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PREFACE 

General 

The Quartermaster Radiation Laboratory, to be constructed at 

Natick, Massachusetts, will include a megacurie cobalt 60 

source and a 24 Mev 18 kw linear electron accelerator. The 

purpose of this laboratory, scheduled for completion during 

late summer of 1962, is to provide irradiation services for 

the further study of the radiation processing of fopds. The 

QMRL vin represent a major advance in the technique s of using 

ionizing radiation and will hasten the time when radiatioi. 

processed foods play their full part in both the military and 

civilian economieso 

The QMRL is a modification of the High intensity Food Irradi¬ 

ator (HIFI) to have been built by the Army at Stockton, California. 

In the fall of 1959, after evaluation within Army Research and 

Development, it was determined that the construction of the 

HIFI pilot plant was premature and that further research should 

continúen To aid in this research, the QMRL would be constructed 

to provide radiation services over a wide range of doses and 

conditions to various food products. 

The Army* s Revised Program, including the development of a 

concept for this facility, began in March 1960o The Curtiss- 

Wright Corporation, selected as prime contractor for the 
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HIFI project, began design studies to develop a cobalt 60 irradi¬ 

ator of greater flexibility than that of the previously planned 

production facilitya Work on HIFI had focused attention on 

several general problems connected with the construction of a 

food radiation processing planto These included problems of 

microbiological safety, depth dose uniformity^ product quality 

control, and product evaluation« 

The design of an irradiator of sufficient flexibility to permit 

the evaluation and practical solution of such problems became 

a requirement of the QMC Food Preservation Program» 

This objective has been achieved by a complete redesign of 

source configuration and handling techniques to permit a wide 

variety of source distributions to be assembled and tested* 

Tliis has necessitated a renewed study of the optimum method 

of encapsulation for the rod sources which are now to be 

utilized in place of the plaque source originally intended 

for HIFIo 

This report considers in detail only the cobalt source, method 

of encapsulation, source handling mechanisms, pre- and post 

activation testing procedures and results, and an analysis of 

potential source hazards» It is realized that only through 

the recognition of potential problems, with tentative solutions 
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and means to compensate for or overcome them, can this megacurie 

source be safely used. As long as control is maintained over 

these problem areas, it is felt that this source can adequately 

meet our needso 

Facility Concept 

The QMRL will be a functional single-story permanent type building 

consisting essentially of a food processing area, radiation areas, 

laboratory area, and administrative area. Figure 3-0 shows the 

general .floor piano 

tn addition to the required food processing equipment, the food 

processing area will contain necessary receipt, transfer and 

storage facilities to accommodate both fresh and radiation proc- 

essed foodso 

The radiation areas will contain the cobalt 60 gamma source, 

referred to as the Food Process Development Irradiator (FPDI), 

and a linear electron accelerator source, referred to as LINAC. 

The laboratory area will contain those facilities necessary to 

adequately control food processin& operational safety, health 

physics, and dosimetry o 

The FPDI will utilize a conveyor operation to expose the food to 

radiation. Products to be radiation processed will be in a 

variety of containers, ranging from cans to flexible films and 

crates. Meat products will constitute nearly IOC# of food items 
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to be processed, at least for the first year or so of operation« 

The design and operation of the QflRL is predicated on the facility's 

ability to adequately fulfill the radiation requirements of the 

United States Ariny,s Quartermaster Corps in its endeavor to 

successfully develop the art of radiation sterilization of foods. 
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I. INTRODUCTION 

The bulk oT the material relating to the source and source 
handling equipment has been developed by the Curtiss-Wright 
Corporation, Princeton Division«» Much of the information 
contained herein, including the engineering drawings, has 
been taken from the Final Design Report of the Food Process 
Development Irradiator, January 31, 1961, accomplished under 
contract between Curtiss-Wright and the Atomic Energy Com¬ 
mission o Other drawings and data were taken from the Title I 
Report, Preliminary Design Report on Quartermaster Radiation 
Laboratory accomplished under contract between Associated 
Nucleonics, Inc0, and the United States Atomic Energy Com- 
missiono 

The megacurie cobalt 60 source to be used in the QMRL was 
developed by the Curtiss-Wright Corporation in conjunction 
with duPont and the Savannah River Operations Office of 
the Atomic Energy CommissionQ The source consists of 392 
cobalt cylinders, clad first in stainless steel and then 
in aluminunio Both jackets are applied prior to reactor 
activation; hence close tolerances are required to insure 
acceptable activation resultSo 

After arrival at the Radiation Laboratory, the slugs are 
arranged in one of several possible source arrays, and 
assembled onto the source platform® Normal storage is 
in a 24 foot pool located in the radiation chamber of 
the Laboratory® Product irradiation is accomplished by 
raising the source elevator platform until the source is 
above water, and subjecting the conveyor-carried product 
to the radiation until the desired dose is attained® A 
continuous radiation process is thus possible utilizing 
this procedure® 

Presented in this portion of the report are the design 
data relating to the source and source handling mechanisms. 
Included is an evaluation of the cobalt source system from 
the standpoints of both operational adequacy and of oper¬ 
ational safety® 

Certain control measures must be constantly monitored and 
both real and potential problem areas carefully analyzed 
to insure satisfactory source performance® This will be 
especially true during the initial and early operation of 
the facility® However, to recognize possible danger areas 
and to cope with them is to insure the successful operation 
and use of this source® 



XI« RADIATOR IgSXGN 

The parameters lor this item are set by the performance specifi¬ 
cations included as Table II-lo The principal changes from the 
HoIoFolo specification are an increase in the maximum acceptable 
dwell time to 77 minutes, and a reduction in the capacity to 100 
pounds per hour at a dose of 5 megarado It remained necessary to 
provide for the acconnodation of bulky items of up to 30 cubic 
feet© 

To meet these requirements, it was decided to carry out sterilising 
irradiations as a batch operation, using a two plaque array of 
sources and a rapid conveyor for introducing and removing the 
packages» The specified conditions of dose, dose rate and dose 
uniformity require that a source of approximately one megacurie 
be used despite the low throughput» The use of a batch system is 
proposed in order to circumvent the problems arising from the 
possibility of movement of micro-organiems during irradiation» 

(When sterilising containers of a fluid medium by moving them 
continuously through a non-homogeneous radiation field* it is 
conceivable that micro-organisms may migrate to the point of 
lowest radiation intensity and remain there even though it occupies 
different positions within the container as it moves past the source« 
These micro-organisms would thus receive less than the average dose 
for the whole container and possibly less than the lethal dose« The 
12$ permissible variation in dose was defined by the possibility of 
a micro-organism moving a maximum distance of 6 inches, the diameter 
of a No» 10 can, while the can was being carried through a radiation 
field 50 inches long« For a specified dose of 5©0 Megar&da such a 
micro-organism might receive a dose as little as 4» 4 Megarads 5 or as 
high as 5o6 Megarads, if it migrated to the position of maximum 
radiation intensity» 

If a package is moved quickly into a xmifprm..radiation field, the 
problem is overcome* since there is no possibility of movement to 
a series of lowest dose regions during the effective irradiation 
period») 

It was obvious that no single fixed source configuration such as was 
proposed for the HoIoFolo could satisfy the varied process develop¬ 
ment requirement® of the new program» Furthermore, the reduced 
throughput requirement and the consequent but by no means proportion¬ 
ate reduction in the number of curies required made it possible to 
consider the relative advantages of other types of source elements« 
In particular. It was necessary to have a radiator which could 
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readily be taken apart and re-assembled in a different configu¬ 
ration. This indicated the use of sections each of a sufficient 
curie strength to keep the numbers to a reasonable level, yet 
physically small enough for convenient handling. Rods and strips 
were each considered, with the former being preferred mainly 
because their symmetry would simplify source arrangement. 

It was possible to use the information provided by previous 
experimental work carried out with assemblies of rod sources by 
Curtiss-Wright. These had included variable spacing between rods 
as well as between the center line of the rod array und the surface 
of the target package* Measurements of cbse rates at successive 
depths were made in a manner similar to the experimental work 
reported in the HoIoFoI. Progress Reports and summarized in report 
No. 17. 

One important conclusion to be drawn from this work is that except 
at short distances from the array (less than the spacing between 
rod centers) the radiation fields at a distance from an array of 
rods may be. calculated assuming an equivalent plane source with 
the same activity per unit area© It is necessary to consider both 
the source and its cladding material as an equivalent absorber 
(mass per unit area) uniformly distributed over the whole array. 

Plaque Size and Cobalt 60 Requirements 

The plaque size is predicated on irradiating a batch of four cartons of 
No. 10 cans arranged as shown in Figure 3-1* This is the larger 
of the two package sizes given as.alternatives in the specificationo 

Earlier work had confirmed that with an 11 inch spacing between the 
center line of a two plaque array, an overlap of the source beyond 
the target material of 8-1/2 inches (with no source shaping) is 
required to ensure the specified max./min. ratio. This requires an 
active height of U2o20 inches and an active length of 56.225 inches. 

The dimensions of the cobalt 60 source rods were finally decided 
by agreement with personnel at the Savannah River Plant of the 
U. S. Atomic Energy Commission (Mr. J. W. Burch, Reactor Division)« 
The preliminary design suggested individually encapsulated cobalt., 
pieces about 10 inches long and 0.9 inches diameter with the cobalt 
diameter 0.6 inches and an activity per slug of about 3,000 curies. 
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However, Savannah River Operations Office pointed out that their 
required diameter for material to be inserted into the reactor is 
0o940 o002 inches and it would be necessary to keep within these 
llmitso This fixed the 0oDo of the slugso Their internal arrange¬ 
ment was again a compromise © In the preliminary design, single 
encapsulation in stainless steal had been suggestedc This, however, 
was rejected by the Licensing Branch in Washingtono They felt it 
would not be permissible to have, in a food plant, firstly bare 
stainless steel surfaces which had been exposed in a reactor and 
were, therefore, radioactive and secondly, singly encapsulated 
cobalto 

One of the major advantages of using separate rod sources was the 
possibility of pr 6« activât ion encapsulation, avoiding entirely the 
much more expensive hct- cell work involved in post activation 
encapsulationo It therefore, decided to devise a double 
encapsulation technique using an inner capsule of stainless steel 
and an outer one of alumirunio Full details of this process are 
described in Section Ilia 

The diameter of the cobalt rod itself was increased from the 0o6 
inches originally suggested to 0o?25 inches to insure a sufficient 
activity per unit length with the neutron flux and activation 
periods available in the Savannah River reactorso 

From these considérâtic:;.ig?p the final size and the numbers of rods 
in the radiator plaques was settled as shown in Table II-2 and the 
dimensions of the individual source rods as shown in Table II-3o 
Four of the 10,! encapsulated cobalt slugs will be stacked on end 
in an aluminum source bolding tube as shown in Figure 3-2« 

Actual Cobalt Requirement 

It has been calculated that id M curies of cobalt 60 will be 
sufficient to meet the FoPoDdo specification So However, to 
compensate for production schedules, time delays prior to shipment, 
installation and test, it is necessary to plan for the production 
of a number of curies in excess of thiso This may be estimated 
as followss 

Let us assume a requirement for lolO M curies on the date of handing 
over the facility to the Quartermaster Corps (D-Day)o Present 
schedule calls for all cobalt to be delivered to Natick not later 
than 3 months perior to this date, (and for half of it to be 
delivered 5-1/2 months before D-Day)0 If the average time on site 
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before D-Day is four months then the number of curies to be 
delivered is: 

loi X 1 — 

0o96 1*146 M Curies 

Further assuming that activation is spread uniformly over a 
12 month period, we must allow for an average of 6 months 
decay in planning the activation, ioe«: 

1o146 X 1 
Oo94 — lo22 M Curies 

(Assuming 1% per month decay) 

Since the production estimate is only accurate to wit hin 
to be sure of getting the required amount, we must add on 10Í, 
i.e«: 

lo22 X 1 
0o9 1o356 M Curies 

The planned activation must be for 1<>356 M Curies* 

In addition, it must be kept in mind that the F*P.D*I. design 
requires not less than loi raegacuries in 392 source slugs to 
meet the specifications® The source tubes and jig plate have 
been designed for this numb er o 

Cobalt 60 Activity Required 

Total Planned Activity 

Minimum Activity Handed Over 

1o356 X 10^ curies 

to QoMo 

No* of Slugs 

Minimum Activity per Slug 

392 

Ogi1 ^ a 2S00 curies/slug (as handed to Q.M.) 
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TABLE 11-.1 

PBRFOKMlflCE 3PRCIFIGAT330NS 

!• Items to be exposed in the irradiation facility will require 
doses in the range from 0,000 to 5,000,000 rad« 

2« Dwell time is to be minimized* The nuixiama acceptable ctyfall 
time for a dose of 5 megarad is 77 minntes« 

3« The source should be capable of processing items of unit density 
at a rate of 100 pounds per hour at a dose of 5 megarad* 

4« The radiation chambers should be designed to provide for the 
processing of items ranging in size from symmetrical units of 
25 cu# in* to packages with maximum dimensions of 24* x 18* x 
7 3/4*« Smaller units may be assembled into packages of 
approximately the maximum dimensions* In addition, it should 
be possible to irradiate on a non-routine basis, items of 
30 cubic feet* These items will not exceed 8 feet in length 
and a maximum thickness of 16 inches may be assumed* 

5« Temperature of the radiation chamber should not exceed the 
ambient temperature by more than 10°F, except that provision 
shall be made to permit the chamber to be maintained at a 

Jdjnimum. of 50°F during the heating season while providing 
adequate ventilation for ozone control* 

6* Dose variation within packages is to be mini ml zed* The maxi mm 
acceptable range of dose variation in a package of unit density 
is between 100 and 125£ of the required amount in a package 
6* x 18* x 22«. 



TABLE II-2 

PLAQUE SIZE AMD CORAT.T AO REQUIBBiEMT 

No. o£ Source Hods 

Spacing of Rods 

Active Height of Flaque 

Actual Overall Height of 4 Sings 

Active Length of Plaque 

Actual Overall Length of Plaque 

Center-Line Plaque Separation 

Free Space Betiraen Plaques 

2 X 49 

I. 156 inches 

42.20 inches 

42.60 inches 

56*225 inches 

56.625 inches 

II. 0 inches 

9.S75 inches 

ÓQ 
n^tAT. BPCBHSieMAL SHBaiFICAÎIÛM FOR CO_&D0S 

Length of Cobalt Rod 

of Cobalt Rod 

I.D. of S. S. Capsule 

O.D. of S. S. Capsule 

Overall Length of S. S. Capsule 

I. Du of A1 Capsule 

O.D. of A1 Capsule 
O.B. of Sing 

Overall Length of A1 Capsule 
Overall Length of Slug 

For details, see droning 3-3. 

•10.250 £ 0.002 inches 

O.725 ± 0.0005 inches 

0.725 ± 0.001 inchas 

0.765 ± 0.001 inches 

10.330 ± O.G02 inches 

0,767 ± 0.001 inches 

.943 ± 0.002 inches 

10.699 t 0,005 inches 
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c^TT.mATTCSti OF EQUIVALENT ABSORBER THICKNESS OF THj_00BALT SLÖ&S 

Lot Source Absorption Coefficient 

X. s Source Thickness 
8 

(1° s Density 

Equivalent absorber thickness X s 

a* 

/1 

rod volmae 
radiator area 

rod mass 
radiator area 

Values of //fi for 1.25 MeV photons for cobalt, stainless steel 
and aluminum may be taken as 0.0530, 0.0532 and 0.055 respectively* 

For one rod, total mass — mass of the rod itself ■#* mass of an equal 
length of guide tube. 

Mass e0 „ 10.25 X 7T X .7252 x l6w39 x $.7 a 604 @m. 
2 

Mass S. S. Cladding » 10-29 x 0.20 x If x 0.745 x 16.39 x 7.96 

— 63 goo. 

Mass A1 Cladding _ 10.65 x 0.87 x TT x 0.852 x 16.39 x 2.70 
„ 110 gms. 

Mass 41 Guide Tube . 10.65 x 0.065 x If x 1.06 x 16.39 x 2.70 

— 102 gms. 

Effective slug area B 10.65 x 1.156 x 6.45 — 794 cm.2 

/J ï — (0.053 x 604) + (0.0532 x 63) + (0.055 x 212) 
' 8 79.4 

= 32 + 3.4 + 11.7 

79.4 

47.1 
79.4 

a 0.297 

= 0.594 
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(Since for the water absorber/^ 1 s 0«l60 per inchs for a 3 inch 
water absorber, the total equivalent absorber at that depth (i.e*, 
midpoint of a 6 inch package) will be 0*297 + 0*430 m 0*777 with 
respect to radiation incident from either side, and 0*297 and 1*257 
for the front and rear absorber surfaces respectively*) 

Posa Sate and Dirall Tlaa (Oalng Hd.F.I. experimental data) 

Now the closely spaced rod source under the conditions of the F*P*DuI* 
will give rise to essentially similar radiation fields to that ^froa a 
HIFI type plaque normalised to one curie per unit surface area* Thus 
we jnay use the experimental curves shown in Figure 11-29 of the HIFI 
report (now Page 13 ) to derive values for the maxtain* ratio, and 
y the geometry factor (Mpa<j/hr par ourie/oar)* 

Hence we get a maximumsininimum ratio of 1*21 and geometry factor 
6*0 X 10** rad/hr per curie/cm2. 

If we assume that the whole 1*1 M curies is evenly distributed over 
the active area of the plaque array, we get a value for the activity 
density Sa in curies per cm2 

1.1 X 106 

42.2 X 56.2 X 6.45 2 
curia s/ca2/pl&qu« 

= 35*9 curies/ca2 in each plaque 

2 
Since there is an activity density of 35*9 ouries/oa in each plaque, 
ve get a dose rate at the center of a 6N water slab. 

