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BECTION 1

EXCEPTIONAL CHARACTERISTICS OF THE SLUG PROGRAM

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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SECTION I

EXCEPTIONAL CHARACTERISTICS OF THE SLUG PROGRAM

INTRODUCTION

The uranium slugs, each one a small cylindrical
mass of the metal enclosed within en aluminum Jjacket, were
used as the charge into the pile for the manufacture, through
nuclear processes, of minute quantities of plutonium. Acting
in such a capacity, the slugs might well be considered the
heart of the process: surely they represented the expenditures
of vast amounts of research and developmental efforte to ex-
trapolste on a commercial scale what until recently had been
purely research data,

The employment of uranium (referred to in corres-
pondence variously as T-metal, Tuballoy, X-metal, =, du
Pont 8pecial Alloy, Chemicals NO1BN and C-105) had, prior to
its inception in the present program, been confined generally
to its application in small amounts, measured in grams, in the
laboratory. BSo little was known of its commercially adaptable
physical properties that it was relegated almost to the cate-
gory of a laboratory curiosity. Therefore, the immediate
fabrication of amounts ultimately aggregating hundreds of tons
imposed an extremely difficult assignment on the du Pont
Company, and necessitated the inauguration of an arduous series
of experimental and developmental programs to determine not

only the extrudability, machinability and other physical
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characteristics of the mefal, but also the influence on

these of microscopic quantities of impurities present in the
uranium, Because the factor of speed dominated all phases

of the projJect, as dictated by the most urgent need for de-
livery of the end product at the earliest possible date, it
was necessary that all developmental and experimental work be
performed simultaneously with research, design, fabrication
and actual construction in the Field. }

The design of the Hanford Engineer Works, because
of ite magnitude and many unusual construction and operating
characterlistics, was to be determined to & very large degree
upon data and information accumulated in the construction and
operation of the Clinton Englineer Works. It was necessary,
therefore, to assure the early completion of this plant so
that essential data might be forthcoming. All efforts relating
to the slug program were accordingly directed toward completion,
as soon as possible, of the slug requirements for Clinton,.

As incorporated in the contract, 1t was recognized
by all interested groups that the du Pont Company had had no
previous experience with the design, construction or operation
of any plant even remotely similar to the Clinton Engineer
Worke or the Hanford Engineer Works., However, the United
States Government, through its Office of Scientific Research
and Development group located at the Metallurglical Laboratory
of the University of Chicago, had arrangeé to furnish du Pont
with all data relative to research, particularly in respect

tc nuclear physics considerations, required for the prompt




execution of design and procurement. In addition, and
working under a contract placed by the OSRD, the Battelle
Memorial Institute of Columbus, Ohio, was requisitioned to
proceed along tangential lines to enhance and supplement any
information developed at Chicago for application to the com-
mercial production phases of research.

From time to time the services of other consultants
were secured by elther the Metallurgical Laboratory or du
Pont as the need for their speclalized knowledge became evident,
Included in this group were representatives of the Massachusetts
Institute of Technology, the University of Michigan, the du
Pont Engineering Department Experimental Station, and the du
Pont Grasselll Chemicals Department Research Laboratory.

The sole responsibility for the procurement of uran-
ium was vested in the Corps of Engineers of the United SBtates
Army. The monetary value of this base metal was not incor-
porated in any of the contract negotiations, and does not
appear in any cost records pertaining to either the Clinton
or the Hanford Projects. Du Pont's only concern was to trans-

form the cast billets into finished slugs.

ORGANIZATION

The procurement of urenium slugs for both Clinton
and Hanford was anticipated to present a problem replete with
many obstacles which would require considerable effort on the
part of all interested groups before the solutlons could be
achieved, For this reason, the various organ%zations were

set up so that intimate collaboration of effort and immediate

-8



dissemination of vital information could be effected to
benefit the progranm,

A especlal procurement group was organized within
the War Construction Division of the Engireering Department.
A carte dblanche pollicy, in effect, was promulguted to reduce
to a bare minimum any interference to the group and to per-
mit the direction of activities in as undeviating a course
as possible, This group was responsible for the determination
and contracting of suitable fabricators for processing the
uranium, the overall planning and scheduling of the work at
the various vendors, the development of manufacturing methods,
the procurement of all necessary component parts, the procure-
ment of any speclal equipment required for loan to the fabri-
cators in executing their contracts, the maintenance of
accountability records, the checking and supporting of ven-
dors' invoices, and, in short, for all matters relating in
any way to the slug program,

This group worked in intimate relation with certailn
personnel in the TNX Divieion of the Explosives Department
who were assigned to specific functions concerned with the
slug program, and who, in the majority of cases, acted not
only in a liaison capacity between the Engineering Department
and the Metallurgical Laboratory of the University of Chicago
but also as the inturpreters of basic information with respect
to operating requirements, In general, this group dictated
design and quantitative requirements,

The Metallurgical Laboratory acted as the central
group of all those involved in the program, This organization

~-9-
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carried on a consilerable amount of research and experimen-
tation, and dictated to the TNX Division the vital information
derived therefrom for translation into speeifications based

on the requirements imposed from the standpoint of feasibility
of operation. This group dictated basic design and qualita-
tive requirements,

Responsibility for the canning, or aluminum jacket-
ing, of active slugs was vested Jolntly in the special pro-
curement group and in the Machine Development Group of the
Industrial Engineering Division of the Engineering Department.
This latter organization was concerned mainly with the devel-
opment of manufacturing methods, whereas the War Construction
Division group was interested in the procurement of component
parts and the production of finlshed slugs concordant with
requirements,

The special procurement group was asslisted in 1its
field duties by members of the Inspection Section of the Con-
gstruction Division, who were assigned to cover the inspection
work and the accountability records at partiocular plants.

At various times, when the need for additional tech-
nical personnel became necessary to corduct a study of oper-
ating conditions for determining methods of increasing the
yield or for correlating billet chemical composition with ex-
trusion performance, or for some other study, experienced men
of technical training were loaned by the TNX Division to the
War Construction Division for the Auration of the particular

work. These men remained on the TNX roll but were under

-0~
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the supervision of the War Construction Division,

The Corps of Engineers was responsidble for procure-
ment and delivery to the fabricating plant of the cast uran-
ium billets. Other of its functions were the maintenance of
billet quality, conformity of billets to physical specifica-
tions, and shipment and recovery of generated scrap.

The Engineering Department was responsible for the
delivery of uranium rods and the finished slugs to Clinton
and to Hanford. When these were in transit this responsi-
bility was of necessity delegated to others with the approval
of the Corps of Engineers. For freight shipments the Army
itself supplied guarde, and for express shipments the respon-
sibility §ae delegated . to the express company. The fabri-
catore themselves were accountable for the metal while in
storage at each respective plant, but the cost of all guard
gervice and protective measures necessary was reimbursable
to them by the Government through du Pont.

Later in the program, when machining and canning
facilities had been installed at Hanford, the TNX Division
assumed responsibility for the complete fabrication of Hanford
elugs from rod which had been extruded under the direction of
the Engineering Department. This function included also the
maintenance of accountability records for the material pro-
cessed at the Project site, but did not include procurement
of component parts, which still remalned one of the duties

of the Engineering Department until the close of the program.
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As will be described later in Bection X, the dummy
slug program was a separate and dietinct program within itself,
In this endeavor the TNX Technical Division, through its oper-
ation of the experimental CMX Unit at Hanford, paralleled to a
large degree the functions of the Metallurgical Laboratory,
This group dictated to the TNX Division the loading patterns
of the various tubes in the pile, and from this information,
quantitative requirements and specifications were formulated
and forwarded to the Design Division of the Engineering
Department for procurement of the required dummy slugs.

Procurement of the dummy slugs was the basic respon-
8ibility of a small group in the Design Division. This group
was assisted in procuring certaln component parts and ser-
vices, common also to the active slugs, by the War Construction
Divislon special procurement group because of the latter's
contacts and familiarity with the fabricating operations.

By the end of August, 1944, the Engineering Depart-
ment had virtually completed its assignments with respect to
both the active and the dummy slug programs., At this time,
the TRX Division then assumed responsibility for any additional
work required to satisfy procurement of operational replace-
ment slugs, evaluations of advanced designs developed under
actual operating conditions, and cther work of similar nature.,

The succeeding sections of this volume are devoted
to a description and chronology of the part played by the
Engineering Department in both the uranium and the dummy slug
programs durling the active life of each. bifriculties were
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frequent and many, owing to the preponderance of unknowns,
the paucity of information concerning the characteristics of
the metal, the contaminated billets, the short tool life in
-machining, the development of canning methods, and many other
causes. Though the need for developing fabrication methods
ultimately uncovered numerous peculiarities of the uraniunm,
these were by ne means confined only to the actual physical
operations of processing the metal. Others, caused by the
toxiclity, combuatibility, or classified nature of the metal
required the expenditures of considerable effort each in its
own right. To understand better the succeeding sections, and
to envisage more accurately the magnitude of work required in
far-reaching and totally-divorced fields of endeavor, the
more common of the exceptional characteristics encountered
and overcome on this program are described briefly on the

next few pages,

HEALTH HAZARDS

The fabrication of uranium billets into finished
slugs imposed unusual conditlions, heretofore not assoclated
with commercial manufacture, which were occasioned by the
radioactive and other properties of the metal itself; and
thereby necessitated not only the exerclising of extreme care
but also the constant observance of all known precautlons
during all phases of handling and fabrication. These require-
mente, coupled with the necessity for constant adherence to
protective security measures, were some of the factors that

served to magnify out of all normal proportions the magnitude

_—



of work included in the slug progranm,

The Engineering Department early realized the
health hazards attendant to the fabrication of this metal
and, on March 20, 1943, prior to the start of any actual
work under this program, requested the Metallurgical Labor-
atory for information concerning the necessary precautions
to be taken to protect the health of all individuals exposed
to uranium.d 4

To parallel its responsibility for the participation
in the research and experimental fielde assocliated with the
slug program, the Metallurgical Laboratory assumed also the
responsibllity for the determination of the toxlc hazards
attendant to the fabricating operations. Several members of
the Metallurgical Laboratory Medical Group, by this time, hed
been assigned to study these health problems, and as a de-
finite part of thelr functions, investigated the actual fabri-
cating operations in the vendors' plants in order to submit
to the Engineering Department definite recommendations for
safeguarding the health of the employees working with the
metal.? The inauguration of remedial measures in line with
these recommendations was the responsibility of the Engineer-
ing Department, although the Metallurgical Laboratory assisted
in the follow-up at certain of the plants;’ The basic respon-
sibility for directing the activities concerning physical ex-
aminations was vested in th: du Pont Company, and all examin-
ations and follow-up were conducted under its supervision,

All medical records ultimately were to be turned over to the

du Pont Medical Division.,



wis

¥hen the program first opened, the Metallurgiecal
Laboratory speeified that, besause of the ﬁosaibla danger of
starting a chain reactlon, uranium sho.ld be stored in indi-
vidual stacks of specified dimensions and whieh aggregated
not more than five tons maxlimum weighx" This limitation im-
posed a distinot hardship on the fabricators’and the carrier,
and upon the request of the Engineering Departmentethe Metal-
lurgical Laboratory conducted a test which proved conclusively
that no hazard from chain-reaction existed/ Accordingly, all
vendore were notified that these limitations were removed. &

The recommendations submitted by the Metallurgical
Laboratory embraced two main types of precautionary measures:
(1) the use of physical accessories, such as masks, respirators
and gloves, for working with the metal; and (2) the determina-
tion, by means of a complete phyeical examination supplemented
by various specimen analyses, of the physical fitness of each
employee for exposure to the metal.

Because of the protective gecurity requiremente for
this claseified work in fabricating the uranium, all orders
necesearily had to be placed before the nature and haiards of
the metal could be disclosed. Although this action 1s con-
trary to normal du Pont practice, no alternate procedure could
be employed under the prevailing circumstances without en-
dangering the securlity of the program. For this reason, and
pecause of the absence in literature of the toxiocity of uran-
jum, the du Pont Legal Department advanced the opinion that

du Pont, acting for the Government, was legally as well as

v 4
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morally responsible for safeguarding the health of all em-
ployees coming in contact with the metal.® The Engineering
Department informed all vendors, then or subsequently fabri-
cating the uranium, that the cost of all protective measures -
which were deemed necessary in view of the recommendations
advanced by the Metallurgical Laboratory and du Pont - would
be reimbursable, This included, in addition to such l1tems as
masks, respirators and gioves, the costs of all physical ex-
eminations to all employees concerned, the laboratory services
attendant thereto, and the installation of adequate vcntila-
tion where necessary.’®
With the fabrication program expanding to embrace
machining, outgassing and straightening, canning and rolling
of the metal; the Metallurgical Laboratory Medical Group
visited the respective plants and made further recommendations
and tests.”’ Among the latter was the determination of the dust
count in the alr near each of the operating machines, and, on
the basis of these findings, a suggested tolerance limit of
150 microgramns of uranium per cubic meter of air was adopted.‘z
This figure later was reduced to 120 micrograms after con-
tinued study evidenced the need for a downward revieion in
the tolerable limlt.ﬁg
Many dust counts, particularly those taken at points
of high local concentration, greatly exceeded the 1limit, and
the Metellurgical Laboratory then recommended the immedliate

installation of adequate ventilating equipment for the areas

affected or the use of respirators or masks.ﬁ'Ventilatlon was
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provided at those shopes where the benefits derived would be
Justified. At those few locations where the contract was of
ghort duration, and the required time of installation would
not permit any appreciable advantage, ventilation was not
improved but the wearing of masks wae made mandatory.”

After the first few extrusion runs had been made
at Revere Copper and Brass Incorporated, in Detroit, the
Metallurgical Laboratory reported that it had determined the
need for the installation of ventilating equipment at this
location to reduce the dust count to a safe limlt/‘ The Engl-
neering Department, in confirming thls recommendation, pro-

_ posed that a dust collector also be installed in the system

to save metal and prevent the free discharge of uranium dust

to the Detroit atmospheref7 A du Font ventilation engineer
visited the site to assist Revere with the technical aspects

of the 1nstallationfaand on the basie of this study an adequate
system featuring both improved ventilation and dust collection
was installed,

Entrance, periodic, and exit physical examlinations
were made by the plant physician, by a retalned physician, or
by members of the du Porit staff; as best fitted each specific
case, Where an outside phyeiclian was retained, the Engineering
Department issued purchase orderes to cover these services and
the necessary laboratory work. In the few instances where the
plant medicel staff performed this work, the cost of medical
services was included in the feabricating order,

Upon the close of the Engineering Department's

portion of work under the program, all medical records were

-
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turned over to the Medical Division of the du Pont Company.
During this period of activity a number of cases of skin
irritation developed, but as these were largely oconfined to
those employees using machining coolant in their work, the
irritation was traced to properties of the coolant and not to
the presence of uranlum‘particles in the coolant., Throughout
the entire progran, no employee, as far as could be deter-
mired, had suffered any 111 effects directly traceable to

exposure to the metal.

FIRE HAZARDS

The hazards peculiar to the fabrication of uranium
were by no means oconfined solely to those caused by the toxic
or radioactive characteristics of the metal, Uranium also is
readily capable of spontaneous combustion and is highly
reactive under certain conditions with water. Turnings and
grindings, generated during the fabrication proceés, thus
created an extremely annoying and potentially dangerous fire
hazard. Because of the pyrophoric nature of the metal when
reduced to small particles, constant care durlng fabrication
and storage of the scrap had to be observed.

Initislly it was believed that any fires due to the
presence of this metal could be controlled by shutting off
the supply of oxygen. Later experience, particularly during
the varm weather, and subsequent tests proved that this in
jtself was not sufficient, and that water and proprietary
extingulehers in small quantities served merely to accelerate

and sugment the burning. Further tests, however, proved that

-
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large quantities of water cooled the reaction and were effec-
tive in etopping the fires, For machine turnings, this pro-
vided an adequate measure of control, but for the fine uran-
ium powder resulting from the grinding operation some other
measure had to be formulated to provide the adequate control
necessary due to the high rate of activity of the fine par-
ticles with water, Storage of such grindings in small, i1so-~
lated containers was possible, but shipment of this scrap to
its ultimate destinetion could not be considered. Therefore,
deliberate burning of the grindings under carefully controlled
conditions was adopted to eliminate the hazard av the source,
and all grindings generated were incinerated before shipment,
Considerable anxiety was felt by the various fabri-
cators over the apparently unpredictable and spectacular
hazarde created by the accumulation of turnings, but by the
end of August, 1943, a reasonably reliable method of controll-
ing the hazards and extingulshing any fires that might occur
was formulated. Thie information was then disseminated in the
interests of safety to all interested parties and to the Corps
of Engineers, which was responsible for the shipment and any

subsequent processing or reclamation of all scrap.

METAL ACCOUNTABILITY

As might be expected of any program involving the
fabrication of more than 1500 tons of a rsre and expensive
metal, strict and adequate controls had to be instituted and
maintained to account for all uranium on hand at the various

locations, whether it be in the form of cast billets, fabri-

-
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cated pieces, finished slugs, or acrap.

Baslc responsibility for the control of the metal
passed to the du Pont Company at the time of transfer, from
the Corps of Engineers, of the cast billets. Thie responei-
bility was delegated in part to each fabricator while the
material was in his possession, with assistance being glven
by the du Pont representative resident at that location.

The du Pont Company maintained the controls until the fabri-
cated uranium, in one form or another, was transferred back
to the Corps of Engineers, either for shipment to the Clinton
or Hanford sites or after receipt at certain other Government
designated destinations, |

The accountability records were maintained in Wil-
mington by the special procurement group responsible for the
fabrication of the metal, From information forwarded period-
ically from the Field Inspectors at each fabricating location,
the operations were recorded through a double-entry bookkeep-
Aing system based on weight of the metal, Any differences in
weight, due to partial or complete oxidation of the uranium,
inaccurate scales, or to some other cause, were accumulated
in separate accounts set up for the purpose. 8tatemente of
the accountability were prepared and submitted to the Corps
of Engineers periodically and upon completion of an order,

In the fabricating operations, the uranium oxidized
and became contaminated with other materials, thereby result-
Ang in a return of scrap of a varliable uranium concentration,
Because of the difficulty in determining the actual concen-

tration of this scrap, no allowance for concentration was

L
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made in the &u Pont accounting other than to identify the
source and type of all scrap returned to the Government,

The greatest factore influencing the accuracy of
the records were the accuracy of the scales used in weighing
the metal and the assumptions which necessarily had to be
made of scrap purity., Discrepancies frequently exiested
between the weighte reported by the billet shippers and those
reported by the extruding fabricators, The Corps of Engineers,
in an attempt to improve this condition, authorized the pur-
chase of suitable scales for use in weighing in the billets,
The work at B, & T. Metals Company was rapidly drawing to a
close, however, and a scale was not purchased for this loca-
tion, Instead, the exlsting scale was checked and overhauled,
As considerable extruelon work was planned for Revere Copper
and Brass, Incorporated, this fabricator volunteered to pur-
chase two sultable scales capable of indicating correctly to
one ounce., Later in the program it also became necessary to
purchase scales for inventorying the metal at certain other
locations.

Facilities were provided in the 300 Area at Hanford
for the fabrication of extruded rods into fiﬁiehed slugs.,
Upon arrival of the rods at the site, the Operating Depart-
ment assumed the responelbllity for the accountability during
receiving and subsequent fabrication, The receiving weights
of these shipments generally were in excellent agreement with

the shipping weights from Revere,

>
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SCRAP

All billets originally fell into one of three classes,
depending upon the purity of the metal as determineh by analy-
sis of a test sample cut from the billet. The Metallurgical
Laboratory, in agreement with the Corps of Engineers, advised
the Engineering Department on March 29, 1943 that all eolid
scrap accumulated during fabrication should be segregated by
class to prevent lowering the purity, and that turnings and
other contaminated material should be segregated further into
two other classes dependent upon the degree of contamination
from outside sources such as coolant and oxygen."9 The Engi-
neering Department then set up the scrap segregation procedure
in accordance with these directions, but, as a result of a
meeting with the Corps of Englneers on May 27, 1943, soon re-
vised the procedure to epecify that machine turrings would
not be segregated by source, olass, or billet number.?® These
would continue to be segregated from oxidized metal, escale
or sweepings, but all would be accumulated without claseifi-
cation or further segregation, This general breakdown was
maintained throughout the life of the program, although in
certain specific cases additional segregation was made at
the request of interested groups to permit experimental work
in reclamation of scrapf’or to prevent contamination caused
by scrap from impure billets which contained relatively
high percentages of iron or some other contaminant,??
Scrap slugs were utilized whenever possible in the

experimental work attendant to the program in order to release

equal quantities of acceptable slugs for production purposes,??

T
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Thie was particularly true in connection with coating pro-
cesses being developed both at the Metallurgical Laboratory
and at the OGrasselll Chemicals Department Regearch Laboratory.
¥hen their use was no longer required at these locations,

the slugs were returned as scrap.

Du Pont's responsibility for the control ceased
upon the transfer of the scrap, suitably boxed for shipment,
to the Government representative at each fabricator's plant.
Shipment, and any subsequent processling or reclamation, were
the responsibility of the Corps of Engineers.

In the early daye of the program the billet supp-
liers had no satisfactory means of recovering the turnings for
future production. Although solid scrap was reclalmed easlly
by recasting, turnings were usually contaminated with coolant
and were in various degrees of oxidation, The storage of
these became a problem of great importance to the fabricators,
owing usually to the limited storage area available, the ne-
cessity for guarding, and the ever-present posesibility of a
fire. The Corps of Engineerse requested du Pont to arrange
for the shipment of these turnings from their source to stor-
age 1gloos in the Pennsylvania Ordnance Works. This was done,
with the Corps of Engineers assuming the responsibility for
the material during transit and subsequent storage.

Later in the program, however, suitable methods
were developed for reclaiming the turnings and grindings.
Every effort was made by the Engineering Department to return

to the Corps of Engineers all uranium, even to the extent of

w_
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sweepings and considerable ground in the vicinity of the
sludge burning furnace at one locatior, for recovery of the
metal.

When the program drew to a close in August, 1944,
strict accountability records for all scrap accordingly were
required. To effect this end, accounting was taken of all
sample pieces and scrap, and in addition, the ventilating
and dust collecting systems installed at Revere Copper and
Brass, Incorporated were clesned to collect all possible
deposits of the metal. Upon the completion of this task and
of the attendant records, responsibility for the direction

of any subsequent work required passed on to the TNX Division,

VALUATION

Because of the apparent high valuation placed on
uranium, the Engineering Department requested from the Corps
of Engineers, at the start of the program; information con-
cerning the necessity for the various fabricators to purchase
insurance to cover any possible loss while the metal was 1in
their possession. Bince the obtaining of insurance would have
required disclosure of the nature of the material, the Corps
of Engineers accordingly advised, on April 10, 1943, that no
insurance was to be purchased or. materials owned by the
United S8tates while in possession of du Pont or its subcon-
tractors, inasmuch as it was believed that adequate protection
would be afforded du Pont under the formal contractf” This
information was relayed to all interested vendors and the

following clause was then lncorporated in each purchase order: %

U
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"The vendor shall not be required to

purchase insurance against loss of or

damage to the materials in his possession

owned by the U, 8, Government and oon-

signed to him for fabrication, and the

vendor shall not be liable for any such

loss or damage®.
This clause, however, in no way altered the vendor's respon-
eibility under the United Btates Army protective security
rules which also were incorporated in the order,

A valuation was placed on the fabricated uranium
for express shipment, not for insurance protection but to
assure speclial and unusual care, such as armed messenger
service, in handling and expediting shipments. Until
June 11, 1943, by Government instruction, a valuation of $20
per pound was used, after which time a valuation of §15 per
pound was used a&s the basis for computing valuation?® This
reduction was made in the interests of economy after du Pont
advised the Corps of Engineers that the same speclal services
wculd be extended by the express company for the lower flgure.
Truck shipments of turnings were made by the Government at

nominal valuation, but with Government armed guard.
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SBECTION II

EXTRUSION

INTRODUCTION

One of the most urgent items requiring consultant
service was in the fabrication of uranium rods from cast
billets. Through experiment it had been established that
uranium could be extruded, and though little else was known
of its physical characteristics, it was agreed that production
of the slugs should start from extruded material. Working on
thie basis, the Engineering Department therefore initlated
steps to secure the extrueion of cast billets into rods, for
subsequent machining and other operations to produce the fin-

ished canned slugs.

EXTRUSION

To secure as much geogrephical advantage as pos-
sible, du Pont undertook to investigete various fabricating
shops located in the Middle West in comparative proximity to
the consultants, Accordingly, in February, 1943, an inten-
sive survey of the facllities in this area developed the fac?
that the B, & T, Metals Company in Columbus, Ohio, had the
equipment and manpower avallable to extrude uranium in pro-
duction quantities. Purchase Order XPG-123-1/2 was soon
placed on this vendor for the extrusion of cast billets into
rods for the Clinton Engineer Works. Also, the Battelle

Memorial Institute was requested to supply any and all con-
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gultation services required by either the du Pont Company
or the B, & T, Metals Company in connection with this work.‘
The cost of these services was, of course, to be charged to
Battelle's OSRD Contract and not to the du Pont Company.,

The extrusion operations practiced at B, & T,
Metals Company were essentially the same as those used com-
mercially for the production of extruded aluminum, alloys,
and other non-ferrous metals. The only variations from normal
practice were in the employment of higher temperatures, 4iff-
erent pressures, the development of hsrd-faced dles and dummy
blocks, the prevalence of oxide, the strict accountebility
for all amounts of the metal in all stages of fabrication,
and the provision of certain protective health meassures to
the employees.

The first extrusion at this plant was performed on
March 31, 1943, when 12 blllets aggregating 1021 pounds were
extruded into rod. A quantity of this rod was subsequently
machined into slugs and the pleces shipped to the Metallur-
gical Laboratory for further experimental and research work.

Throughout the entire slug program these frequent
requests were made, either through the Corps of Engineers or
directly to the du Pont Company, for the delivery of quanti-
ties of uranium in various stages of fabrication to the 4iff-
erent consultants for the determination cf analytical datsa.
It 18 readlly discernitle, therefore, that numerous changes
in design and manufacturing technliques were subsequently made

in accordance with information developed, thus placing a
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tremendous burden on the du Pont Company and on the fabri-
cators for the immediate changeovers required.

B, & T, Metals Company's contract stipulated that
it was to convert at least eighty percent of the groes welight
of billets into sound extruded rod. If ite yleld was below
this percentage, it was not entitled to payment for extruding
that particular billet., B, & T., therefore, had the privilege
of examining all billets and rejecting them for extrusion if
the blllets were less than 9-1/2" long or if, in its opinion,
the blllets contained surface defects which might grade the
extruded rod to less than the eighty percent of sound rod re-
quired. (This figure later was reduced to seventy percent.)
However, in the interests of expediting production, if the du
Pont Company felt that the billets rejected by the B, & T.
Metals Company would yield as much as, say fifty percent gross
billet welght of sound rod, the eighty percent of sound rod
requirement could be waived.

This wailver was enforced on several occasions,
principally during runs of special billets on which the Corps
of Engineers had requested special reporte noting the behavior
of the billete during extrusionZ in order that data might be
accumulated upon which its future action regarding blllet
quality would be governed.

To secure the most effective extrusion production
consgonant with requirements, 1t was necessary that du Pont
coordinate 1ts schedule of requirements of extruded rod from
the fabricator with the billet supply. On May 19, 1943, the

first schedule showing the maximum and minimum number of tons

.
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to be extruded Auring each run was forwarded to the B. & T,
Metals Gompany.’ ?hiu schedule covered the extrusion of
137.8 tons of uranium for the period exteniing from May 24
through July 7, 1943.

In order to provide a factor of safety in guaran-
teeing the continuance of extrusion in the event of mechan-
jcal fallure at B, & T., as well as to develop additional
facilities to handle the future requiremente for Hanford, the

“in

du Pont Company, in Msy, 1943, investigated various plants
the Middle West and on the West Coast, with the result that
Purchase Order XPG-773-1/2 was placed on Revere Copper and
Brass Incorporated, Detroit, Michigan, for the extruslon of
billets into sound rods to fulfill the balance of the require-
ments for the Clinton Engineer Works.

By June, 1943 extrusion had been demonstrated to a
point where it was no longer experimental, but nevertheless
was still capable of considerable improverentS However, a
general review of the process was thought necessary and, from
a discussion between representatives of Battelle Memorial
Institute and the du Pont Company, it was the consensus that,
of the many variables and unknowns still encountered in the
process, certain changes in equipment (euch as the develop-
ment of a more reliable method of heating) and changes in
operating technique (such as effective removal of oxide from
the cylinder) would conceivably improve thre operation, It

was believed that these and other points would be determined

definitely at Revere,
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Other causes for retarded improvement in the pro-
cess were traceable to the prevalence of defective billota,‘
sub-standard for either physical or chemiocal reasons, the
elimination of which was being actively pursued by the Corps
of Engineers. It will be found later in this 8ection that
these defects in the billets were the underlylng causes for
an "epidemic" of extrusion fallures at Revere.

The first extrusion run at Revere under purchase
order XPG-773-1/2 was performed on S8aturday and Sunday,

July 24 and 25, 1943, All runs at this location, on this

and subsequent orders, were made on weekendes because security
limitations prevented their execution during the normal
work-week, However, no difficulties were manifested in

this arrangement,

The results of this first run indicated that further
improvement in extrusion could be expected? and subsequent
runs confirmed this bellef. A contributing factor in this
increase in yield was the work of the Revere technical
staff, which cooperated fully in all endeavors for improve-
ment throughout the life of the contract. In fact, the anti-
cipation of this reception was largely responsible for
Revere's being awarded the extrusion contract.

However, prior to this first extruslon run at
Revere, the requirements for Hanford had crystallized suffi-
ciently to permit the du Pont Company to secure quotations
for extrusion, Accordingly, on July 16, 1943, quotations on
a unit price basis were requested from both the B, & T. Metals

Company and Revere Copper and Brass Incorporated for the
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extrusion of a quantity of rod approximately 1l.470" in
diameter.

The rate of extrusion was estimated to be approx-
imately 120 tons per month, starting in August. The minimum
quantity would be 200 tons and the maximum approximately 600
tons. It was believed that this quantity would be sufficient
until such time as facllities and equipment for extrusion
were installed at Hanford.

Revere quoted a price of thirty-seven cents per
pound of finished rod, whereas B, & T. Metals Company quoted
thirty-five cents per pound on gross billet weight, According
to the yleld figures obtained up to this time the Revere price
should be approximately one to two cents per pound cheaper
than that of the B, & T. Metals Company, since the weight of
rod was approximately 92% of the weight of billet,

The cost of 600 tone of finished rod at Revere
Copper and Brass Incorporated would be 844#,000.00.6 The pro-
bable cost of a simlilar quantity at B. & T. Metals Company,
based on past performance, would be $456,500.00.

Immediate approval was requested and secured from
the Corps of Engineers’in order that purchase order RPG-
704-1/2 could be placed on Revere to enable the start of
extrusion of Hanford size rod on August 22, 1943,

The Battelle Memorial Institute had been working
constantly on the problem of extrusion as practiced at the
B. & T. Metals Company. As a result of these efforts, it was
suggested since the largest potential increase in yleld lay

in the extrusion of smaller diameter rod, and thue reduce

&
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the loss by machining to a minimum, that this avenue of
endeavor be 1nveet1gated.’°

The 4u Pont Company had been aware of this poten-
tial 1mprovement? but had recognized that it could not be
developed until surface imperfections had been minimized.

By the end of August, 1943, however, and through the cooper-
ation of Revere, the improvement of yield and rod surface had
reached the point whereby the extruded rod diameter might be
decreased. Bome rods of smaller diameter had already been
prepared for evaluation, and etill further reduction would

be made as soon as this was Justified,

This poseibility of reducing the extruded rod dia- :
meter paved the way for tangential endeavors aimed at develop-
ing alternate methods of production through the media of draw-
ing, swaging or rolling. The investigation of these possi-
bilities was undertaken and 1s described in Section III of
this volume.,

Meanwhile, purchase order XPG-123-1/2 on the B, & T.
Metals Company had been completed with the extrueion run of
August 3, 1943, During the life of this contract a total of
336,108,.25 pounds (168,054 tons) of uranium billets were ex-
truded into rods at a total cost of $130,597.13, resulting in
an average cost of 38,86 cents per pound of gross billet
weight, or 43,00 cents per pound of gross rod weight. This
total weight was composed of 300,804.50 pounds of billets
extruded into Clinton-size rods, and 35,303.75 pounds into
1.445* rods required for use in the Test Pile at the Univer-
sity of Chicago.

o>
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Purchase order XPG-773-1/2 on Revere similarly
was oompleted on August 29. Under this contraot 170,122,50
pounds (85,061 tons) of billets were extruded .to 152,845, 25
pounds (76,423 tons) of rod at a total cost of $67,579.15,
resulting in an average cost of 39,72 oents per pound of groes
billet weight or ll,21 cents per pound of gross rod weight.

However, in reducing these two orders to the same
basie for comparison, it is found that the B, & T. order
averaged approximately 48,3 cents per pound of sound rod pro-
duced against 47.6 cents for the Revere order,

Tabulations summarizing the performances of theese

two orders are included herein on pages 29 and 30.

From an analysis of the first few extruslions at
Revere under order RPG-704-1/2 1t was believed that an in-
crease in billet size, particularly in the length, would re-
gult in a greater yleld to good rod!z To determine the effect
of thie belief, 25 billets each of 5" dlameter by 11" long,
4-1/4 diameter by 14* long, and 4-1/4% dlameter dy 20" long,
were ordered from the Corps of Engineers. Subsequent extru-
sion confirmed the fact that improved yleld could be obtained
through the use of billets of a size at least equivalent to
the 5° x 11" Pbut the extent to which this size could be ex-
ceeded required further experimentation. After ensuing tests
had been made the size was standardized at U-1/4" diameter by
13-1/2" 1ongf4which, in the Corps of Engineers' specifications,

was designated as "Ferm 7".'s
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Rod No. Ko.
Dia. Billets Rods
l.2 400

1.2 500

1.2 620 614
1.2 309 309
1.2 5 5

1.2 185% 825 I70,122.50 I52,8%5.%5

Billet
Weight

32,4)4.75
221975
56,672+25
29,356.25

438.50

Average Ve t Rod
Billet Rod Yield
ok 81 86.4
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82 93.
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W-T RUSION

On November 27, 1943, the Engineering Department
learned that the Metallurgical Laboratory had reported that
uranium rods had been successfully extruded from billete at
low temperaturesf“'The surface of the rods produced was ex-
cellent, and there was no oracking as with rods extruded at
higher temperatures. The Metallurgical Laboratory also
claimed that a better yileld could be obtained by extrusion in
the lower zones due to marked reduction in surface cracking
at the end of the rods. Thue, based upon this report, the
TNX Divieion requested the Engineering Department to make
arrangements for a trial run on a number of billets at Revere
for extrusion at lower temperature.r’Permisaion for running
this test was secured from the Corps of Engineers on
February 2, 19“4.'8

The test was performed on February 19, 1944, but
due to the paucity of information prevliously received from
the Metallurgical Laboratory on this method of operation, the
results were not too encouragingﬂ’.Arter the TNX Division had
subsequently requested additional data from this group on
temperature-phase relation, another test was attempted with

no success?

®as 1t developed that the Revere equipment was
not of sufficient capacity to provide conclusive results for
commercial productlon by this method.

In Xay, 1944 the Metallurgicel Leboratory conducted
similar tests at another location under 1its supervialonf'
After subjecting the resultant machined slugs to supersonic

tests and sectioning for inspection of visible internal de-




fects, 1t conoluded that the quallty was not high enough

to justify further experimental work.

BILLET QUALITY

As mentioned previously, the Corps of Engineers
wae responsible for the procurement and delivery of the cas?t
uranium billets to the du Pont representative at each fabri-
cator's plant. This group was responsible too for the adher-
ence by the suppliers to the billet specificatlonsf‘ror both
the physical characterlistics and the chemical composition of
the blllets,

However, as might be expected of any new develop-
ment that literally "mushroomed" in a very short while, the
suppliers at various times found 1t extremely difficult to
conform strictly to the specifications. Many times during
the course of the program thelr stock contained varied amounts
of blllete which were sub-standard in oné”or more”r"eSpects.

Because of the many unknowns relating to the work-
ability of the metal, the billet specificatione of necessity
were quite etringent. Too, the presence of a relatively high
percentage of contaminants in the uranium was thought to be
deleterious to its ultimate activity in the pile. These
fectore all contributed to the accumulation of sub-standard
billets. In an endeavor to utlllize as many of these as pos-
gible, and to make deliveries in accordance with extrusion or
rolling requirements; as well as to test the behavior of these
particular billets under actual fabricating operations with

' the objective of relaxing the specifications where possible,
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the Corps of Engineers often requested the du Pont Oompany
to aoccept, for special observation, these billets for ex-
trusion and subsequent fabrication,

The metal proourement program by the Corps of Engi-
neers resolved itself basically into several factors, the
first and foremost of which was to supply billets to the du
Pont representative at each fabricator's plant in sufficient
quantities to meet production requirements, Although the
acceptable limits of impurities in the billets were unknown
at the start of the program, it was believed that, while the
prevalence of theee impurities in relatively emall amounts
would perhaps alter the physical characteristics of the uran-
iun to the point where its subsequent febrication into slugs
would be rendered dirticult?sthe primary purpose had been
achieved in the act of delivering the metal for fabrication,
It was recognized, too, that the programs inaugurated at the
various suppliers' plante in establishing facilities for the
earliest possible refining of the metal were of such para-
mount importance that various advancements in operating tech-
nique had not yet been developed to the extent that impurities
could be kept to the desirable minimum. Various consultants,
vorking under contracts placed by the Government, were buslly
engaged in research and developmental work to improve billet
quality and to determine the effects of impuritlies with
respect to the end use of the slugs.

It subsequently developed that the presence of con-

taminants wae quite objectionable from a physical standpoint,
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with high manganese content perhaps might cause dlsintegration
in the furnace, or fallure at some later step in fabrication, 32
Combinatione of these impurities were similarly reported by
heat number by the Corps of Engineers. 8till later reports
by this group placed a maximum iron content of 300 ppm for
the billet composition.33

In addition to these reports mentioning the downward
trend in the maximum allowable iron content, the Corps of
Engineers at various times informed the du Pont Company of
other indications relative to behavior caused by certain phy-
sical characteristics or chemical impurities in the blllets,
In many cases these interpretations of the data were made
independently of the du Pont Companj?‘at other times they were
released only after Jjoint discusslon between representatives
of the two grm.z.pex."’s

On February 28, 1944 the Corps of Engineers advised
that approximately 1%-2% of all billets shipped for extrusion
falled to give satisfactory rods, either because of burning
in the preheating furnace or because of severe cracking or
disintegration after extrusion. Results to this time had
shown that a large portion of these extrusion fallures were
closely related to the presence of relatively large amounts
of iron in the billets,

On March 17, 1944 it further advised that 1its study
of a considerable amount of data had shown that more than 7%%

of all billets having an iron content of greater than 300 ppm

falled during the extrusion operation.’b
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The Oorps of Engineers recognized and appreciated
the fact that, throughout the life of the Engineering Depart-
ment's interest in the extrusion program, the du Pont Company
had assigned various of its technical pereonnel to observe,
study, and correlate the behavior of billets to physical and
chemical cha.racteristice.ﬂ The resultant interpretations of
these accumulated data assisted in no small way the allied
work being performed by the Corps of Engineere?’ This collab-
oration of effort was dominant throughout the entire program,
but became most pronounced during the intensified study made
from January to May, 1944; the period during which extreme
difficulties were experienced in extruding good rod.’9 This
study is recounted more fully later in this section, under

the heading "Extrusion Improvement Program",

BILLET SIZE
The original billet eize for extrusic.. under this
program wes designated as "Form 5", which was basically of
cylindrical shape, 4-1/4" plus or minus 1/8" in diameter by
10" plus or minus 1/2" in length, with a small-diameter pro-
Jection, or "egg", cast on the bottom end for sampling pur-
poses., These dimenslons were specified in order to conform
to the size which could be used in the equipment at the
B. & T. Metals Company.‘o Subsequent developments necessitated
first reducing the length to 10~1/4“? later increasing it to
11-1/4" maximumfm The length was ultimately stabilized at
13-1/2" meeucimum.‘n

The Engineering Department on several occasions
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requested quantities of overaizef‘double-lengthfubr square
billets for developmental work on extrusion and rolling.
These slzes were never recognized in the billet specifica-
tions as their subsequent performances on the equipmeht used
did not Jjustify acceptance. This, however, did not preclude
the future consideration of larger blllets for Hanford, which
could be determined only by additional experimental runs by
the TNX Division after the equipment was installed on the
project site.

EXTRUDED ROD DIAMETER

The extruded rod diameters remained fairly constant
throughout the program, the few changes that were made in the
Hanford size rod having been done at the request of the TNX
Divieion as a result of interpretations of accumulated data
from developmental and research work,

On March 30, 1943 the du Pont Company confirmed
prior verbal advice to the B, & T, Metals Company that, until
further notice, all extrusions would be made to produce rod
of either 1,445" diameter or of 1,260" dlameter.®® However,
only four runs, totalling 379 rods and aggregating 31,371.25
pounds of extruded rod weight, were made to the larger dia-
meter for use in the Test Pile at the University of Chicago.
The balance of the order, amounting to 3238 rods pf 272,333,850
pounds extruded rod welght, was made to the smaller diameter
for Clinton.

