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ABSTRACT

Twenty-five fuel assemblies and three shim-safety rod fuel sections
were fabricated for use in the Materials Testing Reactor Mock-Up Critical
- Experiments. Two of the assemblies exceeded tolerance in a few of the key
dimensions; but were considered acceptable and as a consequence, production
was carried out with no rejects, '
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This report on the fabrication of Materials Testing Reactor (MIR) fuel
asgsemblies and fuel gections of shim-safety rods is issued to cover the
techniques involved as of early 1950. It covers a phase of development which
was started about four years ago and which will probably continue with minor
changes in the. fnture up to and after the time that the MIR is built,

Development has ‘been covered in the Technical Division Monthly Progress
Reports of the Engineéering Materials Section (IV), in the Technical Division
Quarterly Reports, and in the Metallurgy Division Quarterly Reports. Recent
work has been covered also in the new MIR Quarterly Report,

Early trials and also opinions of experts in aluminum fabrication indicated
that production of the fuel assemblies would be a difficult task. Successful
fabrication became a reality largely through the gain in experience in trying
to fabricate acceptable assemblies; more than 200 mock units were prepared

"during development., Another factor in improving ylelds was the relaxation of
tolerance in fuel plate spacing.



INTRODUCTION

To provide the necessary fuel for critical experiments to be run in the
Materials Testing Reagctor (MTR) Mock-Up, a request was made for the fabrication
of 28 fuel assemblies” and shim-safety rod fuel sections(1),

The MTR fuel agsembly body consists of a group of 18 curved fuel platea
brazed to two grooved side plates (Fig. 1). The fuel plates consist of cores
of uranium-gluminum alloy clad entirely with aluminum. The side plates are
also of aluminum, Later this unit is provided with suitable aluminum alloy
adapters (Fig. 2) which position the assemblies in the reactor core according
to the upper and lower reactor grid spaningso The upper adapter is equipped
with a stainless steel helical spring, beveled ring and retaining ring,

The MTIR control rods are of two types known as shim rods and safety rods,
The shim rod consists of a fuel section joined to a thorium seé¢tion. The safety
rod consists of & fuel section joined to & cadmium section. These long units
are provided with suitable stainiess steel end pieces (adapters).

The .fuel section of both control rods is identical and is therefore
designated as a "shim-safety rod fuel section"., This fuel section is similar
to the fuel assembly body but has only 1% fmel plates; the thick upper and lower
plates provide structural strength (Fig. 3).

Because of the similarity of the two types of fuel sections and to avoid
confugion, the bulk of this report deals with the fuel assembly; details
appertaining to the shim-safety rod are treated separately as indicated in the
Table of Contents, ‘

SPEGIFICATIONS

With the above brief deseriptions of the fuel assemblies as a background
to orient the reader, further details can now be given. It should be mentloned
that four of the fuel assemblies contained less than the standard 18 fuel plates;
in these assemblies the 18 plate total consisted of fuel plates plus dummy
aluminum plates. Details of the total request are given in Table I,

*Mso called "fuel rods", "fuel units", "fuel elements®, "sub-assemblies",












TABLE X

Assemblies
© U Content
Quantity = Type ca. gm/assembly
13 Stendard 40
8 | Standard 140
1 Partial 92
1 Partial® 62
1 Partial” 38
1 Partial” 23
3 Shi#hSafety‘Rod

Fuel Sections ‘108

Number
Fuel

Plates
18
18

12

i!'F‘Wn.el,pim‘c.es spaced for greatest dispersion of fuel.

Cladd
Simplex
Duplex
Simplex
Simplex
Simplex
Simplex

Simplex

The most important component of a fuel assembly is, of course, the fﬁel
plate. As might be suspected the development of this component to the point

vhere reasonable production could be obtained was long and tedious,

plate specifications are listed in Table II,

13
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TABLE II

Fuel Assembly Plates _ .

a) Overall Dimensions: .
Length (internal plates) 24~5/8 £ 1/640
Length (external plates) 28-5/8 £ 1/640
Width (before curving) . 2,845 £ 0.001".
Thickness . 0,060 £ 0,001"
b) Core Dimensions:
Length 23-3/2 £ 1/4m
Width | 2.50 £ p.01"
Thickness 0.021 £ o.,001"
c) Gomposition:
Total uranium in U-Al a&lloy 13.3% (approx.)
U235 enrichment ' 95% (approx.)
U235 content per plate 7.70 g, fxl%

d) ' Claddings
. , Composition
Standard 2s
Duplex : 25
: 72 8 (outside -0.005" thick)

e) Quality: Blister-free

It is not intended that this report contain all detailed specifiéations
but to furnish enough data to give the reader a general idea of the problem,
Details can be obtained from a list of drawings as follows 2)s

ogglete List of Drawings Concerned with the Fuel Assemblz ags of January 20, 1950
1. ‘Mock-Up Fuel Assemblg '