Dose Rate = 2 x 35.9 x 6.0 x 10^ Mra<0ir. 

= 4.31 Mrad/hr. 

and ths dwell time for 5 Krad becomes 69.5 oinutes plus 4 minutes 
transport time or 73*5 minutes portal to portal. 

MJ. .IiM,J?y-g«laaifclsn 
It was shown In Section II of HIFI report No. 17 (p* 17 and graphs 
II 41 and II 42) that the depth dose distribution.opposite a finito 
plane source could be obtained by calculation. Several net hods wore 
referenced and that giving the best approximation was as follows 
(Eqa 3 p. 15 HIFI report No. 17) 

D = 2 TTéO k ¾ </'* ) B (/4T) x 3a-(1). 
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where D = dose rate In rad/hr 

= 2 TF-1 X solid angle in st«radians subtended by a 
rectangle of width M and length L at a distance Z 
from its midpoint 

k 

/4x 

conversion factor to dose rate units 

3.7 X 1010 X 1.602 X 10”6 * 3600 B0 

’ 4 X IÕÕ 
1.26 X 10^ for a Co^ source and water 

absorber absorption coefficient 

absorber density 

activity density of the source curies* coT1 

= First order exponential integral 

B (^x) = Build up factor 

Ve can now obtain values of CJ • from page 15 (previously U 41) 
for points in the aid plane of a 6 inch target on the front face, 
center and raar face, with respect to either of the source plaques* 

For the front surfaco Z 

1/2 L 

For the aid point Z 

1/2 L 

For the rear surface Z 

2*5 X 2 

$¿42 

56.2 

8*5 X 2 

56*2 

= 0*089 

s 0.196 

- 0.302 
1/2 L 



From Figure 5, the corresponding values of CÚ Bay be read off. 
For the array dimensions we have 

¥ - 42»2 
L 56.2 

CJp = 0.91 

°*79 

0.75 

¿j _ 0.69 
R 

Nov at «ach of those points, the équivalent absorber thickness 
is 

Front 0.297 

Mid 0.2)7 -h 3 X .160 = 0.777 

Rear 0.297 + 6 x .160 = 1.257 

Hence from Figure II-6 ( now page 14 ) we can obtain values for 
the overall .attenuation factor B (J%) for each of these 
equivalent absorbers. ' 7 

mese values are 

&L ÿx) B ^Jf) Front = 1.52 Rear . 0.57 

Mid = 0.92 

Inserting these figures in (l) for each of the three positions we 
get 

Dp — 2 "Tf X 0.91 X 1.26 X 104 X 1.52 x 35.9 

= 3.94 x 10^ rad/hr 

= 2 7T X 0.79 X 1.26 X 104 X 0.92 x 35.9 

= 2.06 x 106 rad/hr 

1¾ sa 2 TT x 0.69 x 1.26 x 104 x 0.57 x 35.9 

= 1.12 x 10° rad/hr 
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Since what is the front surface of the target with respect to 

one source array is also the rear surface with respect to the 
other array, the total dose rate for the mid point on the surface 

will be the sum. of Dp and 1¾ above. The dose rate for the mid 

point will be 2 X 

Therefore, dose rate at surface midpoint = 5#06 Mrad/ltr 

dose rate at midpoint of target s 4.14 Mrad/hr 

It follows that the dwell time for a dose of 5 Mrad is 72.5 

plus 4= 76.5 minutes, and that the max*:niin. ratio is 1.23* 

The source characteristics, derived by these two complementary 

methods, are tabulated below: 

Graphical Data 
Calculated 

Data 

Total Activity 1.1 Megacuries 

Active Height of Rods 

Overall Height of Array 

Active Length of Array 

Overall Length of Array 

42.2 inches 

42.6 inches 

56.2 inches 

56.6 inches 

Geometry Factor 0.06 Mrad/hr per curie/cm2 0.05Ö 

Activity Density (in each plaque) 35.9 curies/cm2 

Capacity (in terms of cartons 
of No. 10 cans each 40 lbs. 125 Ibs./hr 

net) 

Capacity (in terms of 6” x 26tf 
X 38-l/2n space filled with 215 lbs./hr 

water) 

Uniformity 1.23. 1.23 

Dwell Time for 5 Mrad ( including 

4 mins, transit) 73«5 
Minutes 76.5 
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Changes in Dose Rate and Uniformity as a Function of Cladding 
Thickness for a 57” High, 50” Long Plaque Source with a 2* in 
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PLAfltiK yarggRATöfflSS 

Steady State Temperature of Cobalt Sings in Hr 

Case ttA*: with 10 f/sec* air flow 
Case TO”: in still air 

Aosume 3,300 cur les/slug maximum 
Air temperature 100°F 
Slugs will be spacodJL l/ö“ apart 

Use Cobalt ^ with two Q *s per disintegration (1«17 & 
Mot) and one ^ (0#3 Mev)# 

The energy released per second is: 

Total ï ; 

Ey s 3*3 3C 103 curie X 3*7 x 10^ disintegration x 

(1.17 1©33) x 106 eV x 1.6 x ICT12 
carle 

ev 

Eàr « 4c 93 * 107 »rgs ^ 49,0 watts 
sec 

Total /f g 

Bz> = 3.3 x 103 curie x 3*7 x 1G10 dislnt. x 0.3 x ÏQ6 er 

curie 

x 1.6 x lO“12 ergs 

7 
x 10 ergs = watts 

sec 

Assume 
©f ^ 

25? self-absorption of ¿T energy and 100? self-absorption 
enex»gy. Then the self-absorbed energy per slug is 

qa = 1/4 ( 49 ) ^ 5*8 = 18 watts 
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The middle slugs will also receive radiation from the adjacent 
sources over a cylindrical angle of 60° from each side« Assuming 
that all this incident energy is absorbed the heat generated is: 

qi = 2 X 60° X 75Í of Y energy 
360° 

qi = 2x60 X 21 X 36.6 = 13*5 watts 
360 100 

and the total energy per slug absorbed iss 

Q = qa ^ qi 

Q = 18 +* 13.5 = 31» 5 watts/slug 

each slug is 10.65 inches long; so that heat generation is 

^ = 31o5 = 2o96 watts/inch length 
10.65 

q0 - 2o96 X 3.413 Btu/hr/inch 

% = 121 Btu/iir/ft length 

Since rods are slender, the end effects can be neglected and the 
heat transfer can be assumed as taking place only in radial direction. 

The area over which heat transfer is effected can then be assumed as 
being a cylinder of infinite length for the purpose of this calculi i. 

Since thickness of materials surrounding the cobalt source are very 
small, the area can be assumed to be a constant for all calculations 
and equal to unity. ( 1 sq. ft. ) 

For 1 sq. ft. of heat transfer area the length of slugs contained is 
4 ft. This gives a heat generation of 

Q = q0 X 4 ft. 

Q a 121 Btu/hr/ft x 4 ft. = 484 Btu/iir. 

tt m 100°F(a5 
▼ - 10ft/ 
sec in 
axial 

direction 

ALUKUTOM ALLOT 
GUIDE TUBE 
1 1/8« OD, 1« ID 

AL. ENCAPSULATION 
.940« OD 
.080 THICK 

S. STEEL ENCAPSULATION 
0.725 
.020 THICK 

60 
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Heat transfer calculations will be based om 

1. Kentfa Mech. Eng*a. Handbook and 

2. Heating, Ventilating & Air Conditioning Guide, 1958 

Aasume heat flow with combined conduction and surface effects 
only (neglect radiation). For the heat flow between the cobalt 
source and the guide tube the case will approximate case of 
transmission between flat parallel plates because spaces and 
thicknesses are small in respect to the radius of curvature. 

Assume uniform temperature inside cobalt source t0 a t0 

The equations for the heat flow through 1 eq. ft. of wall area 

are: 

Q a Ca ( t* - t.. ) = Kss ( t^ - tj ) a Ca ( t^ - t2) a 
A 18¾ 

-S ~ ) = c;’ ( 4 - t3 ) » (t3 - ) 
T a LiUlr Lai 

ho Í fc3 " t£ ^ 

where: 

h a coefficient of surface transmission in Btu/hr/sq. tt/°F 
o 
L «o thickness of material in inches 

Cs ■ air space oonduotanoe in Btu/hr/sq. ft/®F 

K s conductivity in Btu/hr/sq* ft/°F/inoh 

The overall transmission in Btu/hr/sq. ft/°F is: 

1 

The values for Ca are extrapolated from (1) Fig* A»» page 3-60 
and are conservative* 

for .01« air gap 

for .01« air gap 

for *01" air gap 
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350 Btu/Wsq. £t/°F/in 
.020» 

this is negligible 

.003« « 6.0 X 10“5 
1475 Bfcu/hr sq. £t/°F/in. 

this is also negligible 

which is aleo negligible 

h is calculated from (2) page 93# case 2, for forced 
convection (condition «à*?, with air flow of 10 ft/sec») 

h = 5.4 X10”4 (Tf) °*3 G O*® 
c 0.2 

wheret Dm dLaaaeter 'm 1_ ft S' 0*09 ft. 
12 

G s nass flow per unit cross-sec. area 

« 3600 X 10 ft^/sec. X .07 iàl s 2520 lbs 
it3 hr 

Tf a 120°F (assumed average between air & wall) a 120°F 

"f 460 « 580 

c a 5.4 X IXT4 (5Ö0) 0,3 2520°>Ö 
0.2 

0.09 

hïï = 5.4 X IO“4 X 6.7 X 560 - 3.30 
.62 

and ovar all transmission 1st 

1 1.55 Btu/hr/sq. ft/°F 



and sin ca 

Q=¿ #/(*„-fcf)-® (At) 

Át* |= ^ 

checking the outside toaparature of the guide tube if® obtain 
fron 9 

Q- hc ( t3 - tf ) 

t^s a + 1C0°F - swfF 
hc 3*3 

Since iha orlgLaal aasumption was t* = 140°F a rerrlaed oal- 
eulatlon is necessary for he# 3 

Asnas t! = 230°F, then Tf = tl + ■& ]& * 150/-460. 
3 3 6lO°F 

2 

h « 5.4 X IXT^ (610)*3 252Q°*e 

0.09 
0.2 

he n 3*34 «hich is practically the sane ralue obtained prerlously# 

The temperature drop between the cobalt source and the surrounding 
air (flowing at a rate of 10 f/sec* in axial direction) 
is 

Ata 311°? 
<«% 

and T>ne temperature of the outside of the guide tube is: 
, f 0_ 
t3 = 247 F 

the nuurimim temperature of the cobalt 60 source is: 

t0 a tf -/-¿11 = tp a 1Û0°F -/ 3n°F . m.QF 

C»»a B 
Mo forced air circulation 

h* . .354 0.50 fa t\ °*25 (Ubis 2 
V.p] Vy P. 94) 

P » P0 ^ atmospheric pressure 

^ t = t3 - tf, assume 200°F 

/ = 4 ft«» 
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0.94 and the overall tranoaiaaien la 

--- = .71 

t = t£ + A % -100-/- 680°F (t a 1&P?) 
* ===1 

Verification oí tj : irom 4 ±- hç (t^ - ) 

t| ».JL = !£k + 100°? = 613°F 
^ 2 *94 

âçrrlsien 1.8 n6eded Tor täIxiöb obt>8ln6d ppwwl©asly# 

asease t* a 500°F then t^ - t* a 500-100 • 400°? 

and »13 = .354 0:25 = 1.12 

593°? 

.31 

and t^ — ^ ^ tf 

h- c 

m. 
1.12-+- ICO 

t0 a tf +- 4 t a 100 -/- 598 = M8^g 

Bat in this e&s® radiation will bs an^ppportant. ¿actor in heat 
oliadnation and should be Incdndftdw fté oál coiations íor condition 
»B» v^9 revised to account for heat losses die to radiation« 

The heat loss due to radiation is given by 

qr — T'A Fs (ïj “ 4 } (2> P* 92 

whore F4 = 1 (aaall bo«%r in large endosare) 

Fg — .15 for oxidized alnminun surface at 5C0°F (l) P. 3-33 

= 1730 X 10"12 Btu/hr/sq« ft«/(°F aba)4 
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&MOM «nU t ««perat uro or roca m 7Ö°F m absolote« 

Uso aastu* s 300°F — 76ó°F ábsolnte; aim include factor 
+% * 

2/3 since only 2/3 of the area of the cylinder can radiate to 
mils« 

«P • 1730 X 10-12 X 2/3 X 1 X .23 (7604 - 5394) 

qr s 66 Bba/br 

then tha value fouind on p0 3-21 mecates 

M4> ~ ¿6 — 503° sad 
.81 

V- tf » 100 a 474 ® 

urhieh diverges fraa asaaisqation (300°?) 

Revise assumption tot 

Wall temp of room a 100¾1 = 560°F abe« 

t^ — teap of guide tube s 40OoF — ô60°F abe« 

qr » 1730 X KT12 x 2/3 x 1 x .15 (8604 - 56O4) 

Qr = 76 Btu/hr. 

sad the A t from Page 21 becomes t a UBU - 76 M 
.81 

^86 - 76 
1.12 ~f~ 100 k6f* 

t_ — t. -/- A t « O — X 100 + 502 602°F» 

502*? 
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SUMMARY 

Cobalt Source 

Guide Tube 

Temperature 

Case "A"* 

4h°f 

247°i 

Case «B«»* 

602°F 

465°F 

Heat elimination by radiation neglected; air cooling 
10 rt./aec* 

** No circulating air« Radiation losses included« 

Air temperature assumed 100°F in both cases« 



III. COBALT ENCAPSULATION PROCBDDRB 

The double encapsulation of cobalt was first considered in 
reference to the Curtise-Wright MAGI in which it was proposed 
to use several encapsulations moving through tubular source 
guides* In the MAGI device a number of dual canning concepts 
were considered* They included nickel plating the cobalt, 
with an outer envelope of stainless steel, a sprayed stainless 
steel inner casing with a sprayed aluminum outer eaejng, a 
stainless steel tubular inner casing with a cast aluminum 
outer casing* None of these was satisfactory* The sprayed 
metals were characterised by porosity and the cast metals by 
porosity and actual casting difficulties* 

Impact extruded tubes were investigated with the intention of 
closing the other end by if el ding but it was found that the 
ratio of diameter to extruded length was impractical for long 
sources of small diameter* Mhere the ratio of diameter to 
length was suitable for impact extrusion it was considered 
acceptable to encapsulate in this way* 

Single encapsulation, even with little wear expected, being 
unacceptable for the FPEŒ slugs, the previous work on double 
encapsulation was extended* It was agreed to devise a 
technique Involving a stainless steel inner capsule and an 
aluminum outer capsule both to be welded gas tight* The 
requirement by Savannah River Project that radial clearances 
be kept to a nrirri mnm meant that a very dose fit had to be 
obtained mechanically between the cobalt and the stainless 

steel* 

An attempt was made to shrink fit a stainless steel tube onto 
a cobalt rod* It quickly became apparent that this method 
was impractical* The cobalt rod was cooled in liquid nitrogen 
and the tube was heated to approximately SOO°F. The tube 
alnttst imaediately cooled locally on contact with the cobalt 
and it was thereafter impossible to proceed further with the 
inserting operation* 

In the next attempt a cobalt rod was mechanically pressed 
into the stainless steel tube .and two flat end discs were 
welded to the tube* The diameter of the discs was the same 
as the tube 0* D* and welding was done around the tube 0* D* 
It was later polished to size* This was considered to be a 
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successful first stage because the contact between cobalt and 
stainless steel was in the order of oOOlí** and the weld was 
sound« The second stage was then assembled by using mechanical 
pressure to insert the first stage in the aluminum tube. End 
plates were welded on in the same manner as in the first stage« 

A discussion was then held on the completed encapsulation and 
it was decided to redesign the end components to obviate the 
risk of including flmicropipes,f which would be present in the 
end caps if they were cut from bar stock« It was decided, 
therefore, to trepan them from sheet material for future test 
specimens and to investigate the possibility of coining for 
production items« 

New end caps having flanged rims were made by machining them 
from sheet material, the 0«Do being equal to the I« I)« of the 
tube for both 1st and 2nd stage« The cross-sectional areas 
were kept equal to those of the corresponding tubes« Two 1st 
stages and two 2nd stages were made and examined for weld 
quality in the metallurgical laboratory at W« A. 0« This 
examination showed that foreign material had been trapped 
during the insertion procedure« The stainless steel welds 
appeared quite sound with approximately 3QÍ depth penetration* 
The greatest void between stainless steel and cobalt was 
measured at the radius on the end of the cobalt rod«. This 
measured 0.00681 from the radiused corner to the stainless steel« 
The trapped foreign matter caused a radial clearance of *0025,, 
while typical clearances were in the range of *0005” to «OO/i”* 
Average radial clearance was •0021tto 

Five complete encapsulations were, then made using 10-1/411 long 
cobalt rods ground to 0.726511 on the 0« D«; these were a.force 
fit in the .725” I# V* stainless steel inner tubes. The end 
caps were trepanned from sheet stainless steel and a flange was 
incorporated so that welding could be done on the end instead 
of on the 0« D« The 0. Do of the end cap was a snug fit in the 
tube I« D. This construction resulted in a concavity or recess 
0.015” deep on the end of the 1st stage. The concavity was to 
be substantially filled by a boss machined on the <3nd caps of 
the second stage. The outer tubes were bored from solid aluminum 
bar of 99.99? purity, tubing of the right I« D. being unobtainable 
in these quantities, and the first stages were mechanically pressed 
into them. The second stage end caps were trepanned from sheet 
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ai nmi num and welding was done on the end face as in the first 
atageo The five samples were marked X-l through X-5 and 
Shipped tO SaRaOeO« 