The five extrusion runs at Revere Copper and Brass

Incorporated on purchase order XPG-773-1/2 were all made at
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1.23" rod diaemeter, During these rune a total of 1825 rods
were extruded, aggregating 152,845,265 pounde of extruded
rod weight,

When Revere started extrusion on August 21, 1943
on purchase order RPG-704-1/2 the diameter of extruded rod
produced was 1,45 inches. On September 27, after 2511 rods
totalling 206,241.50 pounds had been extruded, the TNX Divi-
sion advised that, starting with the run on October 2‘and
continuing until further notice, the rod should be extruded
to a diameter of 1,49 1nches.‘w This diameter continued in
effect until the run of January 22, 1944, for which the TNX
Division had further revised the specifications to a rod disa-
meter of 1,46 1nches.‘a During the period from October 2, 1943
to January 22, 1944, 6231 rods totalling 5%1,658.14 pounds
had been extruded to the 1.49" diameter.

From January 22, 1944 to the last extrusion run on
this order, on August 20, 1944, the dlameter remained unchanged
at 1.46 inches. During this time 13,114 rods totalling
1,443,235,29 pounds were extruded.

On a few occasions small quantities of rods were
extruded to smaller diasmeters for experimental or other work.
These requests were taken care of during the normal extrusion
periods and amounted to:

1. 260 rods of 1.19" diameter totaelling 24,427.66 pounds

2. 41 rods of 0.89" diameter totalling 3,789.25 pounds
3, 20 rods of 1.20" diameter totalling 1,896,30 pounds

EXTRUSION IMPROVEMENT PROGRAM

After the initial extrusion problems at B, & T.
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Metals Company and at Revere Copper and Brass Incorporated
had been solved, the yield from billet to good rod showed a
steady improvement up to the end of December, 1943, However,
it was dlscovered that a substantial portion of the rod ex-
truded for subsequent machining and canning at Hanford Engi-
neer Works contained at least potentially serious defects in
the form of cracks, holes, porosities, and inclusions of scale.4?
To combat thie problem, the Engineering Department, later
assisted by the Corps of Engineers®°Metallurgical Laboratory
Battelle Memorial Instituté’and the TNX Division, undertook
an extensive program to determine the causes therefor,

As soon as this condition was discovered, the Engi-
neering Department undertook machining tests on samples of
representative extruded rods to determine the extent of the
defectaf’ At the esame time the Hanford Engineer Works was in-
structed by the TNX Division to perform similar tests on
samples of rod it had received.s‘

To follow this program actively to a satisfactory
completion, the Engineering Department requested and secured
from the TNX Division the loan of a technical specialist, to
be resident full-time at Revere, for the accumulation and
correlation of data from which the unknowns could be deter-
minedfs‘A part-time representative of the Industrial Engl-
neering Division, who in the past had been assisting in the
development of extrusion, was also assigned to this problem,
Theee men were under the direct supervision of the Englneer-
ing Department for the duration of the study, and one or both

of them covered virtually every extrusion run at Revere from
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January, 1944 to the close of the contract in August, 1944,

From the start of thies study it was believed that
a contributing factor in causing the defects known to be pre-
sent in the metal, as evidenced by inspection after the cutt-
ing and sectioning of the extruded rod, was due to imperfec-
tions in the cast billet 1tself.5‘ From previous indications
advanced by the Corps of Engineers it was also believed quite
probable that the presence of chemical impurities in the
billet was a definite contributing factor.7

On the basis of these indications, the Corps of
Engineers, inasmuch as it was its direct responsibility to
maintain high quality billets for extrusion, together with
representatives of the Clinton Laboratories, the du Pont
Company, and the Battelle Memorial Institute, held a meeting
at the Revere plant on February 4, during which it was agreed
that the runs of February 5-6 and February 12-13 would be
devoted to experimental extrusions, However, no conclusive
data were secured from these runs,

The Corps of Engineers later reported that approx-
imetely 1% to 2% of all billets shipped for extrusion falled
to give satisfactory rods, either because of burning in the
preheating furnace or because of severe cracke or dlsintegra-
tion after extrusion.’e Results had shown that a large portion
of these extrusion failures were closely related to the pre-
sence of relatively large amounts of iron in the billets.

It also stated that the cause of imperfections of the type
prevalent at Hanford; namely, stratification, fine cracks,

and the like, in the interior of the rods, was unknown,
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S8ince these internal imperfections could not be detected by
inspection of the surfaces of the extruded rods, study of
their cause and nature’ required careful examination of
machined sectiones of the rods,

It was the consensus that the du Pont'Company
should continue its sectioning of rods at the Revere plant
and to attenpt a further correlation of billet behavior dur-
ing extrusion with chemical composition, as data had shown
that approximately 75% of all high-iron billets either burned
in the preheating furnace, failed during extrusion, or the
rods falled during straightening; and also %hat analyses of
the runs of January 22-23 and February 19-20 indicated that
the severe cracking of the rod was related to billet com-
posltlo:m.‘9
Later it was definitely established that burned
billets, extrusion failures, and cracked rods could be coor-
dinated reasonably well with chemical composition and other
charecteristics of the original billets.‘o This had been
established to the extent that failure of certain billets
could be predicted under normal extrusion conditions, Spe-
cifically, a difference of a few parts per million of cer-
tain impurities in the metal, such as iron, manganese and
nickel in the analysis of the composition, made a very con-
siderable difference in the behavior of the billets during
extrusion.

It was also believed that porosity, intense cracks
and spongy metal were due, 1in part, to the characteristics

of the billet material; but on the other hand were also re-
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lated to extrusion conditions. It was felt that even if the
physical operation of extruding was improved, solid metal
could not be obtained in an extruded piece unless the billet
itself was sound.

These indications provided & firm basis upon which
to coordinate the activities of the various groups involved
in the program. The Corps of Engineers became actively en-
gaged in improving billet quality, both with respect to the
improvement of physical characteristics and the reduction of
chemicsel impurities. Its representatives visited the fabri-
cators' shOpssénd the Hanford Engineer WOrKSG%o establish
direct contact with the problems under consideration and to
obtain basic information by which its efforts could be better
directed to secure an early solution, As an initial step, it
placed a maximum iron content of 300 ppm in acceptable
billets.>?

While the Corps of Engineere was pursuing these
avenues of responsibility, the du Pont Company continued along
various pathes which ultimately would lead to improvement in
the physical operation of extruslon, Many possibllities
were explored, some resulting in few or no definite conclu-
sions upon which to base any correlation, whereas others pro-
duced gratifying results. In addition, many tangential
attacks either were made or planned on the elemental break-
downs of each operation‘;e the study became more involved,
in order to investigate further any posslible factors contri-
buting to the prevailing conditions.

During a meeting in Wilmington on March 17, 1944
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it was reported that since the middle of December, the yields
had shown less uniformity and the level had dropped alightly.“
The weighted average of the three best ylelds during thie
period was 88,7 percent.

These figures showed that a 2.2 percent difference
existed between the average yield since January 1, 1944 and
the average of the three best ylelds. This 2.2 percent loss
amounted to over 9,000 pounds of metal having a rework value
of the order of $90,000, The incentive for additional work
therefore was cleerly indicated, particuvlarly since it might
be possible to develop a method of satisfactorily extruding
billets of poorer quality, and since the higher yleld anti-
cipeted from the larger average blllet size had not beeﬁ
realized.

Continued experiments at Revere, under du Pont
supervision and direction, soon established the fact that
very few failures occurred during runs in which the iron con-
tent in the blllets was limited to 300 ppm maximum, and that
these failures were found to be assignable to other known
difficultieafﬁ’Other conclusive data also were determined,
an enalysis of which indiceated thLat a vefy influential factor
in extrusion was temperature control, botk in the furnace
and in thre press.a

By May, 1944 the inspection of cut slugs from
forty-five rods maechined at Baker Brotlers, Incorporated
showed emphatic progreses in the reduction of internal flaws,

cracks, and other 1mperfections? Extrusion fallures were
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very few and croppings had been reduced materially. There
was reason to believe that rods, made with improved prac-
tice, later would tend to improve quality even further,

However, no sooner hgd the extrusion dAifficulties
been reasonably well eliminated, or at least enalyzed, than
new difficulties arose due to the re-appearance of "red-bani"
(high-iron content) billets in the shipments to Revere,6?
There was also a preponderance of billets containing surface
imperfections., It was found, also, that the quality of
billets differed with respect to the varlous suppliers.

These conditione persisted during virtually every
billet delivery to Revere for severel weeke,wand on
June 13, 1944 the Corps of Engineers was foémally requested
by the Engineering Department to make every effort to hold
biilet physical quality to the highest possible standard 1!
since, as had been proved durling this externsive study, fur-
ther progress in rod quelity and yleld improvement would be
largely dependent upon improvement in the physical quality
of the billet., By this time, however, the major difficul-
ties had been overcome.

Aes the time approached for the transfer of the re-
sponsitility for fabrication of uranium from the Engineering
Department to the TKX Division, the practice of extrusion had
become reasonably well standardized and, upon the completion
of order RPG-704-1/2 at Revere in August, 1944, the TIX
Division was ready to carry on with the program., Altogether,
2,525,082, 40 pounds of billets had been extruded into
2,261,24¢€,27 pounds of rod on this contract at a total cost
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of $780,020.72., This resulted in an average cost of 34,49
ocents per pound of extruded rod weight or approximately
3.6 cents per pound when based on the yield of sound rod
produced. Tables included herein on the following two

pagee 1llst the performances on this order.

CONCLUSION

In conclusion, therefore, it is well to emphasicze
certain points peculiar to this program which deviaﬁed fronm
normal practice because of the paucity of information atten-
dant thereto, and to review briefly the performance of the
program together with the recommendations proposed for the
continuation of the work.

The Engineering Departiant in sixteen months had
prooessed through subcontractors some 1500 tons of uranium
billets into rods'tor subsequent machining into slugs. Dur-
ing the last twelve ﬁonths of the program some 1200 tons had
been extruded into rod for Hanford Engineer Works at Revere
Copper and Brass Incorporated at Detroit., After the Engineer-
ing Department order on Revere was completed the TNX Division
then placed an order on this same fabricator for future re-~
quirements,

In the Fall of 1943, extrusion was considered to be
a demonstrated process with only yleld improvement and unit
equipment capacity increase as further goals., 8ome progress
was made on both, but early in 1944 extruded rod gquality and
yield fell off oonsiderably. An intensive study of extrusion

was immediately organized with the assistance of TNX Division
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EXTRUSION RUNS AT REVERE COPPER AND BRASS INCORPORATED ON RPG-704-1/2 (Continued)

Rod KNo. KNo.
Dia. Billets Rods
e e o
1.46 616 613
1.46 554 553
1.46 330 329
1.46 596 596
1.46 324 324
1.46 662

962
1.46
e o8 o
1.46 600 591

1.56 940 938

1.46 640 639

E g 2

2

I

1.46 676 676
22, %1% 277180

Billet
Weight

36,729.19
73,358.13
78,867.89
65 202.4%6
39:055 57
70, ‘79 «90
29,2
118,9 2.14
112, 989099
EEe
113,626 80
77,804.53
78,199.63
72 , 459,26
gﬂ ,963.21

357.89

Rod Average Hbight
Weight Billet
33,116.44 120 108
65,326.03 121 108
70,147.01 128 114
58,&16 07 11% 106
34,121.71 11 104
63,063. 118 106
34, ggg.ao 121 108
107, .82 124 112
102, 299.04 270 110
69, 432,52 118 107
62,187.32 120 105
103, 23 121 110
71,578.22 122 112
72,015.42 119 -
68,060.78 121 110
77,762.33 125 115
7,%61,288.27 II3 102

Rod
Yield

3
23
8.8
89.3

2

AS M
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personnel temporarily assigned to the Engineering Department,
with the result that the principal variables were brought
under control, internal rod atructurq was considerably im-
proved, and the relationship of metal analysls and extrusion
performance considerably clarified. The limit of extruelon
performance had not been reached, but the point of diminish-
ing returns at Revere undoubtedly was at hand.

In placing metal fabrication orders, the du Pont
Company had been unable to use the normal incentive basls
whereby the vendor profits from yleld improvement, guarantees
quality, and takes all losses inclident to not meeting specifi-
cations. The lack of firm product specifications, the limited
supply of metal, and the high cost of any reworking of scrap
made 1t necessary to retain the responsihility for seeing
thet quality and yield were maintained, and to provide only
to & minor degree financial incentive to the fabricators.
It was believed that this situation would continue to persist,
and further improvement would be obtained only through active
and continuous du Pont participation in the fabricator's work.
It was entirely possible that the limit of improvement in ex-
trusion by outside fabricators was near, and 1t was belleved
almost certain that any substantial further gain would be
made only by du Pont performence of the febricatlion, There-
fore, if improvement in extruded rod quality or yleld from
billet were necessary, it was recommended that the extrusion
operation be adequately staffed and done at Hanford.

Regardless of the possiblility of extruding at
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Hanford, it was thought that extrusion should be continued

at Revere for at least some months, Continuance of the pre-
sent performance levels would probably, and improvement of
these levels would certainly, require continuance of existing
supervisory, engineering, and inspection activities at this
location. Therefore, it was recommended that the metal
fabrication program of the TNX Division in the East be placed
in charge of a supervisor with sufficlient resident staff to
see that existing standards were maintained and improved.

The uranium accountability records, which the Engi-
neering Department had maintained, were in a condition that
they could readily be transferred to Hanford without 4iffi-
culty.

As the fabrication of urenium rod from billet
passed from the Engineering Department to the TNX Division,
it was emphasized that this fabrication could not be handled
on the basls of normal procurement of operating supplies.
Quality specifications were still largely uncertain, ylelds
were not at a maximum, and,posslbly more important than
either, continuance of existing standards of quality and
vleld was by no means assured without considerable super-

vision and follow up.

SUMMARY
To summarize briefly, the extruelon program in-
volved the placement of four orders for the actual develop-

ment and production of extruded uranium rod, as follows:
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For Clinton Engineer Works
Purchase Order XPG-123-1/2 on the B, & T. Metals

Company, Columbus, Ohlo, for the extrusion of 303,705.25

pounds of extruded rod at a total cost of §130,597.13.
Purchase Order XPG-773-1/2 on Revere Copper and

Brass Incorporated, Detroit, Michigan, for the extrusion

of 152,845.25 pounds of extruded rod at a total cost of
$67,579.15.

For Hanford Engineer Works

Purchase Order RPG-704-1/2 on Revere Copper and
Brass Incorporeted, Detroit, Michigan, for the extrusion of
2,261,248,27 pounds of extruded rod at a total cost of
$£720,020.72,

Purchase Order RPG-4033-1/2 én Revere Copper and
Bress Incorporated for additional developmental work in
connection with, but over and above that, covered on

RPG-704-1/2, at a total cost of §7,000.00,

From the foregoing figures, it can be seen that
the ectual cost of extruding billets to produce 2,717,798.77
pounds of extruded rod amounted to $985,197.00, or at an

average unit price of 35.25 cents per pound,
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SECTION I1I

DRAWING, BWAGING AND ROLLING

INTRODUCTION

Extrusion was considered to be the most commer-
clally-adaptable method for the fabrication of uranium rod
from cast billets, but, after the program had progressed to
the degree that the largest potential increase in yleld was
believed to be effected by reducing the dlameter of the ex-
truded rod (in order to lessen the amount of machining re-
quired), other methods of fabrication, such as drawing,
swaging, and rolling, were proposed as possible alternates,

These all are squeezing operations wherein the
metal is reduced in cross-sectional aresa by the application
of one or more external forces, elther with or without the
accompaniment of external heat. Drawing i1s that operation in
which a rod is pulled under tension through a slightly smaller
orifice to induce a circumferential compressive stress capable
of decreasing the diameter of the rod; ewaging reduces the
diameter by a series of intermittent hammer-like blows acting
through eplit dies of the proper profile; and rolling reduces
the dlameter in a continuous operation by squeezing the rod
through rollers in which a configuration of the proper profile
has been machined. In this program, only the rolling opera-

tion was performed with the uranium at an elevated temperature.
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DRAVING

Early in August, 1943, the Battelle Memorial In-
stitute reported that a large part of the benefit of ex-
trusion of common metals and alloys lay in the fact that ex-
truded material was made commercially very close to the fin-
ished size, so that the removal of only a small amount of
material was required by machining;l For simple shapes this
enabled extrusion to compete with rolling, which was a much
simpler operation.

However, in the present practice, this advantage
was not being obtalned, as approximately twenty-two percent
of the rod was being removed to provide a slug machined to
the proper diameter and length. This turning loss, when
compared to the weight of the original billet, further re-
duced the yield to approximately 62,5% of finish-machined
slug to billet weight., If, however, the rod size could be
reduced, the recovery would be increased by as much as
eighteen percent,

This posesibility oreated a need for a general re-
view of the problem, and, in a meeting, consideration was
given to the possibility of drawing the rod to a size some-
what closer to the finished dimension than might be possible
in plain extrusion. Revere was receptive, and immediately
undertook preliminary developmental work in line with this
proposal, such work being considered a part of purchase order
RPG-704~1/2 and no additional charge therefore was to be made.

Within a short while Revere had drawn short lengths
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of rods in its laboratory, but considerable "ohatter" had
ooocurred and the resulting surface was not natiatactory.z
Consequently, its laboratory equipment was not considered
desirable for further work along these lines, 8Similarly,
subsequent work d4id not prove encouraging to the adoption of
this method as an alternate, as Revere's current experiments
with swaging as another consideration indicated this method
would be far superior to drawing.d

However, in January, 1944, the Metallurgical Labor-
atory undertook a series of experiments at the Joslyn Manu-
facturing & Bupply Company, Fort Wayne, Indiana, to deter-
mine the ductility of the uranium, B8ince embrittlement was
found to a marked degree in the drawn rods, thus necessitating
annealing before further fabrication, it was oconcluded that
drawing was not commercially feasible. Therefore, no further
vwork was performed on the development of this method, elither
by the Metallurgical Laboratory or by the Engineering

Department,

SWAGING

In order to expedite the developmental work relating
to the other alternate considerations for the fabrication of
rod, the Engineering Department planned to conduct experiments
on swaging concurrently with those on drawing.

It is to be emphasized that the primary purpose for
the evaluation of this method was to attempt to reclaim 6231
extruded rods which had become oversize because of a revision

in the sgpecifications., The swaging of this quantity of uran-
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jum, if feasible, was known to represent a considerable
potential saving in time, money and metal loss, and with the
developmental work thus justified, the Engineering Department
accordingly requested Revere to determine experimentally

the practicability of resizing by thie method. In addition,
the information accumulated would enhance the overall know-
ledge of the characteristics of the metal; information which
perhaps might prove valuable at some future date,

Revere, in carrying out this assignment, made ar-
rangements to have the rode swaged at the Wolverine Tube
Company as its equipment was not suitable for this purpose.‘

Subsequent analysis of the data from the swaging
test indicated that the dimensions could not be held to a
sufficiently close tolerances Furthermore, whereas the sur-
face was satisfactory, the rod was out-of-round, which was
undoubtedly due to the poor condition of the Wolverine
machine, Despite thig difficulty, however, Revere was firmly
convinced of the practiocability of swaging‘and, because of
ite superiority over drawing, Revere consequently was stopp-
ing all work connected with the development of a drawing
process.

8ince an elongation in the rod of eleven percent
had been obtained by swaging, thue effecting an equal reduc-
tion in the amount of metal to be removed and thereby greatly
increasing the ultimate yield of finished rod to billet
charge, 1t was believed that the results looked sufficiently

promising to do some further work 1f a satlsfactory machine
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could be found, or if the Wolverine machine ocould be put
in firet-class condition.

The Engineering Department then investigated other
fabricators and learned that the American Chain & Cable
Company, Incorporated, in Bridgeport, Connectiout, had facil-
ities for, and were willing to make, thie test on several
representative rode.’ When the trial swaging was attempted,
however, it was found that the swaging machine in use was
not large enough to oconduct a satisfactory test, so it was
then decided that the larger machine located at this fabri-
cator's Wilkes Barre Plant should be tried. Accordingly, the
rods were shipped to this location and the test was again
attempted. However, the correct size dies were not avallable
and only one rod was swaged.

To test the operation more conclusively, the
Engineering Department then placed purchase order RPG-3199-1/2
on thie fabricator for altering the dies and swaging eight
additional rods from 1.46" down to 1,.39" in diameter, These
resultant swaged rods were shipped to the Metallurgical
Laboratory for evaluationf but 1t was soon reported that the
operation would not be suitable for the end use to which
these sluge would be put, as the cold-working of the metal
was so drastic that the metal setructure around the outside
surface was considerably impaired, 1In view of this state-
ment, reclamation of the oversize rods by this method was
abandoned.

By this time the Engineering Department was
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urgently engaged in investigating the possibilities of
rolling, which, it was believed, would prove far superior
to elther the drawing or swaging operations heretofore
undertaken; therefore, no further experimental work on

swaging was performed,

ROLLING

In June, 1943 the du Pont Company learned that
the Metallurgical Laboratory had under way an active program
to develop rolling as an alternative to extrusion.? This
group had placed an order on the Joslyn Manufacturing &
Supply Company for the development of a rolling technique,
and several runs on small quantities of billets were subse-
quently performed.

The first of these rollings was made on June 29,
1943, After the Engineering Department had performed certain
mechining tests on these reclled rods, it later advised the
Metallurgical Laboratory that in view of du Pont's past ex-
perience in machining extruded rods, and from the experience
gained on these rolled rods, present indications were that
efforts to secure a minimum diameter with this method would
result in the same problems as similar efforts on extruded
rod, /°

Following additional examination and testing of
these slugs, the development of rolling remalned compara-
tively dormant until March, 194k, when the Metallurgical
Laboratory, stimulated by the prevalence of defects then

being encountered in the extruded rods, again became in-
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terested in the prodlem and undertook to conduct additional
rollinga.”

This reopening of the rolling program coincided
with du Pont's entrance in the same field of endeavor, for
at this time the Metallurgical Laboratory recommended, and
the TNX Division requestedf'that the Engineering Department
arrange for a larger test rolling in order to establish more
definitely the position of this method of fabrication in
comparison with extrusion. The Engineering Department,
therefore, placed purchase order RPG-3779~1/2 on the Joslyn
Manufacturing & 8upply Company to roll thirty tons of 200~
pound billete into rods/? Although this was to be strictly
a production order, as all developmental work by this fabri-
cator had been covered on its order from the Metallurgical
Laboratory, it was evident from examination of samples after
the first run that additional experimentation was required.
This accordingly was attempted on the balance of the order,
but progress was considered very slow., Therefore, only three
rolling runs were performed at this location, the first of
which was made on May 9-10-11 when 231 billete totalling
60,122, 35 pounde were rolled into 462 rode aggregating
57,203.48 pounds, for an actual rod yield of 95.1 percent.’4
The second run, on June 2, resulted in the rolling of
twenty~-three billets into forty-six rods with billet and
rod welghts of 5899,80 and 5150.18 pounds respectively, for
a yleld of 87.3 percentﬁu'In the last run, on June 22-23-24,
252 billets totalling 64,725.21 pounds were rolled into
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96 rods aggregating 61,622,.86 pounds, to produce a yield
of 95.3 percont.”‘

From an analysis of the rolling operation after
these three rung it appeared that this prooess in its present
state of development was not as attractive commercially ase
extrusion,/ut was believed to indicate that rolling could
be developed as an acceptable method of fabrication.’®

Altogether, the progress made at Joslyn was ques-
tionable to the extent that the Au Pont Company believed this
work might better be transferred to another fabricator, for,
despite the fact that Joslyn had ostensibly developed this
process for the Metallurgical Laboratory, the results of its
three runs for du Pont proved that its knowledge of the con-
ditione under which the billets ehould be rolled was inade-
quate., However, one more run wae planned for July 20, 21 and
22, but after an examination of representative rods by the
ﬁetallurgloal Laboratory disclosed the presence of many de-
fects, the Engineering Department advised Joslyn that the
order was to be terminated without further work.

Because the quality of the rolling was definitely
Ainferior, owing to Joslyn's lack of sound technical knowledge
of the process with respect to the rolling of uranium, the
du Pont Company immediately investigated other fabricators
for the purpose of appraieing the abllity of each to develop
the rolling technique which to date had been lacking. Two
stainless steel and two non-ferrous rolling mille were in-

apected”%nd, in coneideration of its adequate technical
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staff and ability to perform developmental work, together
with the faoct that the rolling of uranium was believed to be
quite similar to that of stainless steel, the Engineering
Department placed purchase order RPG-4671-1/2 on the Carpenter
S8teel Company, Reading, Pennsylvania, for the development of
this rolling proceae.“ To execute this order, a total of six
round double-length billets and six square billets were to be
rolled, as it was believed this quantity would provide suffi-
cient data for the development of the process and the direc-
tion of subsequent action, Two of these billets were rolled
on August 27, and the remaining ten on September 3, 194,

After an examination of representative samples from
these runs, the Metallurgical Laboratory reported that the
quality of these rode, in general, also was found to be in-
roriorfmand from the results obtained, it was thought that
rolling was not a suitable alternative to supplant the ex-
trusion operation at this time,

With the completion of this order on the Carpenter
Steel Company in September, 1944, the reesponsibility of the
Engineering Department with respect to the development of
rolling wae fulfilled. Such production rolling as had been
performed at Joslyn, and the developmental work at Carpenter,
had been made at the request of the TNX Division, Analyses
of data had shown that rolling was a feasible method for tha
hot fabrication of uranium, provided that the inherent de-
fects in the rods, which could not be eliminated by varia-

tions in the rolling operations, could be tolerated, as these
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Amperfections were caused by some deficiency in the billet
casting method X% It was believed also that from 1/10* to

-~

1/16" machining allowance would probably be required for

acceptable clean-up to finished dlameter; allowances that

would not permit of any reduction in the machining loss,
It wae conoluded, therefore, that this operation

would not prove favorable in comparison with extrusion.

CONCLUSION

Thus, upon the completion of the Carpenter Steel
Company order the responsibility for the metal fabrication
program passed from the Engineering Department to the TNX
Division, The data accumulated to date were forwarded to
this latter organization for future guidance, and the devel-
opment of any additional information relating to conditions
or operationg yet undetermined would be made by, and at the
diecretion of, this group. The TNX Division also was to
place any subsequent orders required.

The interest of the Engineering Department through-
out its participation in the rolling program, though active,
might be considered as secondary for the reason that its
primary responsibility lay in the delivery of fabricated
rod in sufficient quantities to satisfy the requirements for
Hanford Engineer Works. This had been achleved through the
development of extrusion and in the application of data ac-
cumulated during intensive study to correlate billet behavior

with respect to extrusion technique, blllet chemical composi-
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tion, and billet physical characteristice. It logically
followed, therefore, that any divergence in any appreciable
magnitude from this central objective would have been de-
leterious to the program as a whole. The fact that this
goal had been achieved, and in addition had permitted the
alternate considerations of drawing, swaging and rolling to
be investigated, was indicative of the unified effort put
forth by the Engineering Department in attacking the various
elements of the many posslblilitles afforded in this program

for the essential production of rod.

SUMMARY
In brief summation, the investigetion of the alter-
nate methods of drawing, swaging and rolling covered the

placement of three orders, as follows:

- Drawing
The work in connection with drawing was included

in the charges for extruslion developmental work under purchase
order RPG-704-1/2, placed on Revere Copper and Brass Incor-
porated, and was not invoilced separately. Thlis same order
also covered Revere's portion of the work in the development

of swaging.

Bwaging
Purchase order RPG-3199-1/2 on the American Chain

and Cable Company for the swaging of eight rods and necessary

revisions to exlsting dies, at a total cost of $135.00,
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Rolling
Purchase order RPG-3779-1/2 on the Joslyn Manufac-
turing & Bupply Company for the production rolling of
163,664 pounds of billets at a total cost of $36,110,87,
Purchase order RPG-4671-1/2 on the Carpenter Steel
Company for the development of a rolling technique at a
total cost of $13,000,00.
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BECTION IV

OUTGASSING AND STRAIGHTENING

INTRODUCTION

In normal extrusion of the common non-ferrous
metals and alloys, it is the customary practice to straighten
the rod manually after it has been quenched. This operation
was performed at B, & T, Metals Company on order XPG-123-1/2,
and in addition, a primary straightening operation was per-
formed, also manually, before the rod was quenched.’ However,
though these two straightening operations were observed on
all rods extruded at this locatlion, the degree of straight-
ness produced was not acceptable to the machining fabricators
as the rods caused oonsidergble difficulty in thelr turret
lathes due to the presence of slight bows resulting in un-

balance and "whip".

EXTRUDED ROD

When this condition became known, the Engineering
Department immediatelj contacted the Joslyn Manufacturing &
Supply Company, for the purpose of placing an order for the
mechanical straightening of the rods, as a demonstration at
this location on four rode proved this method to be satis-
ractoryf' In negotiating for a quotation, however, it was
learned that a plant addition would be required in order to
fulfill the protective security requirements, and this firm

was consequently not considered for the work.
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Another survey by du Pont disclosed that the
Copperweld Bteel Company, Ain Warren, Ohio, was able to per-
form the operation satiafaotorilyzand. in addition, could
provide the required protection. Accordingly, purchase
order XPG-492-1/2 was immediately placed on this firm for
the straightening of an estimated 3000 rods of the diameter
required for Clinton Engineer Works.

At this same time the Metallurgical Laboratory,
after an analysis of representative extruded rods, advised
that approximately fifty percent of the total metal would
require outgassing, or removal of the gases entrapped in the
rod.? In accordance with this, the Engineering Department
then negotiated with Copperweld for the inclusion of this
operation as a part of 1ts order for straightening, as it was
believed the two operations could be performed at the one

plantf‘

Copperweld was receptive and with the assistance of
Battelle Memorial Institute 1t immediately set up facilities
for this purpose. After the first outgassing it was found
that the complete cycle could be performed in not more than
twenty-four hours on 25,000 pounds of metal, and the capacity
could therefore be maintained concordant with requlrements.‘
To determine the relative efficiency of this oper-
ation, samples were prepared from each of five representative
rods from the first run at Copperweld and were sent to the
Battelle Memorial Institute for analysis. Results proved
the operation to be satisfactory.

Virtually all of the rode that required outgassing
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and straightening for the Clinton Engineer Works were pro-
cessed at Copperweld 8teel Company on this order. The total
quantity ocomprised 5016 rods which were straightened, of
which 3485 were outgassed in addition, at a total cost in-
cluding experimental work, guarding and shipping of $49,192.79.
These figures indicate that of the 5063 rods extruded to the
Clinton size at B, & T. and at Revere on orders XPG-123-1/2
and XPG-773-1/2, respectively, approximately ninety-nine
percent were straightened and sixty-nine percent were out-
gassed at Copperweld. The few remaining rods had been manu-
ally straightened only at B. & T. Metals Company.

Bhortly before Revere was to start extrusion of
the Banford size rods, the Engineering Department was re-
quested to supply a small quantity of outgassed and straight-
ened metal for some experimental tests.é In complliance there-
with, it was planned to furnish a quantity of rods from the
first extrusion run at the Hanford esize, and to have these
rode subsequently outgassed and straightened at Copperweld,
as this was the only vendor set up for immedlate performance
of this work, Pﬁrchaae order RPG-705-1/2 was placed accord-
ingly on Copperweld to cover the processing of 205 rods at a
total cost, including guarding and shipping, of $1306, 22,

However, prior to this date, the Engineering
Department, in setting up the tentative production schedule
to meet the requiremente for the Hanford Engineer Works, be-
lieved that if the outgassing and stralghtening operations

could be performed by the vendor who was awarded the extrusion
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contract, the delivery of processed rods to the machining
fabricators would not only be expedited but also would effect
a pronounced saving to the Government by elimlnatlng'both
the additional shipment to a third party and the attendant
charges for protective security measures. Accordingly, nego-
tiatione were initiated with Revere Copper and Brass Incor-
porated for including these operations in with extrusion, 7
Revere was agreeable to the suggestion and immediately under-
took to set up its equipment under the guidance of the Battelle
Memorial Institute, ueing the same method as that previously
employed at the Copperweld 8teel Company. Revere expected
to start outgassing Hanfcord size rods during the run of
September 11 and 12, 8

Although Revere owned a small Medart Btraightener,
it preferred to straighten the rod with a twelve-roll machine
of larger capacity. This was satisfactory with the Engineer-
ing Department, and most of the subsequent rode were processed
in this manner, Howsver, after part of Revere's later pro-
duction had been shipped to various outside fabricators for
machining into Hanford elugs on Project 1553, it was leﬁrned
that the extreme ends of the rods were slightly bowed in
emerging from the twelve-roll machine, and eventually caused
difficulty during high-speed machining operations. To elim-
inate this condition, Revere straightened on the Medart
machine all remaining rods intended for fabrication on Project
1553, The rods for Project 9536 were processed as usual

through the twelve-roll straightener, as Hanford Engineer
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Vorks had expressed no objeotion to the presence of the
slight bow,

The Battelle Memorial Institute performed a cheock
analysis on some samples from the first outgassing, and
subsequently revised the epecifications to stipulate an in-
crease in the soaking period from six hours to nine hours
in order to provide for the larger diameter rods being out-
gassed, Thie revision wae inaugurated in the next run on
October 2, and remained in effect for the duration of the
contract,

Up to thies time all gas analyses had been made at
Battelle Memorial Institute for Revere. 1In an effort to
centralize all phases of the work relative to outgassing,
the Engineering Department requested Revere to undertake in
ite laboratory, under the initial guidance of Battelle, the
determination of gas content in the metal. This request was
acceptable to Revere, but it was not until several weeks
later that it was fully set up to perform the tests in its
laboratory.

The technical staff of Revere Copper and Brass
Incorporated had been actively interested in the outgassing
operation since its inauguration, and, during the course of
the initial runs, it frequently contacted representatives
of the Battelle Memorial Institute for specialized technical
advice, During one of these visits it was agreed that argon
be used instead of natursl gas in the muffle furnace when

heating the blllets for extrusion? in an attempt to reduce
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both the amount of oxide formed on, and the amount of hydrogen
absorbed by, the billet,

The Engineering Department approved the running of
one tegt using this method.”” It wae du Pont's feeling, how-
ever, that the relative scarcity of argon might have a ten-
dency to result in less complete blanketing and, in spite of
the limitations of natural gas, a good natural gas blanket
was preferable to an incomplete argon blanket,

This test was tried but the results indicated that
the use of argon would not eliminate the need for outgassing.’/
Accordingly, Revere used a natural gas atmosphere in its
furnace for the balance of the contract,

~ From the end of November, 1943 to August, 194l the
outgassing procedure was standardized to the degree that
little or no difficulty was experienced. Revere had set up
ite laboratory for determination of gas content and had been
making these analyses on samples removed from the front end
and from the back end of each rod. Later it was agreed that
only the back end sample be analyzed in order to reduce the
burden on the laboratory facllitiee!z The front end sample
was to be run as a check only if necessary,

In the meantime the Metallurgical Laboratory had
been conducting tests on heat treatment of the rods in an
attempt to improve dimensional stability. The procedure used
was reported to the TNX Division, which requested that the
Engineering Department adopt it at Revere if the equipment

so permitted. However, Revere stated that the propoeal
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appeared to be very impracticable for its furnace and equip-

ment, as approximately twenty-four hours would be required

to cool the rods after each heat treatmentﬁ” In view of theee

dirficulties, the Engineering Department advised the TNX
Division that no change in the outgassing procedure would be
made,

The process, therefore, remained stabilized until

the oclose of the work in August, 1944,

ROLLED ROD

Because it has been found necessary to outgas and
straighten the extruded rod, it was believed necessary also
to perform these same operations on the rolled rod, Hence,
purchase order RPG-4034-1/2 was placed on Revere Copper and
Bress Incorporated for the outgassing and straightening of
approximately 150 tons of rod which was to be rolled at the
Joslyn Manufacturing & Supply Company on order RPG-3779-1/2,

SBamples were taken from the first production roll-
ing at Joslyn and were sent to Battelle Memorial Institute
for determination of hydrogen content. BSBubsequent analysis
indicated that outgaesing of rolled rod would not be required
for metal of this quality.ﬁr

This indication was further strengthened after
analysis of samples from the second run showed less than 2
ppn of hydrogen. In view of these results, the TNX Divieion
advised that no outgassing was required for the rods rolled
on the second r\m.’6 However, in the interests of expediting

fabrication, these rods had already been processed at Revere,
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It was believed, though, that this was not vork
performed unnecessarily, as the outgassing operaiion was so
inexpensive in comparison to the remalning operstions re- '
quired for completion of the finished elugs that the faotor
of safety thus obtained was justified,

During the course of these analyses on rolled rod,
it developed that the gas content in the metal varied con-
giderably between the different suppliers. This trend was
definitely established after the second run, so that of the
496 rods produced on the last run, only ten required outgassing.

The proceseing of the rods from the first two runs,
and of these ten from the third run, constituted the entire
performance of work by Revere on order RPG-4O34-1/2,

Upon the completion of this work on the rolled rods,
and of that included in order RPG-704-1/2 on the processing
of extruded rods, the outgassing and straightening portion

of the metal program was concluded,

SUMMARY

The Engineering Department's participation in the
work of outgassing and straightening comprised the placement

of four ordere, as follows:

For Clinton Engineer Workg
Purchase order XPG-492-1/2 on the Copperweld Steel

Company, Warren, Ohio, for outgassing 3485, and straightening
5016, extruded rods, at a total cost including experimental
work, guarding and shipping, of $49,192.79.
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Tor Hanford Encineer Works

Purchase order RPG-705-1/2 on the Oopperweld Stesl
Company, Warren, Ohio, for outgassing and straightening 205
extruded rods, at a total cost inoluding guarding and shipp-
ing, of $1306.22,

Purchase order RPG-4034-1/2 on Revere Copper and
Brass Incorporated, Detroit, Michigan, for the outgassing
and straightening of 487 rolled rods, totalling 62,446, 14
pounds, at a total cost of $3122, 31,

The balance of the outgassing and straighte~ing
wae performed on extruded rode and was included in purchase
order RPG-704-1/2, placed on Revere Copper and Brass Incor-
porated, for developmental work, extrusion, and outgassing
and straightening. The charges for this particular portion

of the work were not segregated.
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SBECTION V

PROJECT 1030

INTRODUCTION

In December, 1543, the Clinton Laboratories ini-
tiated arrangements for the procurement of an additional
sixty tons of finished slugs over and above that'quantity
originally supplied them.1 Though these sixty tons would
require the extrusion of approximately ninety tons of
billets reserved for Hanford, the TNX Division had stated
that 1t would be satisfactory to divert this quantity of
material for thie specific purpose, Moreover, the assistance
of the Engineering Department was requested and obtained, by
the Clinton laboratories, for the procurement and fabrication
of these slugs. |

The du Pont Company would not be intimately involved
with this undertaking as it was the responsibility of the
Clinton Laboratories to place the orders and to keep all
accountability records, Du Pont would, however, be concerned
with 1t in the respect that its personnel would be assigned
to cover the inepection of material at the fabricators'
plants; and also, because the required fabrication would con-
flict to some degree with delivery schedules to Hanford, since
the expediency of the work necessitated placement of orders

on fabricators then proceseing material for Hanford,



v 87

On January 17, 1944, Clinton Laboratories advisged
thatlite purchase order CL-3224 was being written to cover
the services outlined in the quotation, despite the fact that
formal Governmental approval of the order had not yet been

4 On the basis of this information,

received but was assured,
the du Pont Company opened Project 1030 to record the chargees
incurred against this order, ¥

The Clinton Laboratories later advised the Engineer-
ing Department that additional services would be required to
cover the inspection of ite order on Paul & Beekman, Phila-
delphia, Pennsylvania, for the manufacture of aluminum cans,
These services were included as an alteration to order CL-3224
at an estimated lncrease of $600.00, ¢

Taking into consideration the scope of work out-
lined in the original order plus this alteration, the du Pont
Company was to furnish inspection services at four locatlons,
namely?

Revere Copper and Brass Incorporated Detroit, Michigan

Baker Brothers, Incorporated Toledo, Ohio

Aluminum Company of America New Kensington,
Pennsylvania

Paul & Beekman Philadelphisa,
Pennsylvania

These services were furnieshed for the duration of Clinton

Laboratories' orders on these vendora, or until the du Pont

Company was advised that its services were no longer required.
The Clinton Laboratories made one later request of

the Engineering Department to the effect that all invoices
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covering salaries and expenses in connection with work under
ite purchase order CL-3224 (Project 1030) should be certified
by the Corps of Engineers auditors dbefore being submitted
for payment.7 This procedure accordingly was adopted on
April 27, 1944,

No subsequent changee were made for the balance of
the work oovered by this project,

The total costs charged against Project 1030
amounted to approximately $20,500,00,
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S8ECTION VI

MACHINING, GRINDING AND GROOVING

INTRODUCTION

The sequence of major operations in the fabrication
of slugs comprised extrusion (or rolling), outgassing, straight-
ening, machining and canning. Extrusion, together with the
alternate method of rolling and supplemental considerations
of drawing and swaging, as well as the operatlions of outgas-
sing and straightening, have all been described in previous
sections. This section will be devoted to the problems en-
countered relative to the machining operations.

