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~ T. INTRODUCTION .

T have had three experiences that were somewhat
specialized in some respects. The first section and parts
of the second section were written almost entirely from
memory, but a journal and office files were used for most
of the rest. ' :

The experiences were:

a. ‘Aberdeén Proving Ground
b. Nuclear Development
Ce Start of a Business

A considerable portlion of the work was classified
as Confidential, Secret, and some as Top Secret, both in
the Army and the Atomic Energy Commission. A Tew items
that I believe are still classified are not mentioned.

This is a very personal account and no effort is
made to describe how my work fitted into the larger pro-
grams of which my work represented a very small part.

Tt was written in 1973 and 197k,



3I. ABERDEEN PROVING GROUND

A, Préliminary Tralning

During my undergraduate work at the University of
Michigan from .September, 1925 through June, 1929,.I took
militery training. Since I was a Chemical Engineering
student, I was assigned to Army Ordnance. The training
whlch I received at Ann Arbor was very elementary except
for a minimum discussion of ammunition and artillery de-
sign and manufacture. During the summer of 1928 I wag . .
assigned to a six weeks training course at Aberdeen Proving
Ground, Maryland, :

The training at Aberdeen consisted of lectures and
actual firing tests on weapons up to the French 155 mm Gun
of World War I vintage, and observation of repairs. and
maintenance of all types of weapons and ammunition. Of
great interest to me was the museum with its limited
samples of tanks, guns, mortars, armor, etc.

On completing my undergraduate work in.Chemical
Engineering, I was cormmissioned a Second Lieutenant in
. Army Ordnance. On completion of my work for the Doctor's
- Degree in Chemical Engineering in 1932, Winifred and I
moved to Detroit., During the next few years I completed
enough corresspondence courses to be promoted to First
Lieutenant, probably in 1935, :

1. Rock Island Arsenal

: In the summer of 1935 or 1936 I was ordered to
Rock Island Arsenal for a two weeks training course.
Winnie and the boys were left with her parents in Helmer,
Indiana, and I went to Rock Island by train. I belidve we
were then living in Detroit and I was teaching Chemical .
Engineering at the University of Detroit. .

The Rock Island experience was of interest as

the Arsenal was actually manufacturing recoil mechanisms
and assembling components, . ' '

2+ Savanna River Ordnance Depot

In the summer of 1938, I think it was, I was
ordered to Savanna Ordnance Depot in Illinois for two
¢ weeks training. At that time I belisve we were living

- e



at Fayetteville, Arkansas, where I was teaching Chemical
Engineering. I belleve Winnie and the boys stayed in
Helmer, Indiana. R

At Savanna the dozen or so reserve officers were
on their own. Colonel John C. Brier, who was a Profsssor
of Chemical Engineering at the University of Michigan at

“Ann Arbor, ahd an old professor of mine, was Commander of .
the reserves, and I was Assistant Commander. This meant
that I had to give about half of the lectures. : '

The work consisted of about one half lectures
and one half actual plant work. We were expected, in the
two weeks, to have conducted personally all ammunition
loading operations and to have written a critique regard-
ing the plant and operations. This we did. The work in-
~cluded melting and loading shell with trinitrdtoluocl or

TNT, ammunol or ammonia nitrate, etc. We loaded split
shell, opened them and sawed the TNT loads to observe
cavitation, destroyed TNT by burning, etc. -TNT burns
nicely! And safely! - :

One thing of note was that we corrected some of
the poor installation of the TNT melter used in regular
operations. We found that it did not work properly due to
lack of proper air vents. ' :

: Then in the fall of 1938, I believe, I was pro-
moted to Captailn. ' :

3+ Plcatinny Arsenal

In the summer .of 1939 I was ordered to Pilcatinny
Arsenal for two weeks. Again Winnie and Neal and Douglas |
were left at Helmer. And again Professor, or Colonel, Brier
and I were the instructors. However, thls course was unique
and resulted in my learning more in two weeks than ever be-
fore or since. We lived in tents on the shore of Picatinny
Lake near Dover, New Jersey. This was a besautiful setting
even though we could only swim. ©No fishing was allowed as
I remember it. As a result, bass and other fish were very
commonly seen near shore and sometimes abt night by being
careful one could azctually touch them. Living was of in-
terest as it was easy to go swimming and go for long walks
in the mountains. We ate at a barracks near the tents.