Several additional samples were made with various degrees of 
success» The major effort was concentrated on procuring tight 
fitting envelopes and close fitting end caps» 

A new effort was initiated with emphasis directed toward improve¬ 
ment and control of the welding technique» Since the stainless 
steel welding had been consistently good, the additional effort 
was concentrated on the aluminum, welding» Several design changes 
were made on the end cap which eventually evolved to a cupshape 
with an internally chamfered outer flange with a similar external 
chamfer on the end of the aluminum tube» The chamfered end rim 
was finally reduced to a 60° included angle toward which the 
tungsten welding electrode was directed» 

The chamfering of the end rim resulted in the following distinctive 

advantages: 

a» It permitted successful welding without the necessity of 
subsequent machining to remove the surplus metal» 

b» The 60° included angle, its peak being directed to the 
electrode, afforded a deeper weld penetration» 

C» The welded 60° section culminated in an elevation of the 
welder1 rim lower than the surface of the central boss 
which therefore will be in contact with the adjacent 
encapsulation when they are assembled together» 

d» This surface was not damaged by the welding» 

To improve the welding technique still further a lathe was procured 
and mounted on a hinged base» With the encapsulation in the chuck, 
the tailsrtock could be inclined 45° upward from horizontal to give 
better control of the flow of molten metal during welding of the 
aluminUÂâo It was found more advantageous to weld the stainless steel 
1st stage in the horizontal position* 



Â special variable speed drive was attached tc the lathe to 
facilitate the establishing of an opbimua speed for both the 
aluminum and the stainless steel velds«. The settings used on 
the welding equipment and the lathe to produce acceptable welds 
are given later in this section# Excellent wolds were made 
under these conditions# It was noted that samples with contam¬ 
inated surfaces would not weld satisfactorily# Scrupulous 
cleanliness is thus essential at all stages# 

It became apparent that although the average clearance between 
the stainless steel and aluminum jackets was dose to the 
permissible limit, for full assurance it would be necessary to 
use some positive sizing technique to mi ni miase this gap# 

First experiments were with a thermal sizing die# A closely 
fitting steel die was made, in two half sections bolted together# 
This could be tightened onto the aluminum encapsulation at room 
temperature. It was calculated that heating to 400°F would 
result in a net reduction in I. D# of the aluminum tube of not 
less than .0015 inches, due to the differential expansion between 
the aluminum and steel# 

Encapsulations were prepared with the aluminum tube of I# D# 
0.7658 inches, leaving a gap between it and the steel encapsular- 
tion of less than #001 inches# This assembly was bolted inW 
the thermal die heated to 400°F and allowed to cool. Subsequent 
sectioning of the slug revealed essentially zero gap between 
steel and aluminum# Other samples were prepared with similar 
results indicating that thermal sizing would produce the desired 
result. The next steps in the encapsulation procedure were 
directed towards a cold sizing technique, and a heavy steel 
fixture was made through which the second stage encapsulation 
could be pushed mechanically# This was to be done after welding 
one end# With close tolerances maintained between steel and 
aluminum encapsulations, a very tight fit could reliably be 
made using the die sizing fixture illustrated. This had the 
advantage of producing a final capsule of the correct 0# D. with 
a very clean smooth finish. 

The final procedure to be used for the cobalt encapsulation is 
now described# 
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1*0 Description of Cobalt Encapsulation 

The cobalt encapsulation is a double encapsulation* It 
consisto of a cobalt rod coupletely encased in a stainless 
steel can vhich is in turn completely encased in an aluMil mim 
can* All joints are voided to provide two leak-tight cans 
surrounding the cobalt* 

The encapsulation of the cobalt rod in the stainless steel 
is designated as the "first stage* encapsulation and the 
encapsulation of this.first stage.in the aluminum is 
designated as the "second stage" encapsulation* 

Each stage requires one tube and tvo end caps of une same 
alloy* The tubes are to be made from precision dram 
tubing as specified* The end caps are to be made from 
sheet stock to eliminate the possibility of eo called 
"micro-pipes0 which can occur In bar stock* 

Welding of both stages will be done by a certified welder 
using the inert gas tungsten arc method* Ho filler red 
is used in the welding operations* 

in materials will be cleaned and inspected thoroughly 
after each series of operations to maintain high quality 
throughout* 
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2.0 Cobalt SpealfieaiionB 

2.1 Msr.^ 

Reactor grads cobalt ^ bar easting, ground to sise. 
Batch analyses to be provided by supplier. 

2.2 Dhaensiong and Finish 

0.725" + .0005« dia. by 10.250" ± .002« long centerless 
ground on dianeter and flat ground both ends. 

Straightness - .005” (canber) 

32 micro Inch finish on diameter. 

63 pH groin eh finish on ends. 

References Figure 3-4 

2.3 A Source of Supply 

Deloro Stellite Company, Belleville, Ontario, Canada. 

2.4 QnnUtT Control Inspection 
» 

The following condition« are acceptable: 

a* Centerline porosity resulting from cooling after 
casting* M&xLmnm diameter 1/32 inch* 

b* Minor surface imperfections each as minute sand 
holes approximately l/üó" diameter by 1/1611 deep 
provided the number of such imperfect lone doe« 
not exceed ten (10) per bar and provided they are 
not doealy grouped« 
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The following conditions are unacceptable* 

a* Deviations fron siso specifications« 

b# local raised bulges or protuberances resulting fron 
¿lock contact with other bars daring shipnwnt from 
Tender* 

c. Oxidised surface* 

d* Cracks visible to the naked eye* 

e« Slag inclusions or other material defects visible at 
o 
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3*0 3talnl«gB 3fe>eeX Spaclfioatlona 

3«1 Material 

1$$ Or., Bf Mi*, stainless steel type 302 or 304» 
Saos type stainless steel to be used for tubes and 
caps* Batch analysis to be provided by supplier to 
show all trace elements above *005$ by weight, 

3.2 Dimen alona and Finish 

3*2,1 Tube, Seamless tube redrawn from »111 sise 
tube to precision sized tube, 

I. D. 0.725" ± .001« 

O. D. 0*765" ± .001» 

Prell Binary cut length 10 3/4* 

Straightness ,008*, (camber) 

32 Bdcrolneh finish inside and outside. 

Reference! Figure 3-5' 

3,2,2 Iftxd Caps, Machined or coined fron sheet 
stock (not acceptable if out from bar stock). 

Reference: Figure 3-6 

3*3 AJjgïïtt^.O.i.ffWffPk'r 

Potar Frags© Co., Inc., 3911 Wiagahiclcon Aro., 
Philadelphia 29, Pa., ropreoenting Superior Tobe 
Co,, Inc. 

H. V. GeraantoNn Pike and. Croas Sagra, CoUeg&vUle, 
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4.0 Alttwlmw gpeelfioations 

4*1 Material 

An aliunisom «Hoy kaown as type 1245 will be need. 
The analysis of this alloy is as follows: 

agasafe 
Aluminum 
Copper 
Iron plus Silicon 
Iron 
Boron 
Caâaiun 
Manganese 
Magnesium 
Zinc 
Titanium 
lithium 
Tin 
Lead 
Bismuth 
Chromium 
Hickel 
Cobalt 

Content 
Welflftt Pyrçqró 

99.45 to 99.60 
0.04 Max. 
0.55 Max. 
2 z Si Max. 
0.001 Max. 
0.003 Max. 
0.03 Max. 
0.01 Max. 
0.03 Max. 
0.03 Max. 
0.003 Max. 
0.01 Max. 
0.01 Max. 
0.01 Max. 
0.03 Max. 
0.01 Max. 
0.001 Max. 

Batch analysis to be provided by supplier. 

4.2 aaanfl&aa saá 
4.2ml Tobe# Seainleoo tub« r©«Lsed and redraicn fron 

nlll tub« to proelelon tube. 

I. D. 0.767* jf- .001*. 

0. D. 0.943* if .002». 

Straightness - .020*/piece 

Preliminary cut length 11* 

32 Microinch finish inside and out si do. 

Reference: Figure 3-7 
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4«2*2 Bad Caca» llaohiaad £roa ehesrfe steck or ooiaed 
froa. ahoafc otoek (not »cc«pt«bl® If eut fm 
bar eboek)« 

Raf «renca: figuró 3-d 

Aliudjia» Coapany of Asarioa 
744 Broad Street e Hewark, N* J. 

(Alternate redrew adll, PreciaLon tube Coepasy, 
.Berth Voles, Pa») 
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5.0 Fir at, Stage BacapgaUtion - StBÍnlaga St<aX 

5.1 emaaflR OnttHtTT fiontrol I„«r>ae*Atm 

5#1#1 Cobalt 

a* Clean ultrasonically in a detergent 
solution« 

b« Rinse immediately in distilled water« 
o« Air dry, visually inspect for dryness 

and individually wrap in protective 
wrapper« 

d« Handle with gloves thereafter« 

5.1.2 Stoinleeg gtaeq Parts 

a« Clean tubes ultrasonically in detergent 
solution« 

b« Rinse immediately internally and externally, 
in distilled water* 

c« Air dry, visually inspect for dryness and 
individually wrap in protective wrapper« 

d« Clean end caps ultrasonically and proceed 
in accordance with b« and c« above« 

e« Handle parts with gloves thereafter* 

5.2 JaiSEfetoLgg cob^LJfl^S^Blagg^agl-Ma 

This operation is to be performed under seal-selective 
assembly methods to maintain minimum gap between cobalt 
and stainless steel« 

5«2«1 Using gloves, insert cobalt into stainless steal 
tube« 

5«2«2 Press cobalt rod into tube using clean, grease- 
free equipment without the aid of a lubricant or 
other foreign material« 

5*2*3 Using gloves, insert end caps and machine tube 
ends flush with end cap projection« 

5*2*4 Inspect for cleanliness and quality control* 

5*2*5 Wrap in protective wrapper until welding operation 
is carried out* 
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5.3 Walding 

Wald stainless steel end caps to tube in aajai- 
automatic welding set up in aoeordanoe with the 
followingî 

Welding polarity 
Welding current 
Position 
Positioner speed 
Sieotrode 

Torch 
Cup sise 
Argon Plow 
Arc length 
Ho* passes 

DCSP 
¿0-70 amp. 
Horisontal 
1/5 rpm 
1/16° dia* 
thoriated tungsten 
(Pointed) 
#9 pencil 
#6 
15 cfh 
I/L6 
1 1/4 

5*4 Clean and quality control inspect welds* 

5*5 Leak test* 

5*4 mtrasonically dean, rinse, air dry and wrap in 
protective wrapper* 

Reference* figure 5-9 

' "C: 

!■ 
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6.0 Second Stage Encapsulation - Alumiam 

6.1 Cleaning nd Ona.m-.Tr f-ontrol In B pact ion 

6*1«1 Alutainiun Parta 

&• Clean tubes ultrason!c&Hy in deoxidising 
solution» 

b» Binse immediately in distilled water and 
alcohol« 

c« Air dry, visually inspect for dryness and 
individually wrap in protective wrapper« 

d« Clean end caps ultrason!cally in deoxidising 
solution and proceed in accordance with b» 
and c« above« 

e« Handle parts only with gloves and dean 
tools thereafter« 

6.2 Insertion_of First Stag* into 

6»2«1 Using gloves, insert First Stage into alundnuA 
tube« 

6«2«2 Using gloves, insert end caps into aluminum tube 
with one end cap flush with tube end« 

6«2«3 Inspect for cleanliness and wrap in protective 
wrapper if satisfactorily clean« 

6«3 First JüflBdfflm ¥el h 

The second stage welding operation will be carried out 
in two steps« The first step will be the welding of the 
end cap positioned flush with the tube« This operation 
will be performed in accordance with the seoi-autoaatic 
set-up outlined in Section 6»3#1* 
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6.3#1 Welding Paraaeter» 

The aluminum voiding operations will be carried 
under the following! 

Welding polarit/ 
Welding current 
Position 
Positioner speed 
Electrode 

Torch 
Cup Sise 
Argon Flow 
Arc Length 
Ho« passee 

Reference: Figure 3-10 

ACS High Frequency 
70-00 Amp« 

45° 
2 rja 
1/L6* dia» thoriated 
tungsten (Ball pointed) 
#9 panel! 
#6 
15 era 

iA6„ 
1-1/4 

¿•4 Clean and quality control cheek weld» 

6.5 Perfora die sizing operations as follows: (see Figure 3-11) 

6.5.1 Remove excess metal (if any) iron 0. D. of weld. 

6.5.1A» If any metal removed, repeat Q» C» inspection» 
• •• 

6«5«2 Apply t,Doo^-Eaaet, around welded end to facilitate 
passage through sizing die* 

6*5*3 Insert welded end in sizing die guide and check for 
correct vertical insertion* 

6*5*4 Using clean tools, insert second end cap* 

6*5*5 Coin end cap down snug and continue pressing until 
assembly has passed completely through sizing die* 
Prevent assembly from falling as it emerges from die* 

6*6 Trim and chamfer unwelded tube end to make tube end flush 
with end cap* 

6*7 Inspect and wrap in protective wrapper* 
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6*Ö Periorm second end cap veld in accordance -with 
Section 6«3*1* 

6«9 Glean and Inspect velds« 

6*10 Leak test« 

6«11 Engrave 3/16” high by «OSO" - «OSS® deep symbols 
on each end cap« 

References Figure 3-12 

6«12 mtrasonlccUy clean in detergent solution« 

6« 13 Inspect for final packaging« 

6«14 Individually package in protective wrapper« 



7*o jEasiagiflg fltetesafe ¿2 H&uèsk. 

All •ncapsalations are to be carefully handled to prevent 
dropping or daa&ge to the aluminum# Any piece that Is 
dropped or damaged in any way is to be r©inspectcd before 
packaging# 

7#1 Pack wrapped encapsulations in 1 l/ö I# D# by 1/3“ 
wall hard paper tube with tissue filler# Fill ends 
of tube with tissue and close with adhesive tape# 

7#2 Pack in cartons of twenty-five with Kempoc cushions 
at end of paper tubes# 

7#3 Hst identification symbols on cartons# 

7#4 Pack cartons in shipping boxes# 

\ 
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Activation or Aluminum Cladding 

With tha da cisión to use a double pro-activation encapsulation 
technique, it was necessary to show that the impurities present 
in the aluminum were in such small quantities that they would 
not present any contamination hazard in using the facility. 

The common alloy metals of aluminum are: 

Silicon 
Iron 
Copper 
Manganese 
Magnesium 
Chromium 
Nickel 
Zinc 
Titanium 

For the operation of the FPDI we are interested only in activity 
which is significant a considerable period of time after activation 
in the reactor. Let us consider this period to be 60 days. 

Then any isotope with a half lii© o£ shorter than 1 day will decay 
by a factor of greater than 1018 in 60 days and may be ignored in 
consideration of possible contaminants. 

The radioisotopes of the alloy elements which have half-lives 
longer than 1 day and which may be produced by reactor activation 
are: 

Fq55, Fe59, Cr51, Ui59, Ni63, Zn65 

The relative importance of these isotopes will now be considered 
by estimating the activity produced assuming a 90 day activation 
at a flux of 10-^ n/cm^/sec. 

The activity present in the alloy from a 1% concentration of target 
element after a 90 day activation and 60 day decay period is: 

S - % ÿ&m a ^-0-695/T)< 2 
10^¾ (l - ^ ~62.1 ) ^ -41 »4. 

A rT' - *** -3 T days T days 
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The actual, concentrations in the pool water of each radioisotope 
örtlich may be present will now be deduced and from this maximum 

percentages of the alloy elements will be established for the 

FPDI case. 

Let us aeffnmw a rate of corrosion of the aluminum of 0.01011 per 
year which is a very high value for aluminum in deionized water. 

The rate of addition of activity to the water is given bfi 

tF “ ms gk -€ -°-69t/T 

where M is the No# of gms corrode d/sec. 

ß 
is tho activity per ga of aluminum for a composition 

of the element in the alloy# 

is the fraction of 1# of the element to be allovred in 

the alloy« 
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H= 0.025 X 23.7 x aro» of 96 roda used In FgDI__ 

No. seconds in one yaar = 0.025 x 2.7^7.6 x IC^1' 
3.15 x 107 

= 1.65 x 10”^ gms/sec. 

= 1.65 x Kf4 Sgk r -0*69t/T 

The rate of reaora3. of activity from the water (by the deioniser 
unit) is given by: 

-¡Lãs _ £ S 
db “ 1 C 

whor© f s flow rate thru the deionizer 
a 5 G«P«M* (minimum) 

S 2 total activity in the tank ( curies) 

C 2 capacity of the tank « 25,000 gal* 

iL§2_ 
db = 3o“ 

£ 
25,000 = 3.3 X uor6s 

The rate of change of activity in the water is: 

d 3 _ d Si - dSg 
dt ~ dt dt 

_ 1.65 x 10"4 Sgk "°'69t/T _ 3.3 x 10-63 

This is an equation of the form 

■f = -BS 

and its solution is: 

S»C (1 "^4 

where C 2 ¿4 

and ^ = 

The time, t max*, at which the concentration becomes a max*f 
may be established by: 
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= o "St I t = t max 

- i c (i-^ 

or <LtA 
< 

max 
s 0 

B t max 

t max = i Lh 
B = I Ln _B 

B 

The resulting values of S maxo are given in Table II* 

The actual mn-yîmum concentrations are given by: 

Sernas S max. - Sjf^c 
Cap 10° curies/cm 3 = S max . 

10z curie a/cnK 
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It is conceivable that at sometime it might be desirable 
to empty the pool water into a sewage drain# Under these 
conditions it is required that the maxi-mum disposable quantity- 
par day of any activity may not exceed prescribed values# 
Consider the case of the pool being emptied six months after 
start-up over a period of 5 days through the deionizer which 
reduces the activity by at least a factor of 1CT2# The total 
activity 180 days after start-up for each radioisotope is 
compared with the maximum disposable quantity in 5 days in 
Table III# In each case it is assumed again that 1# of the 
alloying element is present. 