At the start of the slug progran the machining
characteristics of uranium were virtually unknown, and it was
therefore necessary that the Engineering Department arrange
for the prosecution of considerable work of a developmental
nature in order that sufficlient information might be accumu-
lated with which to direct future activities to produce the
fabricated slugs concordant with requirements,

The slug length and diameter for Clinton Engineer
Works were more-or-less fixed at 4,000" and 1.100" respec-
tively. However, the end contours were open to considerable
revision as they were dependent upon the type of closure which
ultimately would be developed in the canning process. This
condition necessarily accentuated the initial difficulties
attendant to the machining program.
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MACHINING

In order to prosecute the work in the most expedi-
tious manner, the Engineering Department investigated numerous
machine shops in the general vicinity of the B, & T. Metals
Company for the purpose of securing the geographical advantage
of proximity to the extruding fabricator., Altogether, some
twenty-five shops were investigated in the Columbus-Cincinnati
area, and 1t was found that the Herring-Hall-Marvin Safe
Company in Hamilton, Ohio was able to provide the necessary
machines and operators for this work; and in addition, was
able to segregate the machines into one area of its shop to
satisfy the protective security requirements.1 The other shops
contacted either d4id not have the proper equipment or else
were unable to conslder an order as thelr facllities were
taken up with other war orders. This survey, therefore re-
sulted in the placement of purchase order XPG-174-1/2 on the
Herring-Hall-Marvin Bafe Company for furnishing labor and
equipment to machine an estimated quantity of approximately
4000 slugs, 1.280" diameter by 6.000" long, and approximately
50,000 slugs, 1.100% diameter by 4,000" long. 2

Because so little was known of the machining char-
acteristics of the metal, the fabricator had no firm basis on
which to quote., Coupled with this condition was the antici-
pation of numerous deslgn changes and the necessity for con-
siderable developmental work in the determination of proper
cutting speeds, applications of various cutting oils, and

standardization of cutting tools. For these reascns, the
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Engineering Department was logically unable to exact a quo-
tation on a unit pblce basis whereby the vendor would assume
the loss in the event any machined slugs failed to pass in-
spection. 8ince this normal incentive was lacking, this first
machining order, and several subsequent ones, were placed on
a machine-hour basis., It 1s well to note, however, that after
the machining characteristics of the uranium had beocome known,
and the speocifications "frozen", the remalning orders under
this program were placed on a unit price basls,

In order to satisfy the security requirements and
to prosecute the work in the most effective manner, 1t was
necessary to enclose one portion of Herring-Hall-Marvin's
shop and to rearrange and relocate certain equipment. Later,
it also became necessary to install a rebuilt turret lathe
which had been purchased by du Pont on order XPG-117-1/2,7
The machine-hour price on this particular lathe reflected
this ownership and was, of course, less than on each of the
several'ahop-owned lathes also used for the prosecution of
the work.‘4

This order, while placed for production quantities,
nevertheless was virtually experimental in nature, It was
recognized from the start that the work being performed con-
currently at the Metallurgical Laboratory, Grasselli Chemicals
Department Research Laboratory, Aluminum Company of America
and Battelle Memorial Institute would require the machining
of quantities of slugs to different dimensions and contours

at numerous timee during the life of the contract. These
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requests, and they were frequent in number, were accordingly
filled either at this fabricator's shop or at other shops
which laﬁer were covered by subsequent purchase orders.

The immediate problems to be undertakan at Herring-
Hall-Marvin centered in the determination of the machining
characteristics of the uranium, and soon it was found that
the metal work-hardened rapidly, the outer surface was very
abrasive and 4ifficult to machine, and tool 1life was very
short.¥ Too, the adherence to close tolerances presented a
problem extremely d'.fficult to master in view of these con-
ditions, as it developed that equipment that performed satis-
factorily when machining steel would produce a pronounced
taper and out-of-round condition when turning uwranium, As a
result, the machining problems encountered in the performance
of all orders under this program required the thorough over-
hauling and rebuilding of virtually all used equlipment in
order to produce machined sluge capable of meeting the speci-
fications,

While Herring-Hall-Marvin was endeavoring to perfect
the operation, the Engineering Department was conducting an-
cther investigation of other shops in this general area for
the purpose of securing additional machining facilities so
that the fabrication of one hundred tons of Clinton slugs
could be completed by September 1, 1943, It was anticipated
that at least four more turret lathes would be required for
exclusive use on this work during June and the major portion
of July in order to complete this phase of the work in the
alloggd time.®
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Approximately forty shops were contacted, but of
these only Baker Brothers, Incorporated, in Toledo, Ohio,
appeared to be capable of handling the work to satisfy the
developmental, production and security requirements. Pur-
chase order XPG-582-1/2 was placed on this fabricator on
May 29, 1943 for a portion of the total machining required.

By this time certain revielons in the finished
dimensions were required in order to adapt the contour of the
slugs to the caps being used in the canning operation at
Aluminum Company.’ These revisions were applicable also to

8and to the order

the new order just placed on Baker Brothers
soon to be placed on the B, & T. Metals Company;g

Shortly thereafter, it was evident that the two
fabricators then machining the metal would be unable to main-
tain production as scheduled, and the development of additional
facilities again became necessary.“’This was accomplished
reedily by the placement of order XPG-753-1/2 on the B, & T,
Metals Company, of Columbue, Ohio, as this fabricator, since
the previous investigation, had secured sufficient iteme of
used equipment to handle this additional work. Also, as
B. & T. had performed a portion of the extrusion for this pro-
Ject, on order XPG-123-1/2, the protective security require-
ments were already satisfied and a minimum of from two to four
weeks saved thereby over the placement of an order on a fabri-
cator not cleared. This lag in clearing a firm placed every

incentive on the Engineering Department to profit expeditiously

by not changing from vendors who had been cleared, and through-
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out the entire program this procedure was followed whenever
possibdble.

It subsequently developed, however, that field con-
ditions on the project site were such that the requirement
for early delivery of finished slugs could be relaxed some-
what. This protraction was lmmediately refleoted in the
lessened amount of machining work that was allotted to B, & T.,
as it had developed that its equipment was not sufficiently
accurate to hold the required tolerances without extreme Aaif-
ficulty. In order to use these facilitles to the best advan-
tage, the Engineering Department then diverted some slugs,
which had been used by the Grasselll Research Laboratory in
its experiments, to the B. & T. Metals Company for reclaiming
by machining. This quantity was small, however, and after
completion of the reclaiming work the order was closed out.
Altogether, only 110 slugs were machined on this order at a
total cost including guarding, boxing and shipplng, of
§2123.83,

Up to this time the developmental work had shown
that the optimum peripheral speed in machiring appeared to be
approximately one hundred forty feet per minute” when using a
dilute solution of Hydromite as a cutting oll. This liquid
was tried after numerous tests had indicated that other solu-
tions produced an inferior surface. The Corps of Engineers
also requested that it be used at all fabricators, after it
had been discovered that a higher recovery of turnings was

obtainable when Hydromite was used in the machining., While
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its cost was greater than that of the usual lubricante, it

was therefore specified over the objections of the fabri-

cators after the Metallurgical Laboratory had approved its use, %

Numerous tests were being conducted also in deter-
mining the most satisfactory cutting tool to be used. Because
of the abrasive surface of the metal the usual tool tips
could not be used for machining to diameter, After experi-
menting with various alloys and with Carboloy tips, it was
agreed, and later atandardized.'that tungeten-carbide tools
be used.

By the latter part of June, 1943, the Engineering
Department was faced with the problem of scrapping a quantity
of machired slugs which did not pass inspection because of
oversize or undersize dimensions. While every effort had
been made at the fabricatore to conform to the specifications,
it was inevitable that some slugs would be produced which were
sub-standard in one or more respects., To utilize as many of
these as possible, the Engineering Department submitted to
the Metallurgical Laboratory a prooedure‘%uhich later was
approved)"whereby those slugs falling within certailn dimen-
sional ranges could be re-machined for acceptance. The orig-
inal tolerances were still retained after the procedure was
inaugurated, but, in the interests of expediting fabrication
and in attaining a minimum loss of slugs to scrap, the causes
for rejection were considered slightly raore flexible within
certain approved limits,

The metal requiremente for Clinton were well along

toward completion when, in early September, 1943, the Engi-
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neering Department was advised that an additional thirty tons
of rod, which to this time had been held in reserve, was to

be machined to the standard Clinton specifications/* The Engi-
neering Department accordingly included this work in that being
performed on orders XPG-174-1/2 and XPG-582-1/2 at Herring-Hall-
Mervin and Baker Brothers, respectively.

The work at Herring-Hall-Marvin was completed in
October, No undue difficulty had been experienced in machin-
ing the rods after the essential information relating to the
optimum metﬁod had been determined, In all, 3100 rods had
been machined into 63,985 slugs, at a total cost including
guarding, medical services, boxing, shipping, express charges,
necessary repairs to machines and similar allowable expenses,
of $119,712.82,

The work at Beker Brothere, Incorporated on order
APG-582-1/2 also came to a close about this same time, after
machining 2107 rods into 41,133 slugs and reclaiming 4267
other slugs, at a total cost including all incidentals allowed
in the contract of $63,113,47, However, prior to thie com-
pletion, order RPG-800-1/2 had been placed on this same fabri-
cator for approximately 500 hours of machining work in con-
nection with the slug development program for Hanford Engineer
Works, and included also the reclamation of used experimental
slugs for the Grasselli Research Laboratory." Baker was se-
lected because of its heavier machines and the inherent abil-
ity of thesge to maintain closer tolerances, '’

The Englineering Department, in placing this order,
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antioipated the early installation of machining facilities
at Hanford Engineer Works to handle the production work for
that project, These facilities were put into operation in
December, 1943 and, except for certain amounts of material
desoribed later in this chapter, machined all subsequent slugs
required at the site.
The status of machining at the close of 1943 re-
solved itself into the followlng:
1. All uranium which had been allocated to
Clinton Engineer Works had been extruded
and muchlned‘by the end of September.’a
2. Experimental slugs for the canning devel-
opment program were being machined at
Baker Brothers, together with what re-
claiming of used sluge was required for
Grasselli Research Laboratory.
3. The facilities in the 300 Area at Hanford
were in operation in machining slugs.
4, Defects in extruded rod had just become
quite prevalent at Revere Copper and
Brass Incorporated, and machining tests
were to be made at Baker Brothers to
determine the extent of the 1.mperfcact:i.ons."9
At the start of 194lL, therefore, with the production
machining of slugs well under way at Hanford, the interest of
the Engineering Department in the machining program lay prim-

arily in the fulfillment of various requests for experimental
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elugs. The actual production machining for Hanford had been
absorbed by the Explosives Department, and the Engineering
Department's portion of this phase of the slug program was

drawing to a close.

MACHINING - PROJECT 1/R3

However, the program was reactiviated in May, 1944
when Project 1553 was opened to record the charges on a speclal
order from the Explosives Department for the fabrication of
48,000 unbonded slugs for Hanford Engineer Works.?? The work
covered by this project comprised essentially machining and
canning, as the procurement of rod was already covered by
orders RPG-704-~1/2 on Revere and RPG-3779-1/2 on Joslyn, and
required merely the-diversion of a portion of the total pro-
duction. As much as possible of the rolled rod, however, was
to be used for these unbonded slugs.z’

The need for these finished slugé was 80 criticalzz
that the Engineering Department planned to distribute the
machining work among several fabricators. An lnvestigation
of various firms was undertaken immedlately for the purpose
of placing orders on & unit price per plece basis, as the
machining characteristics of the metal had been well established
by this time. As a result, orders were placed in repid suc-
cession on three machining fabricators: RPG-4014-1/2 on Baker
Brothers, Incorporated, Toledo, Ohio; RPG-4018-1/2 on C, H,
Schnorr & Company, Springdale, Pennsylvania; and RPG-4021-1/2
on McKinney Tool & Manufacturing Company, Cleveland, Ohio,

Theee orders were all to be performed on a 24-hour per day

basls to expedite dellvery.
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The unit prices quoted by these firms varied ocon-
piderably. Baker was lowest at $2.75 each, and Schnorr was
highest with a variable price ranging from $11.97 to $9.13
each, depending upon the final quantity machined.

The reasons for these wide differentials in prilce
could be traced to the unfamiliarity with working the metal,
the comparative ages of the equipment with respect to the
ability to hold the tolerances, and the costs for segregating
the work behind enclosures. However, these slugs were required
for startup of Bullding 105-B at Hanford, and in compliance
with procedures dictated by the Corps of Engineers for use
during emergencies, cost became secondary to delivery.23

The scope of work of these orders originally contem-
plated machining the slugs to finished dlameter and length.
Soon after the work had started, however, Baker Brothers sug-
gested that production could be increased if rough-turned
slugs were ground to finished dlameter, as this was the best-
known high-production method to produce work to close toler-
ances. Accordingly, this firm arranged to purchase and in-
stall a centerless grinder for production by this method.

The Engineering Department immediately acted upon
this suggestion and purchased, on order RPG-40U42-1/2, a center-
less grinder for ultimate use in the 300 Area but for immediate
use at McKinney in the performance of order RPG-4021-1/2.
Schnorr already had equipment to center-grind and converaion
wae made immediately to this operation.

By this time, however, 1t wae learned that Baker
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could not secure its grinder in time to meet the stringent
delivery requirements on the slugs, so the Engineering
Department then was forced to place order RPG-4291-1/2 on
the Wm, E. Pratt Manufacturing Company of Joliet, Illinois,
for the centerless grinding, at a unit price of $1.20 each,
of rough-turned slugs. This company had been performing
certain work for the Metallurgical Laboratory and thus was
cleared for the immedlate execution of this order. The
scope of the order on Baker was then altered to include only
the work preparatory to the grinding operationf‘ Because of
this change, Baker was able to increase greatly its production
by ueing equipment which was sultable to the wider range of
tolerances acceptable for rough-turning. This increased
output necessarily was accomplished at increased cost due to
the use of additional personnel on overtime shifts, greater
consumption of Hydromite, and various other factors not pre-
viously contemplated. For these reasons, no adjustment was
made in the unit price for the elimination of the finlshing
operation as the increased costs closely approximated the
original cost of the finlshling operation.

No unusual difficulties were experienced in the per-
formance of this work other than with the previously-mentioned
prevalence of bows in the ends of the rod, After this condl-
tion wes corrected, however, the operations assumed the

espects of normal commercial production,

GRINDING
From the start of the machining program, the Engi-
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neering Department had been interested in the development
of a method which would produce a superior finish on the
surface of the sluge to facllitate the application of the
anticipated bonded coating which must follow for the Hanford
Engineer Works. Because a method of securing higher produc-
tion rates to closer tolerances was also being sought, and,
because the end use to which these slugs would be put was
believed to require as perfect a surface as possible for the
efficient operation of the pile, finishing by centerless
grinding was thought to be a solution to both problems,

In May, 1943 the Engineering Department shipped
ten Clinton size unfinished slugs to the Carborundum Company
in Niagara Falles, New York, for the purpose of experimentally
grinding to determine the type of abrasive wheel to use and
the optimum speeds to maintain during a production grinding
yﬁLzSThese findings were reported soon thereafter, but were
not put to use until the Metallurgical Laboratory conducted
centerless grinding tests at the Joslyn Manufacturing & Supply
Company in Fort Wayne, Indiana.?®The results of these first
tests proved that the operation was feasible, although fur-

ther developmental work was required.’

Subsequent tests by
the Metallurgical Laboratory confirmed these findings and
enabled the development of a sultable technique for fabrica-
tion by this method.*® From thie time on the Metallurgical
Laboratory used centerless grinding quite extensively for the
preparation of samples.zg

However, all slugs for Clinton Engineer Works had
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been fabricated, and the facilities for Hanford had been
purchased, installed and were in operation before the grind-
ing technique had been developed. This method therefore was
not used for the fabrication of the slugs in the 300 Area at
Hanford until much later in the program, after receipt of
the grinder which had been loaned to McKinney Tocl & Manufac-
turing Company for use on order RPG-4021-1/2.%° However, with
the inception of Project 1553 for the fabrication of 48,000
unbonded slugs, grinding was early considered as an essential
operation and thus was incorporated in the necessary scope of
work. As mentioned previously, orders were placed on a total
of three firms able to grind the slugs to finished diaueter,
The only difficulties experienced in the fulfill-
ment of these contracts were attributed to the pyrophoric
character of the metal when reduced to grindings, and with
ite tendency to react with water. Bo hazardous were these
conditions that 1t was necessary to incinerate all grindings
in order to accumulate and ship safely the scrap generated
from the operation, Other than this, though, the operation
was standard and was performed without difficulty.

GROOVING

In Beptember of 1943 it became evident that in order
to perform a satisfactory test on the unbonded slugs, revisions
to testing methods and slug design would be necessary. The
Engineering Department had suggested that a longitudinal
groove be milled on the machined surface for the full length
of the slug to accomplish this result. Later, after it had
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made certain tests, the Metallurgical Laboratory accepted
this 1dea and worked out the mechanics of the deflection |
test. Accordingly, it was planned to mill thé-groove in all
Clinton slugs then uncanned.

The machining order XPG-174-1/2 on Herring-Hall-
Marvin was nearing completion at this time, so, 1n order to
expedite the grooving operation by utilizing available facil-
ities, the Engineering Department awarded this portion of the
work on a machine-hour basls as an alteration to the order,

In the same manner Baker was requested to groove those slugs
then in its possession on an alteration to order XPG-582-1/2,

Similarly, this operation was included in order
RPG-800-1/2, aleo on Baker, for the grooving of slugs, &e
directed, for any unbonded canning development.

As this operation involved merely the milling or
shaping of a 60° V-groove approximately 0.010" wide at the
top, no difficulty was experienced in the performance of any
of the orders.

The Clinton Laboratories advised soon after thise
that 1t was in process of stripping the cans from a quantity
of fifteen tons of rejected slugs.?/ As these slugs constituted
a portion of the original requirements for this project, it
was thue the responsibility of the Engineering Department to
arrange for grooving, refacing the ends, and recanning. 8ince
Baker was the only fabricator then performing any machining
of uranium for the Engineering Department, it was thought

advisable to place the grooving and refacing work on this
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firm also, on order XPG-1795-1/2, and thereby effect a saving
by eliminating the need for additional guard service, which
was already provided on order RPG-800-1/2,

With the completion of order XPG-1795-1/2 in April,
1944, the machining and grooving phases for Clinton Engineer
Works came to a close,

The program under Project 1553 for Hanford Engineer
Works originally included the grooving of all slugs, which wae
to be performed as a part of the canning order RPG-LOLO-1/2
on the Quality Hardware & Machine Corporation in Chicago.32
Only a few sliugs had been grooved at this location when an-
other can-testing method was developed, thereby eliminating
the need for this operation.” No subsequent grooving was

performed on any slugs.34

CONCLUSION

With the completion of the machining work for Project
1553 being performed at Baker Brothers, Bchnorr, McKinney and
Pratt, the responsibility of the Engineering Department in
connection with the machining of uranium slugs was fulfilled,
The program embraced the initial determination of the machin-
ing characteristics of the metal, and required the analyses
of much experimental effort to establish the optimum machin-
ing speed, the type of cutting lubricant, and the class and
contour of cutting tips to be used for successful production.
In addition, the practice of centerless grinding was investi-
gated and later adopted after it was proved a feasible method
of finishing to diameter,
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Altogether, the program required the production
machining of more than one hundred thirty tons of slugs for
the Clinton Engineering Works and of approximately 51,000
Hanford eize slugs for Project 1553, as well as the reclama-
tion of used sluge and the experimental machining of slugs
for the varlous consultants working on the development of
canning. Quantities of uranium were processed also for other
special tests, and for use in the exponential test plle at
the Metallurgical Laboratory.

SUMMARY

The program required the placement of ten purchase
orders for the performance of the work as listed below. All
incidental costs, such as for guarding, express, medical ser-
vices and the like, insofar as are contained in the final

alterations, are included in the cost figures for each order,

For Clinton Engineer Works

Purchase order XPG-174-1/2 on the Herring-Hall-
Marvin 8afe Company, Hamilton, Ohio, for the development of
methods and production of 63,985 slugs at a total cost of
$119,712. 82,

Purchase order XPG-582-1/2 on Baker Brothers, Incor-
porated, Toledo, Ohlo, for the development and production of
41,133 slugs and the reclamation of 4267 others, at a total
cost of $63,113.,47.

Purchase order XPG-753-1/2 on the B, & T. Metals
Company, Columbus, Ohio, for the production of 71 slugs and
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the reclamstion of 39 others at a total cost of $2,123.83,

Purchase order XPG-1795-1/2 on Baker Brothers,
Incorporated, Toledo, Ohio, for the grooving and refacing
of ends on 12,435 slugs at a total cost of $4,262, 34,

For Hanford Engineer Works - Project 95%

Purchase order RPG-800-1/2 on Baker Brothers, Incor-

porated, Toledo, Ohio, for the machining, grooving and recla-
mation of slugs as required in oconnection with the slug devel-

opment program, at a total cost of $19,888,48,

For Hanford Engineer Works - Project 1533

Purchase order RPG-4014-1/2 on Baker Brothers,
Incorporated, Toledo, Ohio, for the rough-machining and fac-
ing to length of 16,899 slugs, 7004 of which were finish-
machined in addition, at a total cost of £51,270.91.

Purchase order RPG-4018-1/2 on C, H, Schnorr &
Company, Springdale, Pennsylvania, for the rough-machining,
facing and grinding of 16,308 sluge at a total coet of
$163,815, 74,

Purchase order RPG-4021-1/2 on McKinney Tool & Manu-
facturing Company, Cleveland, Ohio, for the rough-machining,
facing and grinding of 17,746 elugs at a total cost of
$81,924, 08,

Purchese order RPG-4OUO-1/2 on Quality Hardware &
Machine Corporation, Chicago, Illinois, for the unbonded
canning of slugs. The charges for grooving the few slugs

prior to the elimination of this operation were included in
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the unit price for canning and were not segregated,
Purchagse order RPG-4291-1/2 on William E. Pratt

Manufacturing Company, Joliet, Illinols for the centerless

grinding of 10,007 slugs at a total cost of $12,250,00.
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BECTION VII

DEVELOPMENT OF CANNING METHODS

INTRODUCTION

From the start of du Pont participation in the
deeign and construction of Hanford Engineef Works, 1t was
recognized by all interested parties that the great majority
of the design informatlion covering certain phases of the pro-
Ject must be secured through the medium of the Metallurgical
Lavoratory of the University of Chicago. The necessity for
this information wlith respect to the metal fabrication program
was particulerly urgent. Because of the very nature of the
project, the du Pont Company was initially unable to perform
the design work on this program until certain necessary in-
formation was supplied by thé various consultants. The metal
fabrication progfam required, therefore, that adequate inform-
ation and specifications be provided by the Metallurgical
Laboratory, through the TNX Division of the Explosives Depart-
ment, to the Engineering Department; in order that procurement
of the finished slugs might be effected at the earliest com-
mensurate date,

Owing to the peculiar properties of uranium, and to
the absolute necessity that its performance in the pile con-
form to certain requirenents, it was essential that the ex-
terior surface of the slugs be protected in some manner which

would prevent its reaction with the water in the pile. The
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earliest oconsideration proposed as a means of protecting these
surfaces visualized the application of a metallic coating to
the machined slug, either by electroplating or by a hot-dip
process. The Office of S8clentific Resesarch and Development
placed a separate contract with the Grasselll Chemicals
Department Research Laboratory, located in Cleveland, Ohio,
for the development of a satiefactory coating process utili-
zing this conception, Despite considerable research work and
experimentation by thls latter group, the electroplating pro-
cess subsequently proved unfeasible for commercial production,
and ultimately was abandoned in favor of a hot-dip process
that also was being evaluated, and which, it was believed,
would satisfy more fully the requirements.

Past research had determined that the most suitable
covering for the prctection of the uranium slug and for its
efficient operation in the pile was aluminum, Therefore,
with but few exceptions, virtually all investigations and
developmental work incurred in the protective coating of
slugs employed aluminum in one form or another.

Whereas the responsibility for the development of
the canning methode was vested in the Metallurgical Labora-
tory, the Engineering Department was responsible for the
quantity production of the finished sglugs and for the procure-
ment of all speclal equipment — whether to be used at the
fabricators or at the Hanford Engineer Works — which was re-
quired for this production.z 8ince the fabrication of any of
the component parts making up the finished slug assembly neces-
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sarily required experimental work to varying degrees, it wae
but a short step for the Engineering Department to absord
the attendant responsibilities therefor in the prosecution
of its duties to provide adequate production., The actual
developmental work, however, was subcontracted to firme famil-
iar with that particular type of fabrication, Furthermore,

to effect the start of production, or to maintain it, neces-
sitated that the Engineering Department on several oocasions
accept the present method as satisfactory, rather than to
Jeopardize the program by walting for more-advanced informa-

tion or subsequent revisione to the proceee.z

CLINTON SLUGS

On March 3, 1943 it was agreed between representa-
tives of the Clinton Laboratories and the du Pont Company
that the coating of uranium slugs by a hot-dip process could
best be carried out at Clinton Engineer Works, and that the
Engineering Department would arrange, in cooperation with the
Grasselll Laboratory, to see that the necessary equipment
facilities for housing it were installed in time to carry
through the coating operation on the 100-ton initial quantity
of slugs.3

It was recognized, however, that there was a dls-
tinct posseibility that the hot-dip coating would not be
satisfactory for the Clinton slugs, and in this event some
other coating technique must be found., Grassellil Laboratory
wag still working on the electroplated coating as a possible
alternative, and the Metallurgical Laboratory was studying
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the possibility of fabricatirg aluminum jackets on the
metal slugs,

No suitable coating method had been demonstrated
by the latter part of March.? While electroplating or hot-dip
coating conceivably might still be developed for Clinton, it
remained entirely possible that canning in aluminum, which
was anticipated for Hanford, might have to be extended to
Clinton. However, no commitments for work on canning were
undertaken by the Engineering Department at this time,

The Grassellil Laboratory soon advised the Engineer-
ing Department.that there was little poesibility of a deci-
sion being reached regarding the construction of the coating
plant at Clinton, to use either the electroplsting or hot-
dipping method, until such time as further information had
been developed covering an alternative procedure then being
investigated by the Metallurgical Laboratory:‘

In view of the original schedule which called for
the completion by June 1, 1943 of the coating of the total
number of slugs required for Clinton, Grasselli had proceeded
with the preliminary work of layling out coating plants for
both the hot-dipping and electroplating processes, locatine
suppliers for required equipment, and securing estimates of
delivery dates. These plans for a commercial coating plant
were tentative only, and no commitments were made, It was
apparent, moreover, if large-scale coating by either of these
processes was to be started by May 1, that construction of

the coating plant must be started at once. There was serious
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doubt, even then, that the construction of a plant would be
accomplished in the allowable time,

Representatives of the Metallurgical Laboratory
and the Grasselll Laboratory then agreed that sufficient
evidence to Justify the construction of an electroplating or
hot-dip coating plant was not then avallable, and the Gras-
selll Laboratory diecontinued any further activity in con-
nection with the design or recommendation for construction
of any such plant, This left the possibllit; of applying an
aluminum Jacket, or can, around the slug as the only feasible
method.

The Engineering Department immediately investigated
two avenues of endeavor to develop a satlsfactory canning
method. Developmental work was initiated at the Aluminum
Company of America in New Kensington, Pennsylvania, and at
the Wolverine Tube Division of the Calumet & Hecla Consolidated
Copper Company in Detroit, Michigan. Alcoa basically was
requested to develop a method for sealing the slug in the can
by the insertion of a cap over the open end of the slug, and
then to braze or weld the can to the cap. An alternate en-
desvor by Alcoa was directed toward closing the can by spin-
ning 1t over the end of the slug, followed by brazing or weld-
ing over the resultant small opening'.6 Wolverine's activities
were occupled only with this alternate method, 7

From the start, Alcoa contributed invaluable assis-
tance in the development of its method., Preliminary tests

made on a few experimental canned slugs proved that brazing,
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as attempted, was unsuitable; and that unlese this method
could be considerably improved, canning by this means must
be considered as impracticable and without Justification for
further development along chese lines.®

In order to prevent any deleterious effects on the
process in the pile, it was recognized that no impurities or
particles of foreign matter should be contalned within the
sealed can. This requirement therefore excluded the use of
any welding flux, and imposed upon all groups an assignment
that already was extremely difficult to conquer, Fluxless
welding of thin aluminum sheets was virtually an uncharted
fleld, and, though commercial equipment had been developed to
weld heavier-gauge sheets, the attendant burning of the sheets
and running of the weld with extremely light-gauge stock ulti-
mately proved to be the major obstacle to the canning progran,

Thie exigency accordingly prompted the investigation
of seam welding and spot welding, and, although no experimental
vwork had been performed on the former, it was believed that
this method would quite probably be more adaptable than spot
welding. However, both spot- and seam-welding experiments
vere to be carried on concurrently so that the respective
merite of each could be determined and evaluated.

During April, 1943, many time-consuming attempts
were made by Alcoa to obtain a sound type of fluxless spot
weld on a riveted end. When welding was attempted with uran-
ium slugs instead of with the steel slugs previously used,

the results were uniformly disappointing. However, with the



V7K 4
101

cooﬁeration of the Taylor-Winfield Company, Alcoa later
obtained some very promising examples of seam welding with
this manufacturer's machines. These specimens were recorded
as being sufficlently succesgsful to warrant the installation
at Alcoa of a Taylor-Winfield seam welder, with the thought
that the New Kensington Plant be set up for production
experiments.,

By the end of April, 1943, Alcoa had progressed with
canning to the point where samples of both seam-welded and
spot-welded éans were ready for inspection by representatives
of the Engineering Department. These samplec were displayed
for comparison, and a test made on the tightness of the cans
proved conclusively that seam welding was the more satisfac-
tory method.3 However, thls type of closure required approval
from the standpoint of heat transfer, necessity for evacuation,
importance of individual air content, hot hydrogen test and
final methode of inspection for plant use.

At a meeting held subsequently to discuss the status
of the work at both Alcoa and Wolverine, it was decided that
the du Pont Company would purchase a special welding machine
from the Taylor-Winfleld Company for use in a seam-welding
the canned slugs at Alcoa, as it was the consensus that the
canning method as adopted by Alcoa would be satisfactory.

By the early part of May, 1943, Alcoa had become
sufficiently familiar with the problems involved to submit a
firm quotation to cover the developmental work in connection
with, and the production of, 90,000 canned Clinton size
slugs. Purchase Order XPG-U423-1/2 was accordingly issued



, -4

[
to cover this work,

It was decided also that order XPG-427-1/2 would be
placed on the Wolverine Company for the developmental work
and canning of. 500 slugs to be produced by an alternate
method. This procedure was believed desirable in view of the
remote poesibilities of the ultimate failure of the welded
casings which then appeared so satisfactory.

Although the representatives of the Metallurgical
laboratory had expressed the thought that there would pro-
bably be some further improvements in canning 1:ecshnique’,9 it
was nevertheless agreed betwsen Alcoa and du Pont that in
order to meet the expected start-up of production on June 1,
1943, the method as proposed would be considered satiefactory
~until proved otherwise, From this date on, experiments with
seam welding continued to improve and progress was rapld.

The sequence of operations as performed at Alcoa
comprised: insertion of slug and cap in can, polishing the
can, seam-welding the can and cap, trimming off the excess
can to length, testing of control cans, and crimpling the up-
standing edge of the can to force it flat agalnet the face
of the cap.’o

As a part of the developmental work included in
order XPG-U423-1/2, Alcoa was requested on numerous occasions
to fulfill various requests by the Metallurgical Laboratory
or Grasselll Laboratory for specimen'%r epecial'%anned slugs,
These were used for additional research or for development of

testing methods, corrosion studies, or bonding techniques,

44
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and were not made availatble for later use at Olinton.ﬁ’

By the middle of July, 1943, the Engineering Depart-
ment had been advised that the requirements for Clinton Engi-
neer Works would be 100 tons of canned slugs and, in addition,
thirty tons which would be machined only.F’Inasmuch as the
type of coating had a direct bearing on the diameter of the
machined slug, the Engineering Department immediately re-
quested the Metallurgical Laboratory for advice concerning
the anticipated mathod of coating to be uesd on these addi-
tional thirty tons, The Metallurgical Laboratory stated that
the hot-dip coating, which was still being evaluated, cracked
at the edges during the canning operation and it was very
unlikely that this method would be available in time to affect
the canning operation on any part of the 100 tons originally
ordered for Clinton.AfExperimental work was proceeding in an
effort to improve the hot-dip process but, pending receipt of
this information, the Engineering Department was to proceed
on the assumption that all of the sluxs ordered for Clinton
should be machined to the standard 1,100" dlameter. Subsequent
developments in the hot-dip process 4id not Justlify 1ts use
in the Clinton program,

Early in August, Wolverine reported that progress
was improving in the canning of the 500 experimental alugs./6
When du Pont explained that complete evaluation of these would
be necessary before further steps could be taken for the pro-
curement of additional quantities, Wolverine emphasized the

fact that there was some doubt as to its abllity to continue
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the development of new oclosures required for Hanford Engineer
Vorks, in view of new fabricating business which it was then
scheduling in its shops. This decision left Alcoa the only
remaining source of canning for either the Clinton or the
Hanford slugs, until canning facilities could be set up in
the 300 Area at Hanford.

Wolverine endeavored to fulfill the requirements of
order XPG-427-1/2, however, and ultimately completed a total
of 487 canned slugs of the 500 requisitioned. The great

'%md all developmental

majority of these were not acceptable
work againet this order was atOpped.le The order was later
closed out without additional work having been performed.

By September, 1943 the welding operations at Alcoa
had become somewhat standardized and performance was falrly
predictable, B8everal different cleaning solutione had been
tried with varying degrees of success, However, the Engl-
neering Department believed that the welding procedure could
be improved to the extent that fewer rejects would be pro-
duced, In an endeavor to further the development of weldiné
and to uncover any possible alternate methods, representatives
of the Engineering Department visited the General Electric
Compeny in Schenectady, New York, to investigate methods under
development.”” Here it was learned that thin aluminum sheets
could be welded satisfactorily by means of an alternatlng.
current tungsten arc working in an atmosphere of argon.
Arrangements were made for metallogrephlc examination of

welded samples at the Engineering Departmenﬁ Experimental
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Station and, on order RPG-1384-.1/2, for the welding of addi-
tional samples at the General Elsctric laboratories. After
additional testing thie method was specified for the canning
of Hanford slugs.,

In the meantime, purchase order XPG-1628-1/2 had
been placed on Alcoa for the canning of 60,000 Clinton slugs,
to be sealed by resistance welding. Only 12,768 elugs had
been canned when thie welding method was considered unsatls-
factory for higher-temperature pile operation, Although the
fusion welding method had not then been fully developed, 1t
was known to be superior to resistance welding under the pro-
posed conditions, and order XPG-1628-1/2 was accordingly can-
celled.

All canned slugs from Alcoa were tested by the hydro-
gen and the hot-air methods after their receipt at Clinton
Engineer Works, Both methods loosened the mechanical bond
between the slug and the can because of the annealing char-
acteristice of the test, and thle loosened condition made
possible the testing of sluge by the later~developed deflection
test, which, by November, 1943 indicated that a quantity of
approximately fifteen tons leaked and would require re-canning.
Inasmuch as the Engineering Department was yet to supply thirty
tons of Clinton slugs which were to be machined only, the
Clinton Laboratories stripped the cans from these leakers
and applied these slugs agalnest the thirty tons, The Engi-
neering Department then placed order XPG-1750-1/2 to cover

the developmental work and canning, employing the fusion
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welding method developed by General Electric Company, of
slugs to replace the leakers. This order, unlike the two
previous orders placed on Alcoa, was awarded on the basis of
du Pont's supplying all component parts required in the
assembly, as well as furnishing the speclal arc welding
machine for Alcoa's use.

Ultimately, the process was developed under du Pont
direction and a total of 17,456 slugs wae canned on this
order. This completed the requirements for the Clinton
Engineer Worke with respect to the Engineering Department's

participaticn in the program.

HANFORD SLUGS

The development of canning methods for Clinton was
necessarily extensgive because of the paucity of information
on any form of coating or welding procese, and the lack of
any firm specifications based oh performance characteristics
of the slug in the pile,

This situation was somewhat different with the
Hanford slugs, as the information gained from the preliminary
developmente in canning the Clinton slugs was coneidered
applicable to the larger slugs for Hanford, In addition,
the machining and canning facilities to be installed in the
300 Area were expected to produce all the slugs required for
Buildings 105-B, 105-D and 105-F, The developmental work
required in the Hanford program, however, surpassed in
magnitude that required for Clinton, owing to the need for
& bonded type of slug for efficient use in the water-cooled

pileﬂo
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Up to June, 1943, virtually all of the information
on the Hanford slugs was very tentative and subject to con-
tinued revision by the Metallurgical Laboratory. On June 5,
however, slug size was crystallized to the extent that the
Engineering Department could undertake preliminary work in
the development of certain phases of the canning program.zo
It was then the intention that practically the same welding
methods for sealing the slug in an aluminum can would be
folloved for Hanford as for Clinton,

Purchase order RPG-277-1/2 was placed immediately
on Alcoa to cover the developmental work, procurement of
required tools, machines, and other necessary equipment to
enclose satisfactorily the Hanford size slugs as directed by
the Engineering Department. This work would include also
the furnishing of 3000 experimental canned slugs of three
different types.

In the developmental work attendant to the canning
of these slugs, Alcoa had been attempting, in conjunction
with the Metallurgical Laboratory, to perfect a method for
bonding the cans to the slugs.z’ This procedure involved, in
brief, pickling the sluge in a warm nitric acid solutioen,
and dipping first in molten zinc and then in a 92% tin-8%
zinc bath. The slug was then inserted into the can and the
assembly was forced through a hot die to effect a metallie
bond between the can and the slug.

Alcoa expressed willingness to attempt the incor-

poration of bonding technique into its production of slugs,
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and the Metallurgical Laboratory agreed to provide the
Engineering Department with an outline of the method as
it was then understood.

In September, 1943, representatives of the Metal-
lurgical Lsboratory and du Pont decided that orders would
be placed for the equipment necessary to can the Hanford
slugs in accordance with three methods:ze

1. An exact duplicate of the method then used for
Clinton slugs.

2. An electroplating applied to the slug and the
can the same as the Clinton method.

3. A hot-dipped slug bonded to the can with a tin-
zinc solder,

The Metallurgical Laboratory later proposed double-
canning the slugs, and it was the opinion of the Alcoa group
that more would be gained by using a thicker can than by the
use of two separate cans encasing the slugs. However, the
TNX Division had lined up a program with Alcoa for the im-
provement of the welded closure which included, among other
considerations, the use of the double cans and also the alter-
nate use of a double cap, each cap belng welded or brazed
in place.??

Meanwhile, it was the consensus of various Divisions
in the Englneering Department that efforts to produce a per-
fect weld should be continued while the alternate closure
designs were being 1nvest1gated3¥ Then, in order to eliminate

any possible interference with this work from other essentlal

war ordere at Alcoa, the Engineering Department requested,
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and received, the support of General L. R, Groves, who in-

structed Alcoa that this work be given preference over any

other work on its production achedule.zg

The immediate program of developmental work to be

undertaken at Alcoa by the end of September, 1943, resolved
i1tself into the following:2®

c.

Two hundred Hanford-size slugs would be canned with
the double-welded seams, one directly above the other,
Alcoa would determine the minimum thickness of alumi-
num that could be used on a design employing two caps,
The Engineering Department would then decide whether
further work on this plan was worth while,

Ten Hanford-slze slugs would be canned, using two
cans, one assembled over the other and with the caps
seam-welded at opposite ends.

On October 15, 1943 the TNX Division advised the

Design Divieion that the development of canning should pro-

ceed along the following lines:

1.

27

The outside diameter of the canned slug, encased

in a double can with alloy bonds at all inner sur-
faces in the assebbly, would be 1,440 inches, The
bare slug diameter would be determined by the thick-
ness of the aluminum cans, which should be kept to

a minimum consistant with the assembly and welding
requirements., The aluminum end caps which provide
for an air space at each end of the assembly should

be designed to withstand 200 pounds per square inch
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operating pressure without collapse or excesslive
defleotion.

2. In developing a method of assembly it should be
the objective to incorporate a sufficient degree
of flexibility to permlt elimination of the inner
can and assembly and to provide for an enlarged-
diameter slug within the single can.

By the latter part of October, 1943, the Engineer-
ing Department believed that the developmental work for the
various canning methods had progressed sufficiently to permit
a firm decision as to the ultimate method to be adopted. As
a consequence, therefore, representatives of the University
of Chicago and the TNX, Design and Construction Divisions
agreed generally on the following:za

1. A bonded can with air-gap insulated ends would be
intensively developed. Double-canning, employing
tin-zinc solder, was favored. Air-gap insulation
must be provided by & tight-fitting aluminum end
cap in order to insure that no solder would pene-
trate into the cap space where reaction with the
hot base metal could result in loss of insulating
value,

2. The Metallurgical Laboratory should be responsible
for the development of a satisfactory bonded alumi-
num can and the methods for testing the qualities of
the finished sluge. The responeibility for develop-
ing manufacturing methods should lie with the du

Pont Company.
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3. The real responsibility for the manufacturing
developmental work would have to lie within the
du Pont Company, and it would be necessary for

the members of the Engineering and Explosives

Departmente to come to some agreement between

themselves as to the best location for the

prosecution of this work,

In order to provide production facilities for
Hanford, du Poht recommended that a production unit be
developed and set up complete, insofar as time would permit,
and perform on a limited production basie the necessary
steps to manufacture canned slugs for Hantord.zs The develop-
ment of this unit was necessary not only to save time but to
permit development of equipment for this process, such equip-
ment not existing at that time, and to demonstrate that the
equipment so developed would function satisfactorlly at
Hanford. The locations suggested for this unit were the
University of Chicago, Hanford Engineer Works, and the
Wilmington 8hops.

From an analysis of the facllitlies at these loca-
tions, it appeared that Wilmington Shops would best serve the
purpose, It had available space, complete mechanical facili-
ties located within a short distance of the source of cans,
the use of both the chemical and metallurgical facilities of
the du Pont Experimental 8tation, and could be under complete
supervision of the Development Engineers, the Design Divislon,

and the technical and operating personnel of TNX,
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Before this experimental canning line ocould be set
up, however, certain developmental work would be required
which possibly would necessitate additional effort in the
development of equipment or practices not then considered.
The inauguration of the work would require the immediate
development of:

1. Perfectly straight side wall aluminum cans with tol-
erances of plus or minus ,001 inch., Cans had never
been manufactured commercially to these specifica-
tions,

2. A producticn method for tinning the surface of the
cans and procurement of the necessary equipment.

3. The time sequence for the various elements of the
operation, and the design and procurement of the
special fixtures and handling devices to prevent
damage to the slugs.