My tentmate, whose name I have forgotten, was
a federal investigator assigned to check the income of the
Mayor and rackets in Atlantic City. So we spent one week-
end there. : :
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In all there were twelve to fifteen officers
present, including Brier and myself. . All were highly edu~
cated and all, I believe, held very responsible positions.
I remember one was Director of Research of Hercules Powder
- Company, and two were federal tax experts assigned to
evaluation of railroads and dams for tax PUrposSes.

We ran the classes by sitting around a largse
table with four on a side, and with the sixteenth place
being occupied by an expert from Picatinny Arsenal in the
area being discussed. We gpent four hours in discussions
and three hours In laboratory and inspections daily. _
Toplcs covered were loading and components of ammunition .
as well as long discussions regarding purity of materidls,
difficulties encountered, probability of fires and ex-
plosions, efc., etc. . A most interesting two weeks of
gsessions. There was very Little joking or extraneous
discussion. ' ' : .

As customary, we were invited to the Commanding,
Officer's home For cocktails the first evening on the Post.
The Commanding Officer was the same man that had been at
‘Savanna Ordnance Depot when I was there. . When we arrived
at his home, not only he but his wife received us cordially
as we all remembered one another. His wife offered us the
usual drinks, starting with whiskey, cocktails, beer, etc.
When I'saild, "I'm sorry, I don't drink," she asked, "How
about hot chocolate?" And when I said, "Fine," she grabbed
me by the arm and said, "A man after my own heart., Let's
go to the kitchen.," Of course, a half dogen others who
preferred not to drink went along. And we all had hot
chocolate.. .

lt. Aberdeen Proving Ground

In the summer of 1940 I was ordered to Aberdeen

- Proving Ground along with Professor Brier and Professor,
or Captain, Charles Selheimer, for three months, to revise
and update Army Ordnance Reserve Training Manuals, Pro~
fessor Selhelmer had received his Doctor's Degree a couple
of years before me at Ann Arbor and was teaching Chemical
Engineering at Wayne State University. So we were all
acquainted and all had had four or more years of Chemical
Engineering teaching experience. It apparently appeared
logical to order us in a group to Aberdeen for the assign~
- ed purpose. :

Winnile, the boys, the dog and I left Payebte~-
ville about one week before my duty began because we
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planned to drive leisurely to Aberdeen. On arrival we
rented an apartment in Havre de Grace about eight miles
Tfrom my assumed office, and got settled over the weekend.
This apartment was of interest in its shabbiness, small
size, etc., but it was light and airy. We believe it was
an old slave quarters since it was in the loft of an old
horse barn--long since converted to an apartment,

On Monday morning, a8 ordered, I reported at
Aberdeen Proving Ground Headquarters. I was told that our
agsignments had been cancelled since 1t appeared war was
imminent and the revised courses could not be printed.be~
fore they would be of little use, Brier and Selheimer had
received thelr revised orders before leaving home, while I
had left earlier and had not been told to stay home.

I never understood why my orders were not im-~
mediately cancelled. I believe that my wartime assignment
was to be Aberdeen Proving Ground; so I have always thought
that General George Eddy (then Captain) simply said that I
should stay at Aberdeen Proving Ground for the summer. At
any rate, I was ordered to report to Captain John Cave at
the Main Front while Headquarters got my orders cancelled.
At the end of the three-month assignment the orders appear-
ed to have been still in force because I was paid for the
full three months.