TABLE III 

Sigiafc-S- 

Fe55 0.12 51=4 

Fe59 0=037 50 

Cr51 1.9 50 

Ni59 2xL0"4 50 

Zn65 0.5 50 

0.125 

2=74 

4=5 

4.5 X 10-6 

0=51 

S discharge 
curies 

103 

24 

210 

2.0 

3 X 103 

S disposable 
in 5 days. 

2.5 X 103 

50 

2.5 X 103 

50 

5 X 102 

Hence the only case in which regulations would be violated 
by such disposal is the discharge of the water if the 
aluminum contained 1$ zinc«, 

Consequently, the specifications on the percent composition 
of the alloy metals in the aluminum may be laid down according 
to Table IV# 
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TABLE IV 

Element 

Si 

Fe 

Cu 

Mh 

Mg 
Cr 

Ni 

Zn 

Ti 

Maximum permissible 
_% composition 

no restriction 

loO 

no restriction 

no restriction 

no restriction 

1*0 

loO 

0.1 

no restriction 

It will be seen that the alloying and impurity elements 
present in 1245 aluminum are in all cases below these 
limits. 

In practice it is expected that the actual concentrations 
of contaminants 'will be much below the figures calculated 
here, owing to the very strict assumptions made. For example, 
corrosion of aluminum fuel elements in deionized water at 
pH 7«0 and with less than one part per million chloride is 
found to be very slight, making a corrosion rate of 10 mils 
per year pessimistic by a factor of 5-10. 
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In the event that disposal of liquid radioactive wastes 
should become necessary, such disposal will be in full 
compliance with Title 10, Part 20 of the Code of Federal 
Regulations«, The liquid waste will be monitored by the 
Health Physicist prior to disposal to assure that radio¬ 
active concentrations are within permissible limits» 
Waste products containing concentrations in excess of 
allowable disposable doses will be recycled through the 
cleanup system and resampled until it is within disposal 
limit So 



IV* Source Handling Sygtom. 

General 

Plaque configurations and handling have been determined as a 
function of the source parameters and the irradiation require¬ 
ments, as well as the size and shape of the packages contemplated 
for irradiation« As described in other sections of this report, 
the source elements may be arranged in three basic patterns« 

The three basic plaque configurations are single plate, double 
plate and cylindrical, each shape permitting a distinctly different 
type of irradiation exposure, such as double-pass, single-pass 
and stationary, ultra-high intensity« See Figure 3-13« 

All plaques are made up of thin sealed tubes into which the 
radioactive elements (^slugs1*) are placed* Source replenishment 
and variation of plaque intensity distribution may be made 
conveniently by adding more source tubes, and by properly arranging 
the slugs inside the tubes, and the tubes within the plaques# 

The tubes are supported on baseplates - a different one for each 
individual plaque form - which, in turn, are bolted to a subframe 
mounted on an elevator platform# The plaque types outlined earlier 
are obtained by installing the proper base-plate on a subframe, 
then sliding the source tubes over the arbors provided in the 
baseplate («jigplate18)# 

The subframe is fastened to the main platform frame from below# 
It may be pulled free of Its support through an extractor linkage 
which is normally turned by hand from inside the cell, but in 
case of emergency may be operated from the odt^side of the ce?l 
by means of a special, tubular key# This toolvis inserted through 
the ceiling of the cell using close-fitting sleeves embedded in the 
concrete# (These sleeves are normally dosed with concrete filled 
steel tube plugs») The key is thereby guided and engages the 
actuating shaft of the extractor linkage after being extended to 
floor level# 

The safety feature above described enables the subframe and the 
radioactive plaque with it - to be lowered to the bottom of the 
pool whenever the main platform frame should be prevented from 
descending, either as a result of a malfunction of the elevator 
drive system, or because of a major obstruction in its path# 
Four eye brackets are welded to the side members of the subframe# 
They permit cable slings to be attached through the access ports 
in the cell roof prior to disconnecting the subframe» The frame 
may then be lowered to the bottom of the pool# 
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V . Source Handling System - General (Continued) 

All -work on the plaques, such as loading, unloading, or 
rearranging of source elements is performed by trained 
personnel working from a moveable bridge over the pool*» 
Special tools have been developed to permit remote handling 
of radioactive slugs and source tubes from the safety of 
the cell floor level*» 

Special attention has been given to obtaining a maximum 
of compactness in the plaque design. As will be seen from 
the individual drawings, when the source is raised, the 
source platform remains below water level, with the plaque 
as the only part protruding from the pool, thus permitting 
the smallest possible clearance between irradiation specimen 
and the active portion of the plaque« 

The source elements, or slugs, will be delivered to the 
site in special, lead-shielded shipping caskets. After the 
cleaning process these containers are lowered to the bottom 
of a separate 24* deep cask pool outside the cell. There 
the slugs are discharged from the shipping container and, 
one at a time, are placed inside the loading tube, and 
allowed to slide down the tube by gravity action into the 
cell pool. 

The slug is received inside the cell pool in a swivel tube 
socket which, acting as a dash-pot, slows down the fast 
moving slug, bringing it to a gentle stop. The socket then 
tilts and brings the slug, which protrudes from it several 
inches, to a vertical position« 

As an alternative, a small wheeled box fitting inside the 
loading tube may be used to carry one or more source slugs 
down, the loading tube. It has a cable attachment so that 
it can be withdrawn to the cask pool for the next batch. 
This method would be advantageous if non-standard items were 
to be moved in and out of the pool« 

; V- 
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V* Source Handling System - General (continued) 

In addition to the storage racks for slugs, a rack is provided 
for storing source tubeso This is arranged along one side of 
the bottom of the pool, and -will accept loaded as well as empty 
source tubes« 

Source tubes are handled by means of a simple long-handled tool 
which permits locking and unlocking of the tubes in the storage 
rack and source array jig plates, as well as transferring them 
from one location to the other« 

Â conceptual design of the source handling mechanism is shown 
in Figure 3-14« 

Design and Operation 

Plaque Frame and Source Elements 

The source platform consists of a main frame which is 
suspended at four points from four individual, stainless 
steel wire ropo cables« Its movement is guided along 
four tracks attached to the pool liner by wheels mounted 
on the platform by means of hinged brackets« 

The jig plates carrying the source arrays are bolted to a 
subframe which Is suspended from the main frame in a manner 
permitting it to be unlocked from the main frame and lowered 
indepen dentlyo 

As shown in Figure 3-15 the rectangular mai-fn frame consists 
of two side members parallel to the long axis of the pool, 
with cross members connecting tho ends® The cross members 
are arranged below the side mambers, and substantial tri¬ 
angular gusset plates suitably reinforced, are sandwiched 
between them« Each gusset plate serves as a mount for the 
angle bracket weldments which, in turn, support the hinged 
guide wheals« 

Two brackets on the underside of each frame side member 
support and firmly position the separate plaque carrier frame« 
A third cross-member is welded between the side members« It 
provides & mount for the linkage and cam system which enables 
the subframe to be pilled off the supporting brackets by 
rotating either of the two fulcrum shafts« The mechanisms 
involved in this are described separately« 

Provision is made on each end member to mount tw© cable 
anchoring brackets, with a wide range of vertical adjustment« 
This feature, combined with the considerable adjustability 
inherent in the cable end fitting used, affords ample scope 
for the initial levelling of the platform, as well as any 
subsequent corrections which may become necessary as the four 
suspension cables stretch in operation« 
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Dejjjgi and Opsr&tion (continued) 

PL&quft Frame said Source Element® 

E&di bracket, shown detailed in Figure >*16P is fabricated 
fr^m standard aluminum structural angico Its t'm> el®n.gat^d 
h©les, together with the two set® of three tapped hole® in 
the frame, permit a total vertical adjustment^©f X-7/8 incho 
A ^ in<ch socket head capscrew is provided to perform the 
actual adjustmento Two capscrew® are then tightened, md 
clamp the bracket firmly to the platform £r&me0 

Figure 3“i? illustrates the feature® ©ï the bracket described 
aboveo As will be seen from this drawing, the bracket design 
permits also lateral adjustment by providing three holes 
.sid^by-side for the cable fit tingo In comtimtion with the 
a3c.ial adjustment of the drum of J inch in either 
this feature makes it .possible to assure satisfactory Äignme:at 
of each suspension cable0 This is of importance when the plat¬ 
form is raised to the nupw position and the cable brackets are 
close to the wind-up drum« 

The main plat fern frame is fitted with tw set® ©f @t@p bra-îkats 
ro^Eted an the vertical gusset plates reinfersiag the wmita-s af 
the frame» As shewn in Figure 3=10» the design ®f these brackets 
pr®vidss for tw© gtop pads for each bracket» One stap padä used 
is; n®rn»l operation ef the facility, is on tep ©f the frsmo 
¡sida mamcers» The second stop pad, made from gg x a§ inafe 
stainless steel structural angle, ig -welded t© the ,¾ in.ch wi-ie 
bracket plate» Xt i.s for us© when the platform i¡§ t© be raised 
t© its highest passible position, for maintenaKi.c® or other 
purposes» This, in contrast t© the norató, ©peraMng paüjiti©ns 
is shove the water level» The c@mplete wsl^dment® *p* bolted t© 
the frame, one at each corner» 

The stop brackets intended for arresting the pLttfcam In its 
lower position are sections of rolled aXimtaum angle reitîforced 
by web pilâtes» These brackets are welded t© th® gíjL^set plate® 
at each corner ®f the main frame» As shown in Fiffrr» .3-19, 
stainless steel wear pads are bolted t© the ®id©r@±d® ©f the 
bracket » Shims .are used t© permi t accurate and cas^nvenAent 
sligr;ment ®f the four stops» This »¡i»r©g that the descending 
frame •will make oontact with all four step® ¡simultaneously» 

Sgurcg Platfarm Subframe 

As ,®h©«n in .Figure 3=20, the subframe i@ a rectang^Har structure 
ms.de up of two side meaabens arid tw© end msat-er® bmtt-weldsd 
together» The members are four-inch aluminum »fcna-sterai cS'^smal® 
as listed on th® drawing» They .are arranged with the flange® 
facing inward so as t© éliminât* aay jKsasibili-y of their catching 
or hanging up on th® flanges ©f the main frame, «sasXd the subframe 
ever hai”« to be lowered separately» 
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Source Platform Sub fr ¿imo (continued) 

Four angle brackets are welded to the side members of the subframe* 

à large hole in each vertical leg permits cable hooks to be secured 

to the subframe in the case of an emergency situation requiring that 
it be lowered separately from the main frame * 

Two struts run across the frame and protrude beyond its side members© 
They are structural channels, oriented to face the same way, and 

welded from below to the gusset plates reinforcing each corner© The 
welcfcient is further strengthened by vertical* triangular gusset 

plates welded to the vertical webs of subframe side members and the 

cross struts© The struts are of sufficient length to protrude 

slightly beyond the side members of the main frame to the underside 
of which they are secured© 

As shown in Figure 3—21, stainless steel wear pads are screwed to 
the top of the protruding strut ends© Dowel pins are inserted in 
holes located and drilled at the extreme end of these pads to 

provide lateral alignment of subframe and platform main frame© The 
wear pads protrude beyond the webs of the strut channels to form. 

5/Ö inch deep lips which are supported on ledges formed by bracket 

assemblies bolted to the underside of the lower flange of the main 

frame side members© 'Hie design of these brackets appears clearly 
in Figure 3-21© They are mounted on the main frame, then adjusted 
using the completed subframe as a template© Shims are used as 
indicated to provide easy slip fit of the subframe wear plates in 

the bracket recesses© The entire bracket assembly is then shifted 
lengthwise on the side members until all wear plate mounting lips 

engage the recesses to a depth of 3/¾ inch© This engagement should 
be the same for all four brackets© The brackets are then locked in 
place by means of dowel pins© 

À flat spring is provided at two suspension points© Bolted to the 
web of the subframe cross-struts, the springs bear against the 

vertical legs of the main frame bracket?© A capscrew passing through 
the spring is so adjusted in the subframe strut that it will permit 
the spring to expand ¿ inch© The spring forces coming into play 

are about 200 lbs© for the fully deflected spring, and 100 lbs© when 
expanded to the stop© Hence, a total force ©f 400 lbs© will be exerted 

by the two springs, tending to push the subframe away from its 

supporting points, when the frame is in place© This force will be 
reduced to 200 lbs© - and then transferred to the stop screws after 
the frame has moved away ¿ inch© 
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Subframe Release System 

As shown in Figure 3-22 a loclrplate is bolted to each of the two 
horizontal comer gusset plates at one end of the subframe«, Each 
lockplate protruding 3 inches beyond the subframe end member, has 
a milled slot® The slot is engaged by a pin extending downward 
from a bell crank© Each of the two cranky Figure 3-23, has a 
welded«on hub, bored out for a 1 inch diameter shaft© The shaft is 
locked to the crank hub by means of a Woodruff key and a large set 
screw© A lock pin, spring or cotter, safeguards the crank from 
slipping off the shaft should the set screw become loose© 

The shafts are machined from square bar stock with the ends left 
square to form heads© The shanks are supported in sturdy aluminum 
blocks, bored out for an easy running fit and bolted to the web 
©f the cross member which is welded into the main frame as previously 
described, 

The two cranks are connected by a tie rod having thread ends« 
Threaded rod ends permit adjustment of the effective tie rod length 
and, hence crank alignment© This has to be done with regard to 
the angular position of the extractor pin© It is desirable that 
the pins of the two bell cranks bear uniformly' against the thrust 
side of the lock plate slots, and that, in operation, they reach 
their apex simultaneously© Both requirements may be met by shimming 
one of the two shaft bearing blocks against the frame member, and/or 
correcting the tie rod length for proper angular alignment of the 
cranks© 

After adjusting the linkage in that manner, the subframe should be 
made to engage its support by 3/Ö inch as previously explained© 
The two extractor pins should then be in a position approximately 
10 degrees beyond their apex, as indicated on the drawing© The 
thrust from the two flat ejector springs will then tend to force 
the pins out (to the left on drawing tending to rotate the bell 
cranks in a counter clockwise direction)© A stop screw on each 
crank is then adjusted to make firm contact with the shaft mounting 
block, and tightened securely© After that a hole is drilled into 
each shaft, using holes provided in the supporting blocks as pilots. 
They are then reamed, and receive a thin aluminum pin© In that 
manner, unintentional loosening of the subframe system is prevented, 
without materially increasing the effort required for intentional 
unlocking© The main safeguard against accidental uncoupling of the 
subframe is, however, the over center effect of the two flat ejector 
springs© 

As previously stated, the subframe extractor system is intended 
,fer use in emergencies only© At that time* the long stemmed key 
lowered through the properly located sleeve in the ceiling of the 
cell is engaged in the square head of the bell crank shaft concerned© 
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Subframe Release System ( continued) 

When turning the shaft in a clockwise direction, the safety lock pins 
are sheared off, while the extractor pins at first force the subframe 
deeper into engagement with the supporting brackets,. The ejector 
springs are thereby further tensioned, causing the turning effort to 
increase« This overcenter, self-locking effect presents an added 
safety feature assuring firm clamping of subframe to main frame« 

The spring action is reversed as soon as the crank pins move beyond 
their apex« From that point on the spring force tends to act in the 
direction of unlocking, thus reducing the turning effort of the key 
progressively« The subframe now moves away fiom its rest position, 
pushed by the expanding springs and pulled by the extractor pins« 
As explained previously, the springs are arrested by stop screws 
after extending to a pre-determined point at- which the subframe 
supporting tabs still engage their rest pads by 1/8 inch« At that 
point, therefore, the springs cease to assit the extraction effort; 
the extractor pins, actuated via the linkage system through the 
cell roof, are now alone in pulling the subframe the remaining 
1/8 inch to the point of separation from the main frame« This 
assures a controlled separation of the sub and main frames« 

Platform Travel End Stops 

Upper Level Stops 

Four stops are provided, one for each corner of the main platform 
as shown in Figure 3-18. They engage stainless steel stop pads, * 

described earlier, bolted to mounting brackets which are welded to 
the frame* The stops are designed to permit controlled arresting 
of the platform at two different levels; one level for normal 
operation of the facility, and the highest level mechanically 
possible* 

The first-mentioned level is so established that the radioactive 
plaque is the only component of the platform complex to break 
through the water level* This feature will assure complete safety 
against the remote possibility of the platform becoming icebound 
should the pool water ever freeze over in the case of a prolonged 
period of low temperature òperation of the facility« The radioactive 
elements of the plaque generate enough heat to prevent the source 
tubes themselves from freezing in at the water line« 

The higher level, now, is only used whenever service or maintenance 
operations on the platform are to be performed, such as adjusting 
one or several hoisting cables, or if the plaque configuration is 
to be changed, requiring a change of jig plates« For convenience 
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Upper Level Stops ( continued) 

and safety, the platform is arrested at that level by the same 
method and system employed to stop it at the normal level, simply 
by permitting a second set of stop pads, mounted lower on the 
platform frame, to strike the stops« This is achieved by unlocking 
ea?.h stop from its mount and rotating it as shown in Figure 3-180 
It is thus brought into a position where it cannot contact the 
normal level stop pads on top of the frame side members* but the 
high level pads protruding laterally from the frame side members 
10 inches below are effective« 

The design of the two-level stops is apparent from the drawing« 
The stop bar is fabricated from flat bar stock and rounds« It 
is centered on an anchor rod which is guided inside a tubular 
mounting bracket welded to the uppermost track supporting angle« 
A safety collar welded to the lower end of th* (Sender pin anchors 
it. axially as the 3/4M self-locking nut is tightened, pulling 
the stop bar down into the top plate of the center pin anchor 
bracket« 

