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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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SECTION A
'TECHNOLOGY OF THE SODIUM GRAPHITE REACTOR
l. FULL-SCALE REACTOR STUDIES

A. Analysis of Nuclear Performance (C. Roderick)

1. Plutonium Feedback.Fuel Studies - To investigaté the application of

steady state plutonium feedback techniQues to the use of diffusion plant tails for
reactor fuel feed material, some reactivity calculations for this system have been
performed. The fuel feed is considered to be a mixture of steady state plutoniuml
and uranium which is depleted to 0. 25 per cent in the U235 isotope (2-1/2 grams

of U233 per kilogram U238).

The variation in reactivity is estimated by calculat-
ing the ratio of the effective multiplication at any exposure to the effective multi-

plication initially; i. e., keff/keffo

'TBZ .—TOBZ -TBZ-. ) Tt Bz
Ly ) ke g . k e g _ (nfep)e g'_ ('r)ffp)oe o g
Ko (1+L2B 2) (1+L g 2) (1+L2B2 ) (1+L ’p 2)
o g og g o'g
1
2_ 2 2 ¥ Bgz
. L 5
ete _ (me) Mo Bg) my N\ To
k = : 2.2, - .
eff  (7f), (1+L Bg ) (mf), 1 +Ea total | 22 )
Loz za total g

The values of € and p are determined by the geometrical arrangement of the

lattice and the concentration of U23‘8. Since the geometrical arrangement is fixed
in any given instance, and the U238 concentration changes only slightly, the as-
sumption is made that € p is independent of exposure. The slowing down area and
geometrical bug:kling are also independent of exposure. The thermal diffusion
area will change and therefore the thermal neutron leakage will change. The effect
is particularly significant in the smaller reactors and cannot be neglected. For:
the larger reactors, the product LZB 2 is small and the "correction factor "

(1+L 2Bgz)"/(1+ L2

2, . . e
o Bg ) is essentially unity.
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Typical reactivity variations are shown for two cases in Figs. 1 through 6.

Nas Nyg
The first case is for R = o =0.0025and @ = o = 2; the second‘_case is for
Nog Nos
R = 0.0025 and @ = 3. The initial fuel composition for the first case is approximatel

241

2.5 grams U-235/kg, 5 grams Pu239/kg, 3 grams Pu24o/kg and 1 gram Pu /kg;

for the second case it is 2. 5 grams U235/kg, 7.5 grams Pu239/kg, 4.5 grams

Pu240/kg and 1.5 grams Pu24l/kg.

The constants used in these calculations are for 20° C neutrons and are as

follows:

v (25)=2.48
o (25)= 680D
Uf(zs)z 575 b
o'a(26) =8b
%(28)= 2.77b

v (41)=3.00
o‘a(4l)= 1480 b
of(41)= 1080 b

v(49)=2.91

o“a(49)= 1065 b
0.(49) = 745 b
o;L(40)= 530 b

B. Full-Scale Sodium-Graphite Power Plant (R. Balent)

The full-scale sodium graphite power plant study during the past quarter
has been concerned primarily with the analysis and design of a plant which wmﬁd
involve the least amount of extrapolation from the Sodium-Graphite Experiment.
It appears that a twin-c'o»revplant utilizing essentially all of SRE technology could
be designed and constr‘ucte'd in the near future. The design is to be flexible so
that it may take advantage of a number of anticipated improvements in reactor
fuels, that is, as new fuel elements are tested and proven in the SRE they may be
incorporated into the twin-core plant with a corresponding increase in the plant
performance. The increase in power rating will not require méjor modification
of thé reactor syStem, but only the use of improved fuel elements and the addition

of standard units of heat exchangers, steam generators, pumps, and turbo-.

generators.

The twin-core plant could operate initially with slightly enriched uranium

fuel elements and produce weapons grade plutonium along with electrical power.

At a later date the fuel assemblies could be changed to improved uranium assemblies

or thorium assemblies and operate as a ''power only" plant.

The performance of the twin-core plant when operated as a plutonium plus

power and as a power only plant is given in Table I. It should be noted that the
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TABLE I

TWIN CORE SODIUM-GRAPHITE REACTOR POWER PLANT

Twin Core Plutonium | Twin Core Power
Design Designation Plus Power SGR Only SGR

Core Dimensions Height x Diameter

(ft) . 10x11 10x 11
Triangular Lattice Spacing (in. ) 9 9
Number of Reactor Cores 2 2
Type of Fuel U238 plus U235 Thorium
: plus ~U233
Number of Rods per Channel 19 -7
Number of Loaded Coolant Channels 184 184
_' Maximum Center Temperatureé of .
Fuel Rods (° F) 1200 1950
Plant Thermal Power (Mw) 650 1000
Sodium Outlet Temperature (°F) 920 1090
Fuel Enrichment (Atom %) - 2.25 2.70%
Fuel Investment per Core (tons) 23 14.8
Fissionable Mass per Cére (kg) 470 365
Conversion Ratio - 0.81 - 0.87
Steam Temperature (°F) . 820 . 950
Steam Pressure (psig) 800 1250
Electric Power (Mw) _ 200 333

*1% excess k, which yields 10, 000 mwd/ton

plant characteristics shown are those appropriate to optimum performance for the
two different objectives shown. For example, if the U238 - U235 design had been
optimized for initial power-only operation, the fuel enrichment required is 1.6

per cent, rather than 2. 25 per cent.
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The general arrangement of the reactor for the twin-core plant is shown in
Fig. 7. The reactors are similar to the SRE in that they are of the tank type
using hexagonal canned graphite moderator elements and a rofating upper shield.
The over-all plant layout is shown in Figs. 8 and 9, and coolant system layout is
shown in Fig. 10. The use of two cores rather than one largé reactor results in
a plant with a higher availability. The plant can be operated to 50 per cent rating
during fuel loading and unloading operations or at times of low power demand.
Each reactor will have its own controls, piping, pumps, and heat exchangers so
that it can operate independently of the other; however, the same building, load-

ing and unloading mechanism, and fuel storage facilities will serve both reactors.
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Il. REACTOR PHYSICS

N ey
SARETE S &

A. Determination of Power and Temperature Coefficiené of Reactivity
(G. W. Rodeback)

The essential features of the apparatus to measure the temperature coef-

4y

ficient of the effective resonance integral of U238 were described in detail in the
previous progress report (NAA-SR-1049). The temperature coefficient is measured
38 foils (highly depleted in y23>

%)

by comparing the activation of U2 ) which have been
irradiated at various elevated temperatures. This is acéomplished by placing a
thin sector shaped depleted foil in the central diametral plane of a short slug of
normal uranium. The entire slug is heated by means of a small concentrically
mounted heater and the whole assembly is mounted concentrically in an evacuated
aluminum capsule. The latter is a water-cooled cylinder lined with cadmium and

a thin inside plating of chromium.

~ Arrangements have been made to use thé facilities of the SUPO reactor at
Los Alamos for the irradiations. The original design has been modified so as to
provide a quick disconnection of the slug from the capsule.. The equipment is
under construction and laborator); tests of the components and procedures are

underway in preparation for the activation measurements.

B. Thermal Neutron Flux Distribution Measurements in Fuel Elements

1. Six Rod Fuel Cluster (E. Martin, B. A. Engholm) - Measurements of

the thermal neutron flux distribution within a cluster of seven uranium rods were
described in the previous quarterly report. These measurements were for the
purpose of providing a check on the calculational procedure used to.obtain the
theoretical flux distribution within seven-rod fuel assemblies. The uranium rods
which were used were one -inch in diameter and had a 11235 content of 0.9 fier cent.
They were contained in a 9. 86 centimeter diameter aluminum cylinder with seven

holes drilled lengthwise in it.

The measurements showed that the average flux in the central rod was oniy

about 60 per cent that of the average flux in any of the other rods. Because of the

Ni3

comparatively low flux observed in the central rod, additional measurements were

made to determine the effect of replacing the central uranium rod by a one-inch

ki

diameter graphite rod. The experimental details for the six-rod cluster were in

most respects similar to those employed for the seven-rod cluster, however, the

21
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substitution of dysprosium oxide foils for lead-indium foils eliminated the need for

cadmium covered measurements.

A comparison of the thermal flux along a radius of the six- and seven-rod
clusters is shown in Fig. 11. The results of the measurements for the two
clusters is summarized in Table II. The correlation of the data was based upon
the assumptibn that foils placed in the buffer lattice, remote from the cluster,
would be relatively unaffected by the change in the central rod. The last numbers
shown in the table represent the average flux for all rods of the cluster normalized
to the surface of the cluster. If these flux values are multiplied by the respective
number of uranium rods in the cluster, the result is 3.3 for the six- and 3.5 for
the seven-rod cluster. If a further correction is made for the fact that the over-
all flux is less depressed by the six-rod cluster (the flux at the clﬁster surface is

somewhat higher for the six-rod cluster), the comparison is more like 3.4 to 3. 5.

It is clear that the over-all absorption of the cluster has been 6nly slightly
affected by the removal of the central rod. This is reasonable, 'since a thermal
neutron which reaches the central graphite rod is very likely to be captured by an
outer rod before it can leave the cluster. It is worth noting that the additional
neutron absorption by the outside rods in the six-rod cluster takes place predomi-

nantly at the inner portions of the rods.

2. Hollow Fuel Elements (D. H. Martin) - Thermal neutron flux distribu-

tion measurements have been made in a hollow rod of natural uranium. Dimen-
sions of the rod were 2. 420 inches outside diameter and 1. 389 inches inside di-
améfer which is approximately the dimensions of the hollow slug which could be
used to replace the seven-rod fuel cluster of the SRE. The flux measurements -
were made with the hollow fuel element positioned at the center of a buffer lattice
of enrich.ed uranium rods in the DZO tank which is the same arrangement used for
the six- and seven-rod fuel clusters. An aluminum rod was used to fill the space
inside the fuel element‘and mock up the sodium coolant which would be present if

the element were cooled internally.

Results of the flux measurements are shown in Fig. 12. A slight peak in
the flux was observed at the center of the aluminum rod. The disadvantage factor,
or ratio of flux at the outside surface of the rod to average flux in the uranium,
was foﬁnd to be 1.34. For a sélid uranium rod with the same outside diameter,
the disadvantage factor obtained by extrapolation from other data was estimated
to be 1. 62. h |
22
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TABLE 11

DISADVANTAGE FACTORS FOR SIX- AND SEVEN-ROD CLUSTERS

6 U Rods 7 U Rods
Outside Uranium Rods
Average flux over rod surface ‘ 2.36 =1.22 1.19
Average flux in rod : - 1.93 '
Average flux over clusterAsurface 3. 50: 1. 81 . 1. 88
Average flux in rod 1.93
Central Uranium Rod .
Average flux in .central rod - 0. 63
‘Average flux in outside rods
All Uranium Rods
Average flux in uranium rods 1,93 = 0.55 1.72 _ 0. 50
Average flux over cluster surface 3.50 3.43

C. Nuclear Parameters of Sodium-Graphite Latticés, Thorium-Uranium Fuel
(W. J. Houghton) '

The most economical full-scale sodium graphite reactor is believed to be

one which operates on the Th-U233 breeder cycle. However, there is a problem

in getting the reactor started since large quantifies of UZ_:,'3 are not available. The
235 . .
(highly

enriched) alloy. With proper design, the U235 is then converted into U233 and

presently favored method consists of loadi'ng the reactor with Th-U

breeding becomes established. Since there are no experimental data available on -

heterogeneous lattices using thorium-U235 alloy fuel elements, it is planned to do
exponential experiments to provide the desired information on the nuclear para-
meters of these start -up lattices. The range of parameters which would be of
interest in this experimental work was determined by considering the cost of

power as a function of lattice spacing. Calculations were made extending a pre-

viously reported cost calculation2 so that a-definite minimum cost was found.

The basis of the cost calculation was a 1000 megawatt sodium-graphite

breeder reactor which starts up on thorium-U235' alloy. The fuel rods are in the
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form of seven-rod clusters. A peak fuel temperature of 1800° F was assumed and
the processing of the core was assumed to be done in a batch process with removal
of fission products only. A net power conversion efficiency of 32 per cent was used.

The reactor core structure and fuel cladding was assumed to be zirconium.