8. QOrganization of Aberdeen Provinnground

At the time under discussion, or mid-1940,
Aberdeen Proving Ground consisted of Headquarters and, T
think, five main Divisions: Antiaircraft, Mobile Artillery,
small Arms, Trench Warfare, and Ballistlcs Research Labora-
tory. The Ordnance School was Jjust starting. There had
been a Coast Artillery Division, but apparently Mobile
Artillery, Coast Artillery and Trench Waerfare had been
combined just before my. arrival, and while the Division
was officially called the Mobile Artillery Branch, it 'was
informally simply called the Main Front. E -

Headquarters Division was just that, and
consisted of perhaps a half dozen officers plus quite a
number of civilian employees who furnished all services
and maintained the museum. Services included not only
the normal utilities but also the carpenter and machine
shops, drafting services, measurements laboratories such
as projectile velocity measuremerits, observations of im-
pacts, maintenance of firing ranges, etc.
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The Antiaircraft Division carried out the
firing tests of ammunition and weapons and prepared the
farmal reports coverilrg these tests. The Small Arms Divi-
sion carried out development tests on their weapons, in--
cluding the 37 mm Gun and prepared the formal reports. All
hand weapons, 1ncluding pistols, rifles and machine guns,
are tested inside in closed ranges; 8o no production .
weapons tests were being performed at Aberdeen. Ballistic .-
Research Laboratories carried out extensive. research, pre-
pared range tables, ete. ‘They usually simply requested
that the other firing ranges conduct their firing tests.-
They did have a static bomb test range. .

The. Main Front conducted the tests of the
Trench Warfare weapons, all #ield Artillery from the 75 mm
Howitzer and larger, and included Coast Artillery, includ-
ing the 16 in. Coast Defense Guns. This was d wide range
of' weapons andrincluded Tank and Antitank Guns over 37 mm,
all Field Guns and Howitzers, and many special wegaporis.

Main Front facilities in 1940 consisted of
two warshouses about 4O x 140 ft, a powder storage build-
ing, a firing 1line of perhaps a quarter mile, and various
weapons, tools, etc., and a small office, The types of
tests being conducted consisted of tests of ammunition
components, finished rounds, various guns and limited
weapon development tests. All reports, etc. were sent to -
Headquarters for review, typing, etc.

The Main Front firing range faced southeast
on the direct line from New York-Philadelphlia-Baltimore to
Washington. The socalled ranges or impact ranges which
were equlipped with concrete observation posts, telephones,
etc., were located about 1, 2, 3, 5 and 15 miles down '
range or down the line of fire., The land area was several
miles across but it was cub diagonally some 10 miles down
range by the Bush River, so that to reach the farthest .
range required a 30 mile drive., On the right were the
main lines of the Pennsylvania and Baltimore & Ohio Rail-
roads. On the left was Chesapeake Bay. Between the Main
Front and the rallroads was the airport with some low
level bomblng ranges.

Firings of long range weapons were conducted
by sending boats down the Bay and firing between ship pas-
sages directly into the Bay. As a result, flrings were
frequently 1nterrupted and gome troubles did arise during
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b. Main Front Agsignment

The HMain Front personnel on my arrival con-
sisted of Captain John Cave, three civilian proof officers,
only one of whose names I remember, that of Louis Rhein,
no secretaries, a civilian foreman and sbout eight civilian
laborers or gun crew men. Trench Warfare included some
five or six men. It is now necessary to turn to the Organi-
- zation of the Ordnance Department to understand how our
work assignments arrlved. .

I have very little conception, ror did T
then, of the Organization of the Ordnance Department other
than it was a DPivision of the War Department responsible
for the development, issue, production and maintenance of
all Army weapons and ammunition. The actual organization
was huge and included the procurement of all Ordnance
.materiel, storage of the materiel, maintenance, fileld issue,
recovery and construction of non-commercial ilems. This
included all guns, their recoil mechanisms, carriagses,
.tanks, all weapons and ammunltion, and a host of similar
ltems needed by the Army.

At that time and throughout World War II,
the Development Division of the Ordnance Deparitment that
I was concerned with, operated on "Ordnance Minutes", or
more truly, assignments agreed upon in meetings of the
responsible officers and civilians in the Ordnance De~
velopment Board. Actually, proposals for the development
programs or tests were prepared by the responsible officer
or civilian and upon approval by a sort of Committee of
the Whole, an Ordnance Minute would then become the legal
doc ument aAthorlzin& expenditures, development, construc-
tion and test of new components or weapons. Based on.
“these Minutes, letters would be sent to the various organi-
zations such as Aberdeen, authorizing construction of ex-
perimental weapons, ammunition, flrlng and road teésts, etc.