Casting Drawings

" Upper Adapter  TD-1543
Lower Adapter TD=1542

Pre-Assem, Mach. Dugs,

Upper Adaspter . TD-1166
Lower Adapter TD-1165
Brazing Aligrnment Dwg. TD-1167

1h



Final Machining Dwg, TD-1472
Fuel Assem, Dwgs,

Side Plate TD-9664
Comb TD-1533
Std, Fuel Plate TD-1534
Outeide Fuel TD-1535

Qther Fuel Assem,'Dwgs,

Beveled Ring TD-256--New Deisgn - TD-1548
Retaining Ring TD-257
Upper End Spring TD-251
II, Future (study dwgs, only) Fuel Assembly
Fuel Assem, Round Lower Adapter TD-1520
Fuel Assenm. Round Lower Adapter TD-1544
MATERTALS

A suvmmary of the principle parts and processes and the correspondlng basic
materials required is tabulated below as follows.

Parts Begic Materials

1. Fuel Plate

a. Core alloy Aliminum pig, 99.75% pure
Cryolite, commercial grade
UBOS
b, Cladding 1/8" 25 aluminum sheet
2. Side Plate 3/16" 25 aluminum sheet
3. Top and bottom plates 1/2" 28 eluminum sheet
(for ‘shim-safety rod) A
4. Adspters 43S aluminum casting alloy
(for fuel assembly
Processes
A Braéing _ 11-1/2% Si-Al sheet
' (of items 1, 2, 3 above) Eutectic No. 190 flux
- ‘ Methyl sleohol, absolute
B, Welding 11-1/2% Si-A1 rod
Tungsten electraodes
Argon
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was 300 gm, uranium, On January 10, 1950, 514 plates had been produced in
24 runs; of these, 247 were rejected because of blistering, Of the blistered
plates, 66 were recycled to later heats along with the alloy, scrap and dross
from all except the last 6 runs,

Blistered plates were far in excess of the number to be expected on
the basis of work reported earlier,(7) & study of humidity data showed &
correlation between blistering and the absolute humidity of the atmosphere at
time of casting, pre-rclling and cladding, verifying earlier work, The humidity
prevailing during the ingot breakdown seemed to have no bearing on rejections
due to blistering., Table 3 lists yields and humidity data for each run. The
trend toward poorer yield with increased absclute humidity is further illus-
trated in the distribution graphs in Fig. 7. Because of the poor ylelds obtained,
further attempts at fabrication of fuel plates containing enriched uranium
- were stopped until worksble remedies could be applied.

Blistering of Fuel Plates

Previous Y%¥k indicated that the majority of blisters originated in the
core material,‘\!/ It is assumed that these blisters result from the release

of hydrogen, which'is relatively insoluble in both the aluminum and the U-Al
alloy, and which is apparently formed by reaction with water during melting or
any operation where the metal is hot. The gas should diffuse out if the metal
is heated for a period of time at temperatures below that at which blisters

are formed, It is necessary t? ?eat to about 700°F to effect appreciable
blistering in clad U-A1 alloy, 6) It has glso been shown(®) that there is a gas
pickup in aluminum when it is exposed to the atmosphere at room temperatures
for long periods of time, and that the gas is driven off by heating to 360°C
(680°F) in a dry atmosphere, :

Since the preventive measure of vacuum melting and dried air atmospheres
in preheating furnaces had proved inadequate, a remedial approach to the
problem was tried. It is known that clad U-Al plates which had not blistered
when annealed in air at 1100°F for 3 hours could be made to blister by cleaning
in NaOH a?d HNO3 solutions, then coating with brazing flux and heating to =~ -
1100°F, (6 However, these blisters occurred in the adjacent unfluxed areas, not
in the area which had been covered by flux. ~Accordingly, two ingots (N23 and N24)
were cast in air and rolled according to standard procedures, substituting
natural for enriched uranium and with the modifications in heat treatment shown
below, To insure blistered cores, both ingots were quenched in water immediately
after casting,

