .odium -.11 

be ...h.d .« th. .l.m.n. by w.i.r-.pr., in,. FoUowin, .hi. .p.r.ilon th. 

clean.n. ..Il co—mining ih. .l.m.n< -ill b. movd io the lu.l r.mo..l -tetion 

.bo—n in Fig. «1. White th. lu.l .lem.nl i. .upported by .n o..rh..d ..... 
th. cte.ntng ..ll -ill W low.r.d into . de.p -.11. Th. 1-1 .l.m.nt -ill ih.n 

b. mo—d to ih. .p.m <o.l •«•..«. .... ol ih. pood. From ih.. .... th. .l.m.n. 

will be loaded into a shipping coffin.
Design drawing. have been prepared for all auxiliary equipment. auch a. 

.tor.,, racks. grappling device.. and the .hipping coffin In order to take ad­

vantage of the water shielding, the shipping coffin is designed so that it may be 
loaded under water. Detailed drawing, ol th. cleaning cell ar. being prepared 

so that a prototype may be fabricated and tested.

B. Fuel Element Handling Coffin (R Crosgrove. R- Ashley)

A .COJ>e drawlftg ha. been completed which show, the arrangement of the 

fuel handling coffin (Fig. 44). This coffin will be used for replacing fuel eie- 

monts. control rods, and ball safety device component, in the reactor. The 

coffin is designed so that the operation, may be performed without contami­

nating th. helium atmosphere in the cor. tank Detailed design studies are 
being made of the mechanical features of the coffin based upon experimental 

data obtained from the prototype coffin being tested at Santa Susana.

The coffin will be lead shielded lor the

In order to determine
termine the total energy P,
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Fuel Element Handling Coffin
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emitter. (Ey> I-b Mev)as a function of time after shutdown. Having deter, 
mined the hard portion of fission product gamma ray ipectrum. the effective 

gamma ray energy. E ... which should be used for the shield calculations was 

then calculated.

The results of the analysis are shown in Figs. 45 and 4b. The hard 
gamma ray emitting fission product isotopes which were used for the calcina­
tions are listed in Table 111. The calculations indicate a shield thickness of 5 

inches of lead is necessary. Three hours after shutdown the radiation level at 

the surface of a fuel coffin containing a discharged center fuel element (P 

725 kw) would be 470 mr/hr.

(E it o eff

A preliminary layout drawing has been made for the primary hot cell. 

This cell will be used for disassembling fuel elements and components which 

have been removed from the reactor. Detailed drawings have not been made.

The calculations to determine the shield requirements for the cell have 

been completed. They were based upon the most intense source (a center fuel 

element) which could be removed from the reactor. A thickness of approai- 
mately 3. 5 feet of magnetite ore concrete (231 lbs/ftJ) will be required to re­

duce the radiation rate at the shield surface to 10 per cent of AEC tolerance.

The shielding requirements for the hot cell viewing window are 50 inches 

of sine bromide solution (density • 2.52 gm/cc ) and nonbrowning glass plus 12 

inches of lead glass (density ■ 6. 2 gm/cc).
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0. 007
2. 3

4. 0

0. >3
O. 014

6. 1

3. 4
5. 7
6. 0

O. 022
3. 0

Flaaion 
Yield 

(Par Cant)

5. 0
0. 016

Kr

Ba

Co1
Sm

Ru
Rd
Sn
Ta
Ta
Ta
Ta

Portion of Decay Chain 
Oat a rminin g Tima 

Da panda nee after Shutdown

(12 h) 
(W.MCr

,44(274 d)-Pr 
i156!—10 hHEu

,44(17. 5 m)
IS6(I5. 4 d)

106., 
> ( 1 y h“Rh
ll,,*(5. 5 h) 
ll3(9.4 4) 
,3,*(3O h)-Ta 
l3i(77 bri 
l34(44 m>—I 
ll5(<2 m>-1

l40(12. 8 d>-La 140(40 h)

S8(17. 8 m)

87(78 m)

IC*(30.)

88(2. 77 b)—Rb

13 *(24. 8 m) 
l38(2.4h) 
l34(52. 5 m) 

1 35(6. 68 h)

- 77Ge 
Br I

(i-0) 
(12. > 
(12.5) 
(19) 
(15) 
(2.0) 
(25) 
(5.0) 
(22) 
(2.7) 
(1. 0) 
(73.9) 
(2.0) 
(96) 
(4.0) 
(0. 1) 
(2.0) 
(60)

1. 75

2.9
1. 86
2. 8
2.9
1. 77
1. 90
2. 4
2. 0
2. 3
1. 8
2. 4
1’5

2. 9
2. 6
2. 0

Gamma Energy (Mev) and 
Percentage of Gamma a

Emitted per Disintegration

a

TABLE 111

HARD GAMMA RAY EMITTING FISSION PRODUCT ISOTOPES

Gamma Emitting

Rh“

g.77
Kr87

• •

106 Rh
111*Pd
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I134
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Eu‘*

Ca140
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Radioactive Liquid Waite Disposal System (H. Richter)D.

XII. REACTOR SYSTEM ANALYSIS

CONV L.

SECRET106
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A preliminary study has been made of the requirements for the disposal 

of radioactive liquid waste. The specifications are based upon the requirements 

of the Health Physics aspects. A schematic diagram showing the arrangement 

of a minimum facility for this operation is shown in Fig. 47.

An analysis of the SRE system is being initiated. The first phase con­

stitutes a study of the steady state and transient control of the reactor and the 

associated cooling system. Special attention is being directed to the study of 

transients in the system under scram conditions. The object of this study is 

to develop thermal shock criteria for the design of the reactor and heat exchange 

equipment.
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