4, An end closure of minimum thickness, and

5. Automatic operation of the selected type of welding
machine,

The magnitude of this work required close coordina-
tion of effort between Divisions and Departments of the du
Pont Company. Meetings were held at frequent intervals to
plan and schedule the work to be performed at the Bhops.
Whenever possible, equipment intended for ultimate use in the
300 Area at Hanford was diverted for this experimental line,
Portions of orders on fabricators of the various component
parts making up the assembly were delivered to the Bhops.

¥hen modifications to existing equipment or fabrication of




¥ /30

" new equipment became necessary, the faclilities of the SBhops
were utilized for the purpose,

On November 1, 1943 the TNX Division adviged the
Engineering Department of the design that would be utilized
as a basls for developing a canned slug suitable for use at
Hantora 39 Though it was recognized that this design, even as
modified by development of the Bhops program, might not repre-
sent ultimate perfection; the object of the program neverthe-
less was to arrive at a method of canning which would yield
usable slugs,

The experimental canning program thus was divided
into three parts:

1. Research, to be the responsibility of the Metal-
lurgical Laboratory.
2. Procurement and Design, by the Engineering Department,
3. Production Process Refinement, by the Explosives
Department,
The initial efforts by the Engineering Department were to be
directed toward specifying simple and easily-obtalnable
equipment which might be adequate for the purpose, but not
necessarily either efficient or mechanized.

As a part of the program, the Engineering Depart-
ment placed orders for equipment required for the experi- |
mental canning line at the 8hops. After the Corps of Engi-
neers had secured General Electric Company's approval for
omission of the patent clause, order RPG-1439-1/2 was also
issued for four argon-shielded fusion welding machines. One

of these was shipped to the 8hops, one to Alcoa, and the
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remaining two to Hanford. All equipment was ocharged to the
300 Area and ultimately was reshipped to this destination,

Meanwhile, developmental work had been progressing
at Alcoa in an effort to improve the seam welding method.
Alcoa was still experimenting with various cleaning solutions
and had discovered a vapor degreasing and immersion method
that gave excellent results,”’ This procedure was later
approved by the Metallurgical Laboratory.>Z

Early in January, 1944, the Metallurgical Laboratory,
in summing up the statue of Hanford coating methods to date,
advised that from the corrosion point of view aluminum-silicon
bonding was capable of providing a perfect coating for Hanford
slugs, as can undercutting and swelling troubles were prac-

tically non-existant >

However, the present uncertainties in-
volved in this particular type of bonding process were:
1. How soon and how completely could the process
problems be solved, and,
2, How much trouble might result from the brittleness
of the bonds?
Aside from these, the two main process problems that remained
to be solved were concerned with the aluminum insulating caps
and the equipment used for the actual canning operation,
On January 8, 1944 the TNX Division advised the
Design Division that from the accumulated evidence on corro-
sion testing at the Metallurgical Laboratory, it would be
advisable to abandon the tin-zinc bonded double-canned slug

aasembly;"Therefore, further work on double canning, includ-
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Ang that at the Wilmington Shops, should be limited to only
that which was necessary to complete unfinished testing of

equipment and whioh might contribute to the develcpment of

an alternate method of assembly,

The most promieing alternate method at this time
comprised an aluminum can of 0.C35" wall thickness, bonded
with aluminum-giliocon on a base coat of copper-tin applied
directly to the slug by hot-dipping. The work at Wilmington
Shops, at the Metallurgical Laboratory, and at Grasselli
Laboratory was to be concentrated on the further development
of this assembly system. At the latter two locations, equip-
ment was then being fabricated for the assembly of slugs by
thie method. Meanwhile, the activity at these two sites would
be in the nature of preparation, but would include also some
éxperimental production of single-canned slugs bonded with
tin-zinc alone, Nelther of these methods, however, would be
permitted to interfere with anything that could be done at
any time on the aluminum-silicon method,

Equipment necessary for producing assembled slugs
with the aluminum-silicon method of bonding was to be installed
at the Wilmington 8hops as quickly as possible, While awalt-
ing completion of this equipment, however, testing was to con-
tinue of tools, fixtures, and other equipment which could be
used on the aluminum-silicon method and which was then on
hand at the Shops. This would include insulator cap testing,
production of different types of insulator caps, and develop-
ment of equipment for applying the cap to the slug.
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As each piece of equipment for the aluminum-silicon
bonded single-can system was developed to the point where it
could be used, even though on a limited scale, at Hanford
for production assemdbly of canned slugs, it was to be in-
stalled as quickly as possible in the 300 Area as well ase
at the Shops.

By the close of January, 1944, the TNX Division had
advised the Design Division of various recent developments at
the Metallurgical Laboratory and at the OGrasselli Laboratory
which might affect the design aﬁd equipment testing at Wil-
mington Shops.35These developments disclecsed the fact that:

1. The most promising electroplated base coat now
appeared to be chromium,

2, The bronze-tin aluminum-silicon hot-dip coating
method was favored on the basis of test per-
formance, and

3. It might be necessary to use aluminum cans with an
aluminum-silicon veneer on the inside.

At this time the developmental work at Metallurgi-
cal Laboratory and at Grasselli had crystallized to the
extent that a tentative method of canning the aluminum-zinc-
silicon single can assembly could be reported."’6 This method
ultimately developed into that used at Hanford, but a consid-
erable amount of work remained at this time in order to per-
fect the process to a degree sultable for production,

One of the most persistent faults encountered in the
developmental work at the various locations was the damage to

the can while in the heated die. Both the Wilmington Bhops
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and the Metallurgical Laboratory were attempting to overcome
this difficulty and also, as a part of the same problem, to
prevent fouling of the dle with molten aluminum-siliocon.
After a variety of discussions and tests, it was agre2d that
the most promising method would employ an expendable steel
sleeve, in the form of a can, in which the slug and aluminum
can would be encased temporarily during the assembly opera-
tion;’7The steel can would then be removed during the quench-
ing operation, This method was adopted in principle and was
to be evaluated in practice. The Grasselli Laboratory was to
gecure steel and brass sleeves for trialfahnd the Engineering
Department was to develop a source for the steel cans.

Results from experimental work at all locations
during February, 1944, were encouraging.’® Coneiderable progress
had been made at Grassellil in assembling sluge in 0.035" wall
aluminum cans, using the aluminum-silicon bonding method.
Samples of canned slugs were prepared by using a thin steel
sleeve in the hot dle, with satlsfying results. Further work
was done at the Metallurgical Laboratory on the tin-zinc
solder bond method, which it was felt was now completely
developed as an alternative in the event that aluminum~-silicon
could not be used for some unforeseen reason,

Welding continued to be the chief problem of the
slug assembly., Various experimente were made to reduce the
tungsten electrode diameter but the resultant quality and
yield were very poor. 8lugs belng welded on a production

scale at Alcoa, under the supervision of du Pont and Metal-
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lurgical Laboratory, showed an acceptable yield of about
sixty-five percent. The work on welding at the Wilmington
Shops was direoted toward developing fixtures for holding
the slugs, adjusting the electrodes, and removing heat from
the welding zone.

It was found that an objection to the aluminum-
silicon method wae in the formation of a brittle alloy layer,
but further study at Orasselli, and also at Hassachusetts
Institute of Technology, revealed that this brittlensess was
limited only to certain conditions. Also, the electroplated
chromium base coat used in this method was not satisfactory.

Despite the vast amount of experimental work which
had been performed on all phases of the canning operations,
it was believed that additional improvement could be made in
the cleaning of the aluminum cans., To pursue thie matter
farther, members of the Engineering Department visited
Rengselaer Polytechnic Institute early in March, 1944, to
witness tests and obtain information on the cleaning method
which had been developed there for the National Advisory
Committee on Aeronauticsi“’This method was subsequently evalu~
ated at the Metallurgical Laboratory, Wilmington 8hops, Grae-
gelll and Hanford?’and while 1t produced an excellent surface,
was not as rapid as the caustic process and thus was not used.

By the middle of April, 1944, tests on aluminum-sili-
con bonded sluge proved that less than 20§ of the slugs were
acceptable.‘z The Metallurgical Laboratory then recommended

that Hanford take steps to set up as soon as possible a cann-
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ing line for the produoction of zino-bonded slugs, However,

the main obstacle to complete acceptance of this process at

this time wae the lack of a complete solution to the welding

problem, but recent improvements in thie operation looked so

promising that there was little doubt of ite feasibility.

program fox Hanford was interpreted ae follows:

1.

30

By the latter part of April, the status of the slug
49

Three methode of ocanning were currently receiving
consideration! aluminum-silicon bonded, rzinc-bonded
and unbonded,

The aluminum-sgilicon method had passed through Labor-
atory and Semi-Works development, The zinc procese
had passed through Laboratory development only. The
unbonded slugs of the Hanford size had passed through
Laboratory development only, but more than 100,000
slugs of this type had been manufactured for Clinton.,
Equipment was in operation at Hanford and additional
equipment was to be delivered there shortly for the
aluminum-silicon process. No equipment for the zinc
or unbonded processes as such had been procured but
both methods could use portions of the aluminum-sili-
con equipment with little change.

Cane in quantity were available for either the
aluminum-gilicon or the zinc process but not for

the unbonded. Caps in quantity would be avallable

in the near future for the aluminum-silicon procees

but not for the zinc or unbonded,
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7.

10.
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Finished slugs were tested for bond penetration
and welding. Testing methods were probably ade-
quate, Standards of acceptability necessarily

were based almost entirely on theory and calculation

arid might be significantly 1n error,

The aluminum-silicon procegs was currently producing

approximately 25% acoceptable sluge under present
etandards, Corresponding figures for the zinc and
unbonded processing were not available but most
recent data on Clinton unbonded slugs indicated
approximately 85% acceptance,

The quality of aluminum-silicon bonded slugs could
not be expected to improve substantially by oper-
ating technique alone.

Defective slugs from the unbonded process could be
reclaimed immediately. Possibility of reclaiming
from the aluminum-silicon and zinc processes was
being studied actively with encouraging results.
Plant Ainstallation of such recovery equipment was

probably at least two months off, Reclamation of

defective slugs was absolutely necessary to conserve

metal,

No method of fabriocation would produce 50,000 slugs
by July 1 without lowering the standards of accept-
ance,

By lowering the standards of acceptance, the alumil-
num-silicon process could produce 50,000 slugs for

the first pile by July 1.
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Zino-bonded slugs could be produced for the second
pile by September 1,

Unbonded slugs could be produced for the second
plle by September 1, or for a portion of the first
pile if 1t were unable to go into operation until
August,

On August 18, 1944 the Engineering Department con-

firmed instructions given it by the TNX Division that addi-
tional facilities, as listed below, would be provided for

canning of sluge by means other than those installed at

present at Hanford Engineer Works.#/

1.

Equipment similar to that in use for canning unbonded
slugs on Project 1553 would be procured, Modifica-
tions in this equipment, as indicated by the exper-
tence of the members of the Engineering Department

or TNX Division, would be made for more efficient
operation of this process in a production line set-up.
The essantial pieces of equipment would be provided,
recognizing that such things as toole for this equip-
ment, dies, etc, would be dependent upon further
information to be developed by the Operating Depart-
ment at Hanford.

Equipment eimilar to that used at the Metallurgical
Laboratory for canning of slugs with a zinc bond
between the slug and the can would be procured.
Designs for this equipment were available from the
Metallurgical Laboratory and would be used without

revislon,
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3. No developmental work in connection with any of
the equipment or processes involved was to be con-

ducted by the Engineering Department at this tinme,

PROJECT 1k53
By May 2, 1944, the aluminum-siliocon process appeared

so discouraging, from the viewpoint of immediate production
of acceptable slugs, that the TNX Division requested the
Engineering Department to arrange for the immediate fabrica-

tion of 48,000 unbonded Hanford alugsf”-

These slugs would be
used for charging the first pile in the event that the bonded
method could not be evolved satisfactorily in time to meet
requirements, s 97

This program, charged to Project 1553 for conven-
ience in gegregating the costs, was primarily one which util-
ized known procedures of operatlon, and thus did not embody
to any great extent the development of extensively modified
or untried methods., It was recognized, too, during the sub-
sequent fabrication of these slugs, that the urgency of the
program would necessitate upon occasion the relaxation of
specifications and acceptance of quantities of finiehed slugs
or component parts which would be dimensionally outside the
tolerable limits originally imposed, 8.4

Since the Operating Department at Hanford meanwhile
had been undertaking the development of production methods
for the aluminum-silicon process, it was requested that the
manufacture of the 48,000 unbonded slugs be performed at

various commercial fabricators' plants in order that the work
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might not be delayed or be caused any interference. This
accordingly was done and the work at Hanford benefited
thereby.

During the 1life of the unbonded slug procurement on
Project 1553, developmental work at the various locations con-
tinued without interruption, The work at the Wilmington Shops
drew to a close in May. That at Hanford was concentrated on
perfecting the various operations developed by all the con-
sultants in an endeavor to meet the stringent requirements
for startup, not only of Bulilding 105-B, but also of 105-D
and 105-F.

By the latter part of July the major difficulties
in the aluminum-gilicon method had been surmounted at Hanford.
Production of acceptable slugs was increasing and the urgent
need for unbonded slugs diminished to the extent that the two
orders for canning were terminated after completion of approx-

imately 37,000 of the specified 48,000 unbonded slugs.’b

ADDITIONAL DEVELOPMENTAL WORK - PROJECT 9536

Despite the fact that procurement of finished slugs
appeared to be assured for startup of the piles, developmental
work continued with the ever-present thought of improving the
canning process and, indirectly, the operating charaoteristics
of the sluge in the pile — through the media of more effec-
tive heat transfer and greater resistance to leaking at the
weld,

One such anticipated improvement, requested by the

TNX Divieion, was the development of a slug assembly which
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would be characterized by a double-weld closure.”’ The Design
Division, in undertaking this assignment, arranged for the
work to be carried out at Alcoa on order RPG-5342-1/2; which
covered the development and production of fifty samples to
du Pont design, assembled by means of drawing a thick-wall
aluminum can on a sample steel slug in such a way that the
desired thicknese be produced at the top of the can in a

- single drawing Operation{zﬂl‘he Metallurgical Laboratory was
to furnish seventy-five heavy-wall cans suitable for thie
work.‘“

Alcoa proceeded with this work and by the end of
194k had sent samples of canned, but unbrazed, slugs to
Hanford.* Additional samples, brazed at Alcoa's Research Labor-
atory, later were submitted for the approval of the Operating
Department., This completed the work on this order and, while
it was an unusual process, Alcoa had developed methods which
gave results of excellent quallity and which were entirely
practicable for high quality production.

Upon completlion of this order, the Engineering
Department's responsibility for developing the manufacturing
methods for canning slugs drew to a close, It was expected
that any additional developmental work required would be
worked out by the Operating Department either with, or with-

out, the coordinated efforts of the varlous consultants.
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BECTION VII1

PRODUCTION OF CANNED SLUGS

INTRODUCTION

The production of canned slugs was performed, to
an appreciable extent, concurrently with the developmental
work associated with the various operations of the process.
As soon as a workable method was devised, production by this
method was intensified until later developments Jjustified
ohanges in the process. This recycling effect was anticipated
and, despite its disadvantages from the viewpoint of the fa-
bricator, represented perhaps the most expedient means of
securing delivery of slugs concordant with requirements.

The manufacture of slugs under these conditions im-
posed an abundance of work on all involved, whether it be the
Metallurgical Laboratory or the Grasselli Laboratory in devel-
oping the various laboratory methods, the du Pont Company in
extrapolating and applying these methods to a quantity pro-
duction scale, or the fabricatores in making immediate revi-
sions to operations or equipment to permit production by the
latest-known methods.

A production program of this magnitude, with respect
to both the quantities of slugs ultimately to be produced and
to the ever-present probability of immediate changes in methods
and techniques, required the procurement of a vast amount of

fabricated component parts to make up the finished assembly,



A6 1S

As might be expected from such a kaleidoscopic undertaking,
stability of design, tolerances, and even the composition or

the need of the basic part iteelf, were momentary.

CLINTON SLUGS

The Engineering Department, faced with the respon-
8ibility for procuring these slugs in startup quantities for
Clinton, and for the manufacturing developmental work for
both the Clinton and Hanford slugs, immediately undertook the
placement of orders on two fabricators for the development of
a canning process. It was realized that only with the prompt
utilizaetion of fabricators experienced in working non-ferrous
metale could the program hope to succeed within the allotted
time, Coordination of effort, invaluable assistance, and
sound technical experience were thus acquired immedlately and
served in no small way to advance the program,

Ag described previously in Section VII, the Aluminum
Company of America and the Wolverine Tube Division undertook,
under the direction of the Engineering Department, the pre-
liminary manufacturing developmental work on purchase orders
XPG-423-1/2 and XPG-U427-1/2 respectively. Whereas the latter
order ultimately was terminated without any appreciable con-
tribution to the proceess having been made, the order on Alcoa
produced tangible results and soon was altered to cover not
only the development of the process but also the canning of
80,000 Clinton slugs — considerably more than were required
for startup, This order included also the furnishing of both

extruded and drawn types of aluminum cans, aluminum caps, the
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sealing of the slugs in the cans, and the testing (by a method
to be developed by Alcoa and du Pont) of the finished slugs.

The original schedule of deliveries as set up by
the Engineering Department called for 56,000 canned slugs at
Clinton by June 30, 1943, 17,000 by July 31, and the balance
of 17,000 by August 31, 1943, This schedule proved to be too
difficult to hold, however, in view of the essentlal develop-
mental work influencing the extruslon, machining and canning
production, and it thus was not until June 14, 1943 that cann-
ing actually got under way. 8lugs had been canned prior to
thies date, but only for experimental purposes to improve the
operations,

The operations performed in the canning process com-
prised: cleaning, drying, assembling, slzing, welding, trim-
ming, crimping, testing the control slugs and inspecting the
uranium slugs.,

Cleaning, the first operation in the process, caused
considerable difficulty throughout the program, It was spe-
cified that no foreign matter such as grease, oil or dirt be
encased within the can for obvious operational reasons, and
also that the weld area be devoild of any contaminants which
conceivably might cause the formation of a defective weld.
Extensive study and experimentation were made by the various
groups and, though satisfactory cleaning methods were devised
and incorporated in the process, each method used was char-
acterized by one or more disadvantages.

The most obstinate operation was that of welding

without flux the can and cap to seal the slug inside the can.
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Through developmental work it had been determined that a
Taylor-Winfield eeam welding muchine, modified in accordance
with suggestions by du Pont and Alcoa, would produce a more
gsatisfactory weld than would the use of spot-welding equip-
ment., Alcoa accordingly used this type of seam-welder for
production of the unbonded Clinton slugs.

Small quantities of machined slugs began arriving
at Alcoa early in June and were canned. The daily production
rate on one~-shift operation at first was extremely low, but
was sufficlent for working out the process and for accumula-
ting a supply of uncanned slugs preparatory to the inception
of a second shift in early July. Production was dropped
back to a single shift in the latter part of August, however,
as thls was able to handle the canning of all incoming
machined slugs.

By this same time, 1t was determined that slugs up
to approximately 1/4" under the specified 4" length might be
uged for subsequent processing. This decislion released a
slzable quantity of slugs which were segregated and later
canned at Alcoa. This segregation was necessary because the
extent of the adjustments to be made on the equipment — to
accommodate the shorter slugs — Justified proceseing only
in large groups.

For the first month of production on XPG-423-1/2,
Alcoa averaged approximately 865 canned slugs per day. Suc-
cessive monthly periods averaged approximately 1260, 830, Us50
and 290 per day for the months of August, September, October

and November, respectively.
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] During the life of the order numerous requests were
fulfilled for shipment of selugs, in various stages of ocomple-
tion, to various groups for experimental or research purposes.
These requests amounted to approximately 1900 slugs, or more
than two percent of the total quantity of 90,000 requisitioned.
The total cost of the order amounted to $93,511.68, which in-
cluded the cost of canning 1000 slugs of special material
(not contained in the foregoing figures) for the Metallurgical
Laboratory.

When this order was placed, the overall procurement
plans called for the canning of one hundred tons of 1,100" x
4,000" slugs and the machining, but not the canning, of an
additional thirty tons. Quantitiee in excess of these figures
ultimately were prepared to allow for the shrinkage during
testing. '

When the finished slugs were tested by the hydrogen
and hot-alr methods at Clinton Laboratories, the mechanical
bond between the slug and the can was loosened sufficiently
to permit additional testing by the later-developed deflection
test, by which it was learned that more than forty percent of
the slugs were unacceptable, The Engineering Department
immediately had the thirty-ton lot grooved (to permit appli-
cation of this deflection test before shipment to Clinton) and
sent to Alcoa for canning against order XPG-1628-1/2, which in
the meantime had been awarded on a unit price basls for the
canning of 60,000 Clinton slugs. It was the intention that

this order would include also the recanning of approximately
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twenty tons of unacceptable sluge which were then being
stripped at Clinton Laboratories, and whioh were left in
excess arfter the Clinton Laboratories had withheld twenty-
five tons of unacceptable slugs for a special experiment.

The absence of a clear-cut epecification as to what
was required of the slug under process conditlions was believed
to be responsitle to no small extent for the status of the
welding operation up to October, 1943, Alcoa believed for
some time that approximately ninety-seven percent of the
closures made were tight, and, according to the testing pro-
cedure at that time, this was substantiated. Later, the test-
ing was made more severe and the leakers were found to be not
three percent but approximately fifty percent, but in the
meantime the welding process had been considered under con-
trol and developmental work on the welding technique was
discontinued,

It was not known, also owing to the lack of defin-
ite specifications, whether the resistance welding method
used at Alcoa was going to be satisfactory., This method had
been improved, but by the middle of October it was uncertain
if it could be refined any further. In view of these condi-
tions, the Engineering Department believed it advisable to
continue the investigation of the new fusion-welding method
then under development at the General Electric Company in
Schenectady, New York.

This new method was developed rapidly in the ensuing
weeks. Tests indicated that the closure produced, when using

thick~-wall cans, was excellent, In view of this, the Clinton
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Laboratories, on November 24, decided that all future Olinton
slugs should be encased in a thick-wall can sealed by fusion
welding. They agreed, however, that the remainder of the
thirfy tons being canned at Alcoa on order XPG-1628-1/2
should be seam-welded in thin-wall cans until such time as
the fusion welding equipment was set up and more thoroughly
proven., They also hoped that the quantity of stripped slugs
at Clinton, in excess of their requirements for the speclsl
experiment, could be canned by this new method, even though
the original 1ntenfion had been to process these in the same
manner as the thirty tons.

In compliance with these decisions, the Engineering
Department immediately negotiated with Alcoa for the develop-
mental work and canning of 45,000 slugs by the fusion-welding
process, It was stated that, should thls method be developed
successfully, this new order would reduce the quantity of work
covered by order XPG-1628-1/2,

Purchase order XPG-1750-1/2 was soon awarded to cover
this scope of work. Unlike those previously placed, it pro-
vided that 4u Pont was to furnish all cans, caps and slugs,
as well as to lend to Alcoa a fusion-welding machine for the
prosecution of the order.,

Because of the extensive developmental work belng
performed on this method of wélding, results were very en-
couraging. It was subsequently determined that order XPG-
1628-1/2 could be terminated in favor of order XPG-1750-1/2,

after 12,768 slugs had been canned by the now-obsolete seam-
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welding method, The termination of this work required subdbse-
quent cancellation charges because a quantity of 47,232 pleces
had been in procees at that time. Altogether, these charges
amounted to $3779.99, and thus brought the total cost of the
order to $14,513, 82,

By the latter part of February, 1944 it appeared
that a total of approximately 15,500 elugs would be available
for canning on order XPG-1750-1/2. Production by the fusion-
welding method vwas started on February 24 and completed on
April 12, 1944, with the canning of 17,456 slugs — a quantity
much less than that originally estimated, but which repre-
sented the total number of re-usable stripped slugs supplied
by Clinton Laboratories -- at a total cost, including the
developmental work and incidentals, of $16,224.62,

This work completed the responeibility of the Engi-
neering Department with respect to the Clinton program. In
all, a total of 120,224 unbonded uranium slugs had been canned
at Alcoa on the three orders at a total cost, as shown by the

final alterations to the orders, of $124,250,.12.

Component Parts for Clinton 8lugs
The manufacture of these finished slugs required

the placement of several purchase orders for the fabrication
of the component parts comprising the finished assembly.

The cans and caps required for orders XPG-423-1/2
and XPG-1628-1/2 were furnished by Alcoa as a necessary part
of each order. However, du Pont furnished this material for

the fusion-welded slugs on XPG-1750-1/2, Deep-drawn aluminum
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cans were purchased on XPG-1703-1/2 from Paul & Beekman,
Philadelphia, Pa., the same supplier previously used by

Alcoa for cans of this type. These cans were fabricated with
the same drawing dies that had been used on Alcoa'e orders,
and were modified, with Alcoa's permiassion, to compensate

for the heavier-wall can. The cost of this tooling charge
was $775.00 which, added to the unit price of $97.00 per
thousand cans, made the total price of the order $6595,00

for the production of the 60,C 0 cans ordered.

Numerous difficulties were experienced in the man-
ufacture of these cans until the process was perfected., By
the end of January, 1944 it was estimated roughly that approx-
imately seventy-five percent of the fabricated cans were
acceptable. The production rate was such that, even with
this percentage of rejections, it was well ahead of canning
requirements,

The 60,000 colned caps, the only other component
part necessary for this assembly, were purchased from James
H, Matthews Company, Pittsburgh, Pa., on order XPG-1726-1/2,
Before quantity production of these could begin, however,
one hundred caps were sent to Alcoa for approval., An addi-
tional one thousand were shipped a few weeks later, but pro-
duction of the balance was held up pending possible design
changes.,

Within the next few weeks the design had been
altered because of the developmental work being undertaken
at Alcoa on XPG-1750-1/2, and in March a revised quotation
for furnishing 15,000 cape of this new design was secured,
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Production of these was started immediately and shipment was
made to Alcoa in accordance with requirements.

The General Eleotrioc fusion welder furnished to
Alcoa, for the execution of the work on XPG-1750-1/2, was
purchased on order RPG-1439-1/2, After this equipment was
no longer required at Alcoa, it subsequently was shipped to

Hanford for use in the 300 Area.

BANFORD BONDED SLUGS - PROJECT 95136

The program for the fabrication of Hanford slugs
was resolved basically into: proourement of component parts
required in the assembly, development and procurement of
necessary equipment, and development of all manufacturing
methods in the vendors' plants — all the responsibility of
the Engineering Department; and, the supplementary develop-
ment of manufacturing methode at Hanford and the fabrication
of the canned slugs — all the responsibility of the Explo-
sives Department,

Probably the largest part played by the Engineering
Department in this particular portion of the overall program
lay in the development of manufacturing methods in the ven-
dors' plants and in the development of necessary equipment —
all of which has been discussed in B8ection VII. This section,
therefore, will be devoted only to the participation_by the
Englineering Department in the procurement of all necessary
component parts.

Early in June, 1943 the TNX Division advised the
Engineering Department that the size of the Hanford slug
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could then be specified as 1,340" plue or minus .002" in
dlemeter by 8.000" plus or minus .0l0" in length, and any
deviation from this size should be only that required to aid
in the canning. Thls was to be determined by the Engineering
Department's development of manufacturing methods subject to
approval from the process viewpoint, Moreover, it was then
the intention to use practically the same welding methods

as were being followed for Clinton for sealing the slug in

an aluminum ocan.

Procurement of Aluminum Cans - Project 95%

With this basic information at hand, the Engineering
Department placed order RPG-277-1/2 on the Aluminum Company
for the development of a canning process and the procurement
of required tools, machines, and other necessary equipment —
all as directed by the Engineering Department. No quantity
production was to be performed on this order as the informa-
tion developed was to be applied to the design of the com-
ponent parts and necessary equipment required in the final
assembly.

Later, after additional information hsd been de-
veloped, order RPG-1077-1/2 was placed on Paul & Beekman for
the development and production of a small quantity of drawn
cans of varlous sizes and grades of aluminum., Various quan-
tities of each type were shipped to the Metallurgical Labor-
atory, Grasselll Laboratory, Alcoa, and the Wilmington Shops
for furtherance of the developmental work on bonding and end

closures which was being undertaken. Additional orders
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RPG-1264-1/2 and RPG-2887-1/2 were placed also on Paul &
Beekman for supplementary developmental work to perfect the
drawing operations, but, due to the complexity of the work
and the frequent revisions in the types of cans, all three
orders later were cancelled and were replaced on order
RPG-3880-1/2 to clarify the requirements. No appreciable
quantity of cans was made on this composite order as all cans
for production purposes were manufactured on other orders as
mentioned below.

The first production order for cans was awarded to
Paul & Beekman on order RPG-2291-1/2, and covered the manu-
facture of 25,000 cans of 28 aluminum of 0.035" wall x 1, 370"
I.D. x 8-3/4% long, at a unit price of §0.30 each., However,
in order to proceed with this work, it was necessary that
du Pont lend Paul & Beekman a rebuilt press and trimmer which
had been purchased on order RPG-2157-1/2, After installation
of this equipment, manufacture of the cans proceeded without
undue difficulty. Of the total quantity of 25,000 cans which
had been manufactured and shipped by June 5, 1944, one thou-
sand each were delivered to the Wilmington 8hops, Grasselll
Laboratory and Metallurgical Lasboratory for experimental
purposes; and the balance of 22,000 to Hanford for assembly
of sluge and canning operations in the 300 Area.

In November, 1944, Paul & Beekman submitted an offer
for the press and trimmer, with the understanding that, if
accepted, any subsequent du Pont orders for cans would have
first preference on these machines regardless of any other

Job the vendor might have scheduled for production., This
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offer was accepted by the Corps of Engineers on January 1, 1945
and order RPG-2291-1/2 was credited acocordingly.

Meanwhile, order RPG-3335-1/2 had been awarded to
Paul & Beekman for the manufacture of 100,000 28 aluminum
cans of the same slze as those manufactured on RPG-2291-1/2,
These cans, however, were to be clad on the inside with § to
10% of 7-1/2% silicon alloy in order to permit a better sur-
face for bonding the slug to the can., Before fabricatlon
started, the specifications were changed to increase the
length of the can from 8-3/4" to a maximum of 9-1/2" overall,
Production of cans to this length was started in June, 194k,
but it later was learned in the actual canning operation
that the silicon cladding separated from the aluminum wall
of the can. This condition necessitated the cancellation
of the balance of the order,

The du Pont Company, in utilizing thie vendor as
a source of cans, attempted also to develop other suppliers
to secure a factor of safety in the event of some unforeseen
production stoppage at Paul & Beekman, Early in January,
1944, order RPG-2274-1/2 was placed on McCauley Metal Pro-
ducts, Incorporated, of Buffalo, New York, for the develop-
ment and manufacture of 500 experimental 280 aluminum cans of
0.035" wall x 1.370" I.D. x 8-3/4" long. A third supplier,
the Worcester Pressed 8teel Company, of Worcester, Massachu-
gettes, was also developed concurrently under order RPG-3839-1/2,
which covered the developmental work and fabrication of 500

experimental 28 aluminum cans of 0,035" wall x 1,370" I.D. x
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offer was acocepted by the Corps of Engineers on January 1, 1945
and order RPG-2291-1/2 was credited accordingly.
Meanwhile, order RPG-3335-1/2 had been awarded to
Paul & Beekman for the manufacture of 100,000 28 aluminum
cans of the same sire as those manufactured on RPG-2291-1/2,
These cans, however, were to be clad on the inside with 5 to 1
10% of 7-1/2% eilicon alloy in order to permit a better sur-
face for bonding the slug to the can. Before fabrication
started, the specifications were changed to increase the
length of the can from 8-3/4" to a maximum of 9-1/2" overall,
Production of cans to this length was started in June, 194k,
but it later was learned in the actual canning operation
that the silicon cladding separated from the aluminum wall
of the can. This condition necessitated the cancellation
of the balance of the order,
The du Pont Company, in utilizing this vendor as
a source of cans, attempted also to develop other suppliers
to secure a factor of safety in the event of some unforeseen
production stoppage at Paul & Beekman. Early in January,
1944, order RPG-2274-1/2 was placed on McCauley Metal Pro-
ducts, Incorporated, of Buffalo, New York, for the develop-
ment and manufacture of 500 experimental 280 aluminum cans of
0.035* wall x 1,370" I,D. x 8-3/4* long. A third supplier,
the Worcester Pressed Steel Company, of Worcester, Massachu-
setts, was also developed concurrently under order RPG-3839-1/2,
which covered the developmental work and fabrication of 500 L
experimental 28 aluminum cans of 0,035" wall x 1,.370" I.D, x 3,
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was made to the revised thickness. In all, 104,967 cans
were manufactured at a total price of $17,497.57.

Order RPG-3407-1/2, placed on Paul & Beekman at
this same time, covered the manufacture of 100,000 thin-bottom
28 aluminum cans of 0.035" wall x 1.370" I.D. x 8-3/4" long.
The specificatione for the length of the can were increaseq,
however, to 9-1/2% prior to the start of production. This
revision caused considerable difficulty in production, and by
the end of May, the length was decreased to 9-5/16" overall.
Production to this length was maintained until approximately
65,000 cans had been shipped to Hanford, when the balance of
the order was cancelled.

With four sources of supply developed, the Engi-
neering Department proceeded to utilize these facllitles.
Order RPG-3570-1/2 was placed on McCauley Metal Products for
the manufacture of 10,000 cane of 1.370" I.D., x 0.350" bottom
thickness x 9-1/2" inside length; 5000 each of which were to
have a wall thickness of 0,035" and 0,030" reepectively. The
order later was altered to provide for the cancellation of
the 0.030" wall cans and for increasing the quantity of the
0.0%" wall cans to 10,000,

Many difficulties were experienced in production,
Cane were out-of-round, bottoms contained gouges; and experl-
mental work, with the assistance of the Parker Rust Proof
Company, was necessary to develop a bonderite free from boron
for use in the drawing operations. These difficulties were
eliminated gradually and, in all, 11,003 acceptable cans
were produced on this order at a total price of $12,763,U48,
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Despite the fact thét several orders for cans were
in various stages of activity — all conourrently, in order
to meet delivery requirements to the field — and that numer-
ous improvements had been made in the quality of the cans,
it was believed that the finish could be bettered to produce
a can superior to those being manufactured. In an endeavor
to accomplish this, the Engineering Department placed order
RPG-4358-1/2 on Paul & Beekman for the manufacture of 100,000
cans of 28 aluminum, made from sheets with alumilite-finish
—~ the highest grade finieh in the industry. These cans
were to be the thin-bottom type, with 0,035" wall, 1. 370H*
I1.D, and 9-1/2" long. Owing to the difficulty in securing
the alumilite~-finished material, however, and to evaluate
better the cans produced from differently-finished materials,
the order was soon altered to cover the fabrication of 50,000

cans to the original dimensions, but with the length reduced

to 9-5/16"; and manufactured in equal lots of 25,000 each
in elumilite-finish and in mill-finish (a finish not quite
so highly processed).

Material was secured in August and production of
the alumilite cans got under way. After a six-weeks' stoppage
to permit completion of other canning orders, production was
resuned in October and proceeded without difficulty until
the stock on hand at the vendor's was exhausted in the manu-
facture of 20,860 alumilite-finish cans and 16,760 mill-finish
cans, The order was reduced accordingly and was closed out

at a total price of $13,167.00.
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¥With the placement of order RPG-5112-1/2 on Alcoa
for the development of a special extruded can of 99.6%
aluminum of 1,38" I.D. x 8.305" overall length and with a
thick, tapered wall ranging from 1.,439" 0.D. at the closed
end to 1.568" O,D. at the open end; the Engineering Depart-
ment's responsibility for this portion of the program became
fulfilled. Any future work, whether it be for procurement
of fabricated materials or for development of manufacturing
methods, was to be under the placement, direction and super-

vision of the Explosives Department,

Procurement of Aluminum Caps - Project 95%

Preliminary developments established the fact that
the aesembled slug could best be sealed by the insertion of
an aluminum cap over the open end of the slug. Welding the
cap to the can wall and subsequent machining to dress up the
end would then complete the canning operation,

Because the production of caps in any sizable quan-
tities necessarlly required their fabrication by coining
methods — for uniformity of tolerances and speed and economy
of production — 1t was necessary that coining dies be manu-
factured for each type of cap. Moreover, the development of
the canning operation was subject to considerable revision,
to the extent that cap design could not be stabiliged until
methods and techniques had been evaluated and definitely
established.

In the early stages of the Hanford canning program

it was not known which of the tin, zinc, or aluminum-silicon
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bonded methods would be adopted; or, in lieu of these, whether
or not double-canning or some other form of bond ocould be
developed capable of supplanting the unbonded type of slug
held in favor as a last line of defense., Therefore, each
method was attacked individually and concurrently, with the
result that each one was found to require caps of a different
design; though in some cases the design was maintained but
dimensions and tolerances revised, which, nevertheless, ne-
cessitated the manufacture of additional dies.

The Engineering Department, at the request of the
Explosives Department, assumed the responsibility for the
manufacture of these dies., Because the urgency of the over-
all program necessitated the exercising of all possible pre-
cautions to eliminate any form of delay, it thus was necessary
that arrangements be made for the immediate manufacture of
coining dies for all types of caps under consideration,
Though it also was recognized that the majority of these dies
might not be used — because of design changes — the pro-
curement of caps of the designs finally accepted would be
greatly expedited. These caps, in production quantities,
originally were to be procured by the Engineering Department,
but before the development nhad progressed to the degree that
production to stabilized design could be effected, the Explo-
sives Department had assumed the responsibility for the pro-
curement of all components required.,

Early in January, 1944, purchase order RPG-2233-1/2
was placed on the James H. Matthews Company of Pittsburgh,

Pennsylvania, for the manufacture of Adies and the fabrication
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of 5000 experimental caps to a design which, at that time,
was felt to be suitable, However, it was necessary almost
immediately to revise the design, and the order was altered
accordingly to provide for the dies and 500 caps of this
later type.

Bhortly thereafter, order RPG-2882-1/2 was placed
on the same vendor for the dies and fabrioation of 500 caps
each of two additional designs. However, it soon became
apparent that the status of the developmental work on bonding
would require, for the expediency of the program, the incor-
poration of all work relating to die manufacture into one
order., Order RPG-2882-1/2 was then cancelled without charge
and the work covered by i1t accordingly included under RPG-
2233-1/2, which then became a developmental order for the
manufacture of all dies and the fabrication of experimental
caps of different designs — all as directed by the Engineer-
ing Department,

Considerable work was performed in the development
of a suitable cap. The first conception of the bonded assem~-
bly visuallized a cap containing an insulating air space
between it and the end of the slug, and so designed that the
high temperature produced along the longitudinal axis of the
slug could be insulated from the end of the finlshed assembly.
Upon further inveetigation and after many trial assemblies,
however, it was learned that the molten bond would penetrate
to, and fill up, this space, The design was therefore abol-
ished in favor of a so0lid cap of sufficient thickness to per-
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mit the Aissipation of heat, by oonduction. to the periphery
6: the cap where it would be carried away by the cooling water.

The solid conduotor cap also paved the way for the
design of the thick-bottom can, By the adoption of this type
of can in the assembly of the slug, the need for oonductor
caps was eliminated except when the urgency of the program
necessitated the supplementai use of thin-bottom cans to
satisfy field delivery requirementa.

Manufacture of the cap coining dies was attended,
in some instances, with reeuitant difficulties during the
trial runs in producing samples. Because of the high pres-
sures required to produce fluidity in the aluminum, many of
the dles were broken before the vendors were able to deter-
mine the best type of construction able to withstand the
applied forces.

In conformity with du Pont's established practice
to develop additional sources of supply whenever practicable,
the Engineering Department also placed order RPG-2234-1/2
on the 8covill Manufacturing Company of Waterbury, Connecti-
cut, for the manufacture of dies and the fabrication of a
total of 15,000 caps of two designs. This quantity was soon
reduced to 1000 but when advancemente in the developmental
work rendered obsolete these two designs, the order was can-
celled prior to the start of production.

Later in the program additional orders were placed
for the manufacture of dies or the fabrication of emall
quantities of experimental caps., These orders: RPG-4013-1/2
on Scovill, and RPG-4378-1/2, 4918-1/2 and 5045-1/2 on
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Matthews; were all cancelled, however, before any appreciable
quantities had been made., With this action, the partiocipa-
tion by the Engineering Department drew to a close, after a
total of twenty coining dies of Aifferent designe had been
manufactured for the subsequent use of the Explosives Depart-
ment in proocuring production quantities of caps of the

designs finally seleoted.
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8teel cans, though not an integral part of the
assembled slug, were necessarily required as an expendable
item to prevent damage to the aluminum can while in the
heated die. As such, it was the responsibility of the Engi-
neering Department to develop manufacturing methods and to
procure these cans in amounts as required by the Explosives
Department for use in the 300 Area operations at Hanford.

Early in February, 1944, purchase order RPG-2720-1/2
was placed on McCauley Metal Products for the development of
methods to fabricate steel cans of 1.450" I.D. x 0.035" wall
x 8-3/4" ineide length., By the end of the month McCauley
had finished manufacture of the dies and had produced a few
experimental cans, Additional quantities were fabricated
in March for shipment to the variouse locations engaged in
the development of the bonding method. All samples were
acceptable except for a minor condition which soon was
corrected.

In April the order was altered to provide for the
fabrication of 5000 cans to a revised length of 9-1/2",
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Production began immediately and, because of the extremely
oritical status of developmental work, all shipments were
made to Hanford by air express. This urgent need for all
steel cans existed throughout the life of this and similar
contracts, and resulted in the shipment of virtually all
cans either by rail or air express.