A11 of these plates were subsequently annealed at 1100°F for one hour,
None of the plates which had been fluxed and heated or which had been vacuum
annealed were blistered, vhereas all of the others were, Blisters were more
numerous on the plates which had been preheated at 360°C than on those processed
by the standard procedure., Four of the blistered plates from run N24 were cold -
rolled to flatten the blisters, then fluxed, dried and heated 1/2 hour at 1100°F,
The ‘blisters then reappeared bubt were considerably smaller,

24
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TABLE IIX

Effect of Humidity on Yield of Blister-Free Plates
Humidity x 10~4 #/rt3

Total Good’ %

Run Cores Cores Yield Cast Roll Pre;'oll Clad

1 20 14 70 3.6 4.8 4.5 4.5 Virgin

2 20 17 85 3.6 48 45 4ab n

3 22 17 77 4.5 3.9 5.1 3.9 n

4 22 20 91 4.5 3.9 bod b5

5 18 8 Ly - 5.5 5.4 5.6 Scrap

6 22 1 5 - 5.5 6.0 6.5 n
-7 22 19 86 5.5 7.2 5.9 5.2 n

8 22 12 55 5.5 7.2 5.3 6.2 "

9 22 16 73 3.6 4.2 4.6 4.6 "
10 22 12 55 3.6 4.2 3.6 3.3 n
11 22 17 77 4.6 5.5 6.7 8.2 "
12 22 12 55 3.8 5.5 6.7 5.3 "
13 22 21 95 4.2 4.2 5.5 4.1 f
14 22 22 100 3.3 4.2 3.9 3.2 #
15 20 2 10 3.2 3.8 9.4 5.9 "
16 22 12 55 4.6 9.1 4.0 4.0 "
17 22 12 55 4.0 3.8 9.9 7:5 "
18 22 9 Qa L1 9.1 3.5 3.5 "
19 22 4 18 6.4 3.5 7.3 7.3 n
20 22 0 0 5.9 6.3 6.7 7.8 "
21 20 3 15 5.9 3.5 7.4 7.5 "
22 22 0 0 6.6 6.3 7.0 T4 n
23 22 15 68 . 3.6 he5 7.7 7.7 Virgin
24 20 2 10 3.7 b5 7.8 8.7 n
Total 514 267  Av, 52

26



20

12

20

HEAT N23

Procedure

Standard

Co?es and frames preheated in dry air at 360°C prior to cladding
Vacuun annealed at 1100°F after cladding

Dipped in alcohol of Eutectic No, 190 flux and heated through
the follow1ng cycle:

1/2 hour at 300°F
1 hour at 850°F
38 minutes at 1100°F

As above, without flux

Total
HEAT N24

Standard
Cores and frames preheated 2 hours in dry air at 360°C prior
to cladding '
Dipped in alcohol slurry of Eutectic No. 190 flux and heated
through the following cycle,

1/2 hour at 300°F

1/2 hour at 1100°F

Total

a7



From these experiments it appears thats:

s ;(1)"Coating clad plates with a flux slurry and heating to 1100°F removes
the blister—forming gas,

(2) Heating at temperatures lower than 360°C in dried air, prior to cladding,
"had no effect on blistering,

(3) Heating previously blistered and rélled plates with flux at lEOOQF
does not eliminate the blisters,

(4) Vacuum annealing removes the blister-forming gas,

Two additional natursl uranium alloy heats were cast, rolled and treated
with flux, After annealing these clad plates at 1100°F it was found that 2 of
them had blistered. Since there was not a vacuum furnace available of sufficient
size to handle annealing of plates on a production basis, this method of.
preventing blister formation was not tried further,

Second Group (Runs 25 to 35)

Production of enriched uranium plates was resumed with a modlfied procedure
incorporating an extra step, that of heating the cled plates to 1100°F while
coated with a slurry of brazing flux, Yields were much improved over those
obtained previously, despite the fact there was not appreciable change in
absolute humidity., Of 235plates rolled, 201 did not blister. A listing of"
individual yields for each run is shown in Table 4, During the runs 31, 33,
and 35, a very heavy coating was applied., A thin coating was brushed on the
plates from runs 32 and 34, As can be seen from Table / the former treatment
seems to be best, An average yield of 964 was obtained from runs 3, 33, and 35
while only a 69% yield was realized with runs 32 and 34.