Figure 13 shows the calculated power cost as a function of lattice spacing.
An optimum square lattice spacing between 8 and 9 inches was obtained. The sum
of all charges except that for U235 investment makes up about 80 per cent of the
power cost and these charges increase only gradually with lattice spacing. The
rise in cost for the smaller lattice spacings is caused by the investment charge
on the larger amount of U235 needed to make the reactor critical. The absolute
value of the power cost is basea upon present estimates of construction costs and
‘operating performance; the principal purpose of this study was to locate the ap-

proximate position of the minimum, rather than its absolute value,

9
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P
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Fig. 13. Power Cost for 1000 Mw SGR Th-U

Breeder Which Starts Up on T‘n-UZ'35 Alloy

D. Neutron Leakage Through SRE Shield (F. L. Fillmore)

A method of calculating the flux in a reactor shield was described in the
last progress report. Six-group calculations have now been completed for the
radial and top shields of the SRE. Since each shield consists of several homo-
geneous regions, it was necessary to proceed stepwise through the shield takihg

two regions at a time. In each two-region problem, the thickness of the region
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nearest the core is téken to be that actually occurring in the reactor structure
while the second region is taken to be of infinite thickness. The first two-region
problem consists of the reflector and the next material '.Q,uts'id‘e the reflector. For
the top shield this is sodium, ‘and for the side shield it is iron. The boundary
condition at the entrance to the reflector is taken to be the flux at the core-re-

flector interface as was obtained from a two-region criticality problem. The other

boundary conditions are continuity of flux and current at the interface between the

two regions and vanishing of the flux at infinity. This problem is now solved and
the current at the interface between the two regions is found which is then used

as the boundafy condition at the entrance to the first region in the next two-region
problem. The physical basis for this choice is that modification of the shield |
regions of a reactor does not appreciably alter the conditions required for criti-
cality, and hence the neutron current at a boundary inside the modified region

cannot be greatly altered by such changesv.

The next two-region problem has as its first region the rﬁaterial which made
up the infinite region of the preceding problem. The thickness of this material is
that actually occurring in the reactor structure. The second region of this problem
is infinite and consists of the material which lies just outside the former material
in the reactor. The boundary condition at the entrance to the first region is the ‘
current which was found in the preceding problem. The other boundary conditions
are the same as before. This problem is now solved and the current at the inter-

face between the two-regions is found.

One proceeds in this manner until the problem consisting of the last two
materials on the outside of the shield is solved. The flux near the other boundary
of the final region will not be represented very well by the curves appropriate to
the infinite outer region. Hence, the final step is to now solve a one-region
problem with the flux vanishing at the outer surface of the shield. The boundary
condition at the entrance to this region is the current which 'was found in the pre-

ceding problem.

‘The radial geometry was assumed to consist of three homogeneous regions

_ exclusive of the core, namely reflector, iron thermal shield, and ordinary con-

crete biological shield. Hence, two two-region problems and a one-region problem
were required. The axial geometry above the reactor was assumed to consist of
four homogeneous regions exclusive of the core, .namely reflector, sodium res-

ervoir, iron thermal shield, and magnetite concrete biolo_gidal shield. Hence,
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three two-region problems and a one-region problem were required. The effect

of neutron streaming through ducts was not considered nor were thin layers of

material which had negligible effect on the attenuation of neutrons considered.

Average values for the operating temperatures of the various materials were

estimated. Recent design changes have modified some of these temperatures, so =

in view of this and the other factors which were neglected, the results of this study

n

must be corrected in order to apply to the preseﬁt SRE design. However, the —

curves presented herein can be used as a starting point for the SRE shield design.

The six-group constants for each material which were used in the calcula-
tions are listed in Table 1II. Figures 14 and 15 show the axial and radial fluxes,
respectively., The radial flux has been corrected to cylindrical geometry by multi-
plying the calculated flux by «/E/_;c, where R is the core radius and x is the distance

from the reactor axis.

It will be noted that the fluxes are discontinuous at the boundaries, but these
_discontinuities are small in most cases (especially for the thermal flux) so their
effect is relatively unimportant in an analysis of shield performance. The flux
discontinuities appear because of the way in which the problem was formulated,
namely the requirement of continuity of current at all boundaries in the shield.
The requirement of continuity of flux would overdetermine the problem, so this
requirement was dropped. Physically the flux is continuous, of course, so the
absence of serious jumps in the calculated fluxes may be interpreted to mean

that the method chosen was a satisfactory-one.

Another interesting feature shown by the curves is the dip of the thermal
flux in the iron region and its peaking in the concrete region. This is to be ex-
‘pected since the iron is a better absorber of thermal neutrons and a poorer moder-
ator of fast neutrons than is the concrete. This feature would not be brought out

by a calculation based only on fast neutron removal cross sections.

The attenuation of neutrons by slabs of iron, magnetite concrete, and
ordinary concrete has been measured. The procedure was to place slabs of the
above materials which were approximately 5 feet square upon the 28-inch thick

graphite reflector of the WBNS and observe the activity induced in indium foils

L]

(cadmium covered and bare) distributed at various distances within the slabs of

4

materials. Measurements were made on 6 inches of iron, 2 inches of iron

followed by ordinary and magnetite concrete, and 6 inches of iron followed by.
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TABLE III

SIX-GROUP CONSTANTS USED IN THE CALCULATIONS

Quantity
Tabulated
Material Group 1 2 3 4 5 6
T 7
Group Energy (ev) F1551on4— 3 x 104 -1 10t s 10? 103 - 10 10 - 1a Thermal
3x10 1 x10

Axial ¥ % (em™?) 0. 00655 0.05668 | 0.02705 0.01353 | 0.01353 | 0.00080
Reflector D (cm) 1.153 0.928 0.928 0.928 0.928 0.914
T = 468° C P 1. 000 1. 000 1. 000 1. 000 0.990 -
Sodium X 2% (cm™?) 0.000387 | 0.002777 | 0.001311 | ©.002608| 0.000567 | 0.001358
T - 468° C D (cm) 3.453 2.955 3. 071 5.180 4.694 4.390
P=0.84g/cm’ | p 0.999 0.999 0.998 0.956 0. 643 o

3, (em™) 0 0.00001 | 0.00003 0.00014 | 0.00145 | 0.00596
Iron X2 (em™?) 0.001450 | 0.007007 | 0.016429 | o0.025384| 0.092569 | 0.3290
T = 400° C D (cm) 1.156 1.259 0.577 0.375 0. 366 0.359
Pov.74g/em> | p : 0.992 0.993 - 0. 983 0.866 0.215 -

2 (em™h) 0. 00005 0.00024 | ©0.00054 0.00260 | ©.02727 | 0.11823
Magnetite X2 (em™?) 0.01776 0.2740 0.1665 0.1026 0.1189 0. 0814
Concrete D (cm) 1.245 1.152 0.772 0. 646 0. 620 0. 600
T =70°C P 1. 000 1. 000 1. 000 0.995 0.953 B
P=3.60g/cm’> | S (em™)) 0. 00003 0.00014 | 0.00032 0.00153 | 0.01786 | 0.04879
Radial 2 (em™?) 0. 00704 0.06094 | 0.02908 0:01454 | 0.01413 | 0.000367
Reflector D (cm) 1.153 0.928 0.928 0.928 0.928 0.914
T = 400° C p 1. 000 1. 000 1. 000 1. 000 0.997 .
Ordinary X% (cm™2) 0. 00923 0.12555 | 0.05883- | 0.03239 | 0.03181 | 0.00639
Concrete D (cm) 1.539 1.240 1.324 1.215 1.149 1. 156
T =70°C P 1. 000 1. 000 1. 000 0.999 0. 987 -
P=2.32 g/cm3 za (cm‘l) [} 0. 00002 0. 00005 0. 00025 0. 00291 0. 00739

Ty { ] 1

1 Y
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ordinary concrete, The activity of foils placed in magnetite concrete proceeded
by 6 inches of iron would have been too low to give reliable results, so this case

was not studied.

The measured attenuation constants () were obtained by fitting a simple’
exponential to the observed data and correcting the result for the finite transverse
geometry. Two values were obtained for iron, namely, those for neutrons above
and below the cadmium cutoff. These are compared to calculated valueé of
)(—thermal and X -intermediate in Table IV. The discrepancy between the ex-
perimental and calculated valu;es of X -thermal can probably be explained by the
well-known phenomenon of neutron hardening in an absofbing medium and also an
incomplete thermalization of neutrons by the 28-inch graphite reflector. A neutron
temperature of about 150° C would bring these values into close agreement. The
uncertainty in the thermal scattering cross section for iron (11 + 1 barns) leads
to about a'5 per cent uncertainty in the calculated value of X -thermal so only

about half of the discrepancy need be attributed to the first two effects.

It was found that. the thermal and epi-cadmium neutron fluxes in the con-
crete were both attenuated by the same factors. The explanation for this is that
neutrons of all energies arriving at a point deep in a material which contains -
much hydrogen mbust necessarily have penetrated to this point as fast neutrons.

They remain fast until a head-on collision with hydrogen is made which ther-

- malizes them, then they are quickly absorbed. Consequvently, only the fast neutron

attenuation constant is measured by this method. Good agreement was obtained
between the experimental and calculated values of X -fast for magnetite concrete.
The exact composition of the ordinary concrete has not been determined, so a

comparison is not possible for this case.

8

; 23 c
Fast neutron measurements using U and Np fission counters were-also

made but the data are still being analyzed.

33

rooee
Hooe
Y- T Y 1Y
o e
LYY
-
Jocee
20060
STYY Y
e
Jo00ese
ooow




TABLE IV

COMPARISON OF EXPERIMENTAL AND
THEORETICAL ATTENUATION CONSTANTS

)( -thermal )( -intermediate )( -fast
Iron:
Experimental 0.66 cm™} 0.24 cm™?
Theoretical 0.72 0.23

Magnetite Concrete:
Experimental

Theoreticai

Ordinary Concrete:

Experimental

0.134 em”~
0.130 cm”~

0.1l cm”~

REACTOR FUEL ELEMENTS

A. Metallurgy of SGR Fuel (F. E. Bowman, B. R. Hayward)

1. Hollow Slugs - An internally and externally cooled large hollow uranium

cylinder is being considered as a promising alternate fuel element to the seven-

rod cluster.

The element is made up of a series of powder-compacted hollow

slugs approximately 2. 42 inches O.D. by 1. 38 inches L. D. by 4 inches long.

A sample slug was completely sectioned and metallographically examined

for uniformity of structure,

form small grains and uniform microporosity throughout

grain size, and hardness.

from R 20 to R 25 with no apparent pattern.

The results showed uni-

Hardness values ranged

The apparatus for thermal cycling these slugs, described in the previous

period,

required modification for satisfactory performance.

The major changes

involved the replacement of the glass container with steel and the cycle time was

reduced to 1 hour,

and 500° C with an examination midway through the test,

Table V.
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TABLE V

THERMAL CYCLING OF HOLLOW URANIUM SLUGS

. | After 243 cycles After 500 cycles

Maximum Ad (0.D. ) +0. 008 in. © 40.021 in.
MaximumAd (I. D., ends only) +0. 004 in. +0. 011 in.
- MaximumA 1 +0. 002 in. -0. 002 in,
Warp ' 40. 006 in. +0. 008 in.

L)

)

It is important to note that the slug was cycled in a vertical position. Also,
there was a small amount of oxidation of the slug after cycling which may cause
some error in the measurements. The seam from the split die was very notice-
able after cycling. One point along the seam was badly pitted. The greatest dis-
tortion occurréd on one small arc on the top edge, _which‘flared.. 'Another large

slug is currently being cycled; no results are available.

2. Dimensional Stability of Uranium Alloys at High Temperatures -

Another series of powder-compacted uranium specimens were thermal cycled

500 times between 200° and 700° C. This high temperature cycling results in
transforming the specimen from the low temperature alpha phase to a high temper-
ature beta phase and back again. These specimens, which consisted of uranium
alloyé of Cr, Sn, Si, Mo, Bi, Zr, and Nb, were either hot pressed or cold pressed.
and sintered as indicated by the results in Figs. 16, 17, and 18. All of these
powder-compacted alloys have been cycled at least in duplicate, except for the
U-Zr alloys, with reasonable similarity of results. The other results were ?re-

viously reported. The folloWing observations are of interest:

a. The U-Cr alloys shown in Figs. 16 and 18 should not be interpreted
as duplicate specimens since the origin of the specimens is different. The speci-
men shown in Fig. 16 was fabricated from a mixture of U and Cr powders while

.the other specimen was fabricated from prealloyed powder.

= b. The hot-pressed alloys of U-5n and U-Bi have all given poor re-

sults from the high temperature cycling tests. None of these alloys have been

4

prepared by cold pressing and sintering.

c. Some of the hot-pressed U-Si alloys show severe distortion as

illustrated in Fig. 16. Cold-pressed and sintered U-Si alloys of the same
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U-Cr, 1. 0 w/o Cr
Change in diameter
Change in length
Surface appearance

Internal appearance

+2%

+0.3%

Sand blasted
Solid

- U-S8i, 0.42 w/o Si (duplicate samples)

Change in diameter
Change in length

Surface appearance.