Additional Adevelopmental work to produce cans with
a 0.070" wall and with a 3/16* hole centered in the bottom
was authorized the latter part of April, followed by author-
ization in June for developing a reclamation process for
used cans and for an interior polishing process. These
methods were subsequently developed and the order was c¢losed
out at a total cost of $38,381,61,

Meanwhile, order RPG-3542-1/2 was placed in March
on this same vendor for the production of 25,000 cans of
1.450* I.D. x 0.035" wall x 9-1/2" inside length, with a
3/16" hole centered in the bottom. Fabrication began late
in April after production difficulties on RPG-2720-1/2 had
been overcome, By the end of May, approximately 17,000 cans
had been manufactured, with rejections of less than one per-
cent. Production was completed on June 10, 1944 and the
order was closed out at a total cost of $20,250.00.

Order RPG-3900-1/2, placed on McCauley in April,
covered the production of 70,000 cans of the same design as
those furnished on RPG-3542-1/2, and 70,000 to the same
inside dimensions but with 0.070" wall thickness. Produc-
tion of the thin-wall cans started immedlately upon the
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oompletion of RPG-3542-1/2 and was continued until 156,419
cans, at a total cost of '89,421,61, had been fabricated
and shipped., Owing to the guccessful operation at Hanford
with the 0.035" wall can, the order was later altered to
cancel the production of the 70,000 cans of the thick-wall
type.

In acocordance with established practice, du Pont
attempted to develop a second source of supply to prevent
loss of production in the event of some unforegeen ocourrence,
Early in May, order RPG-4017-1/2 wae placed on the Worcester
Pressed Bteel Company, of Worcester, Massachusetts, for the
development and production of 500 each of the thin-wall and
the thick-wall cans. The resultant cans were satisfactory,
but because of the limited production capacity and the abun-
dance of other war orders in the plant, this vendor was not
considered as an active source of supply.

Meanwhile, developmental work with steel cans had
indicated that a steel tube, flanged inside on the lower enq,
could be used instead of a deep-drawn steel can. The Engi-
neering Department immediately investigated this possibility
and, in May, 1944, placed experimental order RPG-4309-1/2
on the Brown Fence & Wire Company, of Adrian, Michigan, for
1000 pieces of steel tubing 1l.450" I.D, x 0.035" wall x 10"
long. BHowever, the vendor did not have the necessary equlip-
ment capable of manufacturing the tubing to the plus or
minus 0,001" dlametrical tolerances required, and the order

thus was cancelled without ocharge,
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It soon developed, however, that this vendor was
able to furnish and fabricate the tubing to an intermediate
stage, which would enable the final drawing and flanging
to be accomplighed at another vendor's plant. Accordingly,
order RPG-4541-1/2 was placed for 30,000 pieces of tubing
of 1,526" I.D., x 0.039" wall x 20" long. Production to these
dimensions occasioned no undue difficulty and, in all, 31,821
"~ pleces of tubing were produced and shipped at a total cost
of $14,630.00.

This tubing was drawn and inside-flanged under
order RPG-4540-1/2 at H. N, White Company, Cleveland, Ohio.
Considerable difficulty was experienced with an out-of-round
condition and from oxidized tubes during production, and,
though tolerances were relaxed for 2000 pleces, the finished
product was usable but not too acceptable. Continued fabri-
cation of additional pieces improved this condition to a
small degree, but when developmental work on canning rendered
this design obsolete, production was stopped after 731k
sleeves had been fabricated. Approval was secured from the
Corps of Engineers for the sale of the excess tubing as
scrap (after investigation at Hanford disclosed that it could
not be used there for any purpose) and the order was cancelled.

The participation by the Engineering Department in
the procurement of steel cans came to an end with the termin-
ation of this order. Any future orders were to be placed by

the Explosives Department,
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HANFORD UNBONDED BLUGS - PROJECT 1563

Project 1553 was written to record the charges
against a special request from the TNX Division to the
Engineering Department for the procurement of 48,000 un-
bonded slugs. These slugs, similar to those fabricated for
Clinton except for their larger size, were required with the
utmost dispatch for charging the first Hanford pile at
startup, in the event the aluminum-silicon bonding operations
were not developed to an acceptable degree within sufficient
time to satisfy requirements,

This project comprised the procurement of all com-
ponent parts, necessary equlipment, machining of the slugs,
canning and testing of the finished slug assemblies., Only
the work assoclated with canning production will be described
herein as the remainder is covered in other sections of this
volume,

In order that procurement of these finished slugs
would not affect adversely the existing canning facilities
at Hanford, then entirely occupied in the development of the
aluminum-silicon process, it was imperative that the Engineer-
ing Department develop new facillitlies for performing the
highly-specialized canning operationes. An intensive inves-
tigation of forty-seven firms was made, and of those consid-
ered, the Quality Hardware and Machine Corporation, of
Chicago, Illinois, was the only one which had the necessary
equipment, personnel and capacity for the undertaking, Pur-

chase order RPG-4OUO-1/2 was promptly placed on this vendor
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for canning the entire quantity of 48,000 slugs.

To prosecute this work, it was necessary that du
Pont furnish to Quality, for the Auration of the contract,
numerous items of special equipment which either were pur-
chased specifically for this order or were diverted from some
other source, After completion of the work &ll items subse-
quently were shipped to various destinations as directed by
du Pont.

In addition to the installation of this loaned
equipment, it was necessary to bulld two temporary extenelons
to an existing building to handle adequately the equipment
and to maintain the strict security requirements. The cost
of erecting and dismantling these additions was included in
Quality's unit price, and both extensions later were tc be
removed upon completion of the order, Before erection of
these could be started, however, it was necessary that signa-
tures of the adjoining property owners be secured to waive
temporarily the recently-altered zoning regulations that
prohibited industrisal expansion in that neighborhood.

Experimental canning of steel slugs to perfect the
operations was begun on May 30 — less than one month after
the project was first conceived, Difficulties were experi-
enced with some phases of the work, but within a few days
limited production of acceptable uranium slugs was started.
However, by the end of June only 980 slugs had been canned,
of which 878, or 89,6%, were acceptable. Production during

July 4id not reflect the progress made in perfecting the
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process, as only 8325 slugs were canned at an acceptance

rate of 92,8 percent. By August, however, the operational
difficulties had been overcome and of the 20,472 slugs canned,
20,322, or 99.2%, were acceptable.

By the middle of June it was apparent that Quality
alone could not meet production requirements. The Aluminum
Company was the logical vendor remalning to contact in this
emergency as it previouely had canned all of the unbonded
Clinton slugs and was familiar with the process, but ite fa-
cilities were in use for the production of canned slugs on a
Clinton Laﬁoratories order and were not avallable, Permission
was immediately secured from the latter group, however, to
divert these facilities for a period of six weeks., Order
RPG-4492-1/2 was placed immediately, and after making the
necessary alterations and adjuetments to accommodate the
larger pieces, Alcoa canned a total of 8166 slugs.

By the latter part of July the aluminum-silicon
process at Hanford had been perfected to a satisfactory
degree, and, with continued production by this method
assured, the work under Project 1553 no longer assumed its
original importance, though satisfactory unbonded slugs were
being produced., Order RPG-4040-1/2 on Quality was closed
out upon the completion of 28,913 acceptable slugs, and
RPG-4492-1/2 on Alcoa after canning 8165 slugs. 1In all,

37,079 unbonded slugs were canned on thls project.

Procurement of Aluminum Cans - Project 1R%3

With the inception of this project the Engineering
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Department was faced with the immediate procurement of cane
necessary for the earliest practicable fabrication of the
specified 48,000 unbonded slugs. Therefore, order RPG-
4022-1/2 was placed immediately on Paul & Beekman — the
most satisfactory supplier developed for the fabrication of
the thin-bottom cans required for unbonded slugs — for
100,000 cans of 28 aluminum,

These cans differed in size from those for bonded
slugs because no allowance was necessary for thickness of
bond between the slug and the can. This condition required
that Paul & Beekman make alterations to existing dies in
order to produce cans of the specified dlameters.

No appreclable difficulties were experienced in the
production of the cans. The first shipment on the order was
made on May 29, 1944, when 504 cans were shipped by Air
Express — because of the urgency of the program — to Quality
to permit experimental work on canning operations to begin,

Early in June order RPG-4276-1/2 was placed also on
Paul & Beekman for the fabrication of an additional 100,000
cans from sheet for aluminite finish, Prior to the start of
production, however, estimates were revised and, due to the
much lower-than-anticipated mortality rate of the cans during
the welding operation, the order was cancelled in its entirety
without charge, Order RPG-U4022-1/2 therefore remained the

only order placed for the necessary unbonded cans.

Procurement of Aluminum Caps -~ Project 1hR3

The speed with which procurement of the unbonded
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slugs must be effected was manifested also in the procurement
of the required aluminum caps. Early in May, 1944, when the
Engineering Department accepted this assignment, design of
the caps was crystallized and believed to be stabilized.
Unlike the main Hanford slug program, Project 1553 required
that the Engineering Department procure all component parts
in addition to arranging for any supplementary.developmental
work necessary., To start production at the earliest date,
therefore, developmental order RPG-4254-1/2 for the manufac-
ture of coining dies was placed on the H. P, Snyder Manufac-
turing Company, Incorporated, of Little Falls, New York,

This was followed in quick succession by placement of RPG-
4258-1/2 on the Joyce Machine Company, Philadelphia, Pennsyl-
vania, for the fabrication (by an automatic lathe operation
instead of by coining) of 10,000 caps each of two details;
RPG-4285-1/2 on James H. Matthews Company, Pittsburgh, Penn-
sylvania, for the coining of 5000 cape each of the same two
detalls; RPG-U484-1/2 on Bnyder for manufacturing dies to a
slightly-revised design; RPG-4490-1/2 also on Bnyder for man-
ufacturing dies and the fabrication of 10,000 caps of another
slightly-revised design; and RPG-U664-1/2 on Matthews for
5000 caps each of two new designs.

Order RPG-4285-1/2 soon was increased to provide for
the fabrication of additional caps; and ultimately, a total of
140,335 caps of the two designs were coined, Order RPG-
4l490-1/2 also was increased to cover the 21,377 cape ulti-
mately fabricated, RPG-4258-1/2 was reduced to provide for
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a total of 14,048 caps of the two designs, which were machined
from all the available material on hand. Order RPG-4664-1/2
" was subsequently cancelled with charge prior to start of
production,

To secure the most advantageous delivery concordant
with requirements, the du Pont Company used its facilities
to procure all the aluminum stock required in the fabricatlon.
Owing to design changes, certain of this material proved to
be too thick to meet the specifications of the finished caps,
thereby necessitating du Pont's placement of orders on other
fabricators for rerolling the aluminum to the specified
thickness. To prevent any delay resulting from this action,
however, thickness tolerances in the caps were relaxed for
certain small quantities in order to supply the canning fabri-
cators with parts necessary to progress with subsequent assem-
bly operations,

With the close or cancellation of the existing
orders on Project 1553, and of those few still outstanding
on Project 9536, the participation by the Engineering Depart-
ment in the canning phases of the slug program came to an end.
All subsequent work in this connection would be undertaken

by the Explosives Department,
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BECTION IX

METHODS8 OF TESTING CANNED SLUGS

INTRODUCTION

When it first became apparent that slugs were to
be encased within aluminum cans, the question arose as to
how the finished assembly could be tested. It was recognized
that a positive method was necessary in order to segregate
the "leakers", which obviously would fall in service, from
the aczeptable slugs.

Owing to the fact that firm specifications for
testing the canned siugs were lacking, ultimately for an ex-
tended period of the programf some form of procedure was
therefore required to determine the acceptabllity of the
slug, particularly in the area of the welded closure, This-
need prompted the Engineering Department, in conjunction
with the Aluminum Company, to devise a method which, though
not the best, was believed to indicate thoese slugs which
should be rejected. Later developments proved this method
inaccurate, but it nevertheless served to get under way a
program which would permit no delay in production pending

the development of more satisfactory testing methods,

TESTING CLINTON SLUGS

The original testing procedure practiced at Alcoa
on order XPG-423-1/2 comprised the canning of two steel
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ocontrol sluge with the canning of every ten uranium |1ugl.'
One of these control sluge was stripped immediately after it
had been welded, and, the can closure was then tested with
eighty pounds air pressure under oil, If it d4id not leak,
the remaining eleven slugs all were welded and crimped. The
second control slug was then stripped and tested in a sim-
ilar manner, and if it tested satisfactorily, the ten uran-
ium sluge it represented were accepted as satisfactory. Con-
vergely, if it leaked, the ten slugs ware all stripped and
recanned, also with two control slugs, in the same manner

as before.,

Results of tests by this method, taken during the
first two weeke of Alcoa's production, indicated that 3.7%
of the slugs were unacceptable after the second control test,

Meanwhile, the Metallurgical Laboratory had been
developing the hydrogen test. 1In ite original state of devel-
opment it comprieed: heating the canned slugs to 325°C. in a
hydrogen atmosphere, cooling in air, and inspecting for flaws,
which showed up ae a visible black hydride spot or bulge in
the can? B8afety precautions would be observed by flushing
the chamber with nitrogen between stages.

The conduction of this test required the purchase,
on order XPG-587-1/2, of a vertical retort electric furnace,
which 1t was planned to install at Alcoa for testing the
slugs canned on XPG-423-1/2.% However, Alcoa refused this
inetallation because of the fire and explosion hazards atten-

dant with the Operationf and this action therefore necessitated




).91’/75’

the immediate installation of the equipment at Clinton.¢

The installation was ready for service at Clinton
by the end of June, 1943, and for the next few weeks consid-
erable experimental work was performed there, with the
assistance of the Metallurgical Laboratory, in evaluating
the hydrogen test under various conditions.” A few minor
modifications were made in the procedure and all slugs were
- then inspected, any which showed visible flaws being reJected,
It was the consensue of Metallurgical Laboratory, Clinton
and du Pont that this method would suffice for testing the
initial charge for the pile as long as the power output of
the plle vas to be kept down., BShould a higher power output
be contemplated, however, 1t was believed that additional
protection to the slug, in the form of a supplementary hot-
dip coat, would be essential. This thought later culminated
in the development of a bonded type of slug for Hanford,

By the end of July the Metallurgical Laboratory had
further revised the procedure to provide for heating the slugs
in air to 300°C,, pulling a 29" vacuum for thirty minutes,
and then breaking the vacuum with hydrogen at 300°C, for a
soaking period of ten hours, followed by flushing with nitro-
gen and then 1nspection.8

Meanwhile, other methods of testing also had been
under development, The Engineering Department designed and
bullt a hydraulic tester which appeared to afford a quick
method of testing the closures.,? With this method, however,

it was necessary that a small longitudinal groove be milled
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previously on the surface of the bare slug in order to pro-
vide a hydraulic channel within the can. The Metallurgical
Laboratory objected to this design on the basis that any leak
in the can would permit the seepage of oil under pressure
into the slug, thus contaminating the uranium, The idea was
abandoned but subsequent changes in the design paved the wvay
for the development of other types of testers.

The Metallurgical Laboratory believed that a method
more positive than the hydrogen test should be devised. Ac-
cordingly, it tested several slugs, which appeared to have
sound closures by the hydrogen test, in an atmosp:.2re of
hydrogen under fifty pounds pressure followed by plunging
the slugs under water.”” All sluge appeared to leak. The
Metallurgical lLaboratory believed this test was too severe,
as 1t 4id not correspond to working cdndltions and, there-
fore, was not conclusive, The experiment indicated, however,
that the hydrogen test was not the solution to the testing
problem,

Pending the development of an improved method of
testing, Clinton continued the inspection of slugs with the
hydrogen test. This method was used for testing the U442
slugs which had been canned by Wolverine on order XPG-427-1/2,
and of these, 213 were defectivef“zThose from Alcoa tested
much better, as only 2.9 percent were found to be unaccept-
able up to the end of August, 1943,

By the early part of September it was believed that
the hydrogen test was not reliable, as it appeared quite
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definite that acceptance by this test still permitted leakage
around the weld.”” Also, personal judgment on the part of the
inspsctor influerced too greatly the results obtained, The
test therefore was discontinued at Clinton on SBeptember 9
in favor of improved methods then under development and which
were to be inaugurated in the very near ruture."
It soon developed, in a meeting at Clinton with
representatives of the Metallurgical Laboratory, Clinton
Laboratories and du Pont, that two types of tests were to be
madef’the deflection test and the nitrogen-kerosene test,
basically as follows:

1. The deflection test would be performed with five
maohinés to be furnished by the Metallurgical
Laboratory, designed to test the leakage of nitrogen
under pressure through the weld closure by measuring
the deformation of the bottom of the can away from
the slug. Thie test was to be applied to the approx-
imately 55,000 slugs which had previously been given
the hydrogen test.

2. The nitrogen-kerosene test would use three machines
to be furnished from the Wilmington 8hops. Nitrogen
under pressure would be admitted to a sealed chamber
containing the slug, and the slug would then be
immersed in kerosene to detect bubble leaks. Approx-
imately 25,000 slugs which had not previously been
tested with hydrogen were to be given this test,

The Clinton Laboratories were to have the full responsibllity
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for the test methods employed and the final results obtained.

The temperatures attained in the original testing
procedure at Clinton produced an annealing effect in the
stresged aluminum can, which resulted in a loosening of the
mechanical bond between the can and the slug. For the anti-
cipated low-power output of the pile this condition not only
was not objectionable but, moreover, it also permitted the
application of the deflection test on all slugs previously-
tested at Clinton,

By the end of S8eptember, approximately 4500 slugs
had been given this test, from which it was learned that
thirty-nine percent showed unmistakable evidence of bad leaks,
and an additional nineteen percent, of intermedlate degrees
of leaks.® To permit application of the deflection test to
a slug not previously heated, the Metallurgical Laboratory
stated that all future slugs to be canned should have a
longitudinal groove down the side to provide a pressure
channel within the can,

A total of 61,739 elugs had been deflection-tested
at Clinton by October &, 1943, Of these, fifty-three percent
showed zero deflection and the balance a deflection of 0,001*
or more.’”

At this time the Metallurgical Laboratory loaned
three defleotion testers to Alcoa for use in testing the
grooved sluge canned on order XPG-423-1/2./% The specifica-
tions for this test, released by the Metallurgical Laboratory
also at this time, stated that ".,.. the canned slug i1s sub-

Jected to a pressure of not less than 150 1lbs, per square
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inch, for a time of not less than one minute. Blﬁgs that
show any deflection whatsoever are to be designated as
rejects, and should, therefore, not be shipped to Clinton®,

Because of the strong probability that the method
of sealing the welded end of the slug in the deflection
tester produced a doubt as to the veracity of the test,

Alcoa, at the direction of the Engineering Department, agreed
to test for acceptance all grooved slugs, canned on order
XPG-1628-1/2, by a eide~seal, rather than by the end-seal,
deflection method!%zghis test otherwise was performed under
virtually the same conditions as previously specified by the
Metallurgical laboratory, and became known as the Type "M*
deflection test. The specifications differed, however, in
the respect that this test recognized the presence of a
minute deflection caused by sealing the slug in the apparatus,
and rejected only those slugs that showed a‘progressively—
greater deflection while under test.

With the improvement in the welding technique the
percentage of leakers soon decreased. By the latter part of
November only about seven percent of the slugs falled to pass
inspection.?’ These were then stripped, recanned and retested
at Alcoa before being shipped to Clinton.

Though it was belleved that deflection testing pro-
babl; was as reliable as any simple test method that could be
devised, additional evaluation of this method nevertheless
was made., A group of doubtful leakers, which had been deflec-
tion-tested at Alcoa, was further tested at the du Pont Exper-
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imental 8tation by sealing within a closed chamber filled
with water under pressure.zz Results oonfirmed the accuracy
of the deflection method,?*

One additional order, XPG-1750-1/2, was placed by
the Engineering Department on Alcoa before the Clinton portion
of the program came to a close. This order provided for the
canning of unbonded slugs, sealed by the new fusion-welding
process, and included the testing of all closures by the
Type "M" deflection test,

With the completion of this order, all responsibili-
ties of the Engineering Department with respect to the pro-
curement of Clinton sluge were fulfilled. No modifications
or improvements had been made to the testing procedure, as
it was bellieved that the Type "M" deflection test was entirely

satisfactory as developed.

TESTING HANFORD SLUGS .- PROJECT 953@

The Hanford sluge, unlike those for Clinton, were
to be bonded to the can to form an integral assembly, with
the ends sealed by the fusion-welding process. Because of
this type of manufacture the deflection method of testing
necessarily would not be applicable., Other methods, there-
fore, were required.

Inasmuch as all Hanford slugs — except a small
number required for experimental work at the Metallurgical
Laboratory and Grasselli Laboratory — were to be canned
under the direction of the Explosives Department in the 300
Area at the project site, the Engineering Department d4id not
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assume too prominent & role in the development of testing
methods for bonded slugs. The greater portion of this work
was accomplished at the Metallurgical Laboratoryf‘with con-
tributing assistance from the Massachusetts Institute of
Technology and Grasselli Laboratory, and supplemented with
work performed by the Explosives Department at Hanford in
perfecting the process for full-scale production in the

300 Area.

TESTING HANFORD SLUGS - PROJECT 1553

With the inception of Project 1553, which covered
the procurement and complete fabrication of 48,000 unbonded
Hanford size slugs, the Engineering Department agalin entered
actively into the program., The testing procedures for unbonded
slugs had been well established in the Clinton program, and
it was intended that the acceptability of slugs would again
be determined by means of the Type "M" deflection test; for,
in the intervening monthe since the Engineering Department
had fulfilled the Clinton requiremente, the Clinton Labora-
tories had continued the use of this method for testing the
additional slugs they had ordered for maintaining the operatlon.25
In the meantime, however, the Metallurgical Labora-
tory had developed a "vacuum bubble® test which enabled the
detection of leaks by the formation of bubbles in a liquid
bath maintained at a pressure lower than that inside the
glug.Z80 promising was this method that the TNX Division
requested the Engineering Department that it be used in test-
ing the unbended slugs at the Quality Hardware and Machine
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contract for canning the slugs.27

By the middle of May, 1944, the TNX Divigion also
advised the Engineering Department that some provision would
be required for detecting any improper placement of the
aluminum caps in the can after the component parts had been
assembled;&glt wag further stated that perhaps the most posi-
tive method of detection would employ a fluoroscoplc examina-
tion of the assembled slugs and, if preliminary experiments
of other methods to be tried at Wilmington 8Bhops and at
Quality Hardware proved inadequate, the fluoroscopic equipment
could probably be borrowed from the Metallurgical Laboratory,
Subsequent results confirmed these assumptions, and the neces-
sary equipment was obtained from the Metallurgical Laboratory
and installed at Quality He.rdwar'e.z9

By early June, equipment was nearing completion at
Quality for a double-vacuum test and a hot-alr teat?o How-
ever, i1t then appeared that the latter test probably would
not be used, as 1t resulted in the destruction of much of the
mechanical bond between the can and slug caused by the anneal-
ing of the stressed aluminum can. The Metallurgical Labora-
tory endeavored to prevent this condition but was unsuccessful,

It soon became apparent that Quallty could not meet
the urgent production schedule necessary to satisfy field
requirements. The Engineering Department then placed purchase
order RPG-4492-1/2 on Alcoa, for canning a supplemental quan-
tity of slugs, immediately after Clinton laboratories agreed

to release Alcoa (for a period of approximately six weeks)
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from production on their order for unbonded Clinton sluge.
Testing under this new order was to be made with three

vacuum bubble testers loaned by the Metallurgical Laboratory.¥
Training of personnel in the use of this equipment also was

to be conducted by the Metallurgical Laboratory.

The vacuum bubble testing apparatus used at Quality
was developed by du Pont and was of a design different from
that of the Metallurgiqal Laboratory tester, Though insuffi-
cient vacuum pump capacity and the prevalence of leaks in the
vacuum lines prevented it, at the start, from functioning
properlyfzélimlnation of these conditions soon proved the
apparatus to be superior in some respecte to the Metallur-
gical Laboratory teeter?sﬁﬁrom this point on, no trouble was
experienced and tests were performed satisfactorily on all
the slugs canned.

On July 15, 1944 the fluoroscopic test to detect
misplaced insulators was discontinued at Quality3%o that the
apparatus could be shipped to Hanford for inspection of the
aluminum-silicon bonded assembly, to ascertain the thickness
of the top end pilece after machining in preparation for
welding.’6 However, since this test had rejected as much as
five percent of the dally production at Quality, all future
unbonded slugs canned at Quality were to be fluoroscopically-
examined upon theilr receipt at Hanford. In fact, all canned
slugs on Project 1553 were re-tested at Hanford to eliminate
without question any which might not be suitable for charging
into the pile,
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No further changes were made in the testing pro-
cedure for the balance of the work covered under Project
1553. The need for unbonded slugs had been fulfilled, ind
the Engineering Department's portion of the program came
to a close. The Explosives Department continued its work
in fabricating and canning the bonded slugs in the 300 Area,
and retained the responsibility for all testing operations
and results at Hanford. Some modifications to exiseting
test methods, and development of new tests, were subse-
quently made, elther individually or in collaboration with
the consultants; but these are not discussed herein as the

Engineering Department was not involved.
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BECTION X

THE DUMMY SLUG PROGRAM

INTRODUCTION

The extremely high'power output of the Hanford-type
pile necessitated the employment of a shlelding agent, in
the physical form of a slug, to reduce to a safe level the
radio-activity in the ends of the tubes, This requirement
was the basis for promoting an extensive program to embrace
the design, procurement and evaluation of the various agents,
or dQummy slugs, ultimately fabricated in order to determine
the suitability of each under the conditions imposed by the
process.

This program, like that for the fabricatlion of the
uranium slugs, involved the Metallurgical Laboratory in the
capacity of a consulting agency; the Explosives Department,
in a deeign and engineering capaclity; and the Englneering
Department, to handle the procurement and the development of
manufacturing methods. As before, Engineering functioned in
accordance with the requests of the Explosives Department,
and, as the situation demanded, contributed engineering
aseistance. Beyond this functional breakdown, however, the
departure between the two different slug programs was pro-
nouncea. The TNX Technical Division entered actively into
the design and, with its operation of the CMX Unit at Hanford,
the testing of the various types of dummies, Results of
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these tests under eimilated operating oconditions influenced,
more than any other single faotor, the designs and the
required quantities of the various types of dummy slugs
ultimately procured. Like many other individual phases of
the Hanford project, design, testing and fabrication of the
dummies progressed concurrently; to expedite delivery to the
field of those dummies which at that time were believed to
be of the best designe for the purpose, In some instances,
drastic revisions to these designs resulted in the virtual
overnight change in complexion of portions of the progranm,
and occasioned the immediate endeavors of the Engineering
Department to arrange for further development of manufac-
turing methods in the fabricating shops.

Ultimately, the Engineering Department's portion of
the program embraced the procurement of two basic functional
types of dummies:

1. "Polison" slugs, of 90% lead and 10% cadmium, used
to improve the power output by modifying the heat
distribution in the plle; and

2. Aluminum, lead, stainless steel and steel slugs,
to reduce the escape of radiation through the

ends of the tubes.

DUMMY BLUG DESIGN

In May, 1943, the earliest design visuslized a
dummy slug made of a graphite rod, clad with aluminum tubing
on its circumferential surface, but left open at the ends. 1

Aluminum coverings, or cans, were speclified from the start,
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in order to proteoct the interior of the ribbed tubing from
electrolytioc action;zand the ends were to be left open
because the graphite was believed to evolve gas under the
conditions in the pile. In such circumstances, there would
be a graphite-aluminum couple which might cause corrosion

in the tuves, and because of the possible deleterious
effects resulting from thie design, this type of dummy never
progressed beyond the design stage.

By the middle of June, the aluminum-clad graphite
4esign had not entirely been discarded, but other types of
dummies were proposed for consideration as alternates. At
this time, and continuing in ever-increaeirg lmpoftance
throughout the life of the program, considerable thought
was given, and extensive theoretical calculations were made,
to arrive at a design of dummy which would produce a minimum
pressure drop in the cooling water flowing past the dummy in
the tube, This requirement was one of the two ultimate
determining factors by which the dummles were evaluated for
acceptability in the pile,

Three alternate designs were under consideration
by the TNX Technical Division, and each was characterized
by ite low resistance to water flow., These types were:

1. The tubular dummy, made of open-ended lengths of
aluminum tubing, with holes or notches at the ends. These
slugs were to be used slmply as spacers, and only if the
water flow was adequate, in the shield and reflector regions

of the tube.
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2. The modified twist drill, or long-pitoh auger, made
of almost any s0lid material, but probably coated with alu-
minum, These wers developed for placement in the shield
portione to satisfy the supposed requirements advanced by
the Metallurgical Laboratory that any straight line parallel
to the axis must pass through 50% metal and 50% water, 8hip
augers satisfied this requirement, but no way had yet been
found to avoid the necessity of careful orientation of suc-
cessive augers without introducing significant end-to-end
friction losses. In a preliminary test made of these two
possibilities, the ship auger spun at the expected water
velocity, whereas the twist drille did not. To combat this
tendency, the design of a slug on the auger principle would
employ a reverse twist for half the slug length,

3. The "egg-and-doughnut" slugs, made of almost any
solid material, but probably must be coated with aluminum,
This type consisted of successive elongated eggs and dough-
nuts, and was developed as an alternate to the auger-twist
design in an attempt to produce a shape which could not spin,
could be cast, and, 1f necessary, could be sheathed in a
plece of tublng,

The Metallurgical Laboratory at this time recom-
mended that aluminum sluge of the twisted or egg-and-doughnut
type be used in the active portion of the pilei’that aluminum
slugs aleo be used in the thermal shield and inner parts of
the biological shield; and that the tubes in the outer thirty
inches of the blological shield should contain aluminum-
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coated iron, copper, lead, bismuth, or stainless steel
slugs, with the prospect that suoh slugs could be reused.

By the end of July, 1543, the twisted dummy was
believed to be the -most suitable for the process conditions,
The need for sample specimens and limited production quan-
tities now brought the Engineering Department into the pro-
gram, which, prior to this time, had involved only the
Explosives Department and the Metallurgical Laboratory.
Procurement was started immediately, and purchase orders
RPG-662-1/2 and 766-1/2 were placed on the Wolverine Tube
Division of the Calumet & Hecla Consolidated Copper Company
for experimental quenivities of twisted dummies, made of
lead and encased in an aluminum jacket,

In Auguet, the TNX Division was planning to use
only one type of dummyj‘with the exception that another, of
a bullet design, might be placed just ahead of the uranium
slugs; and a third, placed 1n the inlet and exit fittings
in order to improve the flow,

In addition to the design problems relative to
pressure drop across the slugs, the TNX group was concerned
with the poseibility of handling the dummy for reuse, It
was believed, however, that a lead slug would be damaged
sufficiently during discharge to prohitit ite reuse, and
subsequent findings confirmed this assumption. The Engi-
neering Department was concerned, too, lest the helices of
the twisted dAummies would prove unable to withstand the

end thrust during the slug discharging Operation.J’To
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resist this thrust, it was considered at one time practicabdble
to inorease the oompressive strength of the twisted dummies
by the incorporation of an aluminum or dural rod along the
longitudinal axis of the elug. This poseibility was never
evaluated in practice, however, as other developments were
later introduced that obviated consideration of this detail.
Although initial efforts had been dire:ted toward
the development of the twisted dummy, active consideration
was nevertheless being given also to the development of other
types of dummies to fulfill certain conditions in the plle,
The first definitely-crystallized outgrowth of these endeavors
was the design for two types of stainless steel dummies, each
1.440" in dlameter, one eight inches long and the other four
inches long, for use in the water fittings to improve the
f1ow.6 The cylindrical shape too, was preferred at this loca-
tion because the twisted dummy would permit too great a leek-
age when the water fitting closures were removed. On
November 15, 1943, the TNX Division requested the Engineering
Department to procure these dummies, of 12%-14% chromium
steel, in the production quantities of 14,000 of the four-inch
length and 7000 of the eight-inch length. Purchase orders
RPG-1638-1/2 and 2198-1/2 were placed to cover the material
and the fabrication, respectively, of this number of dummies.
This request was soon followed by another from the
TNX Division, when, on November 29, 1943, the Engineering
Department was ad&ised that 30,000 aluminum-jacketed lead
glugs, 1.440" overall diameter by 8,000" long, would be re-

quired to act as fillers for those water-cooling tubes, out-
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side the sphere of activity in the pile, which would not be
charged with uranium slugs.’

By the end of 1943, development of dummy slug design
was believed to be fairly well established for those dummies
which were to be placed in the active tubes and in the water-
cooling inactive tubes. It was recognized, however, that
some form of dummy would be required in the air-filled inac-
tive tubes on the fringe of the pile, to prevent the escape
of radiation and of air containing activated argon, The
design evolved for this condition visualized a steel plug,

of a dlamcter slightly less than the inside diameter of the
| tube, and grooved to an accurate profile to clear the ribs
of the tube. On January 12, 1944 the TNX Division advised
the Engineering Department that nine of these plugs would be
required in each end of the air-filled tutes, and, on the
basis of 450 tubes per pile, 25,000 grooved steel plugs
would be required for the three piles.é

Meanwhile, considerable difficulty had been exper-
jenced in the fabrication of the twisted dummies, the prin-
cipal obstacle being the development of a satisfactory welded
closure® The Metallurgical Laboratory had reported that this
type of closure was necessary for process conditions, but
in view of the attendant problems, the TNX Division believed
that the spun and coined closure proposed by Wolverine would
give satisfactory results. By February, 1944, all production
work on the twisted slugs had been stopped, awaiting either
the Metallurgical Laboratory's approval of the Wolverine

closure or its development of a suitable welding technique.
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Several attempts were made in the latter direction, but
trouble had been encountered because the twisted assembly
was not a precision job,’and hence could not be rotated
sultably on its center to form a satisfactory weld; the
aluminum wall was undesirably thin and not particularly
uniform; and the coating of lead on the aluminum interfered
with the welding operation. Though developmental work con-
tinued, suitable welding performance was not achleved.

A quantity of the twisted slugs had been tested
in the ribbed tubing at the Metallurgical Laboratory to
determine the amount of force required to load and discharge
the tube. These tests indicated the presence of two objec-
tional characteristics of the twisted slugs/'which were:
tilting and rocking of the slug, caused by the flow of water
at anticipated operating velocities; and wearing of the tube
ribs, which was accelerated by the configuration of the slug
sides,

On February 24, 1944 the Metallurgical Laboratory
advised that the situation at that time with respect to the
twisted dummies was unsatisfactory, not only because of these
two characteristics but also because of the small contact
area at the slug ends, a condition which would be unsuiteble
in view of the apparent high loading force required as indi-
cated in the experiments conducted.’2 As a possible alterna-
tive, the Metallurgical Laboratory stated that a sufficiently
low pressure loss could be obtained by the use of cylindrical
sluge only.

The Explosives Department endeavored to explore
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this possibility, and, as a possible forerunner in deter-
mining a suitable substitute for the twisted dummy, stated
that 1f the water-cooling tubes outside the ephere of acti-
vity were filled with aoiid aluminum slugs rather than with
the aluminum-Jackéted lead slugs, the change in effect on
pile operation would be practically negligible.LBThis possi-~
bility would permit diversion of the canned lead slugs for
use in shielding the ends of the active tubes.

Other developments were being manifested at this
same time. Continued research in the theory of pile opera-
tion disclosed that the presence of a "polsoning" agent,
placed at strategic locations within the pile, would improve
the power output by modifying the heat distribution. These
poison slugs might conslst of a standard-size aluminum can
filled with a lead-bismuth-calcium alloy, containing not less
than 10% calcium by welght, or alternatively:

1., Of an aluminum-boron alloy containing not less
than 11% of boron by weight,

2. Of an aluminum-calcium alloy containing not less
than 23% of calcium by weight, or

3, Of an aluminum can inside which 1is placed a rolled
sheet of 0,020" cadmium,

By the end of February, however, design of the
poison dummy was specified as an alloy slug, of 90% lead and
10% cadmium, sealed in a cylindrical aluminum can.’? A total
of 11,000 of these slugs would be required for the three
piles. Other revisions in the dummy requirements at this

time increased the quantity of grooved steel plugs from
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25,000 to 35,000; and specified the procurement of 25,000
80114 aluminum slugs, each 6" long by 1.U44O" in diameter,
for use in the water-cooling inactive tubes,

On Merch 11, 1944, the TNX Division advised the
Engineering Department that it had been decided to use
perforated aluminum tubes in place of the twlsteu dummles,
and that any orders which had been placed for the latter
should be cancelled,”slnstead, orders were to be placed as
soon as possible for 120,000 of the perforated design.

This design had been worked up not only because of
the inherent difficulties in the fabrication of the twisted
dummies, but also because of the mechanical tendencies of
the latter to rock within the tube and thereby score the
tube ribs.® Before the twisted dummy design was abandoned,
however, the TNX Division had received approval from the
Metallurgical Laboratory for the proposed replacement.’7
Procurement of the perforated qummles was instituted imme-
diately by the Englineering Department,

On March 16, however, the TNX Division again
adviged the Engineering Department that certain revisions
in the type and quantity of dummy slugs would be required.“’
These changes decreased the dlameter of the aluminum-jacketed
lead slugs from 1,4U40" to 1.360" (to permit a 6.5% increase
in the flow rate’through the tube for a given overall pres-
sure drop), and increased the required quantity of perfor-
ated aluminum tubular dummies from 120,000 to 200,000,

At this time the TNX Division advised the Operating
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Department of the status of the dummy slug prograxn.” It was
planned to charge three canned lead dummies of 1,360" dia-
meter near the outer face of the shield section of each end
of each tube. These under-size slugs will permit approx-
imately the same water flow at the same pressure drop as
originally planned, but will introduce a larger clearance
which could be compensated for by charging the space between
the lead slugs and the active slugs, and between the lead
slugs and the stainless steel slugs at the ends of the
tubes, with the perforated aluminum tubular dummies. The
small-diameter lead slugs were to be located as far as
possible from the active slugs so that normal flow might

be re-established by the time the water reached the active
slugs.

In establishing the quantitative requirements for
dummies it was assumed that the second plle would start
operation two months after the first pile, and that the
third pile would be ready six months after the initial pile,
It was assumed also that no replacements would be required
during the first month's operation and that normal replace-
ments would be required thereafter. The Operating Department
was to procure any dummy slugs required in excess of those
to be furnished by the Engineering Department., The require-
ments of dummies at this time are included in the tabulation
on the following page.

On March 20, 1944, the TNX Division advised the
Engineering Department that some slugs received at the CMX

Unit had shown evidence of damage in transit, and accordingly,



DUMMY SLUG REQUIREMENTS AS OF MARCH 17, 1944

Quantity Required For

T Plle E !%:L_oa
Replacement eplacemen

Slug Initisl Aug. 1 to Initial Aug. 1 to To be Ordered
Descoription Loading Feb. 1 Total Loading Feb. 1 Total Dby Eng. Depts
Lead Cylindrical - .030" Al covered 12, o2k 7,200 19,224 36, 072 11,520 47,592 30,000
6" x 1.360" & .003" | |
12-14% Chrome }_%
8" x 1.440" 4,008 2,500 6,308 12,024 3,830 15,864 z,m %
3" x 1.440" 2,004 1,200 3,204 6,012 1,920 7,934 148,000 :“!
Perforated Al Tubes -
8" x 1.440"+ 0,001" 0.D. 48,096 28,800 76,896 144,288 6,080 190,368 200,000

x 1.080"+ 003" ID (0.18 wall)
Solid Aluminum 8,400 ¥one 8,400 25,200 None 25,200 25, 000
6.188" x 1.440"+ .001" > > >
Grooved Steel 10,176 None 10,176 30,528 None 30, 528 35, 000

8" X 10582"+ 00000"-0002"

Poison 10% Cadmium-Q0% Lead ‘
6.184"+ 020" x 1.440"1 001" §,600 None 4,600 13,800 None 13,800 11,000

3%
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the Engineering Department was requested to prepare designs
for special shipping containers.?’ This was done, and, in an
effort to expedite and safeguard the program, procurement of
packing boxes and corrugated linere was also undertaken by
the Engineering Department,

By early April, 1944, the TNX Technical Division
had tentatively fixed the loading pattern for the active
tubes.2?Each tube contained: two 8" stainless steel slugs,
two 4" gtainless steel slugs, twenty-three 8" perforated
tubular aluminum slugs, six 1. 260" diameter lead slugs, and
thirty-two uranium slugs; so arranged that the lead dummles
were entirely within the 1limite of the blological shield.

This pattern was soon revised, however, to provide
for only one 4" gtalnless steel dummy, and to increase the
number of perforated aluminum slugs from twenty-three to
twenty-four, per tube?? It was specified also that eighty-
four solid aluminum slugs, and two 8" and one 4" stainless
steel sluge, would be used in each of the approximately one
hundred water-cooling tubes on the fringe of the pile;
twenty-four grooved steel plugs in the air-filled tubes on
the periphery of the pile; and forty-six poison slugs, in
addition to a complement of stalinless 3teel, lead, and
perforeted slugs, in each of the thirty-five tubes to be
loaded with this charge.

The pille charging pattern was not yet entirely
stabllized. The concensus was that this would have to be

evolved in actual operation, though tentative considerations
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could be proposed. The Engineering Department was advised
that, since the number of tubes that would be loaded with
uranium had not definitely been decided upon, it should
provide adequate quantities of the various types of dummies
in the event of a 1500-tube charging of uranium. Conversely,
it should also provide for sufficlient slugs of all types in
the event all 2004 tubes were charged with the active slugs,

By May, the TNX Division had determined that addi-
tional so0lid aluminum slugs, and a quantity of aluminum
spacers, would be required. The Engineering Department
therefore was requested to procure 16,000 additional 8lugs
and 84,000 spacers.24 The latter were to be used in those
tubes that contained an 8" and a 4" stainless steel slug in
each end fitting, and two lead dummies in the shield section,
at each end of the tube; and could be fabricated from alum-
inum tubes, rods, or any other shape that would insure posi-
tive spacing and would withstand the required pushing force,?
These spacers were to be approximately 8" in length, and if
cylindrical, of 1.40" - 1,44" outside dlameter.