Shearing

Plates that were blister-free were sheared to 3" width and 24-7/8" or
28-7/8" length, To insure proper core centering, guide lines were scribed with
the aid of a special gage and fluoroscope (Fig., 8).

After shearing, the plates were again fluoroscoped and with the &ld of a
second special gage (Fig. 9), plates having cores within 0,160" of the edge
are rapidly detected and discarded. Rejects are rare if moderate care is
exercised.

Punching

Three 3/8" holes are punched at each end of the long top and bottom plates.
These will accommodate the plug welds which join the fuel assembly body and the
adapters,

Milling

After shearing, the plates were milled in groups of twenty or morse,
employing a side cutting milling machine operation., To maintain core centering

28



TABLE IV

Yield of Blister Free~ Plates

{ .

Total Blistered

Heat Plates Plates
25 20 4
26 2 4
27 22 2
28 2 2
29 22 3
30 20 3
3" 22 0
32 20 6
33% 22 2
34 22 7
35" 22 1
235 34

*Heavy flux coating applied; balance coatéd lightly.

Av,

% Yield

80
81
91
91

85
100
70
91
68
a

85.5



similar amounts of metal were milled from all edges. After milling, burrs
weré removed by means of fine emery cloth. The milled plates were then
examined fluoroscopically; only four plates were rejected because of exposed
uranium aluminum alloy core,

Forming

The milled plates were then formed to a 5.5" radius by special dies and
25-ton pressure (Fig. 10).

Inspection of the curved plates was carried out by means of a surface plate
and a special dial indicator gage (Fig. 11). Plates exce?ding tolerance for
longitudinal straightness or lateral curvature were re—formed, in some cases,
flattening and reannealing was required,

AUXTLIARY COMPONENTS

Side Plates

The grooved side plates were prepared by milling, Successive passes of
a single milling cutter were made on sheets of 25 aluminum of proper thickness,
held to the milling table by means of vacuum chucking. Inside ends of these
side plates were milled to provide areas mating with corresponding areasz on
adapter castings, A punching operation provided holes for suitably plug
brazing adapters into position,

Conbs

“,  Groups of combs were milled from brage~clad aluminum sheet, One of thése
used at each end of fuel body plate center line aids in allgnment and reinforce-
ment

Braze Metal Strips

The braég metal strips were prepared by shearing rolled 113% silicon-
aluminum alloy sheet as follows:

Braze Alloy
Fuel Plates Thickness, Inches Width, ;nqhes
Upper and iower 0.030 0.125
Internal 0.040 0.100

All strips were annealed after shearing and then straightened by stretching.
They were then cut to lengths slightly longer than the corresponding fuel plates
and the ends were rolled to 0,020" to facilitate subsequent attachment to the
fuel plates by bending over the ends (Fig. 12).
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FUEL ASSEMBLY DIMENSIONS
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a., Machine cylindrical surface

b. Machine slot to fit a retaining ring for the helical spring and
beveled ring which will be fitted later,

¢, Machine the inside to the required diameter,
d, Cut away excess metal at end.

e, Drill a 3/8" hole diametrically to provide a grip for the assembly
handling tools.

(5) Bottom Adapter: Using the same fixture as a guide, mill the various
bosses to specification,

Pinal Inspection

Because the grid- casting was available, this part was used as checking
fixture for final fuel assembly inspection. A proposal has been made to )
substitute this part with a "go-nogo" inspection fixture, Additional surface
plate inspection may be required if handling damage is suspected,

Storage

The completed units were wrapped in paper and cadmium foil. The paper
layer prevents pickup by the assembly of small amounts of cadmium (CF 49-12-104
and CF 50-2-48),

SHIM-SAFETY ROD FUEL SECTION

As mentioned in the introduction, the shim safety rod fuel section is
similar to the fuel assembly body; differences in parts or processes are indicated
below:

(1) Fuel glates The fuel plate differs only in being somewhat narrower in
width (2,684 £ 0,001"), These were selected from the stock of standard milled
fuel plates with the aid of a third special gage and fluoroscope to permit
further milling of the sides without exposing the core., About 504 of the fuel
plates were suitable, After milling in groups of 14 plates a fluoroscopic
check for core exposure was made,

(2) Top and Bottom Plate: The top and bottom plates are slightly shorter
(27-7/16") than the corresponding fuel assembly plates, They were fabricated
out of 1/2" 25 Al plate as follows:

a, Prepare inner curves surfaces (concave and convex) with special 53
radius milling cutters. ‘

b, Mill the edges to fit the special wide grooves and to allow for braze
strip placement and proper filleting. _ S