(1) Case Tests -

For the first several weeks that I was
at Aberdeen I acted as a Proof OffTicer to help at first
and later conduct routine firing tests. I belleve the
* firat was an "Acceptbance Test of 75 mm Shell Cases". The
test consisted of "firing seven rounds", consisting of
gseven sample cases loaded with regular weight shell and
extra powder in a regular field 75 mm gun.

‘ To understand the _above statement re-
quires a consideration of the reasons for the firing test.
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Fach "round", as issued to the field for use in war in the
smaller field artillery weapons, consists of a brass or
-ateel cartridge case, a primer or igniter, the necessary
powder or propellant and the projectile or "shell”. The.
projectile includes the fuse that starts the explosive
train on impact after firing and the explosive or load in
the projectlle. The case for the 75 mm Gun consists of a
copper alloy or steel tube some 1l in. high and sbout L in,
in diameter, with an open top and a closed bottom with a
hole in the center of the bottom for the primer, The primer
consists of .an igniter such as silver or lead azide, and a
small charge of black powder in a paper lined brass tube,
‘perhaps 2 in. long by 3/8 in. in diameter, in which several
holes are drilled and which is brazed to a small plug.

This primer is pressed into the bottom of the case, The

" lead azide is in the form of a pressed pellet about 1/8 in.-
in diameter and height, so placed that a thin copper shield
may be compressed by the gun's firing pin, which in turn
-deforms or shatters the lead azide pellet, which in its
turn explodes or detonates. This ignites the black powder
which shoots flames throughout. the regular pellets of 75 mm
Gun powder in the case. The pressure rises rapidly due to
the "burning" of the powder to perhaps 28,000 psi. Mean-
while the projectile is moving down the gun's barrel and
increases in velocity until 1t leaves the gun at perhaps
1500 ft per second. Exactly these same processes occur in
all pistols and rifles,

In the case of the test of "casges",
gseven cases were chosen at random from each lot or group
of 10,000 to 20,000 cases made in sequence by & given
manufacturer. These test cases were chosen by the Ordnance-
Inspector located at the manufacturer's plant. Each case
‘was tested at 115% of the maximum allowable normal firing
pressure. To pass the test, all cases must be rejected
from the test gun freely. Fallure consists of one or more
cases expanding until it or they stuck in the gun breech.
‘In the case tests cast iron projectiles were used to save
costs. Similar tests were made on 105 mm Howitzer cases.

While not carried out on the Main Front,
case tests were also conducted on certain Small Arms and
Antisircraft wespons, _ T

The maximum pressure during the burning
of the powder was measured by the amount of change in
height or compression of a copper bar housed in a steel
case with a small cup seal or piston. Each of these pres-
sure gauges was about 3/ in. 1n diameter by 2 in. in -
height. Normally 2 gauges were placed in the powder charge
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of each round fired.

(2) Shell Tests

During thig same period I ran several
accoptance tests of shell or projectiles of verious sizes.
These differed from the case tests 1in several respects,
Five shell were selected from each lot of 10,000 shell,
These Were measured with a micrometer at several diameters.
The shell were inert loaded with paraffin to regular
weight as normally fired. They were then fired at, I .
think, 120% of maximm alloweble firing pressure. The ime
pact area was observed and each shell, as it landed, was -
marked by an observer and then dug up and later remeasured.
to meke certain no deformation had occurred during the
firing tests.

Since shell are rotated in flight to
give them stability, they continue to rotate in the ground.
However, the density of the earth is too great for sta-
bility and the direction of the shell changes. At an im-
pact angle of about 15° the shell will turn direction and
surface. If properly fired for thé proper Impact angle,
most shell will surface and may be picked up very close to-
- the impact position. '

Live shell with inert fuses are some-~
times fired as are live shell with live fuses 1o test for
detonation, etec. Recovery of these shell is of course
very hazardous, particularly those shell fired with live
fuses which fail to detonate. Recovery is sometimes es-
sential to determine causes of failures.