This request was followed shortly by another for
an additional 16,000 stainless steel slugs, required for the
initial loading of the second and third piles.?® The design
of these was revised, from those originally procured, to
change the lengths from 8" and 4" to a standard 6,144
length.

Meanwhile, the CMX Unit had been conducting numerous

tests on the flow characteristics of the various loading
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patterns under consideration, and it was learned that the
perforated aluminum tubular dummies vibrated in the tubes
and severely marked the tupe ribs.Z7The TNX Division was
attempting to determine a way in which these perforated
dummies could be used, as a large quantity of these slugs
had already been fabricated., If necessary, it was proposed
to use the 1,360" diameter canned lead slugs as a substitute
throughout the plle, except for a short distance in the
shielde where the 1,440" canned lead slugs would be used,
This alternate loading charge was evaluated at the CMX Unit,
and it was determined that the resultant pressure drop was
unobjectionable,?®

By the latter part of June, 1944, the TNX Division
advlised that the perforated dummies apparently would not
prove satisfactory, and the Engineering Department accord-
ingly was to procure 153,500 additional 1,360" diameter and
34,500 additional 1,440" Ailameter canned lead slugs.?9Pro-
duction of the perforated dummies was to cease upon the
completion of 75,000 pleces, as this quantity would take care
of the requirements for the first pile, Because of the im-
possibility of procuring replacenents in time for initial
startup, the substitute lead dumnies were to be used in the
second and third piles only, until sufficient quantities
had been received to charge also into the first pile as
operating replacements.aoThese replacement slugs were in-
cluded in the total quantitiees mentioned above, which were

based on an initlal charging of 1600 tubes per pile.
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Early in August, the TNX Division advised that the
1. 360" diameter lead slugs would be eliminated, because of
the attendant vibration and chattering due to water flow in
the tube, in favor of a standard 1,440" dlameter dummy.?
These under-size slugs could be brought up to proper dia-
meter by inserting the complete assembly within a can of the
appropriate size, and would apply to the approximately 60,000
of the smaller slugs which had been fabricated to that time.
The Engineering Department arranged for an experimental test
of the double-canning operation and soon proved 1t to be
practicable.’z

Continued experiments at CMX with varioue loading
arrangements in the tubes disclosed the fact that the stain-
less steel slugs at the end of the inlet nozzles were forced
downstream against the main column of the slugeZ3 This con-
dition caused accelerated wear on the tube ribs and produced
pressure fluctuetions, It was learned, however, that these
tendencies could be eliminated by decreasing the diameter of
the upstream end of the slug to one inch for a distance of
1-1/2* along the slug.

On the basls of these findings, a change in the
loading arrangement for the initial charge into the active
tubees was again under consideration, this time to specify six
lead, twenty-one perforated, and thirty-two active slugs; in
addition to one 8" shouldered stainless steel slug and one
new-design stainless steel slug 5.125" long by 1,440" in

diameter. Thig arrangement was favored over that in which
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all the perforated dummies would be replaced by 1.440" lead
dummies, because it permite a 15% greater water flow for a
given pressure drop. Regardless of which plan was adopted,
however, the TNX Division had provided sufficient dummies

for the complete loading, as it had arranged for the fabrica-
tion, at Hanford, of 5000 of the 8&" ghouldered slugs and

2000 of the 5-1/8" cylindrical slugs from the 7000 eight-inch
stainless steel slugs previously ordered,"The Engineering
Department, upon advice from TNX, stopped immediately the
production of the 6,144" long stainlees steel slugs. The
first 3000 of these received at Hanford were to be refabri-
cated there into 5-1/8" dummies to complete the initial
requirements,

The Engineering Department was requested to eval-
uate these proposed changes in design of the stainless steel
slugs, and found that both the 8" ghouldered type and the
short 5.125" type affected the mechanical operation of the
new drum sorting mechanlsm;&sEngineering suggested that a
plain cylindrical dummy 6.144" long and a shouldered dummy
7" long, counter-bvored at the end opposite the shoulder with
a 1" hole, possibly would work in the sorter, and would
accomplish the same end. These types then were evaluated
in the field and were found to operate satisfactorily in the
gorter,3®Machining of the obsolete &" cylindrical slugs to
the 7" shouldered slug was immediately started, in lieu of
fabricating the 8" ghouldered and 5-1/8" cylindrical slugs.

With the establishing of this design for the stain-

less steel slugs, the Engineering Department's portion of the
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dummy slug program came virtually to a close, Certain orders
were still open, and ultimately, two more were to be placed,’z”
but prior to their completion, the Explosives Department
assumed full responsibility for all further design and the

procurement of necessary operating replacements,

DUMMY SLUG PROCUREMENT

The Engineering Department was responsible for the
procurement and the development of manufacturing methods
required for the production of the various types of dummy

slugs ultimately evaluated and fabricated under this program,

Twigted Dummies
The first approach to this problem, like all suc-

ceeding activities in this connection, was made at the request
of the TNX Division, and concerned the procurement of two
experimental aluminum-jacketed twisted lead qummies. Pur-
chase order RPG-662-1/2 was placed on August 30, 1943, on
the Wolverine Tube Division of the Calumet & Hecla Conso-
lidated Copper Company for the fabrication of these samples.
At the same time, order RPG-766-1/2 was placed, also on this
vendor, for the production of 500 twisted dummies. Later,
this order was altered to include the necessary work for the
development of manufacturing methode for anticipated high-
production runs of twisted dummies; and ultimately included
the fabrication of 408 samples of 1.380" dlameter and 367
samplee of 1,440" dlameter twisted slugs, for testing and
evaluating at the Metallurgical Laboratory, Clinton Engineer
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Works, Wilmington Bhops, Experimental Station, and the CMX Unit,

To expedite the procurement of production quanti-
ties of twisted dummies, the Engineering Department soon
placed order RPG-1556-1/2 on Wolverine for the fabrication
of 150,000 of these slugs. Work on this order was to start
after acceptance of the 500 samples fabricated on RPG-766-1/2,
and was to proceed at the rate of 20,000 sluge per month
starting in January, 1944, This schedule was the best pos-
eible under the conditions imposed and was accepted in lieu
of the original requirements stipulating completion of the
150,000 slugs by the end of March.

Due to the difficulties encountered in developing a
satisfactory welded closure, start of production necessarily
was delayed. In March, 1944, before any twisted dummies had
been fabricated on this order, the design was revised com-
pletely to specify a perforated tubular aluminum type of slug.
Order RPG-1556-1/2 was accordingly altered to cancel the
150,000 twisted slugs and to provide instead 200,000 of the
tubular type.

Perforated Tubulgr Aluminum Dummies

Production to this design was rather slow at first,
due to the lack of proper equipment; but after multiple-spin-
dle drill presses had been recelved at Wolverine the dally
output increased rapidly. Certain tolerances and specifica-
tions were relaxed somewhat by the Design Division to permit
increased production. By June 27 approximately 59,000 tubular

dummies had been fabricated. At this time, however, Wolverine
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was advised that the perforated tubular dummy was to be dis-
continued, and that production should stop upon the completion
of 75,000 acceptable pieces (required for charging the first
pile). 1In all, 75,925 acceptable slugs were fabricated on

this order.

Stainlesg Bteel Dummies

S8tainless steel dummies were required for use in the
water fittings, in all water-filled tubes, to decrease the
leakage when the tube was uncapped for charging or discharg-
ing. On November 15, 1943 the TNX Division requested the
Engineering Department to procure 7000 of these 8" long and
14,000 4" long, all to be 1.440" in diameter and of 12%-1u4%
chromium steel,

To effect the fabrication of these slugs in the
most expeditious manner, the du Pont Company believed it best
to utilize its purchasing contacts to secure material from
recognized sources for subsequent fabrication into slugs at
another vendor's shop. This procedure was adopted not only
in procuring the stainless steel slugs, but also in getting
under way the early production of canned lead slugs, solid
aluminum slugs, polson slugs, and grooved steel plugs; all
of which are discussed later in thils section,

On November 26, 1943 order RPG-1638-1/2 was placed
on G, 0. Carlson, Inc, for stainless steel bar stock with
partial deliveries to be made in December, January and
February. With the material located, the Engineering Depart-
ment shortly placed order RPG-2198-1/2 on the Koppers Company
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for the subsequent fabrication, which progressed without
difficulty. The order was completed on March 29, 1944,

upon the acceptance of a total of 7104 eight-inch elugs

and 14,104 four-inch slugs.

Early in June, 194k, the TNX Division requested
the Engineering Department to procure 16,000 stainless steel
slugs for the initial loading of the second and third piles.
These slugs were to be 6.144" in length, as suggested by the
Engineering Department, in order to standardize on the
length of dummies and to permit more efficlient operation in
the drum sorting mechanism., A portion of the necessary bar
stock was utilized from that left in excess after completion
of order RPG-2198-1/2, and the balance of the material was
purchased by du Pont on RPG-U502-1/2; all for use by the
Stearns-Roger Manufacturing Company in fabtricating the
_dummies on RPG-U602-1/2.

By the early part of August, the continued experi-
mental work at the CMX Unit had indicated a revision in the
design of these slugs. The new design embodied two types:
an 8" shouldered slug with a reduced diameter at one end,
and a plain cylindrical slug 5-1/8" in length. The slugs
purchased on RPG-2198-1/2 were to be machined at Hanford to
these designs, and RPG-4602-1/2 was to be cancelled imme-
diately, since the 6,144" dqummies would not be used. This
order accordingly was terminated upon the acceptance of the
8212 slugs fabricated to that tinme.

Almost immediately, however, the design was again

revised in accordance with the suggestion by the Engineering
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Department that a 7" shouldered dummy counterbored on the
opposite end be used in conjunction with a plain cylindrical
dummy 6.144" in length. Machining the obsolete 8" cylin-
drical slugs to the 7" shouldered slug was started imme-
diately at Hanford.

In November, 1944, the Operating Department re-
auested the Engineering Department to purchase 5000 of the
7" shouldered slugs to complete its requirements for this
type. These were subsequently fabricated f~om a portion of
the excess bar stock, on hand from RPG-4602-1/2, at Stearns-
Roger under order RPG-5336-1/2. The unused balance of the
material was to be shipped to Hanford for the future use

of the Operating Department,

Canned Lead 8lugs

On November 29, 1943 the TNX Division requested the
Engineering Department to procure 30,000 aluminum-jacketed
lead slugs, for use as fillers in those water-cooling tubes
outside the sphere of activity in the pile, which would not
be charged with uranium slugs.

Because these slugs were to be canned in aluminum,
the Engineering Department believed it advisable to utilize
developed sources for procurement of the varlious component
parts. The first approach to the problem, however, was to
develop a source of bare lead slugs. Purchase orders RPG-
2812-1/2 and 2813-1/2 were placed on American Bmelting and
Refining Company and on Eagle-Picher Sales Company, respec-
tively, for experimental quantities of sample slugs 8,000"



189 2/A~

long by 1.380" in diameter. These samples were shipped to
the Aluminum Company for use on order RPG-3383-1/2 in devel-
oping methods for canning the dummlies. Impact-extruded caps
were furnished as a necvsesary part of this order, and the
small quantity of aluminum cans required was diverted, from
those which were on hand for another order, at Alcoa.

By the middle of March, 1944, the TNX Division
changed the specifications to call for dummies 6" long by
1.360" in diameter. On this basls the Engineering Department
placed orders for the procurement of the 30,000 canned lead
slugs. Deep-drawn aluminum cans were supplied by Paul &
Beekman on RPG-3018-1/2; the bare lead slugs by Eagle-Picher
and the National lead Company on RPG-3883-1/2 and 4O94-1/2,
respectively; and the caps and complete assembly of com-
ponente by Alcoa on RPG-4420-1/2,

Some degree of dAifficulty was experlenced in the
production canning of these dummies. Because of the soft
slug material, mortality was higher than anticlipated, despite
the exercising of extreme care, Special wooden shipping
boxes and corrugated liners and pads were purchased on
RPG-4074-1/2 and 4079-1/2, respectively. Orders for com-
ponent parts were altered to increase the initial quantities.
On one occasion, Alcoa exhausted its supply of component
parts, but the production faclilities immediately were util-
1zed in fabricating a quantity of polson slugs on another
order, so that the overall program was not delayed.
| By the latter part of June, the TNX Division stated

that the perforated tubular aluminum dummies were to be
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replaced by two sizes of ocanned lead slugs, each 6" in length,
one of 1,360" Aiameter and the other of 1,440" d.ameter,
Initial requirements of these were estimated to be 150,000

of the 1,360" size and 34,500 of the 1.U44O" size. Bhipment

was required in the quantities and on the dates as tabulated

below:
To be shipped by 1, 30" diameter 1. 440" diameter
September 1, 1944 41,000 10,000
October 1. 1944 12,500 24,500
November 1, 194l 50,000 - -
December 1, 1944 50,000 - =

153,000 3,500

If these dates could be met, the production of perforated
tubular aluminum dummies at Wolverine on RPG-1556-1/2 could
be stopped upon completion of the 75,000 pieces required for
the first pile. The canned lead dummies could then be used
for the second and third plles and for replacements in the
first pile.

Procurement was started immediately, and was based
on quantities sufficient to allow for an anticipated produc-
tion mortality of 25% during the canning operation, A total
quantity of 191,875 aluminum cans for the 1.360" dummies, and
43,025 for the 1,440" dummies, was ordered from Paul & Beek-
man on RPG-U4628-1/2; 60,000 small and 47,000 large bare lead
sluge from National Lead Company on RPG-4629-1/2; and 150,000
of the small slugs from Eagle-Picher on RPG-4630-1/2, Assem-
bly and canning, as well as the furnishing of caps, were by

Alcoa on RPG-4742-1/2; and order RPG-U6U8-1/2 was placed for
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of single-canned 1.440" slugs from 150,000 to 96,000, and
thereby effected not only a considerable savings in time
but also in cost,

Quantities of the larger-size slugs were required
in the field on the following dates:

10,000 by September 1, 1944

47,500 by October 1, 1944

57,500 by November 1, 1S4k4

35,000 by December 1, 1944
Because of the reclamation of the smaller slugs by double-
canning, this schedule was met and bettered. Approximately
3000 small slugse were double-canned in the 300 Area at
Hanford to help expedite the program.

The abrupt change in the canned lead dummy program
necessarily required the immedlate cancellation of certeain
orders, and alterations to others, to conform to the new re-
quirements. Fabrication of the small bare lead slugs on
RPG-U4629-1/2 was terminated upon the completion of 26,700
pleces, Work on RPG-4630-1/2 was stopped after 13,368
pleces had been made, and the order was altered to provide
for the fabrication of 81,000 large slugs. A portion of
RPG-4628-1/2 wée terminated upon completion of 35,597 small
cans, and the quantity of large cans on the same order was
increased from 43,025 to 117,000. Alcoa revised its order
for caps in accordance with these developments., Immediate
change-overs to the larger size were made in the vendors'

shops.
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It was subsequently determined that a higher-than-
anticlpaféd percentage of acceptable slugs was belng produced
at both Alcoa and Quality. Order RPG-U628-1/2 was accordingly
terminated upon the completion of 105,168 large-size canse,
and RPG-5049-1/2 after a quantity of 58,503 cans had been
fabricated. These quantities were sufficient to complete
the balance of the work at Alcoa and Quality, respectively.

The procurement of canned lead slugs came to a
close by the end of November, 1944, In all, 54,413 of the
1.360" diameter dummies (of the 57,883 which had been canned
at Alcoa on orders RPG-4U420-1/2 and 4742-1/2) were double-
canned at Quality Hardware and Machlne Corporation. Approx-
imately 3000 of the balance were double-canned in the field,
and the remainder were used for experimental purposes. In
addition, Alcoa single-canned 100,373 dummies of the 1,u44oO"
diameter size. The total effective number of this slze
therefore fulfilled the requiremenis as requested by the
TNX Division.

Grooved Steel Plugs

Grooved steel plugs were required for insertion in
the ends of the air-filled inactive tubes around the fringe
of the pile, to prevent the escape of radiation and of ailr
containing radiocactive argon. On January 12, 1944, the TNX
Division requested the Engineerlng Department to procure
25,000 of these plugs; a flgure based on charging nine plugs
in each end of 450 tubes in each of the three pilles.

In conformity with the usual procedure, the Engi-
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neering Department placed separate orders for material an&
fabrication: RPG-2809-1/2 on the Cumberland 8teel Company,
and RPG-2808-1/2 on the Herring-Hall-Marvin 8afe Company,
respectively. The latter order was soon altered to increase
the quantity to be fabricated from 25,000 to a total of
35,000 plugs, in accordance with the revieed estimate by

the TNX Division.

No unusual difficulties were experienced in the
fabrication of these plugs. In order to meet the delivery
schedule for initial requirements of the firet plle, some
overtime work was necessary, but throughout the entire pro-
gram this practice was not uncommon.

By the middle of July the need for additional
material prompted the placement of RPG-L4865-1/2 on Cumberland
Steel Company. However, this order was cancelled and was
replaced by RPG-4916-1/2 on Jones & Laughlin Steel Corpora-
tion in order to secure earllier delivery, After this mater-
ial was received at Herring-Hall-Marvin, fabrication pro-
ceeded to completion of the order. In all, 36,207 grooved
steel plugs were fabricated and shipped.

Poison 8lugse

The procurement of polson slugs containing 10%
cadmium and 90% lead was initiated by the Engineering
Department upon the request of the TNX Division, Order
RPG-3324-1/2 was placed early in March, 1944, on the American
Smelting and Refining Company for a small quantity of exper-
imental poison slugs. 8Samples of these were shipped to the
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Wilmington Shops and to the Aluminum Company for experimental
canning operations. Boon thereafter, order RPG-3882-1/2 was
placed on the National Lead Company for production quantities
of these slugs, but when it developed that deliveries could
not be made concordant with requirements, the order was
cancelled and was replaced by RPG-U4227-1/2 on the American
Smelting and Refining Company. Cans were ordered from Paul
& Beekman on RPG-3705-1/2; and the caps, together with the
assembly of all components and the canning, from Alcoa on
RPG-4077-1/2. A supplemental order, RPG-4537-1/2, was later
placed on the National Lead Company for an additional quan-
tity of slugs required to offset the anticipated loss by
reJection after the canning operation,

The most important single factor in the fabrication
of the poison slugs was the absolute necessity for their
physical segregation from the plain canned lead dummies,

This condition prompted the adherence to extremely close
controls over the complete range of fabricating operations
in the suppliers' shops.

No unusual difficultlies were encountered during
the fabrication of these slugs. Order RPG-4227-1/2 was ter-
minated upon the completion of 9638 bare lead poison slugs:
RPG-4537-1/2 was completed with the acceptance of 5004 bare
slugs; 18,722 cans were fabricated on RPG-3705-1/2; and
11,461 dummies were canned by Alcoa on RPG-4077-1/2,

801id Aluminum 8lugs and Bpacers
On February 25, 1944, the TNX Technical Division
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reported that if soiid aluminum slugs, rather than the
aluminum-jacketed lead slugs, were used in the water-cooling
inactive tubes outside the sphere of activity in the pille,
the change in effect on pile operation would be practically
negligivle. This disclosure was followed immedlately by a
request frcm the éNX Division that the Engineering Department
procure a quantity of 25,000 of these aluminum slugs, each
6" long by 1.440" in dlameter.

Order RPG-3706-1/2 was soon placed on Extruded
Metals, Incorporated for the total quantity, but when it
shortly developed that this vendor would be unable to meet
the dimensional specifications, the order was cancelled with-
out charge. Order RPG-3922-1/2 was placed immediately on
Alcoa for the furnishing of the aluminum rod, and RPG-3924-1/2
on the Weatherhead Company for the fabrication of the required
25,000 s0lid aluminum slugs. Bome difficulty was experienced
in the fabrication of these due to the exterlor surface of
the rod being damaged in shlpment, but certaln specifications
were relaxed to permit use of this material.

On May 9, 1944 the TNX Division requested the Engi-
neering Department to procure an additional quantity of 16,000
of these slugs, to meet the new total requirements of 41,000
slugs for the three plles, Also, a quantity of 84,000 solid
aluminum spacers — to be inserted in those tubes that con-
tained an 8" and a 4" stalnless steel slug in each end fitting
and two lead dummies in the shleld section — would be required.

These spacers were to be virtually the same as the solid alu-
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perinental dummy deslgn or of a base material easily fabri-
cated which, after canning, could be used as a simulated
uranium slug for the purpose of the test, were procured by
the Engineering Department., Most of the latter type were
fabricated from steel shafting at Baker Bros, Incorporated,
on RPG-800~-1/2, and were subsequently canned at Alcoa under
RPG-277-1/2 and 1263-1/2, It is well to emphasize that these
canned steel slugs were never considered as dummlies, inasmuch
as their use was confined only to serving as a substitute

for the uranium slugs in developing a satisfactory welding
method, or in deternining data relative to corrosion behaviof
or other essential phases of the work,

Fabrication of some of the experimental dummy types
was performed at Wilmington Bhops. 8eventy-two perforated
tubular stainless steel dummies were made on RPG-3543-1/2
for testing at 8MX; end two tool-made samples of a die-cast
perforated tubular aluminum dummy design were made, on RPG-
5281-1/2, and were tested to destruction in comparison with
the machined and drilled type furnished on RPG-1556-1/2,

Orders were also placed on outside vendors in order
to develop fabrication methods or to provide a developmental
group with needed dummies, Seventy bare slugs of two percent
antimony lead were procured on RPG-3384-1/2 for use in ex-
perimental canning operations at Alcoa and at Wilmington
S8hops; 500 "B" dummies were canned by Alcoa on RPG-U4779-1/2;
and orders XPG-1071-1/2 and 1133-1/2 were placed for the
fabrication of a total of 2200 zinc-coated steel dummies
required for the 8MX Unit,




99 R/

TESTING CANNED DUMMY SLUGS

Because the dimensional limitations of the slugs
were enforced concordant with commercial high-scale produc-
tion, inspection of the dummy slugs was necessarily held to
close tolerances in order to satisfy the requirements imposed
by the process. A few thousandths of an inch difference 1n
slug diameter was shown by teste performed at CMX to influence
greatly the water flow characterlistics and pressure drop with-
in the loaded tube. Tolerances on slug length also had to
be held, as far as commercially possible, in order to elim-
inate an accumulative error in a chalin of dummies which tended
to form a smell unfilled space between two adjoining slugs;

a condition which affects not only the water flow character-
istics but also the rate of heat transfer within the tube,

All uncanned dummies, such as the perforated tubular
aluminum, stainless steel, steel plugs, and so0lid aluminum
types, were inspected in the vendors' shops by representatives
of the Engineering Department. Acceptable eluge only were
shipped, except in a few cases where small quantities of
rejected slugs would serve the purpose equally as well for
the execution of a particular test,

In similerity with the uranium slugs, all canned
lead and polson dummies required testing to determine the
acceptablility of the welded closure. With the dummy slugs,
however, the testing procedure was less difficult, since all
canned dummies were unbonded and the deflection test method

developed for the unbonded Clinton size uranium slugs could
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be employed. To facilitate the test, and to make the results
more conclueive, a groove was formed on the surface of the
bare lead slug during fabrisation, similar to the groove
specified for a large number of the Clinton sluge. All
canned lead and polson dummies were tested by the deflection
method, which 1s described in detail in 8Bection IX - Methods
of Testing Canned Blugs.




Exhibit

A

4 = X Q@ 3 m Y Q w

A2

Footnotes

Tabulation of Clinton 8lug Program

Tabulation of Hanford Bonded 8lug Program

Tabulation of Hanford Unbonded 8lug Program
Tabulation of Hanford Dummy 8lug Program
Numerical List of Clinton Orders

Numerical List of Hanford Orders - Project 9536
Numerical List of Hanford Orders - Project 1553
Index to Files Relating to S8Slug Programs
Drawings Relating to 8lug Design



Appendix A

FOOTNOTES - SECTIOR I
EXCEPTIONAL CHARACTERISTICS OF THE SLUG PROGRAM

Yo. ~Correspondence Dated File
1 C. E. Daniels' letter to J. B, Miles March 20, 12&3 D-10
2 Dr., J. J. Nickson's letier to C. E. Daniels April 3, 19 D-17
R J. B. Miles' letter to C. E., Danilels April 20, lz 3 D-17

C. E. Daniels' letter to C. H. Greenewalt June 28, 1 D-3
2 Baker Broe, Inc. letter to C., F. Lange July 3, 19 z D-23
¥. R. Huey's letter to C. E, Danlels July 15, 1943 D-
7 W. R, Huey's letter to C. E, Danlels August 31, 1943 D-

g C. E. Daniele' letter to Herring-Hall-Marvin Safe Co. September 1, 1943 D-19
9 C. P. Lange's memorandum to File D=}
10 C. E. Daniels! letter to B. & T. Metals Co. April lO 1943 D-17
11 Dr. W, D, Norwood's letter to Dr., G. H, Gehrman May 26, 19 3 D-10
12 Dr. J. J. Nickson's memorandum to J. B. Miles May 27, 19 D-10
1 Dr. J, J. Nickson's memorandum to A. B. Greninger April 13 D-56
1 Dr. J. J. Nickson's memorandum to Messrs. Todt et al July 2 33 D-22
15 C. E. Danlels' letter to J. B, Miles June &4, B D-10
16 Dr. W. D. Norwood's letter to Revere C. & B. Inc. September 3, 194 D=i9g
17 C. E, Daniels! letter to Revere C., & B, Ine. September 27, 1933 D-I
18 M. G. Kershaw's memorandum to C. E, Daniels Oetober 9, 1 D-66:
19 J. B, Miles' letter to C. E., Daniels March 29, 1933 D-1
20 . C. E. Daniels! letter to J. B. Miles June 1, 1943 D=1
21 C. F, Lange's letter to Herring-Hall-Marvin Bafe Co. July S 19R3 D-19
22 Capt. R, D. Morse's letter to C. E. Daniels March 21 1944 D-U9g
2 C. E. Danielg'! letter to P, E. Spahn Beptember 23, 1943 D-19
2 Major W, L. Sapper's letter to C. E. Danlels June 15, 1933 D-29
2 C. E. Danlels' letter to Herring-Hall-Marvin Safe Co, June 50 194 D-29
2 Major W. L. Sapper's letter to C. E. Daniels August 2, R} D-3
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FOOTNOTES - SECTION II

EXTRUSION
No. Correepondence ~Dated File
1 C. E, Daniels' letter to Battelle Memorial Institute March 30, lﬁk} D-17
2 Lt, Col, Ruhoff's letter to F. A, Shinn June 16, D-3
E P. L. Soruance's letter to B, & T. Metals Company May 19, 1943 D-28
F. M, Hart'e letter to C. E. Danlels June 7, 19‘*& . D-hl
2 W. E, Kirst's memorandum to File June 28, 1 D=6
R. A. Kinckiner's letter to C. E, Danilels July 1, 1943 D=6
7 C. E, Danlelg' letter to Revere Coovper & Brass Inc. August 2, 19M D-22
g C. E, Daniels' memorandum to File August 30 1943 D=
9 C. F. Lange's letter to Major Sapper August 21, 13&3 D-
10 Battelle's letter to C. E., Daniels August 7 D=
11 €. E. Daniels' letter to Battelle M. I. August 20, 1943 D-6
12 R, A, Kinckiner's letter to C. E, Daniels October &, 194 D=6
1 C. E. Daniels' letter to Major Sapper November é 19 E D-49
1 C. E. Daniels' letter to Major Sapper November 22 19 D=}
1 Maj. Hadlock's letter to Mallinckrodt Chemical Works November 27, 19&3 D=6
1 W. R, Huey's letter to C. E. Danilels November 27, 19&3 D-l9g
17 Revere's letter to C. E, Daniels , December 27, 1943 Dp-49
18 C. E. Daniels' letter to Major Sapper February 2, 19 D-U9
19 Revere's letter to C. E. Daniels February 29, 19l D=9
20 R, P, King's letter to C, E. Danilels April 11, 194k D=6
21 Franke Foote's memorandum to A. B. Greninger August 12 194k D-67A
22 Major Hadlock's letter to C. E. Daniels September lh 19&3 D-9

2 Major Hadlock'e letter to C. E. Daniels August 6 z
2 Major Hadlock's letter to J. F, Simon July 27, 19 3 D-22
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FOOTNOTES - SECTIOR II

EXTRUSION
Yo. Corresvondence Dated File
2 Major Hadlock's letter to C. E. Daniels September 14, izu3 D-96
2 Capt. Bassett's letter to C. E. Daniels February 4, 19 D-96
27 Lt, Col. Ruhoff's letter to C. E, Danlels June 23, 1943 D=3
28 Lt, Col. Ruhoff's letter to C. E. Daniels June 22, 194 D-3
29 Major Hadlock's letter to C. E. Daniels August 6, 1943 p-22
30 MajJor Hadlock's tetter to C. E, Daniels August 7, 1943 D-22
31 Major Hadlock's letter to C. E. Daniels September 14, tﬁu3 D-96
32 Capt. Bassett's letter to C. E. Daniels February U4, iz D-96
3 Capt. Sturges' letter to C. E. Daniels March 29, iz D-6
3 Lt. Stanford's letter to Major Sapper May 18, 19 D-67
3 Major Hadlock's letter to Major Sapper February 28, 194k D-6
3 Capt. Sturgea' letter to C. E. Danlels March 29, 1944 D-6&
37 R, P, King's letter to C. E. Daniels March 18, 1944 D-6
38 Capt. Bassett's letter to C. E. Daniels February 4, 1944 D-96
28 R. A. Kinckiner's letter to C. E. Danilels April 3, 194k D-
C. E, Daniels' letter to Major Sapper July 16, 194 D-13
41 C. E. Daniels' letter to J, B. Miles April 10, 1943 D-13
42 Major Hadlock's letter to C. E. Danlels July 27, 1943 D-
ﬁa Ma). Hadlock's letter to Mallinckrodt Chemical Works November 27, 1943 D=66
C. E. Daniels' letter to Major Hadlook August 16, 1943 D=
4 C. E. Daniels' letter to Major Hadlock August 21, 1243 D=b6
L. P. L, 3Spruance's letter to B. & T, Metals Company March 30, 1943 D-28
7 C. E. Daniels' letter to J. N, Tilley September 27, ﬁgk3 D-49
4 C, E. Danlels' letter to J. N, Tilley January 19, 19 Dp-4o

Lre
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FOOTNOTES - SECTION II

EXTRUSION

No. Correspondence Dated File
L9 R. A. Kinckiner's letter to C. E. Danlels April 3, 1944 D-6&
50 Major Hadlock's letter to Major Sapper February 28, lzkh D-6
51 A, B, Oreninger's letter to C. E. Daniels January 11, 19 D-6
52 Battelle's letter to C. E. Daniels February lﬁ, 194k D-6
5 C. E, Daniels! letter to R. P. Putman January 12, 19 D-49
5 Tilley'e teletype to Swensson-Sanford January 15, 1944 D-6
55 R. P. King's letter to C. E. Daniels March 18, 194 D-6
56 R, P, Putman's memorandum to C., E, Daniels January 20, 19ul D-6.
57 Major Hadlock's letter to Major Sapper February 28, 1944 D-6
58 Major Hadlock's letter to Major Sapper February 28, 1944 D-6
59 R, A, Kinckiner's letter to C. E. Danileis March 3, 19&# D-6
60 R, P, King's letter to C. E. Daniels February 29, 1944 D-6
61 R. P. King's letter to C, E. Daniels Mareh 13, kﬁ&h D-6
62 Lt, Stanford's letter to Major Sapper May 18, 19 D-67
6 Capt. Sturges' letter to C. E. Daniels March 29, 19ul D-6
6 R. P. King's letter to C. E., Danieles March 14, 1944 D-6
65 R. A. Kinckiner's memorandum to C. E. Daniels March 17, 1oui D-6
66 R, P, King's letter to C. E. Daniels April 11, 1944 D=6
67 R. P, King's memorandum to C. E. Daniels April 24, 19uh D-6
68 R. P. King's letter to C. E. Daniels May 8, 1944 D=6
69 R. P. King's note to C., E. Daniels May 19, 1944 D67
70 R. P, King's letter to C. E. Daniels May 31, 1944 D-67
71 C. E. Danlels' letter to Major Sapper June 13, 19y D-67
72 C. E, Daniels' memorandum to M, F. Wood August 7, 1944 D-67A
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FOOTNOTES - SECTION III

DRAWING, SWAGING AND ROLLING

Yo. Correspondence —Dated —File
1 Battelle's letter to C. E. Daniels August 6, 194 D-6
2 R. A, Kinckiner's letter to C. E. Daniels October &, 1943 D-6
z Revere's letter to C. E. Daniels December 27, 1943 D-66
Revere's letter to C. E. Danlels November 11, 12ﬁ3 D-49
2 R. A. Kinckiner's letter to C. E, Daniels January 14, 19 D-6
Revere's letter to C. E. Danilels December 27, 1943 D-66
7 C. E. Daniels' letter to Major W. L. Sapper February 5, 194 D-67
& FPFrenk Foote's memorandum to A. B. Greninger July 28, 194k D-6TA
9 W. E. Kirst's memorandum to File June 28, 1943 D-6
10 C. E. Daniels' letter to J. B, Mlles July 21, 194 D-66
11 A, B. Greninger'e letter to C. E. Daniels March 23, 19 D=6
12 H. M. Sawyer'se letter to C. E. Daniels March 25, 19l D-56
1 C. E. Danlels' letter to Major W. L. Sapper March 31, 1944 D-56
1 Furnace and Extrusion Log May 9-10-11, 1944 RPG-37
1 Furnace and Extrusion Log June 2, 19&& RPG-37
1 Furnace and Extrusion Log June 22-22-24, 1944 RPG-377
17 R, P. King's memorandum to C. E. Daniels et al July 7, 194k D-b7A
18 R, P. King's memorandum to C. E. Daniels et al July 7, 19uk D-6TA
19 W, R, Huey's memorandum to R. F. Peterson July 14, 194k D-67A
20 C. E., Daniels' letter to Major W, L. BSapper August 1, 19uh D-80
21 A. B, Greninger's letter to W, R, Huey and C. E. Paniels September 21, 1944 D-80
22 C. E. Daniels' letter to W. R, Huey September 26, 194k D-80

v




Appendix A

FOOTNOTES - SECTION IV

OUTGASSING AND STRAIGHTENING

Yo. Correspondence Dated “Tile
1 V¥. E. Kirst's memorandum to Flle June 28, 12h3 D-6
2 Copperweld's letter to P. L. Spruance May 24, 1943 XPG-U492%
a C. E. Daniels' letter to J. B, Miles June 1, 194 D-13

C. E. Daniels' letter to J. B, Miles June 16, 1943 D-20
5 W, E. Kirst's memorandum to File June 2%, 1943 D-6
6 C. F. Lange's letter to MajJor W. L. Sapper August 21, 19U43 D-81
7 C. E, Daniels' letter to F. M, Hart July 16, 12&3 D-68
g8 C. E. Danlels' letter to Battelle Memorial Institute September U, 12#3 D-l9
9 Revere's letter to C. E. Daniels November 1, 1943 D-l49g

10 C. E. Daniele! letter to Revere Copper & Brasse Inc. November 5, 1943 D-49

11 C. E. Danlels' letter to Revere Copper & Brass Inc. November 1943 D-49

12 C. E. Daniels' letter to Revere Copper & Brase Inc. May 3, 19 D-49

1 Revere's letter to C. E, Danilels July 14, 194k D-49

1 C. E. Danlels' letter to W. R. Huey August 2, 19k D-49

1 A. B. Greninger's memorandum to Cooper-Chipman June 8, 19 D-56

1 R. P. King's memorandum to C. E. Daniels June 19, 19i4 D56

o
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FOOTNOTES - SECTION V

PROJECT 10730

No. Torrespondence Dated _ FiTe
1 C. E, Daniels' letter to M. F. Wood January 2, 19ul D-95
2 C. E. Daniels' letter to Revere Copper & Brass Inc. December 29, 1943 D-95
B E. G. Ackert's letter to Clinton Laboratories January %, 19 D-95
W. C. Kay's teletype to R. H. Wadhams January 17, 1oul R-3
5 W, J. May's letter to G. S, Long et al January 22, 19Ul R-3
6 8. Heyward's letter to Clinton Laboratories March 20, 19 D-Ol
7 ¥, J. May's letter to J. R. Medford April 27, 1944 R-3

/e




Appendix A

FOOTNOTES - SECTION VI

MACHINING, GRINDING AND GROOVING

Yo. Correspondence Dated _File
1 C. J. Veith's memorandum to J. H. Shaw April 3, 1943 D-29
2 ©P. L. Spruance's letter to Herring-Hall-Marvin Safe Co. Avril 5, 19“3 D-29
z P. L. Spruance's letter to Herring-Hall-Marvin Safe Co. April 15, 19 3 D-29

Herring-Hall—Parvin Safe Co's letter to P. H, Spruance 18, 194 3 D-29
2 C. F. Lange's letter to Lt. Col. J. R, Ruhoff June 25, 2 3 D-3

C. F, Lange's memorandum to C, E. Daniels June 9, 19 D-33
7 C. E. Daniels' letter to Herring-Hall-Marvin Safe Co. May 29, 19 D-19
8 C. E. Daniels’® letter to Baker Brothers, Inc. June 1, 194 R D- 2
9 C, E, Daniels! letter to B, & T. Metals Co. June 17, 1943 D-

10 Reason Sheet with purchase order XPG-753% July 2, 1943 XPG-753%

11 Baker Brothers, Inc. letter to C. E. Daniels Beptember 2 1943 D-

12 J. B. Miles' letter to C. E. Daniels July 26, ﬁ} D-3

1 C. E. Daniels' letter to J. B. Miles June 21 19 3 D-13

1 J. B, Miles' letter to C. E. Daniels June 26, 1643 D-13

15 J. B. Miles' letter to C. E. Daniels September 2, 194 D-13

16 C. E, Daniels' letter to Major W. L. Sapper September 23, 1943 D-47

17 C. E. Daniels' letter to P, L. Spruance August 23, 1943 D-48

18 H. H, Kerslake's letter to Major W, L. Sapper September 28, nah D-19

19 C. E. Danlels' letter to Baker Brothers, Inc. January 12 19 D47

20 J. M, Aarons' letter to C. C. Maddux et al 8, D=-71

~evr
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FOOTNOTES - SECTION VI
MACHINING, GRINDING AND GROOVING

No. Correspondence Dated Tile
21 J. N. Tllley's letter to M. F, Wood May 18, 12314 D-6
22 J. N, Tilley's letter to M. F. Wood May 2, 19 D=

2 Design Procedure - Project 9536 October 29, 19&2 D-

2 J. C. Geuther's letter to Baker Brothers, Inc. June 15 R D-59
2 C. F. Lange's letter to Carborundum Company May 28 19 3 D-

2 Carborundum Co.'s letter to C. F. Lange July 2, 1943 n-as
27 J. M. Simmons' memorandum to A. B. Greninger December 31, 1943

28 J. M, Simmons'’ memorandum to A. B. Greninger January 26, 1

29 J. M. Simmons' memorandum to A. B. Greninger July 5, 1

30 W, R, Huey's letter to C. E. Daniels June 17, 19u4 n-
31 Clinton Laboratories' letter to C. E. Daniels December 21, 1943 D-95
32 C, E, Daniels’! letter to Quality Hdw., & Mach. Corp. June 29, 1 6
3 W. R, Huey's letter to C. E. Daniels July 11, 1944 D—

3 E. H, Judkins' letter to Quality Hdw., & Mach. Corp. July 11, 1944 D-65
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FOOTNOTES - SECTION VII

DEVELOPMENT OF CANNING METHODS

No. “Correspondence Dated File

1 C. M. Cooper's memorandum to File October 22, 1943 D-7

5 S. A Chantland's memorandum to C. R. Johnson June 26, 1943 p-60B

z C. H. Greenewalt's memorandum to M. D. Whittaker March 3, 19MZ D-13

C. E. Daniela' memorandum to Fille March 20, 1943 D-13
2 A. 8. Weygandt's letter to C. E. Daniels March 25, 12&3 D-zu
8. A, Chantland's memorandum to C. R. Johnson April &, 19 P-

7 8. A. Chantland's memorandum to C. R. Johnson April 28, 1943 P-60A
& J. A. Burng' memorandum to E, T. Danlels May 3, 1943 D-2

9 S. A, Chantland's memorandum to C. R. Johnson June 26, 1943 P-60B
10 M. Matsen's memorandum to L. H., Haupt July 2, 19 a P-60B
11 J. B. Miles' letter to C. E, Daniels June 28, 1943 D-21
12 J. B, Miles' letter to C. E. Daniels June 23, 1943 D-21
1 J. B. Miles' letter to C. E., Daniels September 2, 1943 D-13
14 C. E. Daniels' letter to J. B. Miles July 21, 1943 D-13
15 J. B. Miles! letter to C. E, Daniels July 26, 194 D-13
1& J. A. Burns' memorandum to H, T. Daniels August 6, 1943 D-27
17 VWolverine's letter to F, M. Hart September 8, 1943 XPG-427
18 Wolverine's letter to F. M, Hart October 22, 1943 xre-ke'[z
19 C, E, Daniels' memorandum to File September 28, 1943 D-97
20 W. R. Huey's letter to H, T. Daniels June 5, 1943 P~ZOB
21 J. P. Howe's memorandum to File August 10, 1943 P-13B
22 ©. R, Johnson's memorandum to H. T. Daniels September 7, 194 P-600
2 J. P. Howe's memorandum to J. Chipman September 20, 1943 P-13C
2 C. E. Daniels'! memorandum to H. T, Daniels September 21, 1943 D=7
25 R. W. Fulling's letter to T. C. Gary September 22, 19u3 P-130
26 C. R. Johnson's lastter to Alcoa September 30, 1943 D-7
27 W. R, Huey's letter to H, T, Daniels October 15, 1943 D-7