(3) Side Plates: The side plates are of the same length as the thick top
and bottom plates and are provided with wide outer grooves.

b5
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1/4/50
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A B c VCH SAGGITTA UPPITTA TOP 2-1/2 12 16 26-1/8
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(4) Brazings Thin 28 Al shims placed along the sides adapt the drying
jigs to this narrower (2.837.7 0.001") fuel section. The top plate braze
strips (0.040" x 0.155") were laid in the grooves instead of fastened by
bending over the ends, :

(5) Machining:

a, Sides; If the section exceeded the required close tolerance in width,
it wag corrected by milling,

b, ATop and bottom: Special cutters were used to shape the upper and lower
curved surfaces,

¢, Ends:s The end internal surfaces were milled to fits

I. stainless steel sleeve which joins the fuel and cadmium sections,
II. stainless steel shock lower assembly,

(6) Drilling: The section end holes were drilled and reamed to provide
accurate machine screw fastening to the corresponding adjacent parts.

(7) Final Assembly: The various parts were shrink-fitted and fastened
by stainless steel flat-head machine screws.

Fyrther details may be obtained from the list of drawings tabulated
below, (19) The drawings are in need of revision. )

Safety rod TD-302, TD-304
Shim rod - TD-303

FUTURE MODIFICATIONS

In the present stage of development of the MIR fuel assemblies, production
can be carried out with practically no rejects., At this time it seems that
some modifications in parts or procedures should be considered as follows:

(1) Side plates: The present technique of cutting the grooves
individually is a carry-over from the development phase in which the groove
angles were varied frequently., Cutting the grooves in one pass with a gang
mill cutter would gave machining time, A quotation of 43 cents per foot for
grooved plates has been received; at this figure, 1000 feet would have to
be ordered to cover the cost of the cutting tool,

(2) Adapters: These are received in the form of sand castings, With the
freezing of the design, the use of permanent mold castings should be considered.
This may eliminate the necessity of initial machining of the ends to fit the
fuel body.

(3) Brazing cycles Recent work indicates that it may be possible to braze

the fuel body without using the drying and preheating steps. Further tests
are planned. .
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TABLE V

Uranium Accountability Datz

— _ Weight, =m,
Received a8 U303 . . . . . . . . . . . 57911
Charged as U0y . . . . . . .« . . . . 5,591.38
Samples Transferred out . . . . 47.61
Samples Stored (duplicates) , . . 40.96
Good Plates . . . . . . . 3,797.36
Blistered Plates - not recycled 1,555.73
Alloy Serap from Last Run . . . 93,98

Slag (35 runs) . . . . . . 55.72

5,591.38

Cores from any one ingot were weighed as a group, to the nearest
milligram, It had previously been determined that there was not enough
variance in individual weights among cores cut from a single roll slab
with a punch and die, to warrant individual weighings, Variation was
less than 1%,

Since the cores are clad during the ingot breakdown, it is necessary
to apply a correction factor to the weight before multiplying the uranium
percent to obtain the uranium weight,

where Ty =  thickness of alloy core
T2 =  thickness of Al cladding
dy = density of alloy core
do = density of Al cladding
N d,
U Wt., (gm) = Core wt (gm) x ldl x%U

T8 £ Tpd,
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In the case of a 13,3% U~Al alloy having a cladding which is 10% of
T1dy

Tidy £ Todp

resolves to the

the total thickness, the quantity

constent 0.91.

411 weighings plus any other pertinent information regarding production
was recorded in a bound notebook (CL1971). Appropriate operational information
was recorded on suitable logs provided for the purpose, Complete material
balances were made for each stage of manufacture which resulted in changes
of amount or form of the uranium,

To check the possibility of contamination with natural U, melt samples
from runs CE20 and CE34 were submitted to the Y-12 analytical laboratory for
mass analysis. Calculated values and actual values as determined at Y-12
are listed below, Since approximately 40% of the charge to any one heat was
scrap from previous heats, these values are a good check on the U235 enrichment
of all heats,

U Weight U235 Weight
Run Calculated Actual Calculated Actual
CE20 0.400 gnm, 0.400 gm, 0.378 gn. 0.379 gn.