Internal appearance

=

+30% +20%
-12% +7%
Wrinkles & edges
curled (both)

Not examined
(both)

U-Sn, 2.0 w/o Sn (duplicate samples)

Change in diameter
Chénge in length

Surface appearance

Internal appearance

U-Bi, 1.0 w/o Bi
Change in diameter
Change in length
Surface appe_érance

Internal appearance

Fig. 16. Results of 500 Thermal Cycles (200°-700° C) on Hot-Pressed

Powder -Compacted Uranium Alloys
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+37% +42%

+8% -7% .
Severely cracked
(both)

Porous (both)

+31%
+19%
Severely cracked

Very porous
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'U-Mo, 0.8 w/o Mo

Chahgg in diameter

‘Change in length
Surface appearance

Interndl appearance

U-Mo, 1.2 w/o Mo
Change‘ in diameter
Change in length

Surface appearance

Internal appearance

U-Nb, 3.0 w/o Nb
Change in diameter
Change in length
Surfaée appearance

Internal appearance

Fig. 17. Results of 500 Thermal Cycles (200°-700° C)

From -1% to + 6%
-2%

~Smooth

Solid

+1%

40, 6%

Smooth

‘Not exarhined

+3% +1%
-0.1% +2%
Bumpy Smooth

Not examined -Solid .

Sintered Powder -Compacted Uranium Alloys
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U-Mo, 0.35 W/o Mo

Fabrication .
Change in diameter
_Change in length

Surface appearance

U-Si, 0. 42 w/o Si
Fabrication
Chénge in diameter
Change in length

Surface appearance

U;Zr.,_ 7 0w/o Zr

Fabrication
Change in diameter
Change in 'length

Surface appearance

U-Cr, 1.0 w/o Cr

Fabrication

Change in diameter
Change in length

Surface appearance

Fig. 18. Results of 500 Thermal Cycles (200°-700° C) on Powder-Compacted

= Hot pressed
= +7%

= +13%

= Sand blasted

= Cold pressed and sintered
= +6% |

= +6%

= Sand blasted

= Cold pressed and sintered.

= +3%
= +2%

= Somewhat rough

= Hot pressed, pre-
alloyed powder
= +8%
= +3%
= A few large wrinkles

and a few cracks

Uranium Alloys
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composition, previously reported, indicate much less distortion.’ Sylvania has

observed that the U-Si alloys require quite careful pi'eparation during fabrication.

d. The cold-pressed and sintered U-Nb alloy specimens shown in
Fig. 17 are appreciably more stable than the hot-pressed specimens described

in other periods.

e. The cold-pressed and sintered U-Mo alloy specimens shown in
Fig. 17 contained a slightly higher concentration of Mo than the hot-pressed
specimen in Fig. 18. Both of the former specimens are quite stable, with the

specimen of lower Mo content having some warp.

The results to date show the cold-pressed and sintered alloys to be superior

"to similar alloys which were hot pressed; this would indicate that complete dis-

persion of the alloying element brings about the stabilify noted. The most prom-
ising specimens have béen the cold-pressed and sintered U-Mo, U-Si, and U-Cr
alloys with the U-Nb and U-Zr alloys as promising a-lternatés. Metallographic

results on the above specimens are incomplete. The samples used in this stu&y

were prepared by pdwdef metallurgy methods by.Sylvania Electric Products.

3. Fission Gas S'tudy - A theoretical analysis of th'e'possible_ effects of

gaseous fission products in SRE fuel slugs after relatively high burnup indicates

potentially serious problems at the proposed temperature conditions. A series

‘of MTR irradiation experiments are being designed to obtain a more realistic

basis for evaluating these problems.. This study is being made in conjunction
with the MTR experiments for evaluating the temperature limits of SGR fuels
described in Section III, C, 2. The data for both studies will be taken from the

same capsule with the same specimens.

Design studies indicate that to obtaina 0.5 pér cent burnup within a reason-
able period while maintaining the 1200° F center and 900° F surface temperature
of the slug imposes raﬁier severe restriction on slug size. A 3/8-inch diameter
specimeh has been selected; this will give the desired burnup in 13 to 15 weeks
irradiation. A 10 per cent enrichment was imposed by the desire to minimize
the decrease in.power generation with burnup. It has been decided to include
heaters in the capsules in order to provide a means of compensating for temper -
ature changes in the slug resulting from the inherent fluctuations in the reactor
flux level. Provision is being made to monitor gas pressure in the capsule during

the irradiation.
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B. Metallurgy of Breeder Fuels (F. E. Bowman)

As a preliminary attempt to establish the solid solubility of uranium in
thorium, a solid diffusion couple has been prepared by heating small cylinders
of arc melted thorium and powder compacted uranium under axial pressure at
850° C for 24 hours. This treatment, which produced severe upsetting in both
materials, resulted in what appears to be a satisfactory weld. The specimen,
sealed in an evacuated vicor capsule, is being held for 30 days at 850° C. Subse-
quent to the treatment a thorough metallographic, X-ray diffraction, and chemical

analysis will be made,

Additional couples pressure welded and diffused at other temperatures will

be prepared, dependent upon the results obtained in the current experiment.

C. Determine Maximum Operating Temperature Limits of SGR Fuel

1. Restrained Slugs (B. R. Hayward) - Uranium fuel elements which

- operate with the peak internal temperature greater than 1220° F ma'ybhave two
phases (alpha and beta) coexistent within the fuel slug. Due to the density dif-
ferences between these two phases, large internal stresses will develop. It is
important to evaluate these stresses with both new fuel slug designs and new fuel
s‘lug materials. Previous thermal cycling of stainleés—steel-jacketed alpha-
rolled uranium slugs between 630° and 680° C resulted in various degrees of
distortion of the jacket. As the jacket thickness decreased the distortion in-

creased. The distortion increased as the number of cycles increased.

One of the promising approaches to help relieve these internal stresses is
through use of a hollow slug with a small diameter axial hole. Jacketed speci-
mens have been prepared with axial holes of varying size. These similar speci-
mens are being cycled by the same technique as mentioned above for a direct
comparison with solid slugs. There are no results to date. Hollow specimens
are also being prepared for this test by other methods of uranium metal fabri-

cation and from uranium alloys.

2. MTR Experiment (B. R. Hayward, R. R. Eggleston) - Experiments

are being designed for SRE fuel slugs simulating the temperature. level and tem-
perature differences anticipated in SRE fuel materials. This includes tests both
with the maximum fuel temperature of 1200° F and with temperatures greater
than 1200° F. In order to get a reasonable burnup in a short period of time

(0. 5 per cent of total atoms in 17 weeks) the specimens will be enriched to about’
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10 per cent U235. This fairly.high U23 content helps-tg stabilize the temperature i

fluctuations anticipated within the specimens. The specimens will be made by the :
same technique and of the same material compositions as are expected to be used
in the full-scale reactor. Among those fuels to be tested are uranium- r1ch alloys

of Mo, -Si, Cr, and Nb. If it appears feasible, Th- U alloys will also be studied.

The experimental specimen size is approximately 3/8 inch by 1~-1/2 inch.
Thus with the same AT as expected in the SRE 3/4-inch diameter slugs, this will .
actually be a more severe test. These tests are being designed for sifnplicity
and economy with some variation in the results ant1c1pated A minimum of six
tests (18 specxmens) are planned. The capsule de51gn is well advanced with
current consideration being given to the use of heaters to maintain the desired
temperatures. Each sample will have an internal thermocouple for temperature

studies. "A cobalt wire will be used to monitor the exposure.

IV. REACTOR MATERIALS

A, Engineering Evaluation of Graphlte (D. Kleln)

The second thimble of the MTR NAA-3 experiment to determ1ne the thermal
conductivity of graphite was exposed. An attempt was made to minimize fluctu- i
ations in the thermocouple readings by cementing the thermocouples into their ’
insulating tubes. This attempt was largely unsuccessful; and the fluctuations .
were, if anything, worse during this run than during the first. In spite of the
large scatter in the data, order of magnitude agreement was shown between the
data of this run and the first one (see NAA-SR-1049 ) Saﬁmple femperatures'a‘t _
the end of the second run were 450, 655, and 665° C, Post irradiation measure-
ments of the samples exposed in both runs are expected to give better informatic;n
on the state of damage of the graphite. Dissection of the experimental thimbles
is under way at present at the MTR site; and the laboratory measurements will
be carried out at NAA '

B. Corrosion and Transfer of Radioactivity by Sodium (S. Nakazato, A. M. Saul).

- 1. Transfer of Radioactivity from Zirconium - The third capsule of the

first series of three mini-harps to study the transfer of radioactive zirconium in
sodium has been opened and analyzed. The first two of this set ruptured, one due

to weld failure and the second capsule probably due to accidental overheating.
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The power input to the furnace was approximately tripled over a period of 15
minutes while an emergency generator was in use. Rupture appeared to have
resulted from an erosion of the stainless steel wall in the hottest zone, possibly
a melting of a eutectic formed between zirconium and one of the components of
the stainless steel. A mass of metal was found in the bottom of the capsule; this
appeared to have a eutectic type microstructure. Since the third capsule ex-

perienced the same overheating, it was opened for analysis,

The third capsule had been heated for a period of 408. 5 hours. The oxygen
content of the sodium in this capsule was analyzed to be 0. 07 per cent O2 by

weight.

Table VI shows the data for this capsule. The activities in the sodium and
one the wall are seen to be concentrated on the lower hot portion of the capsule.
No conclusions are drawn at this time as to why the activity should be concen-
trated in this lower section, or whether or not the activity on the wall is due to
Zr95 diffusion into stainless steel. Possible mechanisms for this activity gradi-

ent have been postulated and will be checked during future experiments.

Three more capsules were prepared to replace the first series. One of

these has already ruptured due to weld failure at the hot end.

TABLE VI

CAPSULE ANALYSIS -
TRANSFER OF RADIOACTIVE ZIRCONIUM

Capsule Section from Temp. Sodium Activity, Wall Activity,
Bottom to Top Inch °C d/m/cc d/m/cm

0-1 725 25, 500 *

1-2 715 19,900 42, 800
2 -3 700 ) 13, 000 29, 300
3-4 665 2,260 19,200
4.5 615 ** 328
5-6 575 *% 192
6-7 540 L 133
7-8 515 ok 100
8 -9 995 ’ *k 126
9 -10 475 **x 66
10 - 11 440 *k ' 117
11 - 12 385 *k ‘ 158

* Sample given to metallurgy group for metallographic analysis.
** Activity in these sections is below background for the dilution
used in this analysis. ) ,
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C. Organic Coolant Investigations (E. L. Colichman)

1. Toluene - Irradiation studies are being performed on toluene in re-
lation to its.proposed use as the shield coolant in the SRE. Some work completed
on this project can now be summarized. Three metals Al, Cu, steel, (structural
parts of cooling system) were immersed in toluene which was then irradiated at
150° F in the MTR-Gamma canal. Corrosion and irradiation damage data were

6 to 3 x 107R. It has been

obtained for three levels of gamma dosage, 6.6 x 10
estimated that the maximum fast neutron flux impinging upon toluene in the SRE
‘shield will be about 2.7 x 108 neutrons/sec-cm2 with an average energy of 0. 40
Mev and a cross section equal to 0.22 cm'l, corresponding to about 0. 5R/sec or
5x 107R/3 years. Gamma facility experimental dé_ta has been extrapolated to-
estimate darmage to toluene and the various metals for a service life of 3 years

equivalent to 5 x 107R.' Results are given below:

DAMAGE (PER 3 YEARS or 5x 107 ROENTGEN)

Metal Samples Corrosion
(3/16 inch by 1/16 inch QrIpslo Gas Evolved,
by 1 inch) Wt. Less, mg | Penetration, mils | ml/gm Toluene
Iron 2.2 . 05 0.20% .12
Al 1.0 .07 0.20% .12
Cu - 0.8 - |- . 02 0.20% .12

On the basis of this experiment, it appears that radiation induced cor-

rosion in the SRE shield cooling system will be negligible.

An MTR in-pile experiment on toluene and p-xylene now in progress, will
offer an independent check on the extent of damage to be expected in the SRE shield

cooling system.

2. Terphenyls - Pyrolysis and 1-Mev electron irradiation studies have

been completed on the terphenyls at 400-450° C. Analyses of i:er cent polymer
formed are still in progress on the ortho-terphenyl samples. The following sum-

nary of the results can be given at this time:
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a. Ggas, Gpolymer and pyrolysis runs mdxcaﬁe that para-terphenyl

is the most stable terphenyl isomer.
b. G as values for the terphenyls over the temperature range 30-
350° C and at doses from 2-100 g ah were:
para, 0.001-0, 006
meta, 0: 005-0.010
ortho, 0. 005-0. 009

c. "_and per cent polymer values for the terphenyls over the

G
polymer
temperature range 400-450° C and at doses from 10—90%were:'

para, 0.020-0.022 and 4-31%, respectively
meta, 0.033-0.085 and 14-45%, respectively

d. Per cent polymer formed in the terphenyls in the pyrolysis runs

at 400 and 450° C were:
para, 0.4-0.7% at 15-90 hr and

0.3-2.4% at 8-66 hr, respectively
meta, 0.1-0.3% at 10-84 hr and
4-12% at 7-74 hr, respectively
These ellec':tronj irradiation results and pyrolyses indicate the following order o.f
stability for the terphenyls: para>meta> ortho. Emphasis in this work has now

shifted to similar studies with mixtures.