(3) Powder Tests

The test of the propellants for guns
such as the 155 mm Gun is & very different matter. The’
powder for this gun consists of cellulose nitirate, which
has been formed into pellets about 1 in. long by 0.25 in.
in diameter, with 7 holes about 0.03 in. diameter, one
in the center and 6 spaced half way from the center to the
outside. 'Different size pellets are used for the different
Weapons. ; - :

In manufacturing, the cotton or other
cellulose such as purified wood pulp, is reacted with
nitric acid, washed and the cellulose nitrate softened
with golvents, the mix is extruded, cut to short lengths,
and the solvent is recovered by evaporation at slightly
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elevated temperatures, leaving the "powder" pellets. The
powder is then blended by mixing for several recycles _
through large storage bins. The powder is then packaged

in steel cans holding about 200 lbs each. Samples of these
cans are chosen at random and used to "establish!' the powder
charges for the field firings. A "lot!" consists of about
100,000 1lbs of blended powder., . '

The powder charge is determined by fir-
ing projectiles of the standard weight amd measuring the
velocities. Low charges are used for the first two rounds,’
higher charges are fired until about 120% of the maximum
pressure is measured at usually higher velocitles than the
field velocities. Then & 7-round group of charges 1s fired
and a slight correction calculated for the powder weight to
glve the standard velocity. The entire lot can then be
weighed into charges for issue %o the fleld. :

' : Since the powder varies considerably in
rate of burning, the powder is always stored in constant
temperature rooms, weighed as accurately as. possible--usual-
1y to the nearest pellet. or powder "ograin®, and fired before -
1% becomes appreciably heated.

. . At the time in question velocities were.
measured by firing magnetized shell through coils of wire
. placed perhaps 20 to 30 ft apart. Velocities of 2,000 £t
per second could be measured to within 1 to 2 £t per gecond.
The weight of the projectiles was aboub 95 1lbs. -

During the summer of 1940 I ran 2L, tests
of 155 powder by firings in the 155 mm Gun M1l.. Each test
corisumed all of one day's work. A gun crew of five men and
several other people were requlred to weigh powder, measure
velocities, measure pressures, etc. ' :

¢. Other Work

While T was at Aberdeen in 1940 an attempt
was made for me to visit the other "Fronts" or "Firing
Ranges” and observe regular and special firings. TIwo
programs were of interest., These were the “"Range Firings"
of the 75 mm Howitzer and the 8 in. Howltzer.

(1) Range Firings

During a good part of the summer Loudls
Rhein was conducting the Range Firings of the 8 in.
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Howitzer, ML, 'This weapon and the companion 155 mm Gun,
M1, had been recently designed and the orototypes manu-
factured: the guns by Watertowd Arsenal, the recoil:
mechanisms by Rock Island Arsenal, and the carriages by
gomeone else, but I believe 1t was Watervleit Arsenal.
Frankfort Arsenal had built the fire control instruments
that were used for setting the elevatlon of the guns for
firing. -

The 155 mm Gun shell weighs about 95 1b
while the 8 in. Howitzer shell weighs about 200 1b. The
weapon 1s slightly shorter but heavier than the 155 mm Gun
and the powder is sllghtly smaller grained.

The conduction of a Range Firing is a

. rather elaborate procedure in that every shell is welghed,
measured and inspected. Each powder charge, as all powder
charges were, was check welghed by two persons, one of which
was the Proof Offlcer. '

On firing a round in Range Firings the
powder is kept at as constant a temperature as possible
until just before loading, the projectile is loaded with as
nearly equal force on ramming the shell into the gun as
possible, etec., etc. When the weapon 1s elevated to give
a longer range the elevation is checked by the gun crew
foreman on the regular fire contreol instrument and by the
Proof Officer on a second 1ndependent lnstrument.