This nut is rendered captive on the center pin by a second nut 
winch i& locked in place by a riveta Hen©e, removal of the stop 
bar, or accidental loss of the lock nut is prevented without, 
however, requiring drastic action to permit*'intentional removal 
of the stop bar, as, for instance, in the case of a major system 
overhaul« 

The thrust of the rising platform is received by a spring loaded, 
adjustable stop screw© The spring loading can be varied by backing 
off or tightening a 1¾ inch hex nut on the threaded extension of 
the spring plunger, and simultaneously making compensating adjust¬ 
ment ©f the ¿ inch stop screw© The adjustment of the spring loading 
consists in effect of a variation of the total, effective spring ^ 
deflection« For higher preloading of the stop spring, spacer washers 
may be installed between plunger and spring« 

The rear end of the stop bar serves as a back rest preventing bending 
stresses at the center pin« That end is, th®r®fere, fitted with an 
adjustable, locking back rest screw« The scrmr is backed off until 
the stop bar has been firmly screwed down by means of the self¬ 
locking nut on the center pin« The back regt screw is then advanced 
until it bottoms firmly on a back rest pad which is welded to the 
pool liner skin» The screw is now locked in that adjustment, which 
is left undisturbed whenever the stop bar is switched from one 
position to the other« 

Lower Level Stops 

At the end of its downward travel th® platform is arrested by stops 
which are mounted on hydraulic dashpot® capable of telescoping by 
4 inches« They are normally held fully extended by low-rate coil 

3-35 



Lower Level Stops ( continued) 

springs inside the pots« The stainless steel pads bolted to the 
platform stop brackets, using shims as required, make contact with 
the dashpots via the ends of 5/Ö inch cap screws installed in the 
top of the dashpot cylindero As shown in detail in Figure 3-19, 
the dashpot comprises a mobile cylinder, sliding on and guided by 
a fixed plungero The upward travel of the cylinder, raised by a 
coil spring, is limited by a stop screw arranged at the lower edge 
of the cylinder skirt 0 

A narrow slot is milled into the cylinder skirt from the top down« 
It terminates in a large hole which is positioned at a level above 
the top lip of the plunger whore the cylinder is in its rest 
position, ioCo fully raised by the springo Hence, the fluid space 
above the plunger communicates with the outside water through a 
large port area« As the cylinder i® pushed dsmward by the descend¬ 
ing platform, the comnunicating port glides past the lip of the 
fixed plunger, progressively reducing the effective port area« 
Water in the cylinder above the plunger is being expelled fr^m 
that space through the port, the effective flow area of which 
diminishes as the cylinder advances downward* The result is a 
progressive increase in the resistance the dashpot offers to the 
descending platform, causing a corresponding gradual braking action« 

The stationary dashpot plungers are bolted to reinforced portions 
of a closed frame made up from structural aluminum angles arranged 
with the vertical leg down* That frame, in turn, is clamped and 
pinned to a base frame fabricated from the same -material as the 
upper frame* It is bolted to mounting pads welded to the bottom 
panel of the stainless steel liner at points directly below the 
location of the dashpots« The two frames are fastened together by 
bolt and nut assemblies, incorporating dished spring washers3 since 
the bolt holes- in the lower frame are elongated vertically, the 
top frame is capable of sliding down on the lower frame as soon 
as the frictional force between them (caused by clamping) is 
exceeded by a downward thrust* 

1¿>w strength dowel pins are installed in hole® through the webs 
of both frames after these have been properly aligned* The pins 
serve as locating elements, rather than lock dswels, since the upper 
frame is essentially held in place by the clamping effect of the dished 
washers* This arrangement affords additional, protection against 
damage to the plaque system in the case ®f an exceptionally hard 
landing of the platform* 

A crash pad is provided in the rectangular space formed by the 
aforementioned frames« It serves t© cushion the impact of the 
source subframe, should that part ©ver have to be jettisoned and 
allowed t© fall free without the use of lowering cables, a® outlined 
earlier, in the case of a jammed** platfermo The crash pad is 
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Lower Level Stops (continued) 

made up of a number of corrugated aluminum sheets laid with the 
corrugations perpendicular to one another«. The uppermost sheet 
is made larger than the lower ones for a snug fit inside the stop 
support frame, while all underlying sheets have ample clearancôo 
The close fit of the top sheet is required to prevent slugs or 
other articles falling into the inaccessible crash pad area«. As 
an additional precaution, all crash pad sheets ere made in two 
sections which overlap in the center« Holes 3/Ö inch in diameter 
in each sheet section permit the sheets t© be hoisted to the 
surface without interfering with the platform track system« The 
crash pad may, therefore, be disassembled from above should thiè 
ever be necessary« 

Platform Tracks and Guide Wheels 

The platform main frame is guided in its vertical movement by 
rollers running in four tracks« The tracks are ©f 2 x 2 x ¿ 
inch stainless steel angle, bolted to supporting brackets at 
about 3 it« intervals« These brackets - 2¿ x 2f x £ inch 
stainless steel angle, are bolted to mounting pads which are 
welded to the pool liner« The arrangement of th&m padjs, which 
have mounting holes drilled and tapped before welding in position 
is shown in Figure 3-24* As will be seen from Figure 3-25* the 
track angles.can be adjusted horizontally in the elongated bolt 
holes of the mounting bracket (perpendicular t© the liner wall)« 
In turn the mounting bracket is adjustable parallel t© the liner 
wall, owing to the generous hole clearance of its mounting bolts« 
These belts engage the tapped hole?; in the mounting pads on the 
pool liner« 

The arrangement described affords a considerable range of adjust¬ 
ment for track location, to allow for £ll expected construction 
irregularities of the pool liner« It will be apparent that no 
welding, boring or tapping is required in installation, but 
solely the drilling and reaming of dowel holes after properly 
aligning the trade system« 

Since each track is made up of tw® sections, each center mounting 
bracket is adapted for use as a tie member by effectively doubling 
its length« The corresponding mounting pad^ are designed to suit 
the double-length brackets« As described earlier, the uppermost 
mounting bracket of each track is made considerably longer also, 
and serves as a mount for the upper level platform stop bars® 

The platform guide wheels, machined fr©m round stock, turn on 
stainless æteel pins which are mounted in the arms of a welded 
yoke« Thin spacer washers position the wheel in the center ©f the 
yoke« This, in turn, is mounted on a 1 inch diameter pivot shaft 
which is supported in a bracket ©f fabricated const ruction« Set 

screws in the bracket lock the shaft in place« Spacer washers 
are provided to enable lateral adjustment of the wheel yoke and. 
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Plat-Corn Tracks and Guide Whan] a ( continued) 

hence, of the wheel itself while controlling side play between yoke 
and bracket,, 

The normal position of the yoke is horizontal, when it wm rest on 
two stop screws permitting convenient adjustment of that position. 
A shear pin installed in the mounting bracket controls the torque at 
which the yoke will break away from the normal position. As may be 
seen clearly from figure 3-26, the yoke-wheel assembly can only 
rotate upward. Hence the guide wheels will retract only whan they 
meet an obstruction while the platform moves downward. The wheel 
should yield when encountering a resistance of 200 lbs. The shear 
pin will carry the shear force generated by 125 lbs., while the 
balance of 75 lbs. is borne by a suitably shaped plate spiring bearing 
against a roller mounted in the tail end of th® guide wheel yoke. 
The sparing is bolted to the yoke supporting bracket, and may be 
adjusted by shims, as well as by a pi&ir of adjusting screws. The 
shapxs of the spring results in an over-center effect. Hence, the 
spring assists in locking the guide wheel holder in its nm-mni 
position. As the torque caused by an obstruction encountered on 
the way down exceeds 200 lbs. x 6 inches = 1200 in. lbs., the 
pin will shear and the spring compressed. The yoke roller eventually 
piasses over the high point of the spring and the guide wheels comes 
out of the track. The yoke and guide wheel assembly is then held 
in a retracted position. 

The yoke supporting brackets are mounted on gusset pjlates which are 
welded between side and end members at each corner of the platform 
main frame as described earlier. Elongated holes permit individual 
adjustment of each yoke assembly toward or away from the tracks. 
Eowel holes are then drilled and reamed to locate the brackets positively. 

Platform Hoisting System 

The platform is suspended from four £ inch diameter stainless steel 
wire rope cableso The cables are attached to stainless steel drums 
of welded construction, arranged in two parts on t*wo drum shafts of 
2 inch diameter*. The design features of the drums, as well as the 
mode of anchoring the ends of the suspension cables are shown in 
Figure 3-27* Also indicated on that drawing is the take-up feature 
permitting the permanently attached cable end in the drum to be 
anchored in either of two positions® This in addition to the stepless 
adjustment feature provided by the screw type cable end fitting at 
the other extremity of the cable, affords a generous degree of freedom 
in adjusting the suspension cables,, 

Each drum shaft is supported in two anti-friction pillow block bearings# 
These bearings are secured to vertical mounting pads which are bolted 
to brackets welded to the pool liner® The brackets are L-shaped; the 
weight of the platform is thus borne by the horizontal leg of each 
bracket, which, in turn, rests ©n and is welded to a reinforced section 
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Platform Hoisting System ( contirmed) 

of the liner® As may be seen from Figures 3-1Ö and 3-24 the pool 
liner is recessed along the rim on the two 8 ft® long sides® The 
recesses permit installation of the drum shafts at a lower level, 
resulting in the complete absence from the cell floor of any shaits, 
bearings, or gear boxes; these are all well below floor level® 'The 
bearings are fully adjustable vertically and also permit some 
horizontal adjustment® 

The ends of each drum shaft are connected via self-aligning couplings 
to the output shaft extension of two right-angle gear drives having 
one to one transmission ratio® The drives are to selected and 
arranged that their output shafts will turn in opposite directions 
when their input shafts are driven in the same direction® As 
shown in Figure 3-28 the two gear boxes are mounted with their input 
shafts in-line, permitting the installation of a connecting shaft 
between them, again using self-aligning couplings® The gear boxes 
are installed in wells, below floor level® These wells and the 
trenches provided for the drum shafts and the connecting shaft are 
closed by removable covers® The covers over the gear box wells 
have a 2 inch thick lead lining in order to reduce the radiation 
intensity inside the gear boxes to a level compatible with the 
radiation resistance of the lubricants used® 

The input shaft of the first gear box is coupled to the main drive 
shaft® This 3 inch diameter shaft is made up of two sections, 
supported in three anti-friction pillow block bearings and inter¬ 
connected by self-aligning couplings® The shaft assembly runs first 
in a covered trench, then through a tunnel under the cell wall to 
emerge in the Equipment Room® A lead collar around the shaft is 
provided in the tunnel to safeguard against stray radiation leaking 
out of the cell. 

The end of the main shaft supports a shaft-mounted gear reducer, 
(Falk 315T25), between two pillow block bearings® The reducer is 
pçwered by a,2 HP, 1150 RTM motor with shaft mounted fail-safe 
brake® The motor is mounted on top of the reducer, which it drives 
via a chain drive. Two independent chains, each with its own 
sprockets, are used® 

Since each chain drive alone is more than adequate to provide fully 
reliable operation, near complete safety against a mishap owing to 
chain breakage is insured® The chain drive ratio and the speed 
reduction in the shaft mounted reducer combine to step the speed of 
the drive motor (1150 RFM) down to 6 RFM« That speed, which is 
maintained right to the drum shafts, results in a platform speed 
of approximately 10 f.p.m®, or about 2 inches per second® 
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Platform Holgtlng System (continued) 

The torque reaction of the shaft-mounted drive assembly is balanced 
by a 300 lbs* weight suspended at a distance of inches from the 
center of the gear reducer output shaft (main drive shaft)* In 
order to maintain a constant balancing torque of &$00 in lbs« the 
300 lbs* weight could be replaced with 720 lb* one, attached to a 
segment of 12 inch radius about the center of the main drive shaft. 
The weight would be suspended from a chain which, after passing 
over an idler sprocket would be attached to the .far end of the 
guide segment* 

The constant torque thus generated balances the normal drive torque 
represented by the product of the weight of the loaded platform 
(2200 lbs*) multiplied by the radius of the cabio wind-up drums 
(34 inch) and corrected for the expected lo&sm in the mitre-gear 
drives, bearing and cable friction, etc* by multiplying by a factor 
of 1«2* This amounts to Ö600 in lbs* Any change in torque, as 
brought about by a material change in the tension of the suspension 
cablee, will now cause the reducer to rotate about its output 
shaft center* Limit switches are placed in such a way that they 
will be actuated by the reducer at the end of a pre-»determined arc 
of travel« Tripping of the switch interrupts the drive motor 
current, simultaneously de-energizing the br&ba hold-open solenoid 
and causing the brake to lock the motor shaft* 

As soon as the equilibrium of the drive system is dj.sturbed causing 
the shaft mounted reducer to tilt, a new balancing torque component 
is established by one of the two secondary counterweights being 
lifted from their rest positions* It will be seen from the drawing 
that these secondary counterweights tend to return the reducer to 
its neutral position* The torque created by them, (one weight 
only can be active at any one moment, and only when the drive torque 
varies) tends to oppose the unbalancing torque* Hence the reducer 
will begin to tilt only after the imbalance in the platform system 
overcomes the balancing torque* Using 25 Ibo weights at 12 inches 
from the output shaft center, the unbalancing movement will have 
to exceed 300 in* lbs* in order to permit the reducer to tilt* 
Referred to the normal running torque of Ö600 in lbs*, this is 
3*5#. In other words, therefore, a change in the normal running 
tension of the four suspension cables of 3«5# will cause the reducer 
to tilt on Its mounting shaft and, after rotating through a pre¬ 
determined arc, trip one or other of the limit switches* 

The mounting arrangement described, permitting detection of over 
and underloads, is also utilized in stopping the platform at its 
scheduled upper and lower end positions* At the lower station, 
the descending platform is set down on hydraulic d&shpots which 
retard its descent* This reduces the apparent weight of the 
platform as registered by the suspension cables which are still 
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Platform Hoiating System (continued) 

paid out at the original rate* The reduction of the lowering torque 
now permits the torque balancing system to tilt the reducer on its 
shaft until it trips the low-torque limit switch, which, in turn, 
shuts off the drive motor, and applies the brake« The net result is 
a slowing down in the speed of descent of the platform by the dash pots 
mounted on a fixed frame on the pool floor, followed by a complete 
stop by means of the motor shut off« Following this, the full weight 
of the now motionless platform is again borne by the suspension 
cables, restoring the normal torque at the drive shaft«, The shaft- 
mounted reducer, therefore will again return to its normal position« 

At the upper station, the platform approaches spring cushioned 
stops. The tension of the suspension cables increases at the 
cushioning springs are compressed« This causes the gear reducer 
to begin to tilt on its shaft, and consequently, slow the speed of 
ascent of the platfomu The cushioning springs "bottom” eventually, 
and the platform is arrested completely« The reducer now continues 
its tilting motion at an accelerated rate until it trips the high- 
torque limit switch, thus stopping the motor and applying the 
brake* 

The end of the main drive shaft beyond the reducer outboard bearing 
is fitted with a screw and nut type follower system« The nut will 
control a potentiometer, permitting remote indication of the platform 
position* At either end position, the nut trips a limit switch 
which is tied in with the electrical safety interlock system described 
elsewhere* 

? 
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Jig Plate Design 

It is planned that the jig plates supplied initially with the 
radiator will provide for use of the source in two configurations. 

a0 Single pass two plaque irradiatoro 

bo Double pass single plaque irradiatoro 

The jig plate for a# single pass irradiator is shown in G1 of 
Figure 3-13« The jig plate is split into two halves to permit 
adjustment of the distance between the two plaques so that package s 
with thicknesses from 5» to 24” (plaque center line spacings from 
° to 27 J way be irradiated using the maximum dose rate available. 
The jig plate for the double pass, single plaque irradiator is 
shown in Figure G2* It simply utilises 1/2 the jig pi ate of the 
single pass irradiator and employs a second set of mandril holes 
as shown in Figureo For the double pass, single plaque irradiator 
the jig plate is moved 1/2” in (at right angles to the direction 
of package motion) so that the center line of the radiator is 
maintained at the same distance from the center line of the 
conveyor pass0 

In the event a cylindrical source configuration is to be employed 
sometime In the future, the design will be similar to the pattern 
shown in G3 of Figure 3-13 « 
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v# SOURCE TANKS AND POOL WATER CONTROL 

General: 

The source receiving pool, Öf x 10f x 232* ^ depth, is provided 
on the outside of the cobalt cell for the receipt and transfer of 
the cobalt 60 shipnentso The cobalt 60 is expected to be shipped 
from Savannah River in a 15 ton cask, which will be lowered to 
the bottom of the receiving pool by means of a portable crane* 
Slugs will be removed from the cask and transferred to the inner 
cell pool via a connecting chute inclined at an angle of 27°• To 
protect the source slugs, it is envisioned that they will be 
mounted in a qmal 1 protective can to prevent scratching during 
transfer* At the bottom of the chute a catch-can automatically 
catches and tilts the slug into a vertical position for handling 
in the pool* A similar transfer tube with the reverse slope is 
provided for transfer from the cell pool to the cask pool* 
Details of construction may clearly be seen from Figures 3-29 
and 3-30° 

Both pools are constructed of type 304 stainless steel, reinforced, 
with a 4” wall thickness and 3/Ö,, bottom thickness* Joints between 
tank plates are full penetration double welded butt joints, devel¬ 
oping a joint efficiency of at least $5% of the plate strength* 
Welds were spot inspected using radiographic means* In addition, 
each tank was subjected to a hydrostatic tost prior to applying 
the final external finish© This consisted of filling the tank 
completely with water and allowing it to stand for six hours. 
During this time all' welds were carefully examined for leakage, 
and all leaks repaired© 

After fabrication, all exterior and interior surfaces were 
thoroughly cleaned to remove all weld spatter, mill scale and 
foreign matter, and all exterior carbon steel surfaces were 
wire brushed prior to the application of the prime coating* Primer 
and hot enamel bitumastic coating were applied to outer surfaces, 
with the final coat a minimum of 3/32" thick. A Holiday or Spark 
test was performed to insure total coverage of the finished paint. 