Gas volume measurements on terphenyls irradiated in MTR reactor hole

VH-3 for 1019 nvt have been completed and are:

meta-, 1.21 ml/gm t 0. 09;
ortho-, 2.33 ml/gm  0.15;
and para-, 3.76 t;:ml/gm to. 14.
It is planned to run another series of these samples to confirm the results obtained.
These in-pile irradiations ét ambient (near room) temperature indicate the fol-

lowing order of stability based on gas evolution: meta>ortho>para.

Results on the order of stability of the various isomers under different
conditions of irradiation and temperature are not only of scientific ir_iterest but
also are necessary if an attempt is to be made to develop the most stable organic

mixture for ultimate testing in an in-pile loop at high temperatures.
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Further details in regard to present irradiation work are given in
NAA-SR-1087. o )

Construction of the loop for circulating organic fluids at up to 900° F was
completed and tested. The two major components, the heated test section and

the pump, were found to perform unsatisfactorily at 800° F, the highest temper-

‘ature reached. The capacity of the pump (Viking Pump Company) falls off rapidly

in th; 750-800° F region. In an effort to overcome this difficulty, work has be-
gun on repiping the loop in such a manner that line loss will be held to a minimum,
Difficulty with thermocouples and with the calrod heaters were encountered in the
heated test section. Refabrication of this heated test -section and construction of
altérnate models has been started. It has been found necessary to make these
changes in the original pump loop scheme in an atfempt to obtain a systém that

will operate for extended periods up to about 900° F.
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SECTION B
SODIUM REACTOR EXPERIMENT

V. REACTOR DESIGN AND EVALUATION
(LAND, BUILDINGS, SERVICES)

A. Site

The site selected and approved for the SRE Project has been surveyed to
include layout of site boundaries, Reactor Building, Engineering Test Building,
on-site roads and paved areaé, drainage control system, and water distribution

tank.

Preliminary grubbing and establishment of construction roads is now com-
plete (Fig. 19). Insofar as possible, routing of these roads has followed final

road layout,

Security planning requires the Reactor Building and Engineering Test
Building to be enclosed in a limited area bounded by a perimeter fence of chain

link type. The remainder of the site shall be considered a controlled area.

Communications at site will be furnished by commercial telephone and a

radio facility similar to that in present use by North American Aviation Inc. at

~adjacent site areas. These will be tied into North American Aviation Inc.'s

existing facilities to fully coordinate security and fire protection for total area.

A soil survey has been completed which generally indicates a solid sandstone
with a sand overburden varying from 15 to 24 feet deep. No ground water was en-
countered in the 50-foot boring. This investigation substantiated practicélly all
of the preliminary foundation design assumptions made previously, based on

adjacent site foundation information.

Site grading, excavation and paving bid requests have been released as has

the 50, 000 gallon water distribution tank.

B. Reactor Building

Architectural layout has now reflected changes required by changing irra-
diated fuel storage from a wet to a dry type system. An underfloor .fuel element
and cleaning system together with a new hot cell location has been approved. The

hot cell now shall be underground to receive irradiated fuel elements. Here the
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elements shall be prepared for the shipping coffin or disassembled and openea for

examination in an adjacent metallurgical not cell. . i
W R £

The handling bridge for the coffins and related services has been submitted
for bids. Completion of this bridge and auxil-ia‘ry trolley should be in time to

handle the installation of heavier reactor components.

C. Engineering Test Building .

Final architectural layout is in progress together with mechanical, electrical,

and structural design.

The superstructural contract of the building has been awarded and preliminary
construction drawings have been completed by the fabricator subject to North

American Aviation Inc. approval.

VL. FUEL ELEMENTS

A. Fuel Material (B. R. Hayward, W. J. Hallett)

Specifications have been prepared for the uranium for the initial loading and
routine operation of the SRE. These specifications have been submitted to the
AEC for Aépproval and procurement from FMPC. The material required consists
of 4300 kilograms of 2. 75 per cent enriched uranium metal in the form of slugs
6 inthes long by 0. 750 inch diameter (a total of 5230 slugs). The metal will be
beta heat treated while in the rod stage, according to present practice at FMPC.

B. Fuel Rod Jackets (J. J. Droher, T. E. Stephens, W. J. Hallett)

Tentative specifications for the stainless steel jacket tubing have been pre-
pared. With few exceptions, these are similar to existing military specifications.

The major deviation will be the addition of specifications for non-metallic inclusions.

Since the wall of the fuel jacket is only 10 mils in thickness, it is impdrtant
that this tubing have no regions of potential failure. Pin hole failure might allow
the escape of fission products into the primary coolant. To detect whether such
regions exist in the tubing, effort has been directed towards attempting to induce

failure by extreme chemical and mechanical means.

Further metallographic examination of tubing both in the as-received condi-
tion' and exposed to 800° F 'sodium was carried'out bo.th'at NAA and at Allegheney
) ‘ 49
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Ludlum. This steel was not excessi\"ely dirty and would rate as average or
slightly better as far as cleanliness for stainless steel is concerned, The inclu-
sions are primarily chromites which are mixtures of iron oxide and chromium
oxide. Upon etching, many more dark particles were seen; these, however, are

not inclusions but are the chromium carbides which have not been dissolved by

H

annealing. These carbides could be.removed by proper high temperature anneal-

ing, but is not believed that these carbides cause pitting in molten sodium.

To determine the presence of any areas of excessive carbide precipitation
the Strauss test was utilized. Specimens of as-received tubing and tubing which
had been heated in sodium for 100 hours at 800° F were subjected to immersion
in a boiling solution of 3 per cent cupric sulphate, 10 per cent shlphuric acid, and
87 per cent distilled water for 72 hours. No evidence of excessive carbide pre-

cipitation or intergranular corrosion was noted upon metallographic examination.

To determine whether heavily oxidized sodium at high temperature would
cause pitting or selective attack, the following tests were performed. Four spec-
imens of tubing were sealed in a stainless steel capsule in contact with sodium
which had been heavily oxidized. The capsule was maintained at 800° F for a
total of 450 hours. The capsule wés opened éfter 100, 200, and 450 hours at
which times the specimens were water washed in air and visually examined.
Neither of the aggravated conditions resulting from exposure to the oxidized
sodium or the cleaning in air (which was done to deliberately bde'velop high local
surface témperatures where the burning sodium contacted the stainless steel)

contributed to localized surface attack.

Hydraulic pressure tests of the tubing were conducted as a bagis for estab-
lishing a non-destructive test in which the tubing is pressurized to 90 per cent of
yield strength and examined for dimensional change and for leakage through flaws
or inclusions. The yield and ultimate strengths and elongation values agréed
with handbook data for Type 304 stainless steel. The majority of the test speci-
mens failed with longitudinal split although several pinhole failures were obtained
as shown in Fig. 20, The tubing at the top of the figure had been heated in sodium
at 800° F for 100 hours and subsequehtly used in drop testing.3 This tubing had =
visual pits at the start of pressure loading and failed with a pinhole leak, However,
the increase in diameter of thig tubing was significantly less than that of the other .
tubes tested due to the loss in ductility caused By the wark hardening obtained in
the drop test, Des.pite the presence of these known flaws the tubing did not fail at
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90 per cent yield and reached the same'ultimate load as the other tubes tested.
This indicates that it is doubtful that this type of test could be adopted as a means
of detecting minor flaws that were not visible prior to testing. It may have appli-

cation in detecting thin-walled areas of significant size.

Preliminary tests of the welded joint between the fuel jacket and the end
plug had indicated that a partial atmosphere of argon was necessary to strike an

arc, while helium was added for purpoées of leak testing the weld. Techniques

“have now been developed for making satisfactory welds in helium alone both at

1 atmosphere and 1/2 atmosphere'. Tensile tests of these joints indicate that they

are stronger than the jacket tubing.

Proof tests of the welded joint have been éarried out by applying a load
sufficient to stress the weld joint without permanently deforming the thin-wall
tubing. It was found that a tensile load of 700 pounds would not cause permanent
deformation of the tubing, while a load of slightly over 1000 pounds was required
to reduce the tubing diameter 0..001 inch. Fracture of the tubing required a |
2500 pound tensile load and the tubing diameter decreased along its entire length
uniformly until just before fracture. It is suggested that a dead load of 700 pounds
or less be used to test all fuel rods to detect extremely poor welds and to aggravate

any minute flaws so that they may be more easily found in the leak detection test.

C. Spacer Wire (H. Strahl)

- The wire wraps to be used for spacing the fuel élements have been pre-
formed by Pacific Wire Rope Co. As shown in Fig. 21, the wire used was hard
drawn Type 304L stainless steel. The wires are 0. 0‘91 inch in diameter, 100 inches
long, and have a pitch of 10 inches. The wires fit shugly to the tubing but are

difficult to install and will spring from the tubing if not restrained.

Vil. MODERATOR, REFLECTOR, STRUCTURE

A. Reactor Core Tank and Supporting Structure (W. J. Sanders)

Changes in the material of both the core tank and the intermediate tank were
incorporated into the design, Studies have been made of the stresses in the core

tank and in the intermediate tank which proved that the wall thicknesses are ade-

quate to withstand the loads involved without excessive creep of the material at

the maximum temperature at which these parts will operate.
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A study is being made of the heat transfer characteristics of the coolant with
respect to the core and the core tank to insure that no excessive thermal stressas
will be imposed on the wall of the core tank. Layouts have been made of some
alternate schemes of the arrangement of the inner thermal shield and core clamps

between the core tank and the core.

Further studies of the thermal shield material have corroborated the selec-

tion of the high temperature resistant gray cast iron originally specified.

Insulation cells have been designed to fit the annular space between the in-
termediate tank and the core cavity liner. These consist of long rectangular sheet
- metal containers which may be filled with either a granular or fibrous type of in-
sulation and which may be installed from the top after the tanks, thermal shield,
and piping have been placed. Insulation at the bottom of the cavity will be arranged
‘similarly except that the cells will be smaller and of a modified cubical shape.
Selection of the insulating material will be predicated upon the results of tests
now being conducted on the compatibility of liquid sodium with various types and

brands of insulation (See Section VIII, B, 1).

Studies are in progress of the arrangement of the large bellows gas seal at
the top of the core tank’'and intermediate tank to insure that neither mechanical
nor thermal stresses are excessive in the bellows or their attaching members.
Bellows manufacturers have been contacted in an effort to determine successful

bellows attachment methods in similar installations.

Detail drawings have been made for the following items; core tank, thermal
shield, outer tank, and supporting structure. Some of these are complete and

ready for purchase. Others are béing checked,

B. Development of Zirconium Moderator Cell Cans (R. C. Brumfield,
W. L. Cockrell)

Work performed this quarter was concerned principally with the following:
design of a breathing tube for the moderator cans, calculations on the transport
of sodium vapor, rolling of the zirconium billets into sheet form, machining of
graphite billets, procurement of a welding stake, and installation of an outgassing

furnace and vacuum equipment.

1. Design - The vent tube system shown in Fig. 22 was designed to allow

the moderator can to breathe into the helium plenum chamber above the sodium
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reservoir. A "snorkel" of this type would allow discharge of gases which will be
released from the graphite by thermal agitation and radiation during reactor opera-
tion. It would also release gas pre'ssure from thermal expansion of gases con-
tained in pores and clearances in and around the graphite, thus protecting the can
from structural damage by pressure buildup. A condenser has been attached to
the lower (cooler) end of the breather tube to trap sodium vapor before it reaches
the graphite. The trap shown is probably adequate for ten years of normal opera-
tion. A check valve is shown between the condenser and graphite chambers. In

the final analysis this valve might be omitted.

The transport of sodium vapor into the moderator can during cooling and by
the actions of normal and thermal diffusion has been studied and found to be very
small and acceptable in practice. However, an experiment will be run to check
these effects under simulated operating conditions (excepting the influences of
radiation).

A vent tube support has been designed to maintain the lateral position of the
vent tube in relation to the moderator can. This is to prevent spacial interference
of the tube with the fuel cluster and adjacent can during removal and replacement

of these units.

A model of a flat-piate can head has been built of aluminum for bonded-wire
strain gage measurements with pressure and thermal strain loadings. A chamber
has been built for the testing of can heads under load at high temperature in con-
tact with sodium in order to determine the effects of stress corrosion and
corrosion-fatigu'e, particularly in weld area(s. Data are not yet available from

either of these experiments.