(2) Piring Tables

On firing the projectile at a given
_elevatlon, velocity is measured and the exact location of
the impact is marked and measured both in range and de~
flection. Other data collected at the same time are wind
_ ve1001ty and direction and meterological data. The above
data are reduced to standard conditions by complex calcu-
lations. Hven the effect of the rotation.of the esarth is
taken into account. At the time we are discussing, these
calculations were handmade by Balllstics Research personnel.
Each round required about one month's work. Then standard
- tables were prepared for field issue. ‘ -

It should be noted that the probable error .
in range at say 8,000 yds. for the 8 in. Howitzer was only .
sbout 6 yds and only 1l yd in deflection. Thus, it probably
was the most accurate weapon ever developed.

In addition to the range-tables,'air
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bursts were fired and the data on height of burst, range,'
deflection and time of flight measured. i : '

, - Before I left Aberdeen I measured the
shell and did the work necessary preparatory to range fir-
ing of thé 75 rmm Howitzer but I did no firings.

) One firing may be of interest. I was
firing a 75 mm Gun or 105 mm Howitzer down the Main Range
on a foggy day. Just after a round was fired a Washlng-
ton-lew York alrplane showed through the fog in my exact
line and elevation of fire. Certainly a near miss.

- B. World War II Assignment

In the fall of 1940 we returned to Fayetteville,

Arkansas for the school year. In May, 1941 I received pre~.

liminary orders to transfer to Aberdeen Proving Ground as
a permanent assignment. Accordingly I proceeded to Hot .
Springs to the Army Hospital for a medical examination to
be certain that we did not move and then find that I was
re jected for health reasons., As expected, I was found an
acceptable risk From the health viewpoint. o

So we proceeded to pack our furniture and prepared
to leave for Aberdeen. Captain Cave hdd located a small
house for us and we appeared to be all set. Actually, we
left Fayetteville for Hot Springs about 25 May, 1941. On
arrival at Hot Springs in accordance with my orders I re-
ported to the hospital for a medical check and final ap-
‘proval, The surgeon looked at my record and inforﬁed me
that a repeat of my medical examination was not necessary
as:T had been examined within the past 30 days. However,
he informed me that my record would have to be formally
approved by the Surgeon General in the Army Area Head-
quarters of Omaha. He stated this was routine and to re-
port the next day for cleasrance.

We therefore rented a motel room and, I believe,
‘went swimming. The aext morning I reported to the Hos-
pital Adjutant but the telegram approval had not been re-
ceived. 8o I reported back at noon and no report.  This
went on for .27 days. Meanwhile, I had notified Aberdeen
and was told my presence was urgently needed as work had
been scheduled for me. Why I was held up I never knew.

Anyway, we swam, bthe boys enjoyed the vacatlion and
Winnie and I rested. A month's planned vacation at Hot
Springs would have been enjoyed with a few less worries,
but nevertheless we did enjoy most of the time. I got a
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good mess of chilggers, ﬁrbbably from picking blackberries.
I have always regarded the holdup in Hot Springs as

the most stupid thing that I ever encountered in Government,
Army, or University work. . : g :

1. Initial Organization at Aberdeen

8. Getting Settled

On arrival at Aberdeen we found the house
that had been rented for us wag' a pathetic joke. Actually
it was located about one mile south of Aberdeen, was furn-
ished and too small for comfort. levertheless, we moved
in and Winnle began to look for another house.

‘ This first house was of interest in that it .
was a "Foreman's" home for transient workers which came
through yearly to pick the shoepeg corn grown in the area
for canneries. The other houses were like cattle sheds.
Our house consisted of four very small rooms. Luckily we
were able to move out in two months. '

When our furniture arrived we simply had to
store it at the Quartermaster Warehouse. By chance Winnie
drove into Aberdeen-~the whole business district was a
block long~-just as the truck arrived with the furniture.
Winnie drove up by the truck Jjust as the driver was getting
. out and said, "I'll bet you are looking for the McLains."