Reinforcement of each stainless steel tank consists of twelve 
circumferential S-inch I beams as indicated in Figures 3-29 and 
3-30* Each tank rests on six 6-inch I beams which, in turn, rest 
on a footing 2* - 2" thick and 12f x 38» - 8". The tanks are 
bolted securely to the footing and compacted fill placed around 
them to ground level* The elevation of the bottom of the tanks 
is 143» - 0W, compared to the lake elevation of 138*4» 
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All materials were new and oí iirst quality, and fabrication was 
performed in accordance with requirements of the various applicable 
construction and testing codeso 

The transfer tubes, each 19* - S" in length and one foot in diameter 
are of welded type 304 stainless steel«, They are inclined at an 
angle of 27° to permit the gravity transfer of slugs from one pool 
to the other© Static tests on a mockup of the system indicated no 
problems regarding the slugs becoming impeded during their transit. 
If, however, this situation were to occur, movement would again be 
started by inserting a flexible rod or cable to push the element 
along© 

The two interconnecting pipes were field cut, put in position and 
welded after the pools were shimmed carefully to the correct 
elevation, plumbed, and leveled and bolted down© After completion 
of all welding, the welds were hydrostatically tested at 20 psig 
for a period of one hour, and all leaks repaired© 

Provision is made for sealing the mouths of the transfer tubes 
when not in use to prevent movement of water from one pool to 
the other© However, even during transfer of slugs, this movement 
is a minimum, and impurities introduced into the inner pool can 
be quickly removed by the filtering and demineralizing units. 
This feature also allows for the storage of the source in one 
pool should the necessity arise which would require the emptying 
and refilling of the second pool© 

Cask Pool 

The cobalt 60 receiving pool is provided with a gasketed metal 
cover that may be locked to prevent access by unauthorized 
personnel© In addition, this also acts as a dust cover. 

The primary purpose of this pool is to provide a suitable recej>- 
tical for the shipping cask and the transfer of the cobalt 60 
into the inner cell pool© Even though the time interval that 
the slugs will remain in the outer pool is a minimum, the water 
purity of this pool will be maintained at the same level as that 
in the inner pool© 

Natural convective currents within the pool will keep the water 
from freezing during exceptionally cold weather© In the event, 
however, of unseasonably frigid weather wherein an.extreme 
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amount of pool freezing were expected, underwater devices are 
readily available for use at several of the nearby Quartermaster 
facilitieso It should be noted that weather conditions which 
would necessitate the use of external heating measures are 
highly unlikely; however, provision has been made for the possi¬ 
bility of the occurrenceo 

Provision is also made in the water treatment system for testing 
individual sub-assemblies for radioactive leakage: the suspected 
slug is placed in a small container open at the top® A pipe runs 
from the bottom of this compartment to the deionizer, permitting 
water to flow over the slug and into the deionizer for monitoring» 

The arrangement described enables leakage checks to be performed 
efficiently and expeditiously on single source sub-assemblies» 
Such checks may be scheduled for any sub-assemblies prior to its 
being loaded in the plaques» This will reveal any suspected 
damage to a source element which may have happened during ship¬ 
ment or unloadingo It will, of course, also permit convenient 
checking of the individual sub-assemblies whenever, after any 
length of regular operation, the radioactivity monitor indicates 
appreciable cobalt contamination» 

Cell Pool 

Temperature Control 

When the 1»30 megacurie source Is stored in the pool, essentially 
all of its 20 kw of radiation energy ends up in the water, either 
by direct absorption of the gamma radiation or by conduction from 
the walls and floors» This heat would raise the average water 
temperature at a rate of 0o5°FAre If no provision for cooling 
is mads, the water temperature would rise to 175 or 200°F before 
the heat losses by conduction through the concrete and convection 
from the surface balanced the heat input© For a three megacurie 
source the heating rate is lo2°F/hr and the water would boil 
before heat losses balanced boat input» 

Pi-oviaion is therefore made for keeping the pool water at a 
temperature close to ambient by continuously circulating a small 
stream through a heat exchanger, where it is cooled by water from 
the lake» À flow of 18 gpm is sufficient to keep the pool at a 
constant temperature of 100°F, assuming it leaves the cooler at 
82°Fo 

A schematic of the pool water treatment system is shown in 
Figure 3-31o 
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Water Purification and Control 

The selection of the outer aluminum can was predicated on strict 
control and purity of the water surrounding the source tubes. 
To minimize corrosion of the aluminum it is necessary to maintain 
the following water conditions: 

a. Demineralized water essentially free of heavy ions 

b. Maintain chloride content below 1 ppm 

c. Maintain pH between 6o5 and 7®5 

d* Eliminate presence of dissimilar metals in the immediate 
vicinity of the aluminum capsules 

e. Maintain resistivity at 0o5 x 10^ ohm-cms® 

Each of these conditions will be met utilizing various equipment 
located externally to the inner cell, excepting d. 

Pool Water De-Ionisation 

To provide early warning of a leaky capsule and to minimize dust 
and other foreign matter, the water of the pool system is contin¬ 
uously circulated through a de-ionizing and filtering system 
which incorporates monitors to measure the radioactivity level as 
well as the ionic concentration® 

The de-ionizing system is designed to accept pool water at the 
rate of 5 GPM® At a total water volume of approximately 4000 
cu® ft®, that rate of circulation would represent one compélete 
turn-over in about 100 hrs® Since, however, the intake is 
located in the cell pool in the vicinity of the j>laques, in 
their fully lowered position, the circulating action will be 
limited to the water in that pool, amounting to approximately 
2000 cuo ft® The rate of circulation will then result in one 
complete turn-over every 50 hours® The mode of operation and 
the bulk of the equipment involved, such as piping, fillings 
and flow monitoring and controlling organs may be readily 
obtained from a stucfy- of Figure 3-31® 

A radiation monitor is fastened to the de-mineralizer shell 
near its midr-line and is adjustable In position® In the 
presence of a preset level of radioactivity in the de-miner¬ 
alizer, it flashes a warning light at the annunciator panel. 
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The pool heat exchanger is of the shell and tube type with a 
capacity of 160,000 BTU per hour. An intake rate of 18 GPM 
of pool water at 100°F will discharge the water at 82°F. 
Condensor water, to be taken from the nearby lake at an 
inlet temperature of approximately 72°F, will be discharged 
back into the lake at a temperature of 87°F at a flow rate 
of 22 GPM. The condensor shell is of carbon steel construction 
while the tubes are stainless steel. 

The pool circulating pump, the use of which is shown schematical-« 
ly in Figure 3~31, is a centrifugal type with a capacity of 
23 GHÍ. It is approximately ¿ horse power with stainless steel 
impeller and casing. The pool booster pump is similar, but 
with a capacity of 5 GPM. 

Water for the initial filling of the pool will require expend¬ 
ing, a much higher number of filter cartridges than is expected 
during normal operation later on. In order to save time in 
the treatment of the initial charge of water, the demineralizer 
to be employed in the accelerator cooling system wni be 
utilized to provide demineralized make-up water which is then 
passed through the pool demineralizer before flowing into the 
pool. 

A water level of several inches below the recommended water 
level is not significant as far as dose rate at the pool 
surface. Therefore it is proposed that replacement water in 
the pool, to make up for evaporation losses, will be added 
manually every several days, or as required. 



VI. SOURCE TESTING PROCEDURES 

Source Selection Criteria 

The Gurtiss=Wright HIFI design originally considered the use 
of a strip source«, However, as mentioned previously, rods 
were chosen for the FPDI design primarily because their 
symmetry would simplify source arrangement, provide a greater 
ease in rearrangement, add more flexibility to source arrays 
possible and prove easier to fabricate0 With this arrange¬ 
ment, it is easily possible to form an array, for instance, 
where small source volume and high dose rate are desirable. 
While it is realized that some efficiency must be sacrificed, 
this consideration became secondary to the aforementioned 
advantages to be gained in the cylindrical source. 

In considering the outer aluminum cladding, it was necessary 
to evaluate possible physical changes which could occur and 
control measures which would be required to insure that this 
cladding was adequate to prevent contamination from the 
cobalt sourceo Operation of the source requires that the 
slugs remain in air during the radiation exposure process, 
then be immersed into the source pool for storage. Several 
potential problem areas considered in the selection of the 
aluminum included corrosion, pitting, thermal integrity, and 
possible electrolytic action. Each of these is discussed 
in more detail with, where appropriate, recommended measures 
to be taken to control or minimize undesirable action. 

It was realized, before selection of the chosen capsule, that 
certain problems had confronted other potential users of a 
cobalt source utilizing an outer aluminum cladding. Among 
these were the English, who attempted to develop a doubly 
encapsulated source of first a stainless steel, and then an 
outer aluminum cladding. Original cobalt material was 2 
curies per gram, and new material curies per gram. After 
an attempt to use aluminum, a double stainless steel encap¬ 
sulation was chosen. This was due to both the consideration 
of a future source of supply, for which stainless steel was 
felt to be more compatible, and to unfavorable experience 
with the cladding due to its nominal purity and the unknown 
optimum environmental conditions in which the source should 
be maintained. 
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Through contact with several of these organizations and indi¬ 
viduals having prior experience in a capsule with an outer 
cladding of aluminum, the consensus was that if certain minimum 
criteria in both aluminum purity and storage conditions were 
met, that the integrity of the aluminum, and hence of the 
capsule, would be maint aine d0 Curtiss-Wright, in developing 
this source, was successful in obtaining a grade of aluminum 
which would fulfill the conditions of the first requirement* 
An analysis of this alloy, known as type 1245, can be found 
on page 3-76* The pool water conditions to be maintained 
were outlined in section V and conform to the recommendations 
received* 

Another potential problem considered in the selection of this 
source was the possible pitting of the aluminum due to ozone* 
This could be most serious when the sources, were raised out 
of the pool, still dampÿ and brought into the radiation 
position* As previously noted, however, four of the ten- 
inch slugs will be stacked into an aluminum source holding 
tube* This tube is provided with drain and vent holes to 
allow for the rapid dissipation of both water and vapor from 
its interior* The slug temperature will be in the neighbor¬ 
hood of 300°F (see page 3-16) upon its withdrawal from the 
water. These factors coupled with the designed ventilation 
characteristics are sufficient to allow for almost instan¬ 
taneous drying and dilution and purging of ozone away from 
the source* Pitting from this potential area will not present 
a serious problem* 

(Ventilation characteristics and criteria are presented in 
Part I of the license request on page 1-18 for the cobalt 
60 cell* Under normal conditions, the cell ventilation 
corresponds to approximately 50 air changes per hour.) 

To confirm source integrity insofar as thermal cycling is 
concerned, testing was conducted at the Armyts Watertown 
Arsenal* A summary of these results is in a later parar- 
graph of section VI* Our primary concern, in this regard, 
was to confirm both cladding and weld integrity, to insure 
that end caps would not pop out. An inherent feature in 
the design of this capsule is that the expansion coefficients 

I 
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o£ cobalt, stainless steel, and aluminum are in the proper 
order, so that the cobalt expands the least. In summary o£ 
this point, the testing at Watertown, while not duplicating 
exact operating conditions, was sufiiciently close to suggest 
assurance that the aluminum and stainless steel claddings 
would withstand the normal operating thermal stresses. 

The corrosion of cobalt was still another potential problem 
area which required stucco A literature search on the corrosion 
resistance of cobalt was undertaken at the New York Public 
Library and Engineering Societies Library, using the following 
reference sources: 

Nuclear Science Abstracts 
Chemical Abstracts 
Cobalt Abstracts (l) 
Engineering Index 
ASM Review of Metal Literature 
Applied Science and Technology Index 
Library Card Catalog of each Library 

(l) Published in ’•Cobalt”, a new magazine consisting of 10 
issues up to March I96I0 

Results of this search can be summarized as follows: 

In spite of the present importance of cobalt, relatively little 
information is available on the resistance of this metal to 
corrosion; the chemical literature of the past 25 years contains 
only scattered references to corrosion studies in which cobalt 
is included, and these are sometimes contradictory. The only 
applicable corrosion data found were obtained by Young* and the 
data are reproduced in Table 3-I0 The corrosion for pure cobalt 
in distilled water is given by Young as 1,1 mg/dm2/day. A 
general listing of corrosion resistance of cobalt as determined 
by various investigators in earlier research is given in Table 
3-II0 A bibliography in which the pertinent observations of 
investigators are reported, including a comprehensive bibli¬ 
ography obtained from Bat elle Memorial Institute, is avail¬ 
able upon request. 

* Young, Ro So, ”Corrosion Resistance of Cobalt”, Corrosion 
Technology Nov0 1957, 396-397, 403o 

Tests are described to obtain quantitative data on corrosion 
resistance of cobalt in typical dilute mineral acid, organic 
acid and base, end the corrosion rate of heated and unheated 
samples of cobalto The corrosion data of 22 x 26 x 1,5 mm 
cobalt corrosion specimen immersed for 42 days in 100 ml of 
solution is reported in Table I0 

Young, R, S,, ••Resistance of Cobalt to Certain Solutions”, 
Corrosion Technology 6, Mar, 1959, Ö9 

This is a continuation of the test work on cobalt corrosion. 
In these tests, the samples were immersed for 31 days; the 
data is reported in Table I0 

1951-1960 
1917-1957 
1956-1961 
1945-1959 
1944-1959 
1956-1960 
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In evaluating the experiences of others in developing 
a source slug appropriate for use in this radiation 
laboratory, the doubly encapsulated source as described 
herein was chosen. It was realized that several others 
had had partial bad experiences with aluminum cladding, 
and by obtaining their suggestions and solutions a 
workable source has been developed# It is a foregone 
conclusion that reasonable precautious and operational 
maintenance procedures must be strictly adhered to in 
order to assure continued successful use of the source# 

The greatest deterrent to danger lies in the monitoring 
of two source slugs which will be fabricated and irradiated 
well in excess of a year prior to the source slugs for 
the FPDI# Indications of trouble with these slugs will 
forewarn of danger to the actual source. 
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Savannah River Acceptance Criteria for Slugs 

Encapsulation specifications for the cobalt slugs were established 
jointly and agreed upon by Curti s s-Wr ight, dû Pont, and Savannah 
River Operations Office«, Actual encapsulation procedures and 
material specifications are outlined in Section III of this report. 

Cobalt slugs are produced by Curtiss-Wright and are sent to SHOO 
in lots of seventy-five. The first lot was shipped during the 
latter part of April 196l9 with five subsequent lots of seventy- 
five to be shipped in intervals of approximately three weeks. A 
technical representative of du Pont is to be present at Curtiss- 
Wright during all of the encapsulation. The representative is 
to have the authority to reject slugs at any point in the 
fabrication process when, in his opinion, there is doubt as to 
the integrity of the slug. 

Out of each group of slugs, SHOO will choose 1<2¿, or & slugs, 
and destructively test them to insure adherance to the manu¬ 
facturing specifications. If any of the eight fails to meet 
all inspection criteria, the entire lot can be rejected. 

At Curtiss-Wright*s request. Savannah River furnished the follow¬ 
ing inspection and rejection criteria to be used in determining 
that cobalt slugs were acceptable for irradiations 

1. Each slug must meet dimensional specifications as outlined 
below or it will be rejected; 

Dimensions in inches 

Cobalt 
S3 can 
SS can 
Al cén 
Al can 
Cobalt 
S3 can 
A1 can 

OD 
ID 
OD 
ID 
OD 
L 
L 
L 

0.725-t 0.0005 
0.725 V- 0.001 
0.765 £ 0.001 
0.765-? 0.001 
0.943-Z 0.002 

10.250 £ .002 
10.330 ± 0.002 
10.699-É 0.005 

To insure that the heat generated in the cobalt while under 
irradiation can be removed, it is necessary that diametrical 
clearances between the cobalt and stainless steel can and 
between the stainless steel and aluminum cans be kept to 0.001 
inches or less. 
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2* Each slug must be leak tight as determined by & bubble test 
or it will be rejected» 

3* Ten percent of the slugs produced will be destructively examined 
by sectioning the slug at about 2.5, 5, and 7.5 inches from one 
end» A surface at each cut will be polished and the diametrical 
gap between the cobalt and stainless steel and between the 
stainless steel and aluminum will be measured at 0 , 90°, 130° 
and 270° with a Standard Tukon Hardness Tester microscope» If 
the average of the four measurements of the diametrical gap 
on any one of the polished surfaces exceeds »001 inches, the 
entire batch of slugs will be rejected* 

4. Since a bubble test will not verify the integrity of the stain¬ 
less steel welds, the welds on 1QÍ (ten percent') of all slugs 
will be sectioned and examined for defücts». One defective 
weld will be cause for rejecting the entire batch» 

5. The outside of the aluminum can on each slug must be free of 
dents, scratches or gouges greater than .010 inches bn lateral 
surfaces, greater than .020 inches on the end cap, and greater 
than .005 inches on the weld bead or the slug will be rejected» 

6. Throat thickness of the stainless steel and aluminum welds 
must be greater than «010 inches or the slug will be rejected» 

7» The height of the aluminum welds must not exceed the height 
of the boss or the slug will be rejected. 

8» Each sectioned part of each slug will be examined for foreign 
material and if detected will be sufficient cause for rejecting 
the entire batch. 