2. Zirconium and Fabrication - The conversion of two ingots of zirconium

startedA early in July is nearly complete. The small character of the lot and neces-
sity of making more than one size product from an ingot made for poor yield,

which will be approximately 60 to 65 per cent. Some difficulty has been experi-
enced in sc‘ale removal, iesulting in time delays. There will be sufficient material
to make the vsi_x devélopment éans and to conduct physical testing at 1000® and

1200° F.

The fabrication of metal parts for the six development cans has been
scheduled for the Los Angeles Plant. The necessary orders will be issued by the

time material can be released for manufacturing operations about October 1. A
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jig has been designed for the location and attachment of the studs on the end’

closures. sl e

The welding machine and some of its equipment require further shakedown
before welding of the development cans can be made.on a routine basis. The

welding stake with a moderator can (. 050-inch wall) is shown in Fig. 23.

Work has been initiated on measuring the strength and creep characteristics

(at 1000 and 1200° F) of the zirconium to be used in-development cans.
C. Graphite

- The hexagonal graphite blocks for six development cans have been received
from the vendor and dimensional inspection has been completed. The present
indications are that the blocks are dimensionally satisfactory; the inspection

operation is shown in Fig. 24.

The values for ash content reported by the manufacturer and checks obtained
with our laboratory indicate the ash content to be well within the specified 0.10 per

cent maximum.

The density values reported By the manufacturer and checks made in our

- laboratory are slightly lower than specified. The actual range of densities is

1.60 to 1. 68, whereas the value specified to the producer was 1.65 minimum.
Measurement of the magnetic susceptibility indicates this graphite to be equivalent
in degree of graphitization and orientation to AGOT, as specified in the purchase
order. The measurement of nuclear properties of the graphite in the Hanford 305

pile has been scheduled.

D. Heat and Va.cuum Treatment

Installation of the 150-kilowatt electric furnace and handling equipment
(Fig. 25) was completed. The furnace performed and contrdlled satisfactorily
during the drying and heating cycle and during sustained high temperature opera-

tion. This furnace will be used for thermal outgassing of the graphite moderator,

' annealing of zirconium strip, and high temperature tests on moderator elements.

Assembly of the vacuum retort, which mounts in the furnace, has been started

following the rework of leaky components.
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Fig. 23. Welding Stake Assembly for Fabricating Hexagonal
Zirconium Moderator Cans
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Moderator Cell Qutgassing Furnace

Fig. 25.
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VIIl. REACTOR COOLING AND HEAT TRANSFER .

A. Engineering and Tests on, SRE Components

¥ K
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l. Insulation

a. Insulating Brick and Fiber Tests in Sodium (M. Tarpinian) - Vari-

ous types of insulating materials were subjected to liquid sodium to study deteri-
oration effects. The specimens were sealed in steel pipes with provisions for
flushing with inert gas and for introducin.g the liquid sodium. Heater wire was
wrappe& around the tanks and chromel-alumel thermocouples were peened into the

tank walls.

The first specimen ‘consisted of Johns-Manville Sil-O-Cel Brick #C-16 cut
into a cylinder 2 inches high and 4 inches in diameter, The temperature of the
brick was 740° F; sodium at 907° F was dripped onto the specimen. After removal
and before an alcohol bath, the sample had a dull black to gra{y color, and ex-
hibited large pores. However, after dissolving out the sodium'the) specimen dis-

integrated into a gray-black sludge.

Another cylinder (Fig. 26) of Sil-O-Cel Brick #C-16 was cut in half, cemented
together with Sil-O-Cel mortar and subjected to the same conditions described '
above. The specimen, upon removal, separated at the cemented joint, the sodium
having completely destroyed the cement. Again after an alcohol bath the black-

gray sludge resulted.

The next two materials, Johns-Manville Superex paste (Fig. 27) and Eagle-
Pitcher mineral wool (Fig. 28) were run under different ;:onditions. Instead of
dripping the Hquid sodium on to the samples, a cube of sodium was placed on each
specimen. After evacuation, the chambers were heated to 900° F and maintained
at temperature for 1-1/2 hours. Both specimens were removed intact without a
complete penetration of the sodium. The Superex showed some flaking tendency
as well as a slight whitish discoloration (Fig. 27). The gray color of the mineral

wool had become black in the areas where sodium made contact (Fig. 28).

b. Stainless Steel Wool (F. E. Bowman) - The current SRE design

calls for a 12-inch layer of stainless steel wool thermal insulation between the

outer tank and the core cavity liner. This material is to operate in a nitrogen

atmosphere at temperatures which may reach 1500°* F.
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SPECIMEN BEFORE TEST

SRP29-29G

SPECIMEN AFTER TEST
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SRP29-34A

SPECIMEN VERTICALLY SECTIONED AFTER TEST

SRP29-34B

Fig. 26. Thermal Insulation Tests -
Johns-Manville Brick No. C-16
Sil-0O-Cel Mortar
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Fig. 27. Thermal Insulation Tests -
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Fig. 28. Thermal Insulation Tests -
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In order to establish the fea51b111ty of such operatmn a series of tests have
been run exposing steel wool’ and massive 304L spec1men to both :static and flowmg
tank nitrogen and air at temperatures of 1200° F and 1500° F for periods up to.

"6 weeks. The nitrogen flow rate was maintained at about 20 cubic centimeters per
minute. No attempt was made to obtain quantitative data, since it was felt that

the necessary. decision could be made on the basis of qualitative information.
The results obtained were as follows:

1. In static atmosphere both types of material are completely satisfactory.
With the exception of a change in surface appearance (gray in nitrogen and black
in air), there was no significant alteration observable. The static atmosphere

implies, of course, a restricted amount of gas available for reaction.

2. With a continuous supply of fresh gas as provided in the dynamic atmos-
phere tests, the results were much less encouraging. At 1500° F all grades of
the stainless wool (coarse, medium, and fine) wére converted completely to a
friable material in 1 month. Although during the test the specimens retained their
original form, they were reduced to powder even by the most careful handling.
X-ray diffraction patterns of the resulting powder revealed only the oxides of iron
and chromium, It is felt, however, that the oxide is a ‘secondary product result- .
ing from a prior reaction of nitrogen with the chromium. The férmation of chro-
mium nitride would effectively remove the element which imparts the oxidétion_
resistance to sstainless steel, thus permitting the entire material to .react with

the impurity oxygen in the nitrogen gas.

The results at 1200° F were, as might be expected, much 1ess severe.

However, there was evidence to indicate that with time the same end result could

be anticipated.

2. Inert Gas System

a. System Arrangement (E. Thomas) - Piping layouts have been pre- ‘

pared to establish pipe trenches for distributing the inert gases within the re-
actor building. It has been decided to replace nitrogen in the double wall sodium '
inlet pipes to the core tank with helium and to use nitrogen as an inert atmo.sphere;
in the disposable cold trap gallery outside the reactor building. The gas pressurés
in the insulation annulus, within the outer tank, and above the sodiun% pool in the

core tank have been set at 3 psig. The difference in gas pressure between these
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components and the coanecting piping galleries, which have a gas pressure of

1/4 psig, will be taken up at the gallery seal diaphragm.

Helium gas will be purchased from the Bureau of Mines in Amarillo, Texas
and will be stored in special bottles of 920 SCF capacity at a storage pressure of
2000 psig. This capacity is approximately four times the amount stored in a

standard gas cylinder.

Nitrogen gas will be stored in standard cylinders for normal usage and
nitrogen trailers will be brought to the reactor site for the purging of the piping

galleries.

b. Helium Analysis System for Oxygen Determination (W. G. Bradshaw,

L. Silverman) - The Brady method is to be used in the experimental studies of the
SRE program, to determine the oxygen content of the helium gas blanket maintained
over liquid sodium. It offers a rapid method of analysis with suitable precision,

in the range of zero to 10 parts per million of oxygen in the helium.

The apparatus of Brady has been modified to make a mobile unit and the
mode of operation has been changed. By impz:oving the pumping system and by
using graphical éomputation, as little as 15 to 20 liters of gas may be used to
obtain results for oxygen in helium in the 0 to 12 parts per million range within

45 minutes.

In principle, a water solution of a red dye (anthraquinone-beta-sulfonate) is
directed through glass tubing by the helium gas. At the start of the test, the red
color of the solution is measured by a Beckman spectrophotometer, and the oxygen
in the helium gas reacts to decolorize the red solution. The measure of the change

from red to colorless is the measure of the oxygen content,

The spectrophotometer was independently calibrated, first, by using gases
of known oxygen content and second, by electrically generating kndwn quantities
of oxygen gas. Using gases of known oxygen content, a precision of +0.25 parts
per million oxygen in the 0 to 12 parts per million range was obtained. The resuits
agree within +0.1 part per million of the Winkler method as described by Silverman

and Bradshaw.5

When in continuous operation, a change in oxygen content of the gas may be
detected within 15 to 30 minutes. If the oxygen content is sufficiently low, about

8 determinations may be made per day.
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c. Winkler System - A modification of the Winkler method, in which

oxygen is absorbed into alkaline manganous hydroxidé and then determined as

iodine, has been described by Silverman and'Bradshaw.5

A precision ranges from 0.4 to 0.7 part per million for bottled gases vary-
ing in oxygen content from 2 to 23 parts per million. The method can be used’ 3

from zero to 150 parts per million oxygen.

The time to complete one analysis is 6 hours. A series of analyses can be
combined so that four may be made in one day. The volume of oxygen required
for one analysis is one liter. The Winkler method is recommended when only

small ‘a.mounts of sample gas are available and a rapid answer is not required.

d. Purification of Inert Gases - A series of helium samples, taken

before and after passing through a NaK bubbler, were analyzed by a modified
Winkler method.5 The lowest oxygen concentration obtained after passing throagh

the NaK bubbler was 1.1 parts per million.

Bottled helium and hydrogen gases were passed through systems of gas-
bubblers containing concentrated sodium anthraquinone-beta-sulfohate reagent.
The oxygen content of hydergen was reduced from 2.7 parts per million to 0.3 part
per million; the oxygen content of helium was reduced from 6.6 parts per million

to 0.5 part per million, according to the Brady system and the Winkler method.

e. Helium Purification (R. Cygan) - Spargers consisting of flat stain-

less steel cans have been incorporated into the NaK bubblers in place of a pre-
viously used perforated tube. Two new sets of NaK bubblers have been ordered
for use on the fuel loading apparatus and the handling experiments. One of these

will be used for further tests on the optimization of design for NaK bubblers.

Tests have been started to detgrmine back diffusion of oxygen into helium
service lines. This system will test the effective sealing of valves, fittings, and

pipes used in the design of the reactor gas service system.

‘3. Sodium System Companents

a., Calibration of E-M Flowmeters (D. F. Barker) - Five electro-

magnetic flowmeters for general use in the Engineering Test Program were
fabricated and calibrated. They were calibrated by placing them in series in a

pipe loop with a calibrated flowmeter.
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Five surplus radar magnets were acquired to supply the magnetic field at
five different locations vin a closed pipe loop. This was constructed with l-inch
nominal 304 ELC stainless steel that had been electropolished inside to improve
sodium wetting. A standard electromagnetic flowmeter and an electromagnetic
pump cell were welded in the loop in series with the five uncalibrated flowmeters.
The voltage probes of 304 ELC wire, 40 mils in diameter, were welded 180°® apart
on a plane perpendicular to the magnetic flux. These leads were connected to a
multipoint recorder with a range of 0 to. 10 millivolts. Two thermocouples were
welded on the pipe itself at points intermediate between flowmeters and two ther-
mocouples were welded on each flowmeter,. one at a pole piece and another on the
base. These were connected to a selector switch and read with a portable pre-
cision potentiometer. The exposed stainless steel pipe was then wrapped with
heating cable and then insulated with Superex. The loop was then brought up to
600° F and the electromagnetic pump was energized. As sodium was not wetting
the pipe, very little flow was recorded. Thé pﬁmp was then turned off for 5 min-
utes and then turned on again. This procedure was repeated several times with a
slight increase of flow each time until a maximum flow rate of 8 GPM was obtained

at 110 volts on the pump. It was evident that the pipe was not wetting ‘completely.

The temperature of the loop was raised to 800° F to promote better wetting.
The pump was then turned on at 110 volts and immediately a flow rate of about °
19 GPM was recorded. A number of calibration runs Were made with the loop

at 800° F at different pump voltages to obtain different flow rates.

b. Sodium Cleaning with Anhydrous Ammonia (D. F. Barker) - Sodium

has a solubility in anhydrous ammonia of about 10 per cent. This would indicate
that liquid ammonia might offer considerable promise for cleaning parts coated
with sodium. To determine the effectiveness of the method, a batch cleaning
system using liquid ammonia was assembled at Santa Susana, A glass capsule of
sodium and a sintered stainless steel filter loaded with sodium were both effec-
tively cleaned in two separate trials. Based upon these encouraging results, a

circulating ammonia cleaning system is now being fabricated.