¥
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FOOTNOTES - SECTION VII
DEVELOPMENT OF CANNING METHODS

To. — Gorrespondence Dated File

26 C. M, Cooper's memorandum to File October 22, 1943 D-

29 C. R. Johnson's memorandum to F. W. Pardee October 26, 1943 D-b6

30 J. N. Tilley's memorandum to R, Willlams November 1, 1943 D-54

31 Alcoa's letter to C. R. Johnson : November 4, 194 D-39

32 J. B, Miles' teletype to C, E, Daniels December 10, 1943 D-39

3 A. B. Greninger!s memorandum to C. M, Cooper January 3, 19 D-67

3 W. R, Huey's letter to H. T. Daniels January &, 1944 P-601

3 ¥, R, Huey's letter to H. T. Daniels January 23, lglh D-67

3 W. R. Huey's letter to H. T. Daniels January 27, 1944 D-67

37 C. E, Denlels' memorandum to C. R, Johnson February 10, lzﬁu D-15

38 C. E. Danlels! memorandum to C. R. Johnson January 28, 19 D-15

Eg ¥W. R. Huey's letter to E. E. Swenseon February &, 19uli P-133A
W. R. Myers' letter to C. E. Daniels March 6, 194l n-lo

41 W. R, Huey's letter to E. E. Swensson March 18, 1944 D=67

42 A, B, Greninger's memorandum to C. M. Cooper April 15, 1944 D-67

ﬁa C. E. Daniels' memorandum to G. M. Read April 24, 1944 D-67
F. W, Pardee's letter to R, M. Evans August 18, 19uk D—lzjc

lltz J. N. Tilley's letter to M. F. Wood May 2, 1904 D-7
M. F. Wood's memorandum to File May 1, 19l R-1

47 C. E., Danlels' memorandum to M. F, Wood May 3, 1944 R-1

Ug W, R, Huey's letter to C. E. Daniels June 19, lzﬁu D-7h

49 E, H, Judkins' letter to Quality Hdw. & Mach. Corp. July 5, 19 D-

50 Roger Williams' letter to M. F. Wood July 27, 1944 D- 2

51 W, R, Huey's letter to F, W, Pardee August 2L, 1944 P-ZOU

52 W. R, Huey's letter to F. W, Pardee October 2, 1944 P-60X

53 5. A, Chantland's memorandum to Alcoa October 4, 194h P-1

5 8. A. Chantland's memorandum to C. R, Johnson October 2, 1944 P-iggc

55 Alcoa's letter to C. R. Johnson January 2, 1945 RPG-5342%
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FOOTNOTES - SECTION IX
METHODS OF TESTING CANNED SLUGS

No. Correspondence Dated

1 W. R. Myers' letter to H. T. Daniels Oetober 13, 19u3

2 P, E., Collins memorandum to C. J. Velth July 6 b

a C. E. Danielg' letter to J. B. Mlles June lé, 1943

C. E. Daniels! letter to Alcoa May 28, 1943
2 Alcoa's letter to C. E, Danlels June 5 19&3
C. E. Daniels' letter to J. B. Miles June 1&, 1943

7 XK. G. Jones' memorandum to File July 12, 1943

& J. B. Miles' letter to C. E. Danilels July 26, 1943

9 R. R, Nydegger's memorandum to J. A. Burns May 27, 12 3

10 8. A. Cheantland's memorandum to C. R. Johnson May 9, 1943

11 P. E., Collins' memorandum to C. E. Daniels August 28, 1943

12 P, E. Collins' memorandum to C. E. Daniels September 2, 19&3
1l C. E. Danielg' memorandum to H. T. Daniels September 21, 1943
1 C. E. Daniels' letter to J. D. Wilson September 10, 1943
15 J. D. Wilson's memorandum to Central File September 25, 1943
i& J. P. Howe's memorandum to File October 1, 194

17 W. R, Myers' letter to H. T. Danlels October 13, 1943
1& J. B. Miles' letter to C. E. Daniels October 12, 1943
19 8. A. Chantiand's letter to Alcoa October 16, 1943
20 C. E. Danlele' letter to W. H. McKinney October 16, 194
21 W. C. Kay's memorandum to M. D. Whitaker November 29, 1943
22 W. R. Myers' letter to C. E, Danlels November 17, 1943

*»v
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FOOTNOTES - SECTION IX
METHODS OF TESTIRG CARNED SLUGS

No. Correspondence Dated File
2 W. H. McKinney's memorandum to C. J. Veith December 3, 12&3 D-21
2 A. B. Greninger'e memorsndum to C. M, Cooper January 3, 19 D=6

2 W. Grinus Jr's., memorandum to R. F. Peterson May 10, 19ulL D-2

2 ¥. R. Huey's letter to C. E. Daniels June 27, 1944 D-74
27 ©. E. Danlels' memorandum to M, F. Wood May 1, 19 D-74
28 W, R. Huey's letter to C. E, Danlels May 18, 19LL D-7h
29 W, R, Huey's letter to MajJor W. L. Sapper July 1&, 1944 D-6

30 C. E, Daniels' memorandum to M, F. Wood June 10, 1944 D-7

31 A. B. Greninger's letter to Alcoa June 23, 194U D-77
32 A, B, Greninger's memorandum to C. E. Danlels June 21, 194L D-65
2 C. E. Daniels' letter to Quality Hardware & Mach. Corp. June 29, 19i4 D=-65
3 A. B. Greninger's memorandum to C. E. Daniels July 3, 19u4 D-65
35 E. H, Judkine' letter to Quality Hardwere & Mach. Corp. July 17, l9uk D-65
36 W. R, Huey's letter to Major W. L. Sapper July 14, 1oul D-65
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Apvendix A

FOOTNOTES - SECTION X

THE DUMMY SLUG PROGRAM

Yo. Correspondence Dated Tile
1 T. B. Drew's memorandum to Hood Worthington May 19, 1943 TRX-1
2 T, B, Drew's memorandum to Hood Worthington June 12, 1943 THX-1
E 8. K. Allison's letter te C. H. Greenewalt June 19, 1943 TNX-1

M. H, Smith's memorandum to G. D, Graves August 25, 1943 TNX-1
2 Hood Worthington's memorandum to G, D, Graves September 1, 1943 TNX-1
¥W. R. Huey's letter to H. T. Daniels November 15, 1943 TNX-1
7 M. H, Smith's letter to H. T, Daniels November 29, 1943 TNX-1
& M, H, Wahl's letter to H. T, Daniels January 12, 19 TRX-2
9 J. N, Tilley's teletype to 8. K. Allison February 4, 19uilL TNX-2

10 J. P, Howe's memorandum to C, M. Cooper February 7, 1944 TNX-2

11 W. R, Huey's letter to H. T. Daniels February 9, 1 TNRX-2

12 C. M. Cooper's memorandum to 8. K. Allison February Zﬁ, 1944 TRX-2

1 ¥Wheeler's memorandum to D. F, Babooek February 25, 1944 TRX-2

1 W. R, Huey's letter to H. T. Daniels February 26, 1944 T™NX-2

1 W. R, Huey's letter to H. T. Daniels March 11, 1944 TRX-2

1 W. K, Wood's memorandum to J, N. Tilley March 13, 1944 ™X-2

17 8. K. Allison's teletype to C. H, Gieenewalt March 6, 19 TNX-2

18 W. R, Huey's letter to H., T. Daniels March 16, 19U4% TNX-2

19 W, K, Wood's memorandum to J. N, Tilley March 13, 19LL TNX-2

20 M. H, Wahl's letter to E, E. Swensson March 17, 1944 ™X-2

21 W. R, Huey'e letter to H. T. Daniels March 20, 194L T™NX.2

22 Hood Worthington's letter to J. N, Tilley April 8, 19 TNX-8



Appendix A

FOOTNOTES - SECTION X
THE DUMMY SLUG PROGRAM

Wo. Correspondence Dated File
ERtatncuillan'a letter to H., T. Daniels April 18, 194l TRX-3

2 W. R. Huey's letter to H. T. Daniels May 9, 194k TRX-3
25 M. H. Wahl's letter to H. T. Danlels May 18, 194k TNX-3
26 W. R. Huey's letter to H, T. Daniels June 5, 19Uk THX-3
27 -Hood Worthington's memorandum to C. H, Greenewalt June 9, 1944 TNX-3
26 T. B, Drew's memorandum to J. N. Tilley June 15, 194k TNX-

29 F. McLellan's memorandum to J. A. Burns June 24, 1944 TRX-

30 H. M. Sawyer's letter to H. T, Danlels June 26, 1944 TNX-3
31 W, R. Huey's letter to F. W, Pardee, Jr. August 7, 1944 TRX-3
32 C. E. Daniels' memorandum to W. N. Wherrett August 15, 194k TNX-

3 M. H. Wahl's letter to S. K. Allison August 9, 19 TNX-

3 J. A. Burns' teletype to W. N. Wherrett August 9, 19Ul RPG-2198%
3 R. R. Nydegger's letter to M. H. Smith August lﬁ, louh rnx-a

3 R. R. Nydegger's teletype to O. S. Petrescu August 19, 1944 ' P-60

37 H. M, Sawyer's letter to W. O. Simon October 2& l9uh THX-4
38 R. C. Btanton's teletype to H. W. Jones November 1&, 194k RPG-2198%

ser



CLINTON ENGINEER WORKS SLUG PROGRAM
PROJECTS 9733 AND 58
TABULATION OF ORDERS BY TYPES OF WORK

XPO _¥O. YENDOR FOR XPO- YRTEXYAL NEDICAL VI RICITION !!!Qh E!!!_
Deve ent and Production of Extruded Rode
123 B. & T. Metsle Co. 126.369.67
7;}! Revere Copper & Brase Ino. 7.579.15
1667 Central Laboratories 73 285.00
17884 Dr. D L. Mahanna 12}
381.00 3,988.82 ’ :
Qutgaseing and Strasightening
u92% Copperweld Steel Co. $49,192.79 988,192.79
Nachining
1744 Herring-Hall-Marvin 8afe Co. 119,712.82
582 Baker Bros. Inc. 20,23%0.00
75% B. & T. Metalie Co. 2,123.83
17 Dr. E. C. Leyrer 17 130.00
1786% Baker Bros. Inc. 58 7%.00
1795¢ Baker Bros. Inec. "_r____ﬁé.zﬁﬁ_il____m
20%.00 : ,328.99 532.
Development and Production of Canned Slugs
U2y Alusinus Congani 9%,.511.68
829 Wolverine Tube Division ,997.43
1528 Aluminus Company 1 .513.82
1750 Aluminums Company 2
» . ) [ *
Development and Production of Aluminum Cans
u96 Peul & Beekman 32(7): 96.10
1701 Paui & Beekman 175 E.?S.m_—ﬁ-“——-a
3 ,091.10 ,091.)
Production of Aluminus Cape -
1726 Jamea H. Matthews Co. 1750% $ 1,074.70 $ 1,0N. 70
Production of Dummy Sluge for Project 58 - SX
1059 Addison Ciarke & Bro, 1071% 219.52
1071 Modern Bond Co. 957.00
113% Modern Bond Co. 990.00
11%52 Addleon Ciarke & Bro. 1133% 34,59 _
54,11 $ 1,947.00 2 .1
Totsl Costs 454,11 $4585.00 #543,53%0.95 9584, 470.06

®Costs are ae ahown in Purchase Order Piles
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Exhiblie. F

TABULATION OF PURCHASE ORDERS
INCLUDED IN THE
CLINTON ENGINEER WORKS SLUG PROGRAM
PROJECT 9733

VENDOR FOR
B. & T. Metals Co. Extrusion - Development & Produetion
Herring-Hall-Marvin Safe Co. Machining - Development & Production
Aluminum Company Canning Development & Production
Wolverine Tube Divislon Canning Development
Copperweld Steel Company Outgaseing & Stralghtening
Paul & Beekman Aluminum Cans - Development
Baker Bros., Inc. Machining - Development & Production
B, & T. Metals Co. Machining - Development
Revere Copper & Brass Inc. Extrusion - Development & Production
Paul & Beekman Aluminum Cans
Aluminum Company Canning
Central Laboratories Medical Laboratory Services
Paul & Beekman Aluminum Cans
James H. Matthews Co. Aluminum Caps
Aluminum Company Canning - Development & Produetion
Dr. E. C. Leyrer Medical Services
Baker Bros., Inc. Medical Services
Dr. D. L. Mahanna Medical Bervices
Baker Bros., Inc. Machining

SMX - Project 58

1069 Addison Clarke & Bro. Steel Rod for Dummles
1071 Modern Bond Co. Machining Steel Dummies
113 Modern Bond Co. Machining Steel Dummles
113 Addison Clarke & Bro. ‘ Steel Rod for Dummies

ITATUYX
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Exhibiv G

TABULATION OF PURCHASE ORDERS

INCLUDED IN THE

HANFORD ENGINEER WORKS SLUG PROGRAM

VENDOR

PROJECT 9536

FOR

¥ilmington Shops
Aluminum Company
Wolverine Tube Division

Revere Copper & Brass Inc.

Copperweld Steel Co.
Wolverine Tube Division
Baker Bros., Inc.

Paul & Beekman

Aluminum Company

Paul & Beekman

Aluminum Company
Central Laboratories
General Electric Co.
Drs. Kenning & Harrils
Wolverine Tube Division
@. 0. Carlson
Wilmington Shops

Dr. R, J. Hall

Baker Bros., Inc.
Central Laboratories
Dr. Kenning

Koppers Company

Steel Blugs

Canning Development

Develop Twisted Dummles
Extrusion

Outgassing and Straightening
Dummy Slugs

Machining

Develop Aluminum Cane

Canning Development

Develop Aluminum Cans

Aluminum Caps

Medical Laboratory Services
Experimental Welding of Aluminum
X-Ray Services

Tubular Aluminum Dummiee
Stainless Steel Rod for Dummies
Canning Development

Medical Services

Medical Bervices

Medical Laboratory Services
X-Ray Services

Machining Stainless Steel Dummles

3TQTYX




VENDOR

Exhibiz @

FOR

James H. Matthews Co.

Scovill Manufacturing Co.
Addison Clarke & Bro.

McCauley Metal Prod. Co.

Paul & Beekman

McCauley Metal Producte Co.
Herring-Hall-Marvin Safe Co.
Cumberland Steel Co.

American Smelting & Refining Co.
Eagle - Picher Salee Co.

James H. Matthews Co.

Paul & Beekman

Paul & Beekman

American Chain & Cable Co.
American Smelting & Refining Co,.
Paul & Beekman

Aluminum Company

American Smelting & Refining Co.
Paul & Beekman

Aluminum Company

Edgcomb 8teel Co.

McCauley Metal Products Co.

Develop Aluminum Caps
Develop Aluminum Caps
Steel Sharfting

Develop Aluminum

Aluminum Cans

Develop Steel Cans
Machining Steel Plugs
Steel 8hafting

Lead Dummy Slugs

Lead Dummy Slugs

Develop Aluminum Caps
Develop Silicon Clad Cans
Aluminum Cans for Dummles
Teet Swaging

Lead Dummy B8lugs

Aluminum Cans

Lead Slug Canning Development
Antimony 8lugs

Aluminum Cans

Aluminum Cans

Stainless Steel Tubing for Dummies
Steel Cans

3TATUX

AD?




VENDOR

Exhibis @&

FOR

Wilmington Shops

McCauley Metal Products Co,
Paul & Beekman

Extruded Metals Co.

Josyln Mfg. & Supply Co.
Worcester Pressed Steel Co.
Addison Clarke & Bro.

Paul & Beekman

Eagle - Picher Sales Co.
Eagle - Picher Sales Co.
Aluminum Company

McCauley Metal Products Co.
Aluminum Company
Weatherhead Company
Scovill Manufacturing Co.
Worcester Pressed Steel Co,
Revere Copper & Brass Inc.
Revere Copper & Brass Inc.
Streater Lumber Company
Aluminum Company

Astabula Corrugated Box Co.
National Lead Co.

Experimental Stainless Bteel Dummies
Aluminum Cans

Aluminum Cans for Dummies

Solid Aluminum Dummy Slugs
Rolling Uranium

Development of Aluminum Cans
Steel Rod

Develop Aluminum Cans

Polison Dummies

Lead Dummies

Aluminum Sheet and Plate for Caps
Steel Cans

Aluminum Rod for Dummies
Machining Aluminum Dummies
Develop Aluminum Capse

Develop Steel Cans

Development of Extrusion
Outgaseing and Stralghtening
Shipping Containers for Dummies
Canning Poison 8Slugs

Pads and Liners for Shipping Dummies
Lead Dummy Slugs

TQTUX
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VENDOR

Exhibic G

FOR

Brown Fence & Iron Co.
Aluminum Company

Paul & Beekman
Aluminum Company
James H. Matthews Co.
Thompson Aircraft Products Co.
Aluminum Company

Read Machinery Co.
Franklin Rubber Co.

@G. 0. Carlson
National Lead Co.

H. N. White Co.

Brown Fence & Iron Co.
Streater Lumber Co.
Hays Manufacturing Co.
Stearns - Roger Mfg. Co.
Paul & Beekman
National Lead Co.
Eagle Picher Lead Co.
8treater Lumber Co.
Dr. Paul A. Davis
Carpenter Steel Co.
Aluminum Company

Tubing for Bteel Cans

Aluminum Rod for Dummies
Aluminum Cans

Aluminum Rod for Dummles
Aluminum Caps

So0lid Aluminum Spacers

Canning Lead Dummles

So0lid Aluminum Spacers

Solid Aluminum Spacers
Stainless Steel Rod for Dummies

Poison Dummies &

Flanging Steel Tubing i
Steel Tubing '
Birch "Pusher® Blugs

Solid Aluminum Spacers
Stainless Steel Dummies
Aluminum Cans for Dummies

Lead Dummies

Lead Dummies

Shipping Containers for Dummies
Medical Services

Development of Rolling

Canning Lead Dummies

TqATUX
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Exhibis @

RPG NO, VENDOR FOR

4779 Aluminum Company Develop and Can Special S8lugs
479 Aluminum Company Aluminum Rod for Dummies

n862 Cumberland Steel Co. Rod for Steel Plugs

491 Jones & Laughlin Steel Co. Rod for Steel Plugs

Loig James H. Matthews Co. Aluminum Caps

4957 Aluminum Company Aluminum Plate for Caps

5017 Quality Hardware & Machine Corp. Doudble-Canning Lead Dummies
5045 James H. Matthewe Co. Aluminum Caps

5049 Paul & Beekman Aluminum Cans for Dummies
5050 James H, Matthews Co. Aluminum Caps for Dummies
5112 Alumirum Company Develop Special Extruded Cans
5281 Wilmington Shops Testing Aluminum Dummies

53& S8tearns - Roger Mfg. Co. Stainless Steel Dummies

5342 Aluminum Company Develop Double-Welded Dummy Assembly
5379 Dr. R. J. Hall Medical Services

ATqTUXx




TABULATION OF PURCHASE ORDERS

INCLUDED IN THE

HANFORD ENGINEER WORKS UNBONDED SLUG PROGRAM

PROJECT 15563

VENDOR

FOR

Exhibis H

Baker Bros. Inc.

C. H. Schnorr & Co.

McKinney Tool & Mfg. Co.

Paul & Beekman

Whitehead Metal Products Co.
Quality Hardware & Machine Corp.
Whitehead Metal Products Co.

H. P. Snyder Mfg. Co. :
Joyce Machine Co,

Paul & Beekman

James H. Matthews Co.

Wm, E. Pratt Mfg. Co.

¥hite Metal Rolling & Stamping Co.
¥hitehead Metal Products Co.

Dr. R. C. Johnston

H. P. Snyder Mfg. Co.

H. P. 8nyder Mfg. Co.

Aluminum Company

James H. Matthews Co.

Rome Strip Steel Co.

Machining Unbonded Slugs
Machining Unbonded Slugs
Machining Unbonded 8lugs
Aluminum Cans

Aluminum Rod for Caps
Canning Unbonded Slugs
Aluminum Rod for Caps
Develop Aluminum Caps
Aluminum Caps

Aluminum Cans

Aluminum Caps

Grinding Unbonded Slugs
Re-sizing Plate for Caps
Aluminum for Caps
Medical Services
Aluminum Caps

Aluminum Caps

Canning Unbonded Slugs
Aluminum Caps

Re-glze Plate for Caps

a4




xhibit

INDEX TO FILES RELATING TO SLUG PROGRAMS

C, E, D i
File No, Title of File
D-1 - Procedure General

D-2 - Minutee of Meetings - Project 9733
D-3 Project 9793

D-4 Metal History

D-5 - C,E,W, Test

D-6 - Extrusion Development

D-7 - Design Division Correspondence

D-8& - Fire Hazard

D-9 - C,E.W, Test

D-10 - Health - General

D-11 - Chronological Telegrams

D-12 - Progress Reporte - Proj. 1553 - TNX Bupervisors
D-13 -~ Speoifications and 8chedules

D-14 - Statement of T-Metal Accounts 1553, 9733 and %3
D-15 - Wilmington S8hops Minutes

D-16 - Wilmington Shops Progress Report

D-17 - XPG-123% - B, & T. Metals Co.

D-18 - XPG-753% - B. & T. Metals Co.

D-19 - XPG-1744 - HHM 8afe Co.

D-20 - XPG-492% - Copperweld

D-21 - XPOG-423% - Alcoa

D-22 - XPG-773% - Revere

D-23 -~ XPG-5824 - Baker Bros.,




D-24
D-2UA
D-25
D-26
D-27
D-28
D-29
D-30
D-31
D-32
D-33
D- 34
D-35

D-37
D-38
D-39
D-40
D-U41
D-U2
D-43
D-Lb
D-U5
D-46
D-47
D-48
D-49

Zitle of File
XPG-1795% - Baker Bros.

XPG-1795% - Baker Bros.
XPG-1628% - Alcoa

XPG-1750% - Alcoa

XP@-4274 - Wolverine

XPG-123¢ - B. & T. Metals Co.
XPG-1744 - HHM Bafe Co.
XPG-423% -~ Alcoa

XPG-753% - B, & T. Metals Co.
XPG@-4274 - Wolverine

XPG-582% - Baker Bros.
Xpa-492%4 - Copperweld
XPG-5L474 - Norton Co.

XPG-5874 - Hevi Duty Electrical Co.
XPG-6664% - Carbaloy Co.
XPG-773% - Revere

XPG-1628% - Alcoa

XPG-1667% - Central Laboratory
XPG-1763§ - Paul & Beekman
XPG-1726%4 - Jas. H, Matthews Co.
XPG-1750% - Alcoa

Project 9733 - (Miscellaneous)
RPG-277% - Alcoa

RPG-277% - Alcoa

RPG-800% - Baker Bros.
RPG-800% - Baker Bros,
RPG-7044 - Revere

Exhibit I




-3~ Exhibit I

Title of File
RPG-7044 - Revere
RPG-8974 - Hevi-Duty Electrical Co,
RPG-1263% - Alcoa
RPG-126 3% - Alcoa
RPG-1669% - Wilmington Shops
RPG-1669% - Wilmington Shopse
RPG-3779% - Joslyn Mfg. & Bup. Co.
RPG-3779% - Joelyn Mfg. & Sup. Co.
RPG-40144 - Baker Bros.
RPG-40144 - Baker Bros.
RPG-4018% - C, H. Schnorr Co.
RPG-4018% - C. H. S8chnorr Co.
RPG-40213% - McKinney Tool & Mfg. Co.
RPG-4021% - McKinney Tool & Mfg. Co.
RPG-4OUO% - Quality Hardware
RPG-40LO% - Quality Hardware
Project 9536 - July, 1943 to January, 1944
Project 9536 - January, 1944 - June 30, 1944
Project 953 - July 1, 194k
Project 9536 - To January 1, 19uk
Project 9536 - January 1, 1944
Project 953 - June 1, 1944
Project 9536 - August 1, 1944
Project 1553

Paul & Beekman - Cans
Scoville Mfg. Co. - Caps
Project 1553

J. H. Matthews Co. - Caps

2P



-4 - Exhibit

File No, Title of File
D-76 - RPG-46714 - Carpenter Bteel Co,
D-77 - RPG-4192% ~ Alcoa
D-78 - MoCauley Metal Producte - S8teel Cans
D-79 - Worcester Pressed Steel Co. - Bteel Cans
D-80 - RPG-U671% - Carpenter Steel Co.
D-81 - RPG-705% - Copperweld Steel Co.
D-82 - RPG-766% - Wolverine
D-83 - RPG-1556% - Wolverine
D-84 - RPG-1265% - Alcoa
D-85 - RPG-4492% - Alcoa
D-86 - RPG-4O34% - Revere
D-87 - RPG-4034% - Revere
D-88 - RPG-34464 - Alcoa
D-89 - RPG-1336% - Central Laboratory
D-90 - RPG-1887% - Dr. R. J. Hall
D-91 - RPG-1907% - Baker Bros. Medical
D-92 - RPG-13963 - Drs. Kenning & Harris
D-93 - RPG-70%% - Copperweld 8teel Co.
D-94 - Project 1030 - Clinton Lab. Special Work
D-95 - ProJect.103O - Clinton Lab., Special Work
D-96 - Performance of Special Billets
D-97 - Design Divieion - Correspondence
D-98 - RPG-4033% - Revere - Development

D-99 - Heat Classification



File No.

P-13B
P-13C
P-4
P-60A
P-60B
P-60C
P-601
P-60U
P-60X
P-133A
P-133C

R-1
R-2
R-3

-5 - Exhibit I

[-) Jr, M

Title of File

Project 953 General - July 1, 1943 to Aug. 31, 1943
Project 953 General - Sept. 1, 1943 to Sept. 30, 1943

Project 953% - Progress Reports

Bldg.
Blag.
Bldg.
Bldg.
Bldg.
Blag.

105

105

105
105
105
105

December, 1942 to May 30, 1943

June 2, 1943 to July 31, 1943
August 2, 1943 to Bept. 30, 1943
January 1, 1944 to January 15, 1944
August 16, 1944 to August 31, 194k
October 1, 1944 to October 15, 1944

300 Area General - Start to May 31, 1944

300 Area

Control Division Record File

Project 953 - Correspondence - Operating
Project 1653 - H.E.W,

Project 1030 - Clinton Laboratories



File No,
TNX-1

TNX-2
TNX-3
TNX-4
TNX-5
TNX-6
TNX-7
TNX-8&
TNX-9
TNX-10

Pile

Exhibit I

TNX Files

Title of File

Dummy Slugs

Pile - Dummy 8lugs
Pile - Dummy 8lugs

Pile - Dummy 8lugs

Corrosion
Corrosion
Corrosion
Corrosion
Corrosion

Corrosion

Test
Test
Test
Test
Test
Test

Unit
Unit
Unit
Unit
Unit
Unit

1943

January, February, March, 1944
April, May, June, 194k

July, August, 1944
- 8lugs

(CMX)-April-October, 1943
(CMX)-November, 1943

(CMX)-March 1, 1944-April 30, 194U
(CMX)-May 1, 194L4-June 26, 1944
(CMX)-July 1, 1944



Drawing
Number

8-114912
8-116433
8-116868

8-156668

8-156952
8-157176
S-157288
8-157470
8-1576 35
8-157636
8-157642
8-157643
8-157654
8-157655
8-157656
8-157814
8-157818
W-7399
D-61880
D-6%70
D-63710
D-63711
D-63734

n Relatin o Blug De

Title of Drawing
Bonded W 8lug

Bonded W 8lug

Bonded W 8lug

8piral Dummy

W Can

Double Can Bonded W 8lug
W Caps

W Caps

X Caps

X Can

W Caps

X 8lug

Bteel Slug - 1. 380" Diameter
Unbonded W 8lug
Grasselli Caps

W Caps

Dummy 8lug

Cylindrical Lead Dummy
Steel S8lug - 1, 340" Diameter
Grooved 8teel Plug

80l11d Aluminum Dummy

"P" Dummy

Cylindrical Lead Grooved Dummy

Exhibit J

%



Drawing
Numbere

D-63735
D-63765
D-6 3794
D-63795
D-6 379
D-63797
D-63921
D-63922
D-6 3995
D-639%
D-64291
D-64299
D-64836
D-64878

Title of Drawing
"p* Cylindrical Lead Dummy

Tubular Aluminum Dummy

Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum

Aluminum

Can
Can
Can
Can
Can
Can

Can

Steel Can

Aluminum
Aluminum
Aluminum

Aluminum

Can
Can
Can

Can

Insert - Bheet #1
Insert - Bheet #2
Insert - Sheet #3
Insert - Bheet #
Inserts - Bheet #
Ingserts - Bheet #6

(Heavy Bottom)

Inserts - Sheet #7
Assembly (Unbonded 8lug)
Inserts - Bheet #8
Inserte - Sheet #9

Exhibit
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Correspondence Relsted to the Metal Fabrication Program

Includeq in C, E, Daniels' Files
Letter
Memorandum To:
- Date Subject Teletype File No, From:
*3.17-43 Organization L D-1 Col, Marshall

A, H, Compton

Project 9733
Responsibility for procurement of metal and graphite outlined
(for experimental quantitiee only),

*3.17-43 Organization M D-1 R. L. Dean
A, H, Compton

Project 9733

Doan appointed Director of Primary Metals for the Metallurgical

Laboratory.

1. To serve as Metallurgical Laboratory's representative in
all matters concerning metal production and fabrication
for the Laboratory.

2. C. E, Daniels to arrange for and supervise contracts
relating to procurement of fabricated metal. He will
recelve his instructions thru Miles of TNX,

3. Doan responsible for graphite allocations, purity speci-
fications and new methods of production for Metallurgical
Laboratory.

*3.29-43 Scrap L D-1 C. E. Daniels
J. B, Miles

Outlines procedure for scrap metal segregation into 5 classes.

*l4_3 43 Billet Quality L D-1 C. E. Daniels
J. B. Miles

Mentions possible future segregation of metal into fourth

grade of purity.

4-30-43 Extrusion L D-1 C. E. Daniels
J. B, Miles

Allows the extrusion and fabrication of metal to proceed

without holding for analytical results. Billets to be
identified. Scrap need not be classified.




N

*6-1-43 Borap L D-1 J.B. Miles
C.E. Daniels

Outlines simplified procedure for segregation of sorap into
three classes, as per meeting with Manhattan District repre-
sentative on May 27, 1943,

6-l-L3 Bcrap L D-1 g.g. gagiels
.B. Miles

Approves simplified procedure for segregation of scrap into
three classes,

6-7-U43 Procedure L D-1 J.D. Wilson
D. Woleben

Outlines purchasing procedure on special orders by C. E.
Daniels' group.

6-16-43 Testing L D-1 J.B, Miles
C.E. Daniels

1. Ship all finished jacketed slugs from Aluminum Company
to CEW for test in hot hydrogen.

2. Some tested or untested slugs may be required at Chicago
for functional tests.

12-15-43 Organization L D-1 N. Hillberry
J.B. Miles

Simplifies procedure for requesting fabricated metal by
Metallurgical Laboratory from du Pont by having Metallurgical
Laboratory contact C, E. Daniels, direct instead of taking
request thru J. B, Miles.

*3.2.43 Extrusion M D-2 M.D. Whitaker
C.H. Greenewalt

1. Outlines preliminary arrangements for extrusion of metal
at B. & T, Metals Company and coating by hot dip process,

2. Dr. Chipman exploring possibilities of aluminum jackets
on slugs.

*3.20-43 Canning M D-2 Minutes
Outlines preliminary considerations concerning fabrication of

metal, including coating. Mentions possibility of canning
for HEW and possibllity for CEW if other methods fail.
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*5-3-443 Canning M D=2 H.T. Daniels
J.A. Burns

1l, Preliminary plans for proouring 500 casings from Alcoa
for test purgoses and for 56,000 casings for lcading
the pile at CEW
2. Du Pont to purchase special welding machine for Alcoa.
3. Order will be placed on Wolverine for 500 welded casinges
groduced by an alternate method.
. E. Daniels does not have final specifications on
machining metal.

*5-10-43 General M D-2 File
' C.F. Lange

1. Extrusion - Construction Divieion to develop alternate
extrusion facilities,

2, De-gassing - TNX Division to advise procedure, 10 bars
of 1.23" OD rod to be straightened May 12, 1943 at
Copperweld 8teel Company.

3. Machining - Construction Division to start productions
of 1,10" OD slugs as soon as specifications are obtained
from C. R, Johnson.

4, Canning - closing end of can still under Ainvestigation,

*5-13-43 General L D-2 C.E. Daniels

. J.B., Miles
May 6, 1943 meeting at Chicago to discuss outgassing, Jacket-
ing, and testing of Jacketed pleces. Gave results of tests
and recommendations,

*5-21-43 Procedures M D-2 File
J.P. Howe

1, Describes testing procedure for outgassing.
2. 8Specifications on slug tolerances.
3. Inspection procedure.

3-18-43 Canning L D-3 Dr. Chipman
A.8, Weygandt

Cast rods to be inspected and then 50% of this lot to be elec-
tropleted and talance for hot-dip coatings. Requests pro-
cedure for salvaging defective metal.



20-4 Sora L D- J.B., Miles
> ’ P 3 C.E. Daniels

Liests sources of scrap and usable metal. Requests shipping
insetructions of same,

*3.25-43 Canning _ L D-3 Dr. J. Chipman
A.8., Weygandt

1. Mentlions developmental work on alternate method other
than the electroplating or hot-dipping being investigated
at Pittsburgh.

2. Insufficient information avalillable to Jjustify construction
of coating plant,

3. Orasselli is discontinuing design for coating plant,

No date Extrusion L D-3 C.E. Daniele
J.B. Miles
1. When will extrusion and machining start at B, & T.?

2, Dr. Nickson to advise vendors of hazards in working
the metal.

4.15-43 Hazards L D-3 C.E, Daniels
J.B. Miles

Precautions to prevent contamination of metal - don't use

borax soap.

4-23-43 Scrap L D-3 C.E. Danlels
Major Ruhoff

Lists procedure for shipping metal turnings from the source,

52843 Grinding L D-3 Carvorundum Co,
C.F, Lange

Sending 10 unmachined slugs for test to determine best

grinding wheel,

*6-10-43 Shipping L D-3 Magor Sapper
C.F. Lange

Express Charges - 1lists in detail transportation procedure.




*6.23-43% Billet Quality L D-3 a.?. Daﬂio%;
ajor o

Procedure for exchange of information pertinent to abnormal
behavior or potentially abnormal behavior of metal during
extrusion and machining.

6-25-43 Machining L D-3 Major Ruhoff
Lange

Unusual machining characteristics., Lists difficulties ex-
perienced with various billets.

*6-28-43 Hazards L D-3 Greenewalt
C.E. Daniels

Maximum Metal S8torage Quantity

Requests upward revision of the five-ton limit for ease of
transportation and storage difficulties, (8ee also letters
of 7-20-43, 7-15-43, 7-21-43, and 9-10-43).

6-29-43 Extrusion L D-3 Col. Crenshaw
C.E. Daniels

Billet Preheating - Request for testing high-frequency induc-
tion furnace at Dye Works for billet preheating before extrusion.,

6-13-43 Extrusion L D-3 igjor Ruhoff
nge

Extrusion Characteristics -lists density of rods from
various billets.

7-16-43 Machining L D-3 C.E. Daniels
J.B. Miles

Machining and Canning of Slugs -
6 rolled rods to be machined at Herring-Hall-Marvin to
determine machinabllity of rolled rods.

h-22-U43 Billet Quality L D-3 C.E. Daniels
Ruhoff

Low densities of billets after extruding owing to impurities.
Mentions brush process.




*7-19-43 Outgassing L D-3 Miles
Lange

Procedure for Outgassing of Rods (prepared by Copperweld
8teel Co.).

7-26-43 Machining L D-3 C.E. Daniels
Miles

OK to use Hydromite as coolant for machining slugs.

7-27-43 Extrusion L D-3 C.E. Daniels
Maj. Hadlock

Segregation of special billets from each vendor for test

extrusion,

*8.2.43 Valuation L D-3 C.E, ganiels
Ma). Bapper

Reduction in value from §20 to $15 per pound for insurance
of metal in transit,

*8-16-43 Billet 8ize L D-3 gaé. gadlock
.E, Daniels

Instructions to increase slze of billet to 5" OD x 11" long
for greater extrusion efficiency.

10-15-43 Dummy Slugs M D-3 H.T. Daniels
C.E. Daniels

Requesting Design to modify arrangements with Wolverine to
provide for two sizes of dummies because of Hanford size
slugs for test at Clinton,

10-23-43 Testing L D-3 C.R. Johnson
Greninger

Requesting transfer of 2 Kerosene Testers from Clinton to

Metallurgical Laboratory.

*11-3-43 General L D-3 W.E. Kirst
H.T. Daniels

1. BSlugs - summarizing present information on slug situation,
2. Canning closure not settled yet,




*12-22-43 Canning L D-3 H.T. Daniels
C.E. Daniels

Improved Blug Jackets - agreements reached by Metallurgiocal
Laboratory Clinton and du Pont re: heavy wall aluminum cans.

*6-16-43 Testing L D-5 Miles
C.E. Daniels

Hydrogen Test - requestes approval for test deescribed (see
reply of July 26, 1943),

7-12-43 Testing L D-§ File
K.G, Jones

8tatus of Hydrogen Test -~ lists results and recommendations.
8-3-43 Testing M D-5 File
L.M, Foster

Describes results of hydrogen test on cans,

8-16-43 Testing L D-5 Iég golllgs
+&, Danlels

Hydrogen Test - Rejected slugs, Chicago, eending 8immons to
Clinton to inspect rejects, Turn finally rejected slugs
over to Clinton Operating Department for dummy runs.

~ 8-21-43 Hazards L D-5 Whitaker
C.E., Daniels

Handling of Metal - use leather gloves.

9-3-43 Testing L ' D-5 J.D. Wilson
C.E, Daniels

Simmons examination of slugs disclosed condition requiring
further investigation., He was loaned up to 550 slugs.
(See 8lso letter Sept. 10, 1943.)

9-1-U43 Testing L D-5 C.R. Johnson
C.E. Daniels

Results of Hydrogen Test - XPG-4274., Results of 283
Wolverine slugs.




9-7-43 Bazards L D-5 C.E. Danlels
. R.,B. Bmith

Metal Handling - use leaded leather gloves if possible,

9-10-43 Testing L D-§ C.R. Johnson
C.E. Daniels

Results of Hydrogen Test - XPG-427% on 159 Wolverine slugs.

*g.26-43 Testin L D-5 File
€ J.D. Wilson

Testing of canned slugs and responsibllity for conducting
of tests - two new tests to be made at Clinton.

#6-28-43  General M D-6 File
W.E. Kirst

Visits to B, & T, Metals Company, Battelle Institute and
Copperweld 8teel Corporstion,

Describes in detall procedures used in billet preheating,
extrusion, degassing, and straightening.

*6-2-43 Extrusion L D-6 Greenewalt
C.E. Daniels

Extrusion of T-Metal., Includes report by Kinckiner supple-
menting Kirst's report of June 28, 1943 on extrusion,

*7-7-43 Extrusion L D-6 C.E. Daniels
Kinckiner

Extrusion of T-Metal. Results of meeting held on July 3, 1943,
giving recommendations for extruding to be done at Revere.

*2.2.143 Extrusion L D-6 Greenewalt
C.E. Daniels

Extrustion of T-Metal. Includes report by Kinckiner of
Revere's first extruslion performance on July 24 and July 25.

*g_24.473 Extrusion L D-6 H.W. Ruesell
C.E, Daniels

Extrusion of T-Metal - Includee recommendations by Battelle
for increasing yield of extruded rod.
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*g.31-43 Drawing M D-6 Copy to C.E. Daniels
H.N. Todt

Reduction in dlameter of extruded T-Metal. Proposes hot or
cold drawing by Revere.
*9_1-43 Extrusion L D-6 Greninger
R.W. Dayton
Battelle's comments on Revere's performance. Also mentions
tests of extruding at diameters closer to required finished si:ze.
*9-7-43 Extrusion L D-6 C.E. Daniels
Kinckiner
Extrusion of T-Metal - additional comments on latest extrusion
practices at Revere during visit of August 28,
*g_8-143 Extrusion L D-6 C.E. Daniels
Kinckiner
Extrusion - results of Revere's test on October 2 in extruding

5 x 11" billets instead of U4-1/4" x 9",

*11-20-43 Extrusion L D-6 E.E. Daniels
inckiner

Extrusion - results of Revere's test in extruding 43" x 20"

and 43" x 14" villets to increase yield.

*1-14-44 Extrusion L D-6 C.E. Daniels
Kinckiner

Extrusion - additional comments on Revere's extrusion.

1-19-44 Extrusion L D-6 C.E., Daniels
Spahn

Pitting of rods - lists test on 24 rods to determine probable

extent and size of pitting, blow holes, etc.

*2_18-44 Extrusion L D-6 C.E. Daniels

Kinckiner

Extrusion - discussing causes of excessive cracking of
extruded red and other tests proposed.



*2.28-44 Extrusion L D-6 ﬁrea gngr.
aj. Hadlock

Defective Extruded Rods - outlines additional testing to
be done by Revere.

*3. 344 Extrusion L D-6 C.E, Daniels
Kinckiner

Extrusion - discusses effect of quenching, cooling of billet
and position of billet in press, Requests additional tests
to determine results of above effects,

*3.13-44 Billet Quality L D-6 g.%. ganlels
+P. King

Metal Billets - outlines meeting with Army. Army to prevent
shipment of blllets outside tolerable limits of composition
to combat defects.