CE34 0.483 0.483 0.460 0.460

HEALTH PHYSICS

Air samples were taken during the various production operations to
determine extent of hazards due to radiocactive contamination., This work was
conducted under the supervision of the Health Physies Division. Results are
listed in Tables VI and VII, The principal source of high air activity was
found to be any operation involving transferral of U308~ In the first four
heats, the procedure was as follows:

(1) Weigh U30g in bottle

(2) Add cryolite to bottle ’ N

(3) With stopper in place, mix U0g and cryolite
(4) Pour mix into aluminum cans

(5) Transfer cans to crucible
(6) Melt,

As can be seen from Table VI, high air counts were obtained. To minimize
this contamination, the procedure was modified as follows:

(1) Weigh cryolite in bottle
(2) Add U30g to bottle

(3) With stopper in place, mix U30g and cryolite
(4) Transfer U308 -~ eryolite to crucible. Hood over crucible,
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Air Contamination during Weighing and Transferring U30g

TABLE VI

Sample
Time, Min,
Background 60
Sample Weighing 45
Weigh Charge, Mix, Can - 30
Weigh Charge, Mix, Can 15
- Transfer to Mix Bottle) 5
Add cryolite 1 heat 5
Can Mix 5
‘Transfer, Add cryolite 6
1 heat
Can Mix 5
Add oxide to bottle containing
cryolite 5
Add oxide to bottle containing
; cryolite 10
Add oxide to bottle containine
cryolite 30
Add oxide to bottle containing
' eryolite 10

sh

Alpha Count

M Curies/ce x 10~+1

% Tolerance

0
0.25
14.0
1.9
1.8
9.75
51.5
10.6

175.0

9.0

7.78

0.83

o
8
461
§l
58
315
1661
346
564

290

235
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'TABLE VII

Alr Contamination During Melting

Reduction Heats (3)
Reduction Heat
Reduction Heat

Slsg Removal

‘Melting Mix

1 heat
Add Aluminum, Melt | '
Reduction Heatl
Melting Mix
' 1 heat
Add Aluminum, Melt
Vacuum Remelt

Vacuum Remelt

- Vacuum Remelt

Vacuum Remelt, Pour:

Vacuum Remelt, Pour
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Time, Min,
60 es,
60
90
15
25
45
70
25
45
6
45
45

70
60

0.02

.0.02

% Tolerance

\ 0

9.0

7.0

0

17.0

7.0

1.5

0.6

0.6



The air count was still above tolerance for the first 2 heats employing
this procedure, However, contamination was kept below tolerance in later
heats by pouring the U308 along the side of the bottle rather than "dumping"
into the bottle., Table VII shows relatively little contamination during any
of the melting operations,

Quantitative uranium determinations were made on urine specimens from
the two individuals conducting the transferring and weighing of 0308. To
establish a norm for excretion for personnel not previously exposed to uranium
hazards, determinations were made on urine specimens of five individbals,’

The average alpha activity for theése was 0.25 counts/minute above background
for 500 ml samples, The highest value was 0,55 counts/minute; the lowest
0.23 counts/minute, Results of uranium analysis of the two exposed persons
dre listed in Table VIII,

Smears were made on various pieces of equipment, on various surfaces in
the working areas, and on alloy ingots and clad plates. Results are shown
in Table IX, No counts were found on those taken in the main office, on the
rolls, or on the clad plates, Some contamination was found on the floor and
tables in the weighing and melting rooms., The highest value was obtained from
the cutting edges of the shear used to crop the ingot prior to rolling,

TABLE VIII

¢ Activity of Urine Specimens

- Cts/Min.
Name Date ‘ Volume Analyzed, c¢ - Less Background
Operator A 11-2-49 200 0.458 f 0.18
Operatqr B 11-2-49 150 0.308 f 0.13
Operator & 11-3-49 170 o0 o
Operator B 11-3-49 250 0.226 f 0.11
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DWG. 10487

136-5 1375 1385 1395 1405
U235 Gm./ASSEMBLY

FIG. 23
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NO. OF SAMPLES

DWG.10488

750 755 760 765 770 775 780 785 790 795
RANGE OF U235 CONTENT/CORE

FIG. 24
DISTRIBUTION OF U?23%
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Location
U-A1 Iﬁgot
Clad Flates
Rolls
Crcp'Shear
Office _
Weighing Roon

Melting Room

TABLE IX

Activity of Smear Samples

Alpha
Counts/Minute

400

-~y

45 to 1574

20 to 87
40 to 80
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Beta

Counts/Minute

28 to 141

0 to 24

0 to 25
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