(1) Apparatus for Batch Cleaning - The cleaning container con-

sisted of a 4-inch nominal schedule 80 black iron pipe 12 inches long. A #300 weld
cap was welded on one end and a flange welded on the other end. All 3/8-inch
piping was of schedule 80 pipe with heavy duty union valves and elbows. Two sight

glasses and a pressure gage were incorporated in the system. A stirring rod was
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installed through the 1 1/2 inch thick cover. The stirring rod was driveq by a
1/4 horsepower motor mounted-on the cover. The aminonia was drained directly

from a larger commercial cylinder.

(2) Test-Tube Cleaning Experiment - In order to get'an idea of

the cleaning time required, 10 grams of sodium were poured in a test tube. The
open end of the test tube was then cut off 3/4 inch above the sodium. The diameter
of this test tube was about 1/2 inch. The test tube was then put in the cleaning
tank and the tank filled with ammonia. The dissolVing time of the 10 grams in the
capsule was 5 hours with continuous ammonia stirring. The ammonia was changed
as soon as iis color appeared as an opaque blue-black; these ammonia changes
were necesséry about every hour. Because of the small opening of the test tube,

only a small area of the sodium was exposed to the ammonia. Since the cleaning

 time is proportional to the area of sodium exposed, _this explains the long cleaning

time.

(3) Cleaning of Sintered Stainless Steel Filter - A sintered stain-

lesé steel Sﬁrfamax filter that had been used in emptying the fill pot at Santa
Susana was 6btained to test the cleaning method. It was evident on inspection that
it was badly loaded with sodium. The combined weight of the filter and sodium
was 718.3 gféms. The filter was placed in the cleaning tank and the tank was then
filled with liquid anhydrous ammonia. The stirring rod motor was turned on and .
left running for one hour. Ammonia was then drained into the sight glass on the
drain line. As seen through the sight glass, the ammonia no longer was clear but :

blue-black in color to the point of being opaque. This particular color indicated

“that the solution of ammonia was near sodium saturation. The tank was then

completely drained into a drum of water through a submerged nozzle. No explo-
sive reaction was involved. The tank was again filled and the procedure repeated
until the ammonia drained into the sight glass remained clear. The total cleaning

time was five hours.

It is interesting to note that six times more sodium was dissolved in this
test over the previous experiment with the same time and volume of ammonia.

This is due to the larger area exposed to the ammonia in this experiment. .-

The filter was removed from the cleaning tank and immersed in butyl

alcohol. No visible reaction occurred and after 1/2 hour the filter was removed

" from thé butyl alcohol and immersed in ethyl alcohol. A very slight reaction

was visible. The filter was left in the alcohol for 1 hour and water was then added
' ' 69
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to the alcohol with no reaction. Filter was removed, washed thoroughly in plain
water, dried and weighed. The weight of the dry filter was 658.5 grams; the

ammonia cleaning had dissolved 59.8 grams of sodium in five hours.

(4) Circulating Ammonia System for Sodium Cleaning - The

good results obtained in cleaning the stainless steel filter makes it plausible to
build a closed circulation ammonia cleaning system. Fabrication of such a system

is now in progress.

B. Engineering Tests of Sodium Flow Under SRE Conditions (R. Cygan,
W. J. Freede, T. T. Shimazaki)

Pressure drop measurements for the latest design SRE fuel element were
completed. A composite photograph of this assembly is shown in Fig. 29. The
chiéf differences between this assembly and the SGR elementspreviouély tested
are its shorter active length, additional spiral wire wrapping, and addition of an

orifice plate at the lower end of the cluster.

The location of pressure taps used in the measurements is shown in Fig. 30.
Using these taps the p.ressure drop in the fuel element section and the combined
pressure drop of the orifice and entrance section was observed. Five different
orifice plate sizes from 2.250 inches to 2. 750 inches were used. For the
2.750-inch diameter orifice plate,measurements were taken with the plate in the

extreme eccentric position as well as in the centered position.

Friction factor data for isothermal turbulent flow through the fuel element

section are shown in Fig. 31. The results can be approximated by the expression:

0.0376 4fV2L

= Re 0.1 where f is defined by h =

F - 22V
ZgDe

The friction factor for the SRE fuel element is higher than for the SGR
element previously described..6 The difference is due to the.greater number of

wire spacers used in the SRE design.
The orifice coefficient data are plotted in Fig. 32, where the coefficient C

2 . .
is defined by ho = 1 ZVO where ho is the combined head loss of the orifice and

C 2g
entrance section and’V0 is the velocity through the orifice. The orifice coefficient

increases with decrease in orifice plate diameter. The data indicate that for a

given orifice plate diameter, the orifice coefficient decreases with increase in

70

o
-
L3
Joveee
o
¢ e
Jooceecs
Joneoe
e
L]
LYY T
.
.
orem
acesee

2
K]

ceeam
3
Jooses
e
nDoscoea

o




e

* " [SREFUELELEMENT)

=

P— ~[HLON3T a30v0n 5]~

2

[poTTOmM END] "

ORIFICE PLATE

[ef

W

o

w

it

"SRP29-27@

SRE Fuel Element

Fig. 29,

71

ee9 0
L °
200800
. o.
* . o
e®9e0 0
®eed00
.

L
ea8890D
690800
. *0
LN ©

L o
e oo
e o o
. L
ees 00O

Ad

°
soeso0

€ o

eseo
D °
e o o
sse®00

sees

- °
-ooool




HANGER ROD

FUEL ELEMENT—

73 1/16"

«——— 93 /8"
o (¢}
6 1/16"
J
~

ORIFICE PLATE——
GUIDE VANE——— |

47 1/16"

COOLANT TUBE———

a - I
-5/ I6"o‘

Fig. 30. Location of Pressure Taps on SRE Fuel Element Coolant Tube
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Reynold's number up to a value of Reynold's number above wh1ch the orifice co-

efficient becomes approxn'nately constant.

Figure 32 also shows that if the orifice plate is eccentric, the coefficient
increases. For the 2,750-inch diameter orifice plate in the extreme eccentric

position, the orifice coefficient increases about 4 per cent. Figure 33 is a cross

" plot of the results shown in Fig. 32 for the concentrically positioned orifice plates.

There is considerablé scatter of experimental data in the lower Reynold's
number region, which introduces some uncertainty in the interpreted results for
this region. The scatter results from the pump and valve sizing made originally
for the higher flow rates applicable to SGR, which resulted in poor control char-
acteristics at very low flows. Since this flow rate region is below normal flow

for SRE, revision of equipmént to get better data is unwarranted.

More exact flow pattern studies have been carried out using larger suspended
particles (sawdust), high intensity lighting and Fastex cameras. The photographs

and data are being analyzed.

C. Sodium Pump Development and Test (R. Cygan)

During the past quarter the sodium pump loop (Fig. 38, NAA-SR-878) has
been installed and instrumented and the aux1l1ary equipment has been added
(Figs. 34 and 35). Pipe preheating is provided using General Electric flexible
heating cable (nichrome covered with asbestos-glass‘ insulation with monel braid
over-all). The heating cable is held in place using steel wire and plumber's tape.
For sodium leak detection, two stainless wires imbedded in loosely woven glass

yarn tape are fastened to the underside of the horizontal piping.

Thermocouples are peened directly into the pipe wall except for low tem-
perature regions, where they are soldered to the surfaces. Thermostats main-
tain the drain line and dump tank above the melting point of sodium at all times.
Helium supply is bubbled through NaK columns to remove trace oxygen present

in tank helium.

Preliminary checkouts are finished and the loop is now ready for the initial

sodium charge.

D. Stainless Steel Metallurgy for SRE (D. T. Eggen)

~ During the last quarter it was decided that the standard material for systems

in contact with sodium or sodium vapor should be 304 stainless steel. Prior to
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this decision, it had been general practice to specify 304L (extra low carbon, B
0.030 per cent) for this service. This choice was made after investigations which
indicated carbon precipitation even with tne extra low carbon material. .It was
felt that the little advantage"ga’ined over commerciai""é:bél did not warrant the in-
creased cost. Exceptions to this general case will be made under certain condi-
tions where extra toughness, étr’ength, or cleanliness are required; e.g., sodium

pump impeller and the jacket tubing for fuel rods.

The backup ring developed by the Electric Boat Company for use in inert
gas welding of stainless steel for sodium service has been added to preferred
methods of welding. The other accepted methods are gas backup, consumable
backup ring, and temporary copper backup. These methods are used in order to

reduce oxidation on the inside of weldments. 2

IX. INSTRUMENTATION AND CONTROL

A. Control Rod Systems

1. Control Rod Drive Mechanism (M. Mueller, R. E. Douglas) - As pre-
viously reported, ! the four control rods will be used as shim rods and two of the
four will be arranged to have an override on the shim movement so they might
function as regulating rods. The shim movement will be manually operated while

the regulating rod will be instrument controlled.

Travel of the shim rod is tentatively fixed at 0.24 ft/min. Using a 1.00 di-
ameter worm with a lead of 0.20 inch requires a slow speed of 14.4 rpm. Travel
as a regulating rod is tentatively limited to a maximum of 3.0 ft/min.. This

requires a fast speed of 180 rpm.

The required speeds for the 'two-speed drive (Fig. 36) are obtained using
two 1200 rpm, constanf speed, reversing motoré driving through friction type,
adjustable torque, slip couplings coupled to a gear reducer. The gear reducer
uses a planetary gear system. Two input shafts, one for each of the two motors,
are provided. The planetary gears are arranged to utilize the two ratios normally
available. The high ratio is obtained by driving the sun gear through the planet
gears against a fixed annulus or ring gear held by the inactive motor on brake.
The low ratio is obtained by driving the ring gear through the planet gears against

the fixed sun gear held by the opposite motor brake. With this arrangement.two
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motors are made to drive a single shaft at different speeds and in reversible

directions of rotation.

The regulating rod travel is limited to plus or minus 6 inches beyond the
normally controlled position established by the shim rod drive. An Acme screw
is driven by the high speed input shaft. A cam travels on this screw and actuates '
limit switches at each end of the twelve-inch travel. A center switch is provided

for indicating the position of the regulating movement at the center of travel.

The slip couplings are of the spring loaded, friction disc type with an ad-
justment nut regulating the spring pressure to give a fixed torque limit. Loads
in excess of this limit cause the coupling to slip. This provides a safety stop
against driving the ball nut and worm in the pull tube beyond the limits of the worm

thread and other jamming due to faulty manual control.

A selsyn'unit direct driven from the main shaft supplies intelligence for

indicating the position of the pull tube.

The main shaft drives a two-tooth clutch which in turn drives the ball nut-
screw shaft. The clutch is spring loaded for engagement and a maximum of one-

half turn is allowed before positive engagement,

The two control rods that are not provided with an overriding movement for
regulation, will be driven at a singlé speed with a single motor under manual
control (Fig. 37). The required speed is obtained using a worm and worm gear
reduction driving at right angles through miter gears. The spring loaded clutch

is used and the drives are removed merely by lifting from the control rod recess.

2. Developmedt of Control Rod Elements (H. Strahl) - Four centrifugally

cast control rod rings have been received (Fig. 38). It was requested the cyl-
inders be cast in steel molds instead of graphite molds, as several test castings
indicated the higher the carbon content, the harder the material became. Trouble
was encountéred in removing the finished castings, so ultimately grabhite molds
were used. From the analysis of the finished cylinders, it appears that the graph-
ite mold causes only a skin effect which disappears when the outside is machined

to size,
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Fig. 37. Control Rod Drive Aésembly (Single Speed)
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Following is an analysis of the finished cylinders:

Ni 80, 48%* C 0.10, 0.11%
Cr 10.00% Si 0.71%

Fe 3.57%* Mn 0.22

B 3.61%* Co 0. 68%

These cylinders appear to be softer than any fabricated thus far, the Rock-
‘well hardness being C-53.

One of the cylinders was thermally cycled 500 times from 400 to 1200° F
under a load of 25 pounds. The dimensions were the same after cycling. A piece
of a cylinder was heated to 1200® F in contact with stainless steel to make sure

the two would not stick together. No bonding or sticking effect was observed.