*3_ 34 Ll Extrusion L D-6 C.E. Daniels
R.P. King

Metal Fabrication - Defects. Covers all information to date
on causes of defects, summarizes steps taken and gives
recommendations.

*3.16-Ly Extrusion M D-6 - -

Extrusion Study - itemizes suggestions for further study and
test. To be submitted to Revere on March 17 for comment.

3-1%-44 Organization L D-6 C.E. Daniels
R.P. King

King to supervise and coordinete problem to eliminate

defects in extrusion.

32 _18-4L Billet Quality L D-6 C.E. Daniels
R.P. King

Metal Defects - lists program for determining metal quality
in rods and slugs.



bo11-44 Extrusion L D-6 C.E. Daniels
R.P. King

Metal Extrusion - covers status and immediate prospects of

the extrusion improvement work being done at Revere.

Lol 4l Extrusion L D-6 J.N. Tilley
C.E. Daniels

Extrusion - minutes of Wilmington meeting of March 17, 1944
concerning defective rods. Includes also exhibits on:

]
Resume of Extrusion Yields

A -
B - Metal Porosity
C - Metal Defects
D - Causes of Defective Rods
*l ol Ll Extrusion M D-6 C.E. Daniels
R.P. King

Metal Extrusion - Status of April 22, 1944,
1. Main stress at present is being put on temperature control.
2. Billet heating furnace partially rebuilt at Revere,

6-8-44 Extrusion L D-6 C.E. Daniels
Ropo King

Extrusion - Progress. Experiments being conducted at Revere
show improved rod.

5-18-44 Rolling L D-6 C.E. Daniels
Voytilla

Alpha Rolling Temperatures -~ Results of some temperature
readings of heated billets at Joslyn Mfg. & Supply Co.,
Fort Wayne, Indiana.

9-21-43 Canning M D-7 g.

Jacketing of Blugs -

1, Dr. Maxwell to test the welds on three cans to combat
hydrogen leakage.

2. Efforts to produce 100% weld should be continued at Alcoa
while alternate closure designs were belng investigated.
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*9_10.-4 Cannin L D-7- Alcoa
H-43 & C.R, Johneon

RPG-2774 (decisions reached at Alcoa meeting on Sept. 28, 1943),
Tests to be made on double-welded seams and on double-bonded
slugs.

10-U4-43 Canning L D-7 Alcoa
Chantland
Canning - Requested Alcoa to do developmental work and prepare

experimental Jacketed unbonded slugs using cans du Pont 1s
securing from Paul & Beekman Company.

10-15-43 Canning L D-7 Maj. 8apper
C.E. Danlels

Jacketinf - requests approved for placement of verbal orders
?

RPG-1263%, 12644 and 1265% to get production started.
10-15-43 Canning L D-7 H.T. Daniels
Huey

Metal Fabrication Pevelopment -
1. Hanford slugs to be double-bonded.
2. Detall steps of assembly will have to be developed.

10-16-43 Scrap L D-7 Col. Ruhoff
Huey

Expect that a total of 47 tons of scrap per month will be
produced at Hanford., About half will be turnings which we
intend to compress into briquettes. Need specifications
for vertical press.

10-22-43 Canning M D-7 File
C.M. Cooper

Conference on Coating - :

1. Double jacket with tin-zinc solder is favored.

2. Metallurgical Laboratory responsible for development of
satisfactory vbonded jacket and du Pont responsible for
developing manufacturing methods.

3. No decision on where developmental work will be carried out.




11-8-43  Canning L D-7 H.T. Daniels
Huey

Hot-dig melting crucibles Bldg. 313 - Includes recommendations

for melting pote for handling molten zinc of high purity.

7-31-43 Hazards L D-8 C.E. Daniels
Huey

Metal turnings ~ fire hazard. Fires must be treated like
magnesium fires, Fire flghtinﬁ demonstrations suggested to
determine best design for 300 Area.

*8.3.43 Hazards M D-8 C.E. Daniels
Lange

Tests conducted at Toledo to put out T-Metal fires.

*8_20-43 Hazards M D-8 File
C.E. Daniels

Tests conducted at Toledo and Hamilton, Ohio to put out
T-Metal fires.

6-25-43 Organization L D-9 C.E, Daniels
, S5.W, Pratt

Loan of personnel - TNX loaned certain men to C.E, Daniels
for special inspection work.

4-3-43 Hazards L D-10 g.g. ganiele
.J. Nickson

1. Recommendations for handling metal during extrusion.
2. Recommendations for protection of workers at B, & T.
(Health Program) (Copy sent to B, & T. Metals Co.)

F-11-43 Hazards L D-10 Dr. Gehrmann
C.E. Daniels

Precautions in labricating Metal

1. Resumé of developments to date concerning medical attention
at B, & T, and Herring-Hall-Marvin 8afe Co.

2. gentiéating system being installed at Herring-Hall-Marvin
afe Co,



5-11-43 Hazards L D-10 Met. Lab.
Gehrmann

Buggests procedure for payment of doctor's bills in examining
du Pont employees,

6-4-43 Hazards L D-10 Miles
C.E, Daniels

Health Precautions (includes copies of doctors' visits to

B. & T. and H,H.M,) Monthly check-up examinations being made
at du Pont expense., Du Pont contemplates no other action
unless further requested.

6-17-43 Hazards L D-1C Greenewalt
Dr. Allison

Biological effect of Handling Heavy Metal -

1, Meximum of 2 hours per day handling with bare hands.
2. Five hours per day with horsehide gloves.

3. Other tests to be made.

6-19-43 Hazerds L D-10 Gehrmann
Dr. Norwood

1. Desires list of du Pont men inspecting metal,
2. Desires ventilation installation for Revere C, & B, Co.

6-26-43 Hazards L D-10 Gehrmann
C.E. Daniels

Precautions in Fabricating Metal. Mentlons outgassing being
performed at Copperweld and requests follow-up by Dr. Norwood.

7-24-43 Hazards L D-1C Dr. Messick
Wadhams

fedican Examinations of Inspectors exposed to T-Metal -
1, Inspectores previously advised of possible health hazards.
2. Medicel records of all inspectors to be reviewed
(later were approved).
3. Check-up every three weeks.

9-22-43. Hazards L D-10 R.S. Stone
C.E. Daniels

Information regarding payment of medical servicee at
fabricators' plants.



3-20-44 Hazards L D-10 Col. Warren
Dr. Norwood

Health Conditions in Industries - supplying metal to du Pont,
Liste the work done at various vendors to satisfy exposure
requirements and results. ' )

£ - 30-44 Hazards L D-10 Géhrmann
, Dr. 8tone

At Joslyn Mfg. & Supply Company -

1. Laboratory tests and X-ray examinations will have to be
done separately.

2. Buggests that Dr. Cantril (Clinton Laboratory) be em-
powered to make any necessary arrsngements. )

5-29-43 8lugs M D-11 Litton
Lange

Daily Telegrem - set up procedure for giving complete status
of flow of metal at all fabriocators by means of daily telegram
from each inspector,

3-5-43 Extrusion L D-13 Greenewalt
‘ Col. Ruhoft

Estimated delivery schedule of T-Metal billets to B, & T,
(112.3 tons by June 12, 1943),

3-5-43 Organization L D-13 Col. Ruhoff
Greenewalt

C. E, Danieles to handle metal procurement.

3-15-43 General L D-13 C.E., Daniels
Miles

Fabricated Metal for Chicago Experimental Pile
Preliminary specifications on slug sizes - Chicago to require
10 tons (April 30, 1943 require only 8 tons).

3-23-43 Genereal L D-13 C.E. Daniels
Miles

8ize and Shape of Metal Billets )
1. 83" + 1/8" dia. x 10" + 1/2" long with cylindrical test
casting on end,
2. B, & T, ready for 2 or 3 tons for extruding.
E. Safety precaution data being worked on,
. Disposition of scrap dsta being prepared.




3-29-43 Canning L D-13 C.E. Daniels
Miles

Fabrication of Metal for Grassellil Experimental Work.

Requests 400#/wk. fabricated for period of 3 weeks shipped
to Grasselll,

4-10-43 Billet Size L D-13 Miles
C.E. Daniels

Billet Dimensions - Changed length from 104" to 10%"
maximum to fit B, & T. furnace - 9" minimum,

4-1343 Machining L D-13 J.H., 8haw
C.E. Daniels

Changed dimensions on slugs to file-broken corners.

L_21-43 Extrusion L D-13 C.E. Daniels
Maj. Ruhoff

Tentative schedule of delivery of billets to B, & T.

4.21-43 Outgassing L D-13 C.E. Daniels
Miles

Instructed to send 3 rods to Battelle (for degassing tests).

H=17-43 Grinding L D-13 C.E. Daniels
Miles '

OK to send one rod to Carborundum Co. for centerless grinding
experiments. '

f-24-43 Billet Size L D-13 R. Williams
Maj. Ruhoff

Necessary to fix the billet size and shape as soon as possible
for Hanford requirements.

6-1-43 Machining L D-13 S.W. Pratt
C.E, Daniels

Fabrication of Metal

1., Necessary to contact vendors soon if it 1s desired to
have them make up slugs for Hanford.

2. CEW glugs should be finished by August 1, 1943,




6-1-43 8lugs L D-13 Niles
ue C.E. Daniels

Metal Requirements

C. E, Daniels is scheduling completion of 100 tons b

August 1, 1943, which will better the Metallurgical Laboratory
requirements for CEW of 75 tons for startup and 100 tons by
Sept. 1, 1943,

R=17-43 General L D-13 gif. Daniels
es

Give test slugs for Metallurgical Laboratory and OGrasselli
precedence over work for CEW,

6-21-43 Machining L D-13 Miles
C.E. Daniels

8lug Machlnin% Tolerances

Requesting relaxation of tolerances to enable slightly under-
slzed or gouged slugs to be accepted (approved by Miles et al -
letter of June 26,

7-2-43 Inspection L D-13 Veith
Lange

Re jected slug lots - outlining procedure for ildentifylng
slugs felling to pess requirements by assigning certain
serial numbers.

7-7-43 Machining L D-13 C.E. Daniels
Miles

Machining of Outgassed Rod

Sluge from one standard outgassed rod are to be shipped as
soon as possible to Grasselli for hot-dipping followed by
aluminum cenning.

7-7-43 Inspection L D-13 Velth
Lange

Inspection Standards for Blugs

1. Very small pipes in slugs may be acceptable.

2. Ship 6 slugs showing physical voids to Alcoa for canning,
thence to Metallurgical Laboratory for test.




7-16-43 Billet Bigze L D-13 Col. Ruhoff
C.E. Daniels

Requested that billet Peoirioationa be revised to accept
lengths from 94" to 113" to reduce amount of oropping necessary.

-

7-26-413 Canning L D-13 C.E. Daniels
Miles

B8lug Bpecifications

1., Hot dip coating is brittle and cracks at edges while canning.

2. Experimental work is proceeding,

3, Proceed on basis that all slugs for CEW be machined to
present standard dimensions.

8-17-43 Inspection L D-13 Veith
C.E. Daniels

8lug Machining Tolerances
8lugs 1/4" under length are acceptable for canning.

9-2-43 Machining L D-13 C.E. Daniels
Miles

Metal Requirements for Clinton

1. Machine 30 tons of slugs for CEW to dimensions used for
Alcoa method of canning.

2. Blugs are not to be Jacketed.

9-2-43 General L D-13 S.E. Daniels
lles

Disposition of Clinton sized jacketed slugse. All slugs
received at Metallurgical Laboratory to date will be used in
experimental work and none will be availlable for CEW,

7-16-43 Accountability L D-14 Maé. Sapper
C.E, Danlels

T-Metal Statements

1. Operations recorded through a doutle entry bookkeeplng
system based on weight of metal.

2. Differences in welghts are accumulated in accounts set up
for the purpose.

3. 15 billets overheated and oxidized.
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12-6-43 Acocountability L D-14 Maj. Bapper
. C.E. Daniels
7-Metal Btatement - CEW
Summarizes metal acgountabllity at -
1. B, & T. XPG-123% and 753%.
2. Revere XPG-773¢,
E. Copperweld XPG-4g2i,
. Baker Bros, XPG-582%,

3-6-44 Accountability L D-14 Maj. Bapper
Thackery

T-Metal Statement - CEW
Summarizes metal acoountability at H-H-M Bafe Co. - XPG-17h4i,

3-30-U43 Securlity - L D-17 B, & T.
C.E. Deanlels

XPG-123% - Confirming instructions that nature and analysis
of T-Metal is secret - disclosure constitutes criminal liabllity.

*3.30-L3 Extrusion L D-17 gagtegleimim. Inst.
.E. Daniels

XPG-1233

1, B, & T. to extrude T-Metal for U5¢ to 30¢ per pound gross
billet weight of metal plus actual cost of dies, cylinder
liners and dummy blocks.,

2. Contract also proposed with B, & T. for a portion of the
machinery - other machining by H-H-M S8afe Company.

3, Requeste Battelle Memorial Institute to supply consultation
gervices in B. & T. Cost to be charged to their O8RD
contract and not to du Pont.

*4_6-U43 Extrusion L D-17 gag. Sapper
.E., Danlels

Proposed Procedure for Handling Metal at B, & T. Metals Co. -
XPG-123%

Outlines proposed procedure and requests Sapper's approval,
which was received.

*4.g-43 Inspection M D-17 - -

Inspection Procedure - XPG-1234. Describes in detail all steps
to be taken by du Pont inspector at B, & T.



6-29-43 Rolling L D-18 C.E. Daniels
Miles

Machining of Rolled Rods
1. Metallurgical Laboratory arranging for rolling %00 pounds
of billets into rod.

h-2h-43 Hazards L D-19 .H-H-M Bafe Co.
Met. Lab,

Recommendations for physical examinations, etc. for employees,

5-15-43 Machining L D-19 H-H-M Bafe Co.
C.E. Daniels

XPG-174% '
1. To machine 6 rods as per attached sketch,
2. Final specifications for slugs will be set after tests on

these six.
5=19-43 Hazards L D-19 B-H-M Safe Co.
C.E. Daniels
XPG-174%

1. Recommendations to H-H-M 8afe Co, for safety precautions.

2. Ventilating system under construction ueing fan procured
by du Pont,

3. Du Pont to pay for coste relative to safety. H-H-M Safe
Co. to submit quotation of approximate cost.

4, Medical follow-up to be by du Pont Company.

65-26-U43 Inspection L D-19 8.W. Pratt
H.T. Daniels

Metal 8lug Dimensions
S8ome slugs contain pits, plpes and other surface imperfections.
To what extent can these be tolerated?

5-29-43 Machining L D-19 H-H-M 8afe Co.
C.E. Daniels

XPG-17k43 ~

1. Tolerances of slugs are established as per sketch forwarded

with C, E. Daniels' letters of May 22, 1943 and will be
rigorously enforced.

2. Bpeed must not be gained at expense of increased rejection
of finished slugs.

7 |




6-12-43 8crap L D-19 H-H-M Bafe Co,
C.E. Daniels

XPG-174%

1. Bhip 500 pounds of clean turnings to Westinghouse E, & M,
Co., Bloomfield, N.J., for further experimental work in
connection with recovery of turnings.

6-30-43 8lugs and Hazards L D-19 H-H-M Safe Co,
Lange

XPG-174%

l., Limitations to slze of stacke and distances between stacks
of stored metal, (All limitations removed by C, E., Daniels'
letter of Sept. 1, 1943 to H-H-M Bafe Co.)

7-8-43 Scrap L D-19 H-H-M 8arfe Co.
Lange

XPG-174%

Segregate 500 pounds of turnings which have been machined with
Hydromite and ship to WENCO, Bloomfield, ae per Col. Ruhoff's
letter of July 3, 1943,

7-17-43 Hazards M D-19 Veith
Litton

XPG-1743
Report of Fire at H-H-M Bafe Co. on July 16 caused by spark
falling in metal barrel of scrap.

7-20-43 Machining L D-19 C.E. Daniels
Litton

XPG-1744

1. Slugs now being turned to U4-3/32" lengths.

7-29-43 Machining L D-19 H-H-M Safe Co,
Lange

XPG-1743

1. Machine 2 heats of slugs to 1,092" 0.D,

2. Machine at least 40 slugs to 1.090" 0.D.,

3. Ship all of above to Orasselli, Cleveland (for hot
dipping experiments).
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-29-4 Hazarde L D-19 C.E. Daniels
7 2 ' Met. Lab.

H-H-M Safe Company - Health Conditione (XPG-17u43)

1. Dust counts OK,

2. Men in good condition but their anxliety probably influences
their imagination concerning headaches, etc,

7-30-43 Canning L D-19 H-H-M 8afe Co,
Lange

XPG-174%

Ship 20 slugs machined from rolled rods to Alcoa (for testing
of coating). Metallurgical Laboratory requests cancelinﬁ
thelr order for 50 slugs per week, starting August 2, 1943,

8-17-U43 Machining L D-19 H-H-M Safe Co,
C.E. Daniels

XPG-174%
1. All rejected slugs to be reclaimed and shipped by
Sept. 1, 1943 in accordance with letter - Lange to Veilth,
dated July 1, 1943 and C. E. Daniels' to Veith Aug. 17, 1943,
2. September rejects to be segregated from those above.

8-19-U43 Hazards L D-19 C.E., Daniels
: H-H-M Safe Co.

XPG-1742
Two separate fires in drums full of turnings this week,
S8light damage.

8-24-43 Accountability L D-19 H-H-M Safe Co,
C.E. Daniels

XPG-1743
Requests physical inventory as of Sept. 4, 1943 of T-Metal in
various stages of fabricatlion and scrap.

9-23-43 Scrap L D-19 H-H-M Safe Co.
C.E. Daniels

XPG-174%
Dry and package the wet oxides and fines H-H-M Safe Co. has
on hand, as directed by F. A. Shinn, .




9-23-43 Scrap L D-19 gpghn

Daniels

XPG-1744 :

Disposal of Berap Blugs .

1. 8hip up to 300 scrap slugs to Grasselli-Cleveland, and
up to 150 to Metallurgical Laboratory.

9-28-43 Machining L D-19 Sapper
Kerslake

XPG-1744 - Disposition of Government-Owned Lathe

1. Purchased lathe on XPG-117% for use at H-H-M Safe Company.

2. OK to ship now to CEW? (approved by Ma). Btcwers on -
October 4, 1943),

10-2-43 Grooving L D-19 H-H-M 8afe Co.

C.E. Daniels

XPG-1742

1, Immediately groove all unshipped 1.1" x 4" slugs and
ship to Alcoa.

2. Purchasing Department to request quotation for grooving.

10-15-43 Scrap L D-19 Spahn
C.E. Danilels

XPG-174% - Disposal of Scrag Slugs. Ship sdditional 156
1

scrap slugs to Grasselll - Cleveland.

6-16-43 Outgassing L D-20 Miles
C.E. Daniels

XPG-492%

Outgassing - Brief description of procedure.

8-9-43 Hazards L D-20 Copperweld
Dr. Norwood

XPG-4922

Medical symptoms of excessive exposure to T-Metal.

8-19-43 Hazards L D-20 Copperweld
Dr. Norwood

XPG-4924%

1. Results of metal dust counts at Copperweld.
2. All counts are above maximum tolerable 1limit.
3. Recommends respirators and ventilation.
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§-20-43 Canning L D-21 F.M, Hart
H.T. Daniels

XPG-4233
1. 8lug diameter tolerances to be determined.
2. Alcoa drawing 43028-C not approved by du Pont.

5-26-U43 Canning L D-21 Pratt
H.T. Daniels

XPG-423%

Minutes of discussions held May 22 and 26, regarding aluminum

cased slugs. '

1., The aluminum for casings and cape would probably be con-
taminated with Fe, 81, Ti, Cu, and Cadmium,

(28 aluminum is normally 99% rure with 1% impurities of
iron silicon and trace of copper). This problem referred
to Pratt (TNX) and thence to U. of C,

2. Inspection Bection to take samples of each roll of aluminum,
One-half of each sample to go to U, of C., for testing.

3, 60,000 casings to be mede from sheet aluminum and 60,000
from impact extrusion sluge which are expected to be
started May 28.

4, Preliminary inspection procedure made up.

6-15-43 Inspection ¥ D-21 - -

Inspection Procedure XPG-U423%
Describes in detall inspections made at Alcoa.

6-25-43 Testing L D-21 Alcoa
C.E. Daniels

XPG-4233
1., Jacket with incomplete weld approximately 12-1% slu%w.
2. Ship 6 to Metallurgical Laboratory and balance to CEW,

6-26-43 Testing L D-21 C.E. Daniels
Miles

Jackets for 8lugs
1. Require 6 jacketed slugs with incomplete welds to test
effectiveness of hydrogen in detecting incomplete closures.,




7-6-43 Canning L D-21 Alcoa
C.E. Daniels

Project 9733
1. Metallurgical Laboratory wants six cans sealed after

Metallurgical Laboratory has filled the cans with a
special material, not in the form of solid rod.

7-6-473 Canning L D-21 P.E. Collins
Lange

Samples of Finished 8lugs
1. B8end two complete heats of jacketed slugs each week
to Metallurgical Laboratory until further notice.
2. Good slugs from these heats are later to be eent to CEW,

7-15-43 Testing L D-21 Veith
- C.E., Daniels

XPG-4233 :

l. OK to accept slugs with Jacket bulges at bottom not to
exceed ,008" in diameter.

2. Ship 90 slugs with bulges exceeding .008" to CEW for
hydrogen testing.

7-16-43 Canning L D-21 Alcoa
C.E. Daniels

XpG-h232
l, Jacket 1000 slugs with extreme precautions against any
entrapment inside the Jjacket.

7-30-43 Canning L D-21 Collins
- Lange

Semples of canned slugs (XPG-U423¢)
l, Discontinue weekly shipments of approximately 50 jacketed
slugs to CEW on August 2, 1943, '

8-9-43 Hazards L D-21 Alcoa
Dr. Norwood

1. Vieit of August 6, 1943 to Alcoa.
2. Du Pont inspectors contact with metsl approaches maximum
allowable limits.



8-23-43 Bcrap L D-21 McKinney
C.E. Daniels

XPG-423% - Alcoa

1, Begregate and hold any machined slugs with pits of suffi-
cient slze to make them unsuitable for Jjacketing.

2. If no use develops for these we will return them to
Government as solid scrap.

8-11-43 Canning L D-21 Alcoa
Lange

XPG-4233 ~
1. Lot 3064-RH, which was specially canned, to be shipped to
CEW for special test.
2., Inspectors are segregating off-size material so that
special runs can be made to can these slugs properly.

10-2-43 Grooving L D-21 C.E. Daniels
Alcoa

Special Grooved Slugs
1. Suggests that du Pont inspector examine all grooves
before canning.

10-27-43 Scrap L D-21 Maj. Bapper
C.E. Daniels

XPG-423% - Scrap Shipment
Requests Government representative to visit Alcoa to receive
and ship a quantity of solild scrap.

10-30-43 Canning L D-21 Fletcher
C.E. Danlels

XPG-4233

Bhip 5 heats of slugs complete except for welding to lKetal-
lurgical Leboratory for experimental work on welding.

10-30-43 Scrap L D-21 Fletcher
C.E. Daniels

XPG-4233

t 4
oiLs

Ship rejected slugs to Metal Hydrides st Beverly, Massachusetts,

28 solid scrap.
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®11-10-43 Testing M D-21 C.E, Daniels
McKinney

Deflection Test X Blug Cases
Describes test for deflection of slug cases.

11-10-43 Testing L D-21 McKinney
' C.E. Daniels

XPG-U423% -~ Retest slugs rejected by deflection test and
send 100 doubtful leakers to Experimental Station.

11-17-43 Testing L D-21 C.E. Daniels
Myers

XPG-423+ - Doubtful leakers tested OK at Experimental
8tation as described.

12-3-43 Testing L D-21 Veith
McKinney

Efficiency of "M" Deflection Test. Results prove this method
is accurate in determining leakers.

6-14-43 Hazards L D-22 Met. Lab,
Gehrmann

It 1s believed that Revere Medical Department can take care
of employees' examinations for working on T-Metal.

7-15-43 Accountability L D-22 Revere
C.E. Daniels

XPG-77 3%
Requesting Revere to get its scales checked before receiving
billets.

7-27-43 Extrusion L D-22 Putman
Lange
XPG-77 33

Requesting Putman to take particular notice of how two BX
Blllets behave during extrusion.,

7-29-43 Hazards M D-22 Revere
Dr. Nickson

Dust hazards at Revere and suggestion for improvement,



7-30-43 Extrusion L D-22 Putman
Lange

XPG-773%

Take special note of extrusion of 25 billets (five each from
five suppliers) and submit special report, to determine if
cropping specifications can be modified.

7-30-43 Hazards L D-22 C.E. Daniels
Met. Lab,

Revere C. & B. Co. (XPG-773%)
1. Dr. Norwood examined 49 men at Revere - rejected nine,
2. Du Pont to make monthly check-up examinations.

€-11-43 Billet Quality L D-22 Putman
Lange

XPG-77 3%
Take special note on behavior of some W Billets containing
more than 250 ppm aluminum,

8-7-U43 Billet Quality L D-22 C.E. Daniels
Ma). Hadlock

Government to notify du Pont in the future of numbers of all
billets which contein more than 100C ppm iron.

8-17-43 Billet Quality L D-22 Putman
Lange

XPG-7732
Requesting speclal report on pecullarities of high iron
content blllets.

g€-13-43 Extrusion L D-22 Revere
Lange

XPG-77 3%

Prepare 2 dles to extrude rod to 1.20%" and 1.190",

8-18-43 Extrusion M D-22 J.H. Bhaw
Putman

1. General performance by Revere in extruding 1500 T-Metal billets.
2. Description of extrusion equipment,
3. Description of extrusion process including preheating.



7-3-43 Hazards M D-23 C.E. Daniels
Aaron

XPG-582%
Encloeing report on fire at Baker on June 10, 1943,

7-3-U43 Hazards L D-23 Met. Lab,
C.E. Daniels

XPG-582%
Action undertaken at Baker together with report on
conditions there.

7-26-43 Fire Hazards M D-23 Shaw
Dunn

XPG-582%

1. Report of fire at Baker on July 25, 1943,

2. Baker Bros, refuses to accept any more rods until some-
thing definite 18 done about fire hazard of T-Metal,

g-24-43 Accountability L D-23 Beker Bros.
C.E. Daniels

XPG-K82%
Requesting metal inventory of all stages of fabrication
s of Sept. U4, 1943,

g8-24-473 Machining L D-23 R.T. Dunn
Lange

XPG-5424

1. Machine 25 bars in normal manner but submit separate
report on machining characteristics.

2. This is one of steps taken in trying to improve the
overall yield of the T-Metal.

g-28-43% Hazards L D-23 C.E. Daniels
Dr. Norwood

XPG-H223
1. Monthly check-up of Baker's employees.
2., Suggests having inspectors use tongs instead of using

thelr hands for lifting and holding metal for gauging, etc.



»
2y

10-2-43 Grooving L D-23 Baker Bros.
C.E. Daniels

XPG-582%
1. Immediately groove all unshipped CEW elugs and ship to Alcoa.

11-1-43 Grooving L D-23 Baker Bros.
C.E, Daniels

XPG-582%
Groove 390 machined slugs being shipped from Alcoa and
return to Alcoa.

11-9-43 Grooving L D-23 Baker Bros.
C.E. Daniels

XPG-582%

1. Groove and touch up approximately 20 tons of slugs from
which jackets have been removed. Perform this machine
work on XPG-582%,

2. Ship slugs to Alcoa after grooving and touching up.

1-22-44 Grooving L D-24 Spahn
C.E. Daniels

Ship as soon as possible 200 grooved CEW slugs to Area
Engineer - Chicago.

1-22-44 Grooving L D-24 Ma). Sapper
C.E. Danlels

Requesting approval to place order on Baker Bros., for grooving
approximately 12000 slugs to permit application of the deflec-
tion test at Alcoa. (Approved by Maj. Btowers Jan. 22, 1944),

10-12-43 Testing L D-25 C.E. Daniels
Miles

Canned Slug Tests at Alcoa

1. Three deflection type testers were delivered to Alcoa on
October 5 and will be used for production testing of all
future CEW elugs.

%*11-9-43 Canning L D-25 Whitaker
C.E. Danlels

XPG-1528% - Canning of Blugs
1. CEW to strip cans from 20 tons of defective sluge and shlp
to Baker Bros.
2. Baker to groove and touch up and ship to Alcoa.
E. 30 tons to be canned.
. Later 20 tons to be canned.



11-9-4 Cannin L D- Alcoa
943 & 2 C.E. Daniels

XPG-1628%

1, Jacket 20 tons of slugs being sent from CEW,

2, Now canning 30 tons of slugs. -

3. The 20 tone shipment is to be inspected and any slugs
unsuitable for canning will be returned to Government
as s8o0lid scrap.

4, Jacketed slugs to be shipped to CEW,

11-27-43 Canning L D-25 Alcoa
-C.E. Daniels

XPG-1628
8trip 3364 canned slugs and re-can, using both precrimp and
post-crimp type M deflection testing for acceptance.

12-8-43 Canning L D-25 Alcoa
C.E. Daniels

XPG-1628%

1, 8trip Jjacket from 50 accepted slugs (grotecting the weld)
and ship welded ends to Greninger in Chicago.

2. Rejacket these 50 slugs.

#12-27-43 Testing L D-25 Whitseker
C.E. Daniels

XPG-1628% - Canning of Slugs
Describes type M deflection test.

*12-21-43 Canning L D-26 Alcoa
C.E. Daniels

Type F 8lug Cases (XPG-1750%4)

1, Alcoa's sketches F & F-1 for can and cap approved.
2. Ve are procuring same.

3, Argon arc power unit has been shipped to Alcoa.

2-5-hl Accountability L D-26 Alcoa
C.E. Danlels

XPG-1750%
Requesting Alcoa to keep receipt of various slugs segregated
for accountablility records.
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*3.11.44 Canning D-26 31§°“n iel
.k, Danlels

XPG-1750%
Reviews scope of order and approximate quantities of slugs
to be cannead,

3-11-U4 8crap L D-26 McKinney
C.E. Danilels

XPG-1750%
8hip 1300 pounds solid scrap and 7 pounds turnings to
wilmlngton Shops.

3-21-L4 Canning L-8 D-26 McKinney
C.E. Daniels

XPG-17504
Jacket up to 500 CEW slugse on this order for experimental
purposes at CEW,

3-29-UY4 Testing L D-26 Fletcher
Met. Lab.

XPG-17504%
Metallurgical Laboratory loaned 3 dial indicators to Alcoa
for type M deflection testing.

3-29-44 Canning L D-26 C.E. Daniels
Met. Lab.

XPG-1750%
Send 1000 cans and caps to Metallurgical Laboratory from Alcoa
for Clinton welding experiments,

ho11-44 Canning L D-26 Alcoa
C.E. Daniels

XPG-1750%

Bhip approximately 150 rejected slugs to Baker Bros. for
reworking. These will be turned over to Clinton Laboratory
and will become their property.
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*5-11-44 Canning M D-26 Peterson
Grinus

Vieit to Alcoa (XPG 1750%)
Describes in detall the complete sequence of canning and
testing of slugs at Alcoa.

6-24-43 Canning L D-27 Miles
C.E. Daniels

XPG-427%
50 slugs out of 500 total are to be used for development
purposes for canning at Wolverine.

8-6-44 Canning M D-27 H.T. Daniels
J.A. Burns

Aluminum Can Development
Wolverine reluctant to continue development for HEW in view
of new fabricating business they were scheduling in their shops.

*12-15-43 Canning L D-27 Wolverine
Kerslake

XPG-427%
Liets incoming and outgoing shipments at Wolverine. Summary
of work done on order.

3-30-43 Extrusion L D-28 Spruance
C.E. Daniels
XPG-123%
Extrude through dies of 1.260" or 1.445" D until further notice.
L.5-43 Procedure L D-28 J.D. Wilson
Hawkins

XPG-123% and 1743
Procedure to be followed regarding Purchasing, Inspection and
Billing, Receiving and Shipping.

h.10-43 Extrusion L D-28 B, & T,
C.E. Daniels

XPG-123%

1. Mentions certain charges not included in order which
will be allowed as extras.

2. Requests quotation for same,



5-19-43 Extrusion L D-28 B, & T,
Spruance

XPG-1232
Bubmitting tentative schedule of tonnage expected from
May 24 to work of July 7 inclusive,

5-29-43 Extrusion L D-28 Shaw
C.E. Daniels

XPG-123%4 - Furnace
Advieing that tile for rebuilding the furnace has been
ordered on XPG-5473,

7-3-43 Machining L D-28 B. & T,
C.E. Daniels

Verbal order XPG-753% issued for machining and guarding
incidental to machining.

*i-3-43 Machining M D-29 Shaw
Veith

Investigation for Machining Facilities - List of shops
investigated near Columbus, Ohio for machining slugs.

4-29-43 Machining - TT D-29 Wilson
C.E, Daniels

XPG-1174
J. L. Lathe was loaned to H-H-M Safe Company. Will be
shipped to CEW after completion of work.

4-29-43 Hazards L D-29 H-H-M Sarfe Co.
C.E, Daniels

XPG-1744
We are supplying H-H-M SBafe Co. with Government-owned
Claridge fens for ventilating the lathes.

H-28-43 Machining L D-29 H-H-M Safe Co.
Lange

XPG-1743
Submitting tentative schedule for machinling extruded rods.
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5-28-43 Grinding M D-29 8haw
Lange

1. Bhip 10 pieces to Carvorundum Company.
2. 8hip 1 plece to Alcoa Research Department,

§-29-U43 Scrap L D-29 H-H-M Bare Co,
C.E. Daniels

XPG-1743%

1. B8hip 500 pounds of turnings.

2. Pack in vented (4 - 1/16" holes in cover) 5 gallon metal
containers,

3. 25 pounds maximum in any contsiner,

6-16-43 Scrap L D-29 H-H-M Bafe Co.
Lange

XPG-1743
Requesting purchase of 765 drums for storage shipment of
turnings. Specifications of drums given.

*6-30-473 Valuation L D-29 g-g-m Safe Co.
+E. Daniels

XPG-1744
Vendor not liable for any loss or damage to Government-owned
materials in his possesslon.

7-2-43 Machining L D-29 H-H-M 8afe Co.
Lange

XPG-174#
Requesting advice concerning power requirements in machinin
T-Metal. (Apparently data for purchasing equipment for HEW%.

7-3-43 Crating L D-29 H-H-M Safe Co.
Lange

XPG-174%
Requesting them to ship slugs in boxes constructed as per
attached sketch,

7-17-43 Hazards L D-29 C.E. Daniels
H-H-M Safe Co.

XPG-1743

1. 30,000 pounds turnings on hand at H-H-M Safe Company.
2. Additional guards necessary.

3. Please expedite removal of scrap.
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7-23-43 Canning L D-29 Spahn
Lange

XPG-174¢
8hip as soon as possible 2 boxes of finished slugs to
Grasselli-Cleveland. (Shipped July 23).

7-30-43 Machining L D-29 H-H-M 8afe Co.
J.W. Robinson

XPG-1743

1. Grasselli-Cleveland sending 6 boxes of slugs for reclaiming
by machining., Total of 147 pieces = 346 pounds.

2. Return finished slugs and scrap to Grasselli,

9-24-43 Machining L D-29 H-H-M Safe Co,
- R, Johnson

XPG-1744
Grasselli-Cleveland sending 4 boxes (87 pleces = 202 pounds) to
H-H-M Bafe Co. for reclaiming by machining.

9-26-43 Machining L D-29 la). Sapper
C.E. Daniels

XPG-1744%

1, H-H-M Safe Co. did not ship any finished slugs at 2¢/1b.

2. All shipments will be as per their quotation of 3¢ per pound
for the revised method of boxing.

9-25-43 - Machining L D-29 P.L. Sgruance
H-H-M Safe Co,

XPG-174% and 1173
H-H-M Bafe Co. has shipped the J & L Lathe which was loaned them.

10-4-473 Machining L D-29 Kerslake
Ma). Stowers

Ship lathe (XPG-117%4) to CEW,
9-26-43 Security L D-29 P.L. Spruance

H-H-M 8afe Co.
S8creen Enclosure (XPG-174%)
1, H-H-M 8afe Co. willing to leave screen enclosure in place
provided they receive title to additional sections,
2., ¥Will cost $60 to dismantle.
3. Please advise decision.
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-25-U Hazards L D-29 P.L. Bpruance
9-25-43 H-H-M Bafre Co,

XPG-174%
H-H-M Bafe Co., has dismantled crated and shipped attached list
of ventilating equipment loaned to them.,

10-6-473 Extrusion L D-29 Spahn
C.E. Deniels

XPG-174%
8hip 1/2 of rod (front half as extruded) to Department of
Commerce, Bureau of B8tandards, Washington,

10-6-43 Grooving L D-29 8pruance
H-H-M Safe Co.

Quoted $2.75/hr. for uncreting, grooving, filing, and re-crating
approximately 18,000 slugs. ~

10-19-43 Hazards L D-29 Ma). Sapper
Kerslake

Disposition of Government owned Fan, Motor and Piping.
Requesting disposition of listed material since the H-H-M Safe
Co. has finished work on XPG-17L4%,

10-22-43 Hazards L D-29. Kerslake
Ma). Stowers
XPG-174%
8hip equipment in letter of Oct. 29 to CEW (from H-H-M Safe Co.).
10-30-43  Becurity L  D-29 Maj. Sapper
Kerslake
XPG-1743

Requesting approval for giving title of screened enclosure
to H-H-M Bafe Co. to eliminate cost of dismantling.

11-2-43 Security L D-29 C.E. Daniels
Maj. Sapper

XPG-174%

1, Maj. Bapper is unauthorized to give title of enclosure to
H-H-M 8afe Company.

2. Du Pont may secure quotes from other gources for cost of
dismantling.



1-12-44 B8ecurity L D-29 C.E. Daniels
Maj. Btowers

XPG-1744
1. OK toc transfer title on enclosure to H-H-M Safe Company.
2. Request H-H-M Bafe Co, for quote for this material,

1-17-44 Security L D-29 Du Pont Co.
H-H-M Bafe Co.

XPG-1742
Bidding $2.00 for material comprising the enclosure.

1-22-44 Security L D-29 Kerslake
Ma). Btowers

XPG-174%
Approving $2.00 bid for enclosure by H-H-M Safe Company.

12-2-43 Canning M D-30 Veith
McKinney

XPG-U234
Attached corrected invoice dated Aug. 17, 1943 for delivery
of canned slugs as listed therein.

11-2-43 Canning L D-130 Alcoa
C.E, Daniels

XPG-423%

1. Send 500 small cans without caps to Cleveland Laboratory,
3092 Broadway, Cleveland.

2. Reject cans are suitable.

7-23-43 Testing L D-30 P.E. Collins
. Lange

XPG-423%
Give Dr. M, Miller 6 standard slugs for special testing.

7-9-43 Canning TT D- 30 Lange
Miles

XPG-U4234
Use of benzene is satisfactory for degreasing.
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7-6-43 Testing M D-30 Veith
Collins

XPG-L4234

Percentage of leaks on hydrogen tests.

Outlining relation of dummy canning and production canning
as to slugs rejected.

7-3-43 Canning L D-30 Miles
C.E, Daniels

XPG-4233
Alcoa desires to clean the cans with benzene sand then steam
wash, Please advise, ‘

6-26-43 Canning L D-30 F.M, Hart
Alcoa

XPG-L4233

1. E. B. Yancey wrote to Alcoa stating importance of develop-
mental work being done by Alcoa.

2. Alcoa willing to undertake to the extent of its ability
the development of tools and methods for additional job
mentioned by 8. A, Chantland.

6-17-U43 Canning L D-30 P.E., Collins
: Lange

XPG-4234 -~ Shipment of slugs from Aluminum Company

l. Start shipping finished slugs to J. D. Wilson, F.P.M.,
Knoxville, express collect when LCL,

2. CL shipments - instructions later.

6-16-43 Canning L D-30 C.E. Daniels
Miles

Confirming cleaning aluminum with sodium hydroxide 1s satisfactory.
5-28-43 lesting L D-30 Alcoa

C.E. Daniels
XPG-4233

Sketch attached showing suggested layout of carburizing furnace
we want Alcoa to install,



6-5-43 Testing L D-30 C.E. Daniels
Alcoa

XPG-4234
Unable to take on additional work on carburizing furnace
installation and hydrogen testing.

F-24-43 Canning L D-30 C.E. Daniels
Alcoa

XPG-4234
Attaching their print 43028C, showing dimensions of can.

7-3-U43 Machining L D-31 B. & T.

J.W., Robinson
XPG-75 3}
Grasselli-Cleveland has shipped (July 2, 1943) 132 pcs. welghing
299 pounds and 3 bars of unmachined metal totaling 241.% pounds.
These pleces are to be machined as directed by R. Johnson.

6-14-43 Machining L D-31 C.E. Daniels
B, & T,

XPG-123}
1. Willing to do experimental machining.
2. - Cost of experiment to be at actual cost.

6-17-43 Machining L D-31 B, & T.
C.E. Daniels

XPG-75 3%

Machining of Metal Rods

1. Ve are shipping 6 straightened rods for experimental
machinery as per attached sketch.

. Metal must be guarded and accounted for.

. Requested that Shop Superintendent visit H-H-M Safe Co. for
machining information.

. All finished slugs to be inspected by du Pont.

. Experimental work to be charged at Cost Purchasing Depart-
ment then to request a quotation for machining a firm
quantity of slugs.

N¥FE wh

11-27-43 Security L D-31 C.E. Daniels

Litton
XPG-753%3% - B, & T. Metals Co,
Guard service was supplied 24 hrs/day, or 1143 hrs. from
June 27 to Aug. 13, 1943,



DATE
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1/12/9y