Foreign materials, such as lubricants and organic cleaning agents 
which deteriorate and release gas when exposed to high gamma fluxes, 
must not be enclosed in the stainless steel or àlumihum encapsulation 
cans» If a sufficient quantity of a suitable material were endoaed 
in one of the cans, internal gases could conceivably generate, 
rupture the cans, and permit release of cobalt to the reactor 
coolant system. 
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Curtiss-Wright Testing Procedures and Fabrication s+.tinánrña 

After an evaluation of the Savannah River acceptance criteria 
for the cobalt slugs, Curtiss-Wright set for themselves standards 
of fabrication and quality control •which would severely limit 
rejection of any batch of slugs, or even of any individual 
element© An evaluation of several test slugs by Savannah River, 
described in a later paragraph of this section, also aided 
in the establishment of the standards ultimately selected* 

The actual chemical analyses of materials used in the fabri¬ 
cation of the FPDI slugs are outlined belowo (see page 3-32). 

a* Aluminum tube and aluminum end caps, both alloy type 1245: 

Element_ Max % Element_ Max % 

A1 
Mn 
Mg 
Cr 
Ni 
Zn 
Ti 
Si 

99°45 Cu 
o03 Bi 
©01 Pb 
«03 Sn 
«01 Li 
«03 Cd 
o03 B 
o50fé of Co 
iron 

«04 
«01 
*01 
«01 
©00Ö 

«003 
.001 
«001 

b. Stainless steel, type 304 seamless tube and end caps: 
(see page 3-31) 

Element 

C 
Mn 
Phos 
S 
Si 
Ni 
Cr 
Co 
Zn 

Max % in tube 

*07 
1°47 
«013 
«012 
«38 

10 «44 
18« S6 

«09 
< o005 

Max % in end 

-cftPg . 

.054 
1.16 
.017 
«015 
.73 

9ol8 
18c 92 
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c Four lots of reactor grade cobalt cylinders where chemically- 
analyzed as follows: (see page 3-29)• 

Element 
% in % in $in % in 
Lot 1 Lot 2 Lot 3 Lot 4 

Co 
Ni 
C 
Cu 
Fe 
Si 
Mh 

93ol2 97.73 97.68 97.86 
o59 .75 .76 o70 
• 085 o08 o08 .09 
o04 .04 .02 .02 
0625 o51 .52 .51 
•I? .48 .48 «48 
.37 .51 .26 .2/+ 

Specifications for dimensions of the slugs at various stages 
of en capsulation are shown in Figures 3-3 through 3-12® 
Exacting procedures were developed and used to insure dimensional 
correctness at all points of the fabrication and encapsulation. 

Two of the more critical quality control inspection criteria 
are the leak tests performed after each stage of the two-stage 
encapsulation. The slug is immersed in kerosene in the test 
chamber which is evacuated to a vacuum of 26 inches of mercury 
and held for one minute. Hiring evacuation and hold time any 
evidence of a bubble stream from a given point was reason for 
rejection. After each of these tests, destructive testing was 
performed on five percent of randomly selected slugs. In the 
first case, weld quality of the stainless steel weld was 
inspected, while in the second case weld quality and tightness 
of envelope contact was inspected. A more detailed quality 
control inspection plan is included on the next page, and was 
utilized in conjunction with the fabrication procedures described 
on pages 3-28 through 3-39. 

After a final inspection to insure compliance with outside 
physical dimensions, both ends of the slug are engraved with a 
code number, packaged and shipped to Savannah River for further 
inspection prior to activation. 
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Curti s 9-Wright 
Encapsulation Inspection Plan 

Inspection point Function Frequency 

Receipt of material Identification to 
Purchase Order 
Dimensional Check 

Sub-contracted Parts Material Check 
Dimensional. Check 

Detail Fabricated Material Check 
Dimensional Check 

1st Stage Encapsulation Dimensional Check 

Leak Test of Welds 
Visual 
Destructive tests 

10(¾ 

MIL STD 105 
Sampling Table 

100£ 
MIL STD 105 
Sampling Table 

10(¾ 
MIL STD 105 
Sampling Table 

MIL STD 105 
Sampling Table 

100% 
100% 

5% 

2nd Stage Encapsulation Dimensional Check 

Leak Test of Welds 
Visual 
Destructive tests 

MIL STD 105 
Sampling Table 

100% 
100% 

% 

Outgoing Inspection Final Acceptance 100% 
Packaging 10(¾ 
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Savannah River Evaluation of Test Slugs 

Jin attempting to develop a satisfactory production Una pro¬ 
cedure for the manufacture of the required 450 slugs to bo 
produced^, and at the same time maintain the quality control 
at a high level, Curtiss Wright cooperated with SB90 in the 
establishment of an appropriate and ultimately acceptable 
production procedureo During the latter part of I960 
Curtiss Wright sent two small groups of slugs to SHOO for 
their evaluation and comment So Welding standards and 
encapsulation parameters were still under development at 
this time, and these groups of test slugs were not of an 
acceptable nature due tö poor welds, diameter variations, 
or excessive gaps within the slug. 

During a visit by SHOO representatives to the Curtiss Wright 
Corporation during January 1961, six more sample slugs were 
fabricated on a production line basis. These were forwarded 
to SROO, where four were to undergo destructive examination 
and two. were for pilot irradiation. Destructive examination 
showed the slugs to be of acceptable quality. Slug 0 D was" 
satisfactory, but all were ab least 0.045 inches longer than 
the specified maximum permissible length. Since this additional 
slug length could be tolerated, the two designated slugs were 
irradiated in. the P-6 reactor cycle. Primary purpose of this 
irradiation was to confirm theoretical activation' analysis. 
À more detailed account of post irradiation testing is described 
in a later part of this section. 

Destructive test data is taken from a letter of February 21, 
1961 from the Reactor Technology Section, SRP of du Pont, to 
the Manager, SROO. Results of the destructive testing of 
the four slugs is summarized in the following four tables. 
To hold the 0 D tolerances and to meet gap specifications on 
the cobalt slugs, Curtiss Wright installed equipment to 
permit die-sizing of the final assembly. Slugs produced by 
die-sizing had total diametrical gaps within the current speci¬ 
fication of 0.004 inch maximum (Table II). Slug diameters 
were within 0.9390 ^ 0.0005 inch (specification 0.940-^ 0.002 
inch). 

All of the slug lengths exceeded specifications (Table I) ‘due 
in part to longitudinal gaps (average total gap was »020 inch 
per slug). Large longitudinal gaps are acceptable as almost 
all heat transfer is radial. 
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Weld throat thickness was adequate (Table HI) and all «1 uga 
passed the kerosene leak test« ^ 

The cobalt appeared to be free of defects except centerline 
porosity and, in one case, off-center porosity. 

The heights of the bosses in the center of the slug caps were 
sufficient to protect slug welds during irradiation. 

The test slugs were numbered X-9 through X-14, with X-13 and 
X-14 irradiated in the P-6 reactor cycle. Thèse slugs were 
identified on both ends by a 3 and 2 respectively. 

Table I 

SLUG LBHGTH 

Slug 

Maker 

1-9 

Length 

inches 

10.701 

X-tlO 10.700 

X-12 10.702 

X-12 10.770 

10.700 

10.701 

X-13 

X-14 

Specification ID 5/8 ± 1/32 
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3ÉSHLÎS 
WELD THROAT THICKNESS 

Inch 

Location 

A1 can 
SS can 

Slug Mo«, X-9 Slug No» X-1Q 
left side right side left side right aide 

O0O34 
0*017 

Slug Noo X-ll 

O0O53 

0o017 

loft pida right aide 

0*026 
0.019 

O0O52 
0*016 

0*039 
O0QI7 

0.028 
O0OI8 

Slug Moe S-12 
left sida right sida 

0.043 
0.018 

0.034 
O0OI9 

Note: The throat thicknesses of Bldg. 320-H slug welds run between 
0.015 end 0.060 inch. Specification, 0.010 inch ainlama. 

TABLE lit 

CAM WALL THICKNESS 

Inch 

Aluminum 
Stainless Steel 

Max. 

0.090 
0.020 

Mino Avg. 

0.087 0.088 
0.017 0.019 

3-82 



Watertown Arsenal Thermal 

Ab stract 

Two cobalt encapsulations of the type which will be used in 
the Food Process Development Irradiator wore thermally cycled 
for the Atomic Energy Commission® The encapsulations were 
heated in an oven at 600°F and quenched in 40°F water for a 
total of 100 cycle s® Examination after cycling showed no 
evidence of deterioration or loss of integrity of the welded 
caps of either the aluminum cans or the stainless steel tubes« 

Purpose and Scope 

Thermal cycling tests and examination of two sample cobalt 
encapsulations were undertaken by Watertown Arsenal Laboratories 
at the request of the Reactor Division, New York Operations 
Office of the Uo So Atomic Energy Commission® The capsules 
were of the type which will be subsequently activated and will 
comprise the megacurie cobalt~60 source for the Food Process 
Development Irradiator for the Quartermaster Corps at Natick, 
Massachusett go 

In use, the capsules will be self-heated to approximately 400°F® 
and periodically lowered into a pool of water which may be as 
cold as 40°Fo It was the purpose of the present tests to 
determine the integrity of the welds after this type of thermal 
cycling® 

Each encapsulation consisted of a reactor»grade cobalt rod 
sealed in a tight-fitting type 304 stainless steel tube (with 
welded stainless steel caps on both ends) which in turn was 
sealed in a high purity aluminum can (with welded aluminum 
caps on both ends of the final assembly)® The approximate 
overall dimensions of each encapsulation were lw diaactcr by 
10-5/8« long® 

The canning operations had been performed at the Princeton 
Division of the Curtis&~Wright Corporation® 

Test Procedure 

a® Thermal Cycling 

Conditions for the thermal cycling tests were prescribed 
by the AEG® The capsules were heated in a controlled 
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temperature oven at 600°F and quenched in 40°F water for 
a total of 100 cycleso 

The capsules were supported in a holder fabricated at Watertown 
Arsenal Laboratories«, This consisted of two stainless stool 
tubes of i/L6fi wall thickness joined together by welding and 
provided with a stainless steel wire handle0 The upper end 
of the tubes was fully open while the bottom end was partially 
closed by means of a wel.ded-on stainless steel ring. The 
internal diameter of the tube was approximately 1/8" larger 
than the outside diameter ©f the capsule© 

The oven floor was furnished with two ceramic piers on which 
the holder and capsules rested horizontally during the heating 
part of the cycleo The oven temperature was recorded at the 
end of each heating cycle0 Temperatures were maintained 
between 60Q°F and 605°F throughout the 100 cycles, except 
that during the 22d cycle a temperature of only 470ÜF was 
maintained as a result of an overloaded electrical circuit. 

A period of thirty-five minutes at 600°F was allowed to bring 
the cobalt cor© t® a temperature estimated to be 400°F, (based 
on calculations furnished by the AEG). The holder and capsules 
were then removed from the oven and slowly lowered vertically 
into a plastic container of water maintained at approximately 
40°Fo The cold bath temperature was controlled between 40°F 
and 42°F throughout the 100 cycles, except that during no more 
than five cycles the temperature was 43°F or 440Fo The speed 
of immersion was controlled to take approximately five seconds 
to completely submerge the tubes. The tubes and capsules 
were dried and at a temperature of approximately 70rF before 
being returned t® the overio 

(1) Fluorescent Penetrant Te^t 

At the completion of 100 cycles all surfaces of the 
two capsules ware first inspected for evidence of cracks 
and discontinuities using the fluorescent liquid penetrant 
test method in accordance with specification MIL-I-6866A. 
Type I© f 
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(2) Helium L«a> 

The aluminum can was removed from each capsule by careful 
severing at the midpoint, using a cut-off wheel. Both 
welded ends of each aluminum can were then tested for leaks 
by connecting the open end of each half to a Veeco Model 
MS-9 mass spectrometer leak detector (Vacuum Electronics 
Manufacturing Corporation) and spraying helium gas on the 
welded area after the system had been pumped dam to a 
vacuum better than ICT^mm of mercury. The leak detector 
had an ultimate sensitivity of 2 x ICT^ gtandard cc/sec. 
Prior to testing the aluminum cans the Veeco apparatus 
was checked with a sensitivity calibrator ('örpe SC4) 
which provides a helium leak rate of 3 x 10"® + IQ# 
standard cc/sec© "" 

The welded caps of one end of the aluminum can and one 
end of the stainless steel tube containing the cobalt 
core of each encapsulation were sectioned, mounted in 
Lucite plastic, polished and examined under the micro¬ 
scope© Photomicrographs were taken at a magnification 
of 3X© 

Results of Examination After Thermal Cycling 

a. Fluorescent Penetrant Test 

Encapsulation À - No visible indication of defects 

Encapsulation B - No visible indication of defects 

b. Helium Leak Test 

Encapsulation A 

Top aluminum cap - No leakage 
Bottom aluminum cap - No leakage 

Encapsulation B 

Top aluminum cap - No leakage 
Bottom aluminum cap - No leakage 

c. Microexami nation 

When examined under the microscope at magnifications 
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up to 1000X, the micro“ structure a of the welded capa of 
the aluminum cans and the welded caps of the stainless 
steel tubes appeared to be consistent with sound velds 
with no evidence of harmful porosity or cracks. Photo¬ 
micrographs at 3X magnification of one end of each of 
the encapsulations were obtained and are included in 
the official reporto 

Summary 

Examination of the two cobalt encapsulations after thermal 
cycling indicated that the integrity of the welds was 
satisfactorily maintained« There was no other evidence 
of progressive deterioration resulting from the alternate 
differential expansion and contraction to which the 
encapsulations were subjected* 
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Post Activation Testing of Test Slugs 

As discussed in an earlier portion of this section, t-wo of 
the six test slugs sent to Savannah River were placed into 
one of the reactor cycles and irradiated, while the remaining 
four slugs were destructively tested. The two slugs being 
irradiated will be removed from the reactor in early summer, 
being effectively a year older than the slugs which will make 
up the source for the Food Process Development Irradiator. 
Through the monitoring and observance of these two test 

deficiencies or malfunctions will be noted in sufficient 
time to take preventive measures on the megacurie source. 

A detailed program for these test slugs is currently being 
developed. They will be shipped to Dugway Proving Ground, 
Dugway, Utah, to representatives of the United States Army»s 
Chemical Corpse The slugs will be subjected to normal 
operating conditions, including storage in water and exposure 
to air in repeated cycles similar to those to be encountered 
in actual use0. It is contemplated that storage will be in 
a small pool with the water characteristics duplicating those 
of the actual source pools. 

The slugs will be visually and microscopically inspected at 
regular intervals, with the results reported back to the 
AEG until the facility is turned over to the Quartermaster 
Corps, and then will be reported to the QM. A detailed and 
complete log will be maintained on this source during its 
exist encQc 

It is anticipated that this small source, being an estimated 
6,000 curies, will be utilized as a source, rather than 
merely be stored in a hot cell. This will further aid in 
assaying the quality of the source and extent of effective 
radiation to exposed ¿¿ources. 

The monitoring of these two slugs is the most positive 
assurance that the cobalt 60 source in the QMRL will be 
maintained in a trouble-free atmosphere. Through keeping a 
close account of what happens to them, it is anticipated 
that problems relating to leakage, corrosion or pitting, 
for instance, will be detected early, with the corresponding 
corrective action undertaken in the facility source. 
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If results of the monitoring of these two slugs should so 
indicate, the entire source will be re-evaluated, and 
reconsideration given to the proposed capsule and conditions 
of use« However, it is felt that positive corrective action 
will be sufficient to correct any possible shortcoming which 
may develop. It is obvious that no trouble or shortcomings 
of the proposed source are expected, based on current knowl¬ 
edge gained through the experience of others. Yet to invoke 
a program similar to that for the two test slugs is to 
provide an additional assurance of safety and confidence in 
the large source, with the knowledge that source technology 
has also been greatly advanced. For in addition to being 
somewhat novel in its intended use, that of radiation pres¬ 
ervation of food, this megacurie source is also relatively 
novel. When completed, it will represent the largest single 
cobalt 60 source in the world. Its operation and functioning 
will undoubtedly bear as much scrutiny as the products it 
will be irradiating. 



Operational Maintenance 

Summarized in this sub-section are the more important operational 
and maintenance procedures which will govern activities during 
shipment, loading and initial operation of the cobalt source# In 
addition to the specific items discussed, it is the intention 
in the use of this source to maintain as the minimum operational 
specifications those as specified in Part 20 CFR# 

In the discussion of the fabrication of the cobalt source, the 
careful handling of the slugs was stressed# Hiring normal 
operation this careful handling shall continue to the extent 
practical# The design has been accomplished so that no extraneous 
rough handling of these sources will occur# 

Pre-shipment Handling 

After irradiation at Savannah River, the cobalt slugs will be 
stored in a basin until shipment# The basin water is monitored 
periodically, and the monitoring is sensitive enough to respond 
if the cladding of one of the slugs fails# The fuel rupture 
detection devices installed in the reactor hydraulic system 
are even more sensitive and if a cladding defect occurs it 
would be detected before the cobalt slug is placed in the 
storage basin# 

Hiring assay the slugs will be given a rough visual inspection# 
Only large dents or gouges would show up in the inspection and 
it cannot be guaranteed that the outer aluminum jacket will be 
intact on shipment# However, SROO feels certain that if both 
the aluminum and stainless steel cans on one slug are ruptured 
it will be detected prior to shipment. 