3. Control Rod Heat Transfer Experiment (J. D. Howell) - As pre‘)iously
described and illustrated (NAA-SR-956, p. 49; NAA-SR-1027, p. 40), the experi-

mental system for the heat transfer e'xperifnent has been completed. During the

last quarter the system was completed and put into operation. Initial runs were
made with a2 nominal radial clearance between the boron rings and the thimble of
10 mils, the boron rings being held concéntric with the thimble tube by means of
spacer rings (Fig. 38-A). Power input into the boron rings (by the graphite heater)
was increased to 8.3 kilowatts per foot, and the thimble temperature was varied
from 650 to 825° F; the temperatures were recorded by thermocouple irmbedded

in the rings as shown in Fig. 38. This simulated conditions expected along the
central control rod of the SRE between points one-half and three-quarters the
distance from the bottom. This area is considered the most critical, due to the

combination of high heat fluxes and relatively high thimble temperatures.

Under these conditions the highest boron ring temperature measured was

1100° F.

The next set of runs will be made with the same nominal annulus, but with
the boron rings held against the side of the thimble. This is the most likely posi-
tion of the rings in the control rod since they fit loosely in the draw tube. It is.
also the worst condition for heat transfer, and will indicate whether difficulties

with excessive local temperatures in the rings may occur.

*These determinations are quantitative. The remaining analyses are spectro-
graphic and accurate to plus or minus 10 per cent of the given values.
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B. Safety Device System

1. Ball Release Studies;v‘("E’i. C. Phillips, E. B. ﬁ;cker) - As previously
reported (NAA-SR-1027, p. 88), an experiment is being designed to determine the

release time and the manner in which boron steel balls would be released from a
storage hopper into a thimble in the core of the reactor. The experiment was
designed mbcking-up all internal working parts as sh0\‘avn in Fig. 39. Duetoa
racheting effect of the balls between the sliding hopper wall and the internal tubes
of the device, it was necessary to add a sleeve between the hopper wall and the
balls. A reflector which seéarates the balls frorijx the air stream has been re-
designed and fabricated of high impact strength die steel. This was found neces-
sary because of severe damage to the reflector caused by the peening action of

the retur nin_g balls.

Light compression springs have been added to the'spider supporting the
ball hopper in order to increase thé release speed following-the solenoid action.
The important factor is the time transfer between the release of the solenoid and
the arrival of the first balls at the core reflector interface, which is two feet ‘
below the hopper gate. This time varies between 407 and 394 milliseconds. The
first balls reach the bottom of the core in 805 to 764 milliseconds. Approximately
10 seconds are required to completely fill the safety thimble with the boron steel
balls. The hopper gate is completely open in less than 112 milliseconds. How-
ever, balls are falling from the hopper before it is completely open. The method
of observihg these measurements is as follows: Plastic windows were placed
two feet and eight feet below the hopper g\éte. Since the center tubes of the Ball
Safety Device are made of stainless steel, the outer one was polished in order to
obtain high iight reflectivity, A set of three phototube and exciter lamps were ‘ »
placed in a housing in this plastic section. The phototubes were placed 120° apart
and the exciter lamps placed next to them but shielded in such a way that the _
phototubes could see only light reflected from the center tube of the device. An |
amplifier was designed and constructed to feed into a dual-beam oscilloscope.
Measurements were taken of the time between solenoid release and the interrup-
tion of the light beam at either the two-foot level or the eight-foot level. The

hopper gate opening was determined by a sensitive sound pickup.

" An air flow rate of 29.5 cfm and 16 psig removes the balls in about one and
one half minutes. The pressure on the air piston in the latch is higher than

16 psig before the latch air valve opens.
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LATCH MECHANISM
{

/. [SOLENOID,

Fig. 39. Ball Safety Device - Mock-Up SRP25-79A
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The tests have been made with 1/8-inch chrome steel bearing balls, An

B
Fedh

Lo . S AN . -
attempt to use stainless steel shot'with 3 per cent boron content resulted in jam-
ming and severe scoring of the hopper, hopper sleeve, and ball return tube by

fragments of the shot which shattered.

In order to operate the test over several hundred cycles, a sequence timer
was incorporated into the Ball Safety Device. This (a) latched and set the hopper
gate, (b) energized the holding relay, (c) emitted air to lift the balls from thimble
to hopper, (d) de-energized the holding relay, and (e) dropped the balls into the
thimble, ’

2. Boron Steel Ball Procurement (A. E. Miller, W. J. Hallett) - Inquiries

have been made to metal and ceramic ball manufacturers to determine the feasi-
bility of prodﬁcing boron containing balls suitable for the Ball Safety Device. In
addition to having a minimum boron content of 1.5 per cent in steel or an equiva-
lent weight in a ceramic, these 1/8-inch diameter balls must not sinter or pres-
sure weld.under a load of a 10-foot column of balls at 1500° F. Also, they must
be capable of withstanding impact against the steel reflector when moving with é

velocity of 100 ft/sec.

A sample batch of 50 pounds of 2.97 pér cent boron 18-8 stainless steel
balls made by shotting techniques was obtained. These balls were unsuitable, as
they were neither round, solid, constant in size, nor did they have a continuous
surface. These defects appear to be characteristic of balls produced by a shotting
process. Thus, it appears that if metallic spheres are to be used, they will have
to be manufactured using rﬁethods more nearly approaching those used in the

manufacture of ball bearings.

Steel balls containing 1.7 to 2.0 per cent boron are available. These
0.125 4+ 0. 005 inch balls have a sphericity tolerance of +0.001 inch. Pressure
welding experiments will be perfofmed on 3/8 inch spheres of the same alloy.
A sample of 3/8 inch,4per cent boron nickel balls fabricated for Savannah River
have been obtained. It is felt that 1/8 inch spheres of this alloy can be made, but

the vendor is not presently equipped to do so.

Thus far only two manufacturers capable of fabricating suitable ceramic
balls have indicated interest in doing so. A sample of 1/4 inch balls has been
ordered. These balls will have a bulk density of 1.95 gm/cc and contain 0.16 gm/cc

of boron.
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3. Ball Sintering Experiments (A. Omo) - Ball sintering experiments pre-

viously reported (NAA-SR-1049) are being continued as new types of balls are
received. The shot technique balls were placed under an atmosphere of 5 psia of
helium to test for pressure welding. Samples of the balls were heated to 1120

and 1320° F under weights giving pressures equivalent to a 7-foot column of balls.

Since it was thought that nitriding of the balls would prevent sticking, ni-
trided samples were also tested under the same conditions. Nitriding was accom-
plished by heating the balls to 1075° F in an atmosphere of anhydrous ammonia

for 5 hours.

After being tested under the above conditions for 21 days, none of the
samples showed any tendency to stick together. It is probable that there was a
small amount of oxygen in the helium atmbSphere since the weights and cups in
some of the sintering retorts showed discoloration. The retorts and ball samples

are shown in Fig. 40.

4. Pressure Bonding Tests on Nickel-Boron Alloy - Square samples of

three types of nickel boron were tested for pressure bonding in contact with stain-

less steel 304L samples. The samples were heated at 1200° F for 21 days in an

atmosphere of helium. A pressure of 25 psi was held on the contact faces by a
weight, as shown in Fig. 41.

The nickel boron samples were placed between alternate samples of 304L
stainless, so that there were two contact faces for each type of metal. There
was no pressure bonding at any of the contact faces. There seemed to be a
slight okide coating on the weight and cup Which was thought to be due to oxygen
in the helium. ’

Samples of stainless 304 tubes and stainless 347 were also tested for pres-
sure bonding (Fig. 42). Tubes of 304 stainless were placéd under 347 stainless
weights in a helium atmosphere. Sarﬁples were heated at both 1120 and 1320° F
for a period of 21 days. Nitrided samples were also tested under the same condi-
tions. None of the samples showed any tendenéy to weld. There was a light-blue
film on one sample and a light-gray film on another; this was probably due to

oxygen impurities in the helium.
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rotatable shield ’alloWing the shield to rotate freely without breaking the gas seal.

Fig. 42. Retort and 304 Stainless Steel Tube Spec1mens for
Pressure Bonding Tests

SRP25-78A

X. SHIELDING

A. Top Rotating Shield

1.

Arrangement (J. Church111) - The small removable plug was increased.

from 16 to 19 inches in dlameter and repos1t1oned to allow greater clearance
durmg moderator cell removal.

Two additional tubes were located in the rotating shield for neutron beam
experimental facilities. .

Tubular heaters will meélt the metal seal between the ring shield and the

The bqtrom of the shield consists of a layer of lead sandwiched between a.
thin layer of stainless steel on the bottom and a thick layer of low carbon steel
on top. Coolant tubes are imbedded in the lead. Hexagonal cans containing stain-

less steel wool for thermal insalation cover fhe bottom of the rotatable shield.
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The over-all thickness of the rotatable shield is 6 feet-9 1/2 inches of which

5 feet-4 inches are high density magnetite iron ore concrete.

2. Radiation Dose Rates at Top Surface of Rotating Shield

a. Neutron Dose Rate at the Surface of the Top Shield (R. L. Ashley)

Calculations to determine the neutron dose rate at the surface of the top shield
have been completed. The method used was to plot a histogram of leakage neutron
data considering 6 neutron groups: 2 Mev to 30 kev, 30 kev to 10 kev, 10 kev to
1 kev, 1 kevto 10 ev, 10 ev to thermal, and thermal. A smooth curve drawn
through the histogram yielded a more detailed neutron spectrum. This was nec-
essary since a large fraction of the total leakage was composed of neutrons in the
30 kev to 2 Mev range, where neutron tolerance changes by a factor. of about 15,
The neutron dose rate at the surface of the shield was then computed. For a

5 foot 4 inch magnetite ore concrete shield (231 1bs/ft3) a dose rate of

0.33 mrem/hr was obtained. It should be mentioned that the value of 2¢ used in
these calculations for the highest energy group is 0.12 cm_l. This value was
obtained by extrapolating experimental data obtained from measurements per-
formed on the Brookhaven shield. The slope of the neutron attenuation in the

concrete, after about the first foot, is determined by this value.

b. Gamma Ray Dose Rate at the Surface of the Top Biological Shield

(R. C. Gerber) - Detailed calculations to obtain the gamma ‘ray dose rate at the
surface of the top shield have been completed. The shielding materials above
the reactor reflector are 5 feet 9 inches of sodium, 10 inches of thérmal insula-
tion, 1 inch of stainless steel, 1.25 inches of lead, 4 inches of iron, anAdVS feet

4 inches of magnetite ore concrete (231 1bs/ft3).' The sources of gamma radia-
tion were analyzed assuming exponential neutron attenuation through each of the
materials listed above, isotropic gamma ray generation, quadratic dose buildup
factors, and infinite plane source geometry. The gamma ray emission spectrum
was in each case grouped to represent the dominant energies. The resﬁlts of

these calculations are tabulated as follows:
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GAMMA RAY DOSE RATE AT SURFACE OF TOP SHIELD

' Source l Gamma Ray Energies (Mev) Dose Rate (mr/hr)
Concrete c'ap_ture ‘ §.3; 7.6;-6.0; 3.0 0.25
Iron capture ‘ 9.3; 7.6; 6.0; 3.0 0.05
Core and reflector 7.0; 5.0; 3.0 0.03
Sodium capture 6.4; 5.0; 3.0 0.02
Sodium decay 2.76; 1.38 0.0003
Total = ‘ 0.35

The sourcés of error in the calculation were examined b); placing limits on
the microscopic data utilized in the analysis, (e.g., the gamma ray and neutron
absorption coefficients and the spectral form of the capture gammas) the predicted
neutron leakage from the core, source geometry, etc. The results 'indic‘ate. thét '
the gamrha ray dose rate can be no more than a factor of 2 above the coméﬁted

value nor a factor of 10 below this value.

3. Heat Generation in the Top Shield (R. C. Gerber) - Calculations analyz-

ing the heat generation in the top thermal and biological shields have been com-
pleted. The data from the previous section was used to obtain the sources of
radiation as well as the heat generation. The results of the calculations are tab-

ulated below.

HEAT GENERATION IN THE TOP THERMAL AND BIOLOGICAL SHIELDS

Heat Generated (in Btu/hr’-'ftz)

Source ' in Thermal Shield in Biologic;al Shield -
Sodium capture ' 48 ‘ 0.5 -
Sodium decay 102 | 1.0
Iron captﬁre 13 0.6
Core and reflector 9 0.1
Concrete capture - - 0.7

Totals 172 2.9
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B. Coolant Pipe Trench and Gallery Shielding

1. General - Layout drawings have been completed for the pipe trenches
in the reactor building which will carry the toluene being used as an auxiliary

coolant. Toluene lines will be used for cooling the hot dry storage cells for
irradiated fuel. '

In order to determine the shielding requirements for the toluene, it was
necessary to investigaté the inorganic materials in the toluene. Specimens of
toluene were irradiated in the North American Aviation Inc. water boiler reactor
to measure the concentration of the impurities. The results of the expériments
indicate that the resultant dose rates from the toluene impurities are so low that

no shielding will be required.

2. Shielding Required for Gas Lines and Toluene Pipes in Gallery‘ Shield

(A. R. Vernon) - The trench for gas lines entering the sodium gallery has been
examined to determine the reqdired shielding. Two alternative methods of.
shielding have been considered. The top of the seal box, located on top of the
g_ailery shield, may be covéred with lead to attenuate the scattered gamma rays
streaming up the passage, or the lower end of the passage (in the gallery) may
be shielded from direct radiation. The calculations indicate that 2 inches of lead
is required for the seal box in order to reduce the radiation level to 10 per cent
of AEC tolerance. In order to achieve an equivalent reduction in the primary
gamma-radiation reaching the important scattering region, five inches of lead
would be required around the lower end of the passage. These calculations apply

for a minimum scattering angle of 60°.

For pipes carrying toluene coolant from the sodium galleries it was cal-
culated that 3. 75 inches of lead were required over the floor trench where the
pipe exits from the shield. Here again, the minimum scattering angle is 60°.

If the toluene pipe were pointing directly at one of the sodium coolant lines in thé

gallery, about 8 inches of lead shielding would be required.

3. Radiation Level in Gallery due to Neutron Leakage (A. R. Vernoﬂ) -

The radiation level in the gallery area due to induced activity from neutrons leﬁk-
ing through the regions where sodium coolant lines pass through the thermal
shield has been examined. Uéing estimates of the neutron flux and current at

the thermal shield it was possible to estimate the amount of activity induced in

the gallery. After several years of continuous reactor operation, the radiation
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level one meter from the sodium lines was calculated to be of the order of

20 mr/hr. It is expected that the radiation level will be greater than this value
in the region of the expansion bellows. Calculations are in progress to deter-
mine the radiation level due to induced activity in the thermal shield. The effects
of mass transfer from stainless steel and also the corrosion of zirconium will

have to be considered as sources of additional radioactivity.

XI. REACTOR SERVICES

A. Irradiated Fuel Storage System (W. Alderson, C. W. Cook)

A new dry storage system shown in Fig. 43 has replaced the previously
described water storage pond. Three different types of cells are installed into
the reactor floor; namely, fuel storage, fuel cleaning, and new fuel storage..
All cells are capable of receiving full length fuel elements, control mechanisms,
control rod mechanisms, or any other components which can be withdrawn from
the reactor. The top of all cells are level with the reactor loading face and are

serviced by the fuel handling coffin.

Fuel storage cells are provided for spent fuel or irradiated elements.

These cells have an external toluene cooling system for removing the afterglow

heat.

Fuel cleaning cells are provided with a water spray system for removing _

sodium from fuel elements.

New fuel storage cells serve the purpose of storing new elements before
they are placed in the reactor. Helium and vacuum lines are connected to these
cells for establishing the proper helium atmosphere before the new fuel is

transferred into the handling coffin.

‘ The shielding requirements for the hot dry fuel storage tubes has been in-
vestigated. The shielding was arranged such that the radiation level in the
immediate vicinity during loading and unloading operations would be less than
that due to the presence of the loaded fuel handling coffin itself. The results of
the calculations indicate that the floor should contain at least 1.5 feet of mag-
netite ore concrete (230 1bs/ft3). Also, a 4-inch lead flange, 2 inches thick,
should be attached to the bottom of the fuel handling coffin skirt. This shielding
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arrangement is such that the maximum radiation level 4 feet from the surface

of the coffin would be about 60 mr/hr.

B. Fuel Element Handling Coffin (R. O. Crosgrove, R. L. Ashley, A. R. Vernon)

Final design layout drawings have been completed on all of the components

of the fuel element coffin.

The shielding calculations for the section of the handling coffin adjacent to
the active fuel have been checked. The maximum dose rate at the operator for
a 9-inch lead shield was found to be 280 mr/hr.. A 2.8 inch thick lead shadow

shield will reduce the radiation level at the operator to just tolerance.

The shielding requirements. for the bottom of the fuel handling coffin have
been investigated. The results of preliminary calculations indicate that 4 inches
of lead will reduce the dose rate at the operator to about 15 per cent of AEC
tolerance. The dose rate 6 feet from the coffin will be about 12 mr/hr, while
at 12 feet the intensity is down by about a factor of 4 Calculations to determine -
the shielding requirements for the section of thehandling coffin above the fuel
are in progress. It appears that this portion of the shield is determined by the
fission product activity of the fuel and the activity induced in the control rod
housing. The follo>wing shielding scheme for the side of the coffin has been pro-

posed:

a. 9.0 inches of lead up to the top of the fuel element
b. Taper to 4.0 inches of lead six feet above the fuel element
c. Taper to 0.5 inch of lead 15 feet above fuel element

d. 0.5 inch of lead from 15 foot mark to top of coffin

All of these lead thicknesses are in addition to the 0.5 inch steel of the

coffin container,

In addition, a 0.5-inch shadow shield should be placed above and a 0.25-inch

shield below the operator.

Calaulations have also been performed regarding the use of the fuel handling
coffin for handling the reactor startup neutron source. For an antimony-
beryllium source of 2 x 108 neutrons/sec the dose rate at the operator will be
about 2.5 times AEC tolerance. This is conaidered adequate since such manip-

ulations will certainly take place at very infrequent intervals,
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C. Moderator Cell Handling Coffin (R. Crosgrove, H. DeWaid, R. L. Ashley,
‘'C. W. Cook)

A design has been completed of a handling coffin for removing and replac;
ing the hexagonal moderator cells of the SRE. Some of the possible reasons for

removal and replacement after the reactor has been operating are the following:

(a) Visual inspection for mechanical defects or failures and damage cauéed
by installing techniques.

(b) Evaluation of probable useful cell life based on chemical or physical
deterioration.

{(c) Evaluation and redesign of the spacing established for maintenance of
cooling film. ‘

(d) Measurement of thermal expansion and deviation from original toler-
ances. . ‘

(e) Determination of the maximum permissible manufacturing tolerances

based on operating experience.

The arrangement of the coffin is shown in Fig. 44. The principle of coffin
operation is quite simple. The coffin is positioned over the desired (20-inch or

40-inch) reactor plué, and the plug is engaged and lifted up into the coffin. The

_internal mechanism of the coffin then rotates 180 degrees on the vertical axis of

the coffin. This operation positions the moderator cell coffin over the hole in
the reactor top. A grapple is lowered to engage and withdraw the moderator cell
into the coffin. The roof plug is then replaced in the reactor,. Thé coffin is then
moved by the bridge crane to the cell washing area where the cell is removed
from the coffin. A new cell is picked up by the coffin, the coffin is positioned
over the reactor plug, the plug is removed, and the new cell is charged into the

reactor.

Calculations to determine the shielding requirements for the moderator
can removal system were completed. The following assumptions were used in

the analysis:

a. All fuel is removed from the reac¢tor prior to removal of either the
20 or 40-inch plugs.

b. The 20-inch and 40-inch plugs in the top shield will not be removed
until at least 48 hours after shutdown.

c. The level of the sodium pool will be dropped to-the top of the moderator

cans.
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d. The operator can never be positioned over any part of an empty shield
plug hole. ‘
€. The coffin for the 40-inch plug, when empty, can never pass over an
open plug hole. | o »
f. The operator is subject to gamma radiation from 3 sources:
« (1) an open plug hole ‘
('2) a shielaed (withdrawn) plug

(3) a shielded (withdrawn) moderator can

A1l shielding calculations were based on the gamma dose rates (in the area

occupied by the operator) at a height of 3 to 5 feet above the top shield.

Wﬁen the operator is in a position such that he does not have a direct line
of sight with the reflector, the shielding over the open 40 inch diameter hole
must be 1 inch of iron and 4 inches of lead. This will reduce the radiation level
at the operator to 1/3 of AEC tolerance. Most of this radiation comes from
écattering off the sides of the hole and from air scattering. If the operator
occupies a position over the empty 40-inch hole, he must be shielded by at least
l-inch of iron and 9.7 inches of lead. Most of the direct gamma dose rate from
the open hole is due to radioactive sodium when the wait time is taken as
48 hours. However, should a 9-day wait time be allowed, the rﬂajor contribu-
tion to the direct dose rate would be from the activity induced in the stainless
.s_teel fittings located on top of the moderator cans. For the ‘9-day wait period
the shielding over the hole should be 1 inch of iron and 7..3 inches of lead. Stain-
less steel fittings contribute most of the scattered dose rate for both wait times,
therefore 1 inch of iron and 4 inches of lead are required when the operator is

not in direct line of sight with the reflector.

The shielding for the 20 and 40-inch plug coffins was designed to provide
a gamma dose rate of 1/3 AEC tolerance at the operator position or 250 mr/hr
at the surface of the coffin, whichever requires the more shielding. The mini-

mum shielding required for these plugs was found to be

a. 3.5 inches of lead or 1 inch of iron and 3.1 inches of lead around the

bottom 2 feet of the plug.

b. 2.0 inches of lead or 1 inch of iron and 1. 6 inches of lead from 2 feet

to 3 feet from the bottom

c. 0.4 inches of lead or 1 inch of iron from 3 feet to the top of the plug.
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d. no shielding is needed on top of the plug

A plate consisting of llinch of iron and 4 inches of lead should be situated within
the coffin for the 20-inch plug such that it is positioned near the bottom of the
coffin. This will prevent the operator from being overexposed when the empty
20-inch plug coffin passes over an open plug hole, When the plug is drawn into
the coffin the plate will serve as the top shield. (No such plate is required in

the coffin for the 40-inch plug as lbng as it will never pass over an open plughole.)

The shielding for the moderator can coffin was designed to provide a maxi-
mum gamma dose rate of 250 mr/hr at the'surface. A shadow shield has been
added to provide a dose rate of 1/3 AEC tolerance at the operator. A shield
A consisting of 1 inch of iron and 4.5 inches of lead is required both around and

on the top of the moderator can, while a 2. 75-inch lead shadow shield is re-

quired between the coffin and the operator.

D. Hot Cells

The layout of the primary hot cell has been made compatible with the latest
hot dry storage design. As a result of this, the hot cell is now underground with
the top surface level with the hot dry storage section. The fuel elements will
now be introduced into the hot cell through a hole in the ceiling (Fig. 45). The

fuel coffin will be used for this operation.

-~ A metallurgical hot cell has been attached to the side of the prim'ary hot
cell, This will be used for polishing, etching, and metallographic studies of

fuel specimens. There will be specimen transfer mechanisms between the cells.

The metallurgical hot cell has one pair of master slave manipulators and
the primary hot cell has two master slave manipulators plus a 1000 pound bridge
crane. ‘The metallurgical hot cell will have 3-foot walls of magnetite ore con-

crete (231 1b/cu ft). The primary hot cell walls will be 3.5 feet thick.

E. Radioactive Liquid Waste Disposal System (F. W. Dodge)

The method and equipment for the disposal of irradiated liquid waste has
been reviewed and modified during the past quarter. The major change results
from the elimination of the fuel storage pond and the use of dry storage tubes.
This greatly reduces the volume of liquid which must be handled. The objective
of the study was to provide the simplest and most economical arrangement with

the provision for installation of separationand concentration equipmentinthe future.
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Insofar as possible, high activity waste will be segregated from low acjtivity
waste liquids.” This will be accomplished by draining all waste solutions into a
sump tank, individually monitoring the solutions, and then transferring to the
disposal system. Low activity liquids will be pumped directly to a large storage |
tank for futuré diéposal. ‘ High activity solutions will be transferred to small
hold-up tanks to allow for fufther decay. The solutions will then be placed in
small shielded containers for final disposal. "A schematic drawing of the radio-

active liquid waste disposal system is shown in Fig. 46.

1. Fuel Cleaning Waste - The chief source of radioactivity in waste liquids
will be the sodium washed off the discharged fuel elements during the cleaning
operation. In order to allow the sodium activity to decay to a practicable level,
the fuel elements will be stored for 10 days after removal from the reactor before
they are washed with water. This arrangement will also permit immediate moni-
toring of the waste water solutions to determine their ultimate disposal. This ‘
procedure has the additional advantage of detecting a ruptured fuel rod jacket by

indicating an unanticipated amount of activity in the wash water.

2. Metallurgical Hot Cell Waste - Liquid wastes from the Metallurgical

Hot Cell will be isolated from liquid wastes produced in the fuel cleaning operation.
Liquid wastes from the Hot Laboratory will result largely from the decanning and
clean_ing of fuel rods, and they will be more radioactive than wastes from the fuel
cleaning operation. These wastes will also exist in a more concentrated volume,
and transfer through the reactor liquid waste svstem would result in undesirable
dilution. In addition, these wastes will be largely alcoholic, and it is not felt

desirable to mix these organic wastes with water. These wastes will be disposed
of in small shielded containers.

Low activity wastes from floor drains and cell decontamination will be

directed to the sump tank for disposal.
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