Monitoring of Water in Cask Shipping 

It is proposed that the SRP shipping cask be thoroughly washed 
and rinsed before use# It should then be filled with deminer¬ 
alized water and allowed to stand for several days, after which 
it should be sampled and radioassay made of the sample to 
determine if any appreciable activity is being picked up from 
the shipping cask itself# 

After loading of the slugs into the cask, both the internal 
and the external portions of the cask should be thoroughly- 
flushed to remove any radioactivity picked up from the canal 
operations# The cask should then be drained and filled with 
demineralized water and let stand for a period of about a 
week before shipment# Hiring this period, water samples should 
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be taken for radioassay. The rate of build-up of activity in 
the water should be plotted and the measured rate compared to 
a predicted rate based on corrosion of the aluminum jackets# 
If unexpectedly high radioassays are obtained for the water 
samples, the situation should be investigated further, possibly 
including the determination of specific radioisotopes such 
as Zn-65 and Co-60 that could give evidence on the source of 
the activity<. Since it is planned to ship two casks at a 
time, the rate of build-up activity in both casks should be 
compared, and if similar results are not obtained the situation 
should be investigated further, 

Die temperature of the water in the cask will not exceed 90°C 
during transit. The central metal temperature of the cobalt 
slugs will be somewhat higher, but considerably lower than 
the temperatures experienced during irradiation. Temperatures 
in this range should not create thermal stress problems# 

On receipt of the shipping casks at the Quartermaster Research 
and Engineering Center, water samples should again be collected 
and radioassayed. The activity levels obtained should be 
compared with those that would be predicted from the rate of 
build-up found before shipment. If the results do not look 
reasonable, the situation should be investigated more carefully# 
If the activity levels are found to be as objected, the casks 
can be lowered into the pool with the shipping water in place, 
provided the activity level is reasonably low. If the activity 
level is fairly high, it might prove desirable to collect this 
activity before introducing the cask to the pool. This could 
be done by recirculating the cask water through a déminéraliser 
bed or by draining it into drums for temporary storage and 
eventual disposal. 

The radioassay of the water samples should be done by evaporating 
the sample, transferring the residue to a planchet which is 
then counted. Distinction should be made between gross beta 
and gross gamma counts. If the activity levels were found to 
be high and it was desired to determine whether cobalt corrosion 
was taking place, it would be possible to distinguish between 
specific isotopes, such as Co~60 and Zn-65, by gamma ray 
spectrometer measurements, AH plancheta used for counting 
should be preserved so that they will be available in the event 
that more refined counting measures are required. 

3-90 



Cask and Slug Handling 

The slug shipping cask will be received at Q4RL at the cask 
pool outside of the gamma cello Cask water will be checked 
for activity, as described above, and the outside of the 
cask will be washed to remove all road grime♦ 

Nuts on the cover bolts will be removed and cables attached to 
the cask body and the cask tope The cask will be lowered to 
the bottom of the pool by a yard crane, taking care that the 
cover cable will be slack© When positioned at the bottom, the 
cover will be lifted off and removed from the pool by the 
yard crane© The slug tote-baskets will be grappled and 
removed from the cask© At this point, the cask may be removed 
from the pool© Individual slugs will then be removed from 
the baskets and placed on a smal 1 inspection table for macro¬ 
scopic inspection using 15 power binoculars, which will make 
the slugs appear to be about 29 from the observer© The 
operator will work from a portable platform during these source 
manipulations© This platform is a walkway with hand rails 
which is manually moved about and located at any desired angle 
across the pool opening© When in place, it will be pinned by 
suitable means to the curb around the pool top© À slug 
handling tool will be provided (one for each pool) which will 
handle slugs in a vertical position© The same tool (or another 
if required) will be capable of handling slugs in a horiaontal 
position© A tilting device described below will return 
horizontal slugs to a vertical position© 

After inspection, slugs will be placed in a stainless steel 
jacket for transfer into the gamma pool© This jacket is used 
to protect the aluminum cladding© The slug, in its jacket, 
will then be raised to the opening of the inclined transfer 
chutes© The incline angle is 27° from the horizontal© Here 
they will be inserted into a device which is capable of 
tilting the source and its jacket into the mouth of the tube. 
It will slide by gravity down the length of the tube and into 
a tilting receiving device near the bottom of the gamma pool© 
The tilting device acts as a dash-pot for decelerating the 
slug© It also returns the slug to a vertical position for 
handling by the source tr^l© This device is also used to 
return horizontal slugs to a vertical position© 

The slug is removed from the jacket vertically and transferred 
to the slug racks© Here they are inserted into the wide mouth 
source holding tubes© The transfer jacket is returned to the 

cask pool for re-use© 
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When al 1 of the slugs have been received, an arrangement plan 
will be worked out to attain uniformity of activity throughout 
the source slabso 

Slugs will be removed from the storage racks and inserted into 
the source holding tubes by the same handling tool* These tubes 
and their mandrils are shown in figure 3-2. Individual slugs 
will be identified by their code numbers which can be seen through 
the binocular s« 

Four slugs are placed into one tube, making a slab subassembly# 
Another tool will pick up tubes for insertion over mandrils on 
the elevator jig plates0 

Manipulations of the sources in the gamma pool are carried out 
by an operator standing on a portable walkway, similar to that 
used for the cask pool«, This walkway is manually placed along 
the predetermined line of source movement and pinned to the 
floor at the pool edges* 

In addition to the source tube tool, a general purpose pick-up 
hand will be supplie do A general purpose tool will also be 
supplied with a screw type end fitting into which hooka, 
wrenches, and miscellaneous tools may be fitted* 

The source elevator will be as shown on the Curties-Wright 
design drawingsc The general arrangement is shown in figure 
3-2Ö* The testing of the assembled elevator will be more fully 
described in Part II, Facility Description* This procedure 
will differ only in the detailed operations which were peculiar 
to the HIFI elevator designo 

Pool Vater Sampling 

IXiring the first year of operation, the pool water should be 
sampled for the following determinations: 

A# Radioassay 

1* Gross beta and gross gamma 

2o Zinc 65* 

3o Cobalt-60 (None normally present) 

For normal expected activity levels, see Curtiss- 
Wright final reporto 
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Ba Chemical 

I. —í *r«i“ 

i v&HfUxrfi&jaxiis&tigfí&àt.'?:.'; 

lo pH (normally 7) 

SlectriGal Conductivity (Normally approximately 500,000 

3«. Chloride Content (normally less than 1 ppm) 

The samples should be taken approximately once a week and the 
radioassay work can be done in the Quartermaster Radiation 
Laboratory; the chemical determinations can be made in the 
cSr at2T el?0víere at the Research and Engineering 
C £ un termination oi the Zn-65 and Co-60 would * 
probably be adequate since any marked changes should be 
indicated by the weekly gross beta and gross gamma levels, 
as well as the continuous ion exchange column monitoring* 

Ion Exchange Column Monitoring 

Wil^,b!1JPrOV:Lded ior the ion exchange column 
in » ra^atlon eniitted from radioisotopes absoSed 
n he column resinso The monitor will be arranged so that it 

thi TOiürif the^olwm t0 be positioned at 
radiation as th® absorption front moves 

through the bed. The monitor will probably be of the Victoreen 
ype and will have a three decade range going from .01 mr/hr 

to 10 mr/hrc Th® radiation level will be indicated and recorded 
at the cobalt-60 control panel. An adjustable high level alara 
5êtbÍfPrOVlSd ^ "Í11 give th® operator warning in the event of a sudden rise in the radiation level. 

in addition to the permanently installed monitor, it will be 
possible to obtain additional information on the activity-in- 
the deionizer by the us© of portable survey instruments. 

Air Sampling, Including Filter System 

The design Presently calls for the installation of absolute 
filters on „he exhaust cobalt-60 cell which will prevent the 
escape of any radioactive aerosols in the extremely unlikely 
iTaddííf thre eZer entered the ventilation air sSeam. 
In addition, it is planned to install a Victoreen type remote 

at the£®_, fi}ters to determine the radiation level on 
^f^terSo , instrument will be sensitive to gamma 

radiation and will have a range of 0.01 mr/hr to 10 mr/hrf 
and will be provided with an adjustable high level alarm. 
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In addition to this permanently installed equipment, air sampling 
will be performed as part of the normal health physics survey 
duties*. A high volume air sampler will be provided and aerosols 
will be collected through high efficiency filter papers which 
will then be counted0 This air sampling would include all of 
the work areas within the Laboratory, as well as the cobalt cell 
itself, and the air downstream of the absolute filters being 
discharged to the stack*, The filter papers will be counted in 
the radiation laboratory to determine activity levels. 

Underwater Microscopic Source Examination 

No plans are being made at present for any underwater micro- 
scopic examination of the source slugsc This is being done 
on the basis that any macroscopic change in the physical make¬ 
up of the slugs will reveal Its presence by virtue of changes 
of the radioactive content of the water0 In the event that 
changes are found in the radioactive levels of the pool water, 
the failed slugs can be isolated by virtue of the radioactivity 
they are putting into the pool water« This would be done by 
placing each of the slugs, in turn, into a tube connected 
to the recirculating pump suction and the damaged slugs deter¬ 
mined by an increase in the activity of the deionizer bed. 

This proposed method of procedure is in keeping with the common 
practice wherein MTR fuel elements have been used in gamma 
irradiation pools© In these instances, we know of no underwater 
microscopic source examinations that were undertaken. Our 
position then is that these examinations should be deferred 
until there Is some indication that they are needed and will 
serve some purpose« 

Other Monitoring and Safety Checks 

It is planned to have two methods of remote observation within 
the radiation cell, consisting of a television system and an 
optical system© These observation systems are primarily intended 
as safety devices and would come into play mainly in the event 
of trouble within the cell when the radiation sources were in 
the raised condition. Two systems are being included which are 
as unalike as possible to lessen the chanca of both of them 
becoming simultaneously unavailable for use in an emergency. 

In addition, a man-trap is being provided with a cell lockup 
and unlocking procedure© The present design calls for a 
provision of a pressure plate in front of the man-trap to 
guard against persons accidently falling into the man-trap. 
In addition, it is contemplated that the man-trap will be 
provided with a net which will minimise physical injury in 
the event that someone falls into it© 
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VII. CONCLUSION / / 

The data presented in this Part have related primarily to 
the megacurie cobalt 60 source and source handling equipment 
for the Food Process Development Irradiator. The concepts 
and design of this portion of the Quartermaster Radiation 
Laboratory have been discussed in detail. 

In presenting that material appropriate and pertinent for 
a proper evaluation of this source, it was necessary to 
make a distinction between the various subjects which could 
have been discussed. For instance, the production of ozone 
by the cobalt 60 certainly is a source characteristic, yet 
more properly falls within the category of ventilation 
requirements. Similarly, an account of standard operating 
procedures in the use of the source, including the various 
safety devices to prevent unauthorized entry of personnel 
into the source cell would be related to this account 
indirectly, but would not necessarily be a requisite to the 
evaluation of the source. This account, therefore, was 
limited to those areas which would have a direct effect in 
some way on the operation, safety, and maintenance of the 
FPDI cobalt 60 source. 

A final point is worthy of reiteration: a .portion of the 
material on which the successful operation of this source 
is predicated is theoretical in nature. The greatest assur¬ 
ance of source integrity and safety lies in the physical, 
monitoring of the test slugs which will be over a year 
older than the production cobalt 60. If experience during 
the monitoring of these two test capsules, or with a related 
source used by some other group should prompt reconsideration 
of the proposed capsule and its conditions of use, then such 
reconsideration will be given. 
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MAT'L 18% Cr, 8% Mi 302 

stainless steel tube redrava 

to precision size shown. 

Straightness - .008"/piece 

CURTISS-VRXGHT CORPORATION 
Princeton, H. J. 

8TAXNUESS STEEL TUBE 
Orsving A-700394 

Section 9.2 *V- 12/21/60 
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HAT'L 18% Cr - 8% Ni 304 

Stainless Steel Sheet. 

CURTISS-WRIGHT CORPORATION 
Princeton, N. J. 

STAINLESS STEEL END CAP 
Drawing A-700395 

Section 9.3 12/21/60 
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CUUTISS-WRIOHT CCSUPORATIOH 
Princeton, N. J. 

ALtJHINUM TUBS 
Drawing A-700397 

Section 9.5 12/21/60 
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Cod« Engraved on both ends 

per aaseably D-700X29 

Straightness - Final aaseably must slide 
through 11 inch long tube having a 
inside dianeter of .960 

CDRTI8S-WBIGET CCXSPOBATIGIÜ 
Princeton, N. J. 

CORAJL.T EBCAPSDLATXm 
PSStSVSCTXVE 

Drawing A-s700405 

Section 9.8 13/21/60 
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SAOLK PAOS■ 
see C.700 2BC. 
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SECTION B-B 
elevation looking west 

S CAI. E - f’l-o' 

MOTE • 
0 Pifs CMvreî Aie to be tempoí'apily spaced < field fvelded 

ro TANK'S vpiou TO PLAC-NG OF CûNCPETC PIED AT CEHTEÇ 
S JPPOÇT POiwlT B«AC. N3 ,S NJT TO BC aCHOYCD UNTii PiEtt «Ai SCI 

a CHUTES APE TO BE MYDÇCL TESTED 'N FlEtP TO Eo PSIft < FiElP 
WELDS ACE TO BE DTE PENETPANT TESTED 

notes: 
I VCSiElS SHALL BE FABPlCATED IH ACCOÇPANiCE WITH THE PEQJIÇEMENT3 OF 

SECT. Ba OF THE ASME UwnpED PCESSi/PF VESSEL CODE, LATEST EDITION < 
SECT H OF THE ASME CODE FOP WEtDIWG OUALIFlCATlOMS, < AMI SPEC. Hfl ClOI'V-l . 
CODE STAMP IS NOT ÇEQ‘D 

2. MATEPlAL 

VESSEL SHELL 
( SIDES (, BOTTOM) 

angle dim 
STEOCTUCAL SHAPES 
PIPE (CHUTE) 
ropoing 
PIPE SUPPORT 
suppoçT Plate 
SUPPOÇT AMCHOPS 
SST FIELD WELDS 
PADS flHTEQHAL) 

— CLAD PLATE PED ASTMA-264 
BASE METAL - A5TM A-203 OD.C 

ON INSIDE FACEETA'l}' AS™ A'24° T''PE SM 5ST 
- ASTM A-240 TYPE 304 SST 
- A5TM A-1 (ETCEPT AS NOTED) 
- A5TM A-312 TYPE 304 SST SMlS 
— ASTM A-312 TYPE 304 SST 
— ASTM A-53 SVALS 
— ASTM A-283 op a-7 
— ASm A-107 
— ASTM A-2S8 • CLASS E 308-13 
— ASTM A-240 TYPE 504 SST 

-Ema* paia_ 

CESl&M PC ESS. < TEMP — 10.5 PSIC & 250*F 
JOINT ErFICSENCY — 0 85 
C&ÇQOSION ALLOWANCE — INTECHAL • HONE ,EYTEDNAL-BlTVMASTIC COATINÖ 
Cacospaphing — spot examination pec code 
HYPPOSTATIC TEST — FULL OF WATEC 

PAINT — BITUmASTiC COATING ON ALL ExTEPlOP CACBON STEEL 
SUDFACES IN ACCORDANCE WITH ANI SPEC NO CIQI-Y-I 

TNSPECTlON - ANI 

G. VESSELS SHALL BE SHOP FABIJICATED, TESTED, AND SHIPPED IN ONE 
PIECE TO THE FIELD FOÇ INSTALLATION BY SOBSTÇUCTUCE CONTBACTOB. 

7. PIPE SJPPODTS SHAi. BE ATTACHED TO CHUTCS IN SHOP AnD ASSEMBLIES 
SHIPPED LOOSE TO F .ELD FOR INSTALLATION BY SUB5TPJCTJPE CONTDACTOÇ. 

6 ALL L0H6ITUDINALL SEAMS TO BE M'N OF G' FROM COÇNËÇS. 

«í. WEIGHTS < CAPACITY : 

SECTION E-E GAMMA POOL CAS 1C POOL 

ERECTION 

OPERATING 

■PEST 

Capacity 

20,000* 

143.000* 

135,000* 

13. BOO GAL. 

20,000* 

165,000* 

135,000* 

13,800 GAL. 

10 REFERENCE DWG5 ' 

.gamma pool — GIOl-FV-2 

P*INT^'; 

APR 1* 1961 

A it 

8 
1 

CASK POOL 
4 

3 
QUARTERMASTER RADIATION LABORATORY 

FOR 

U.S. ATOMIC ENERGY COMMISSION 
a ASSOCIATED NUCLEONICS, INC. 

A SUBSIDIARY OF 
STONE * WEBSTER ENGINEERING COHJPOHATTON 

Scale : i'* T-o" < moted 6101 “ F V"' 1 
i 

OmOINAL 18801 T-t-il ri-ti 

SA P? / * J 

tMUC DESCRIPTION CKKD. mtp. COttR. Arm. 
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SECTION C-C ELEVATION 

/ 
note: do not ddilu tmqouoh 

UHK WAUS. 
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DETAIL ® 
24- EEQ'D KViT'l.- TP*3CM SST g. 

SCALE : ¿'»l'-Q- 

DE TAIL 
4-BEO'D MAT L- TP#SQ4 SST ¢, 

(NO SCALE) 

9' 

I’tuv. ft 

< 

Î-PÇQO 

7 --è— ^ 
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(*■. 

-5lL^—- 
s¡rjá--j 
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detail © 
A-g£Q'D MAT'L-TP*SQ4 SST ¢. 

SCALE : «'■ 1-0“ 

FOC DESIGN DATA, MAT'l NOT INDICATED. SECTIONS 
A-A < B-B < OENECAl NOTES SEE DNS. FV-|, 

3-30 
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OMCRIPTIÓN CNKD. H" APTfl. 

GAMMA POOL 

QUARTERMASTER RADIATION LABORATORY 
FOU 

U. S. ATOMIC ENERGY COMMISSION 
ASSOCIATED NUCLEONICS, INC. 
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