Was he surprizedl : '

In order to take care of the planned influx
of people the Government was bulilding many new houses east
of Aberdeen near the Proving Ground. When these opened,
Winnie found a half house for rent in Havre de Grace near
the Bay. This half house was large and in an excellent
location. When we moved in we found that the kitchen and
basement were very dirty since the lady who had been 1liv-
ing there could not keep the place clean and She also kept'
dogs. When thée linoleum in the kitchen wore through she
covered the old with a new linoleum--dirt and all--three
times. Several half days work made both the kitchen and
‘basement livable., We stayed about 2-1/2 years. Later we
moved on the Post in a beautiful place overlooking Chesa-

peake Bay.

The Havre de Grace house was located only -
- one block from the small park which was located at the
mouth of the Susquehanna River where it emptied into
Chesapeake Bay. We spent many hours in this park and it
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was almost a playground for the boys. Frequentlstwans aé
well as ducks, etc. were close 1nshore. o

The house was also located about 3/ mile
from downtown and the bridge across the Susquehanna River.
This bridge was of interest as it was an old single track
railroad bridge which had been double decked and allowed
single traffic each way. Some two to three miles up the -
river to the northwest is the town of Port Deposit which
- 18 located at the lower end of the old Susquehanna Canal
Houses and stores are close along the river. .

Across from Port Deposit is a park and there
are several parks near at hand. Also of great interest to
us was the Conowingo Dam located a few miles above Havre de
Grace.

_ - Both the Pennsylvania and Baltimore & Ohio
Railroads ran through Havre de Grace and Aberdeen. So I
could, and frequently did, take the local Pennsylvania
- train mornings from Havre de Grace the five miles to
Aberdeen, then the Proving Ground train from Aberdeen the
three miles to the Proving Ground. At night I would take
-the Proving Ground train to Aberdeen and the 1oca1 bus to
Havre de Grace.

Of course, it was convenient to take the
local trains to Phlladelphia and Baltimore and Washington.
The Capital Limited on the Baltimore & Ohlio would also stop
for Winnie and the boys. to go to her father's home near
Garrett, Indiana,

' Neal started school in Havre de-Grace and
- went there, I believe, for 2 years. Later he went by
Goverrment bus from the Proving Ground to Aberdeen to
school, .

b. Personnel

- My work at the. Prov1nﬁ Ground almost im-
medlately became management. Durlng my absence there had
been a considerable expansion of the Mobile Artillery O0f-
fice. John Bergman, then First Lieutenant, had reported
in the summer of 1940 just before I left for Fayetteville,
and I believe Ernest Huff had reported in February of 1941,

Several other people had also’ jolned. A male secretary was-

. assigned to me on arrival 8s no women were allowed in-the
firing area at that time.

I was assigned responsmbillty for planning
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about one half of the Main Front projects. Actually, the
responsivllity included plamning development tests on.the
Field Artillery weapons. After a few weeks we rearranged
the office and were assighed regular staff assistants and
female secretarles in a separate area from Major Cave!'s
office. '

. : On July 1 about 10 Reserve Officérs and 10
recent Ingineering Graduates hired as Civilian Engineers
were assigned to me. I believe that the War Department
went through the files of recently Commissioned Officers
who were Engineering Graduates and selected the top 59 to
100 and ordered them to Aberdeen Proving Ground. At any
rate, about 3 July, 1941 the Mobile Artillery personnel
man, whose name I have forpotten, came into our office
leading some 10 officers who had just been ordered to active
duty.

Our office at that time and for the next year
was locateéed in an old warehouse just behind the Main Front
firing line, about 50 £t behind an old World War I 155 mm
Howitzer. As it was summer, all the windows and doors were
open., We had perhaps 25 desks in the room with Louls Rheints .
and my desks against and facing one another, with other desks
against ouwrs on both ends,

- The new officers congregated around my desk
and were introduced, I particularly remember Lieutenants
Harold Kolb and Chester Johnson because both towered over
me and both had very broad shoulders. Aftér the intro-
ductions. I welcomed them and assured them of their assign-
ments at Aberdeen for .the "duration" and urged them to
obtain housing and plan to settle down,

. Most of the officers immediately raised
.objections. As I remember it, none of them had had
Ordnance Training. They were mainly Field Artillery and
Infantry Officers. I then proceeded to make a shorit spesch
in which I informed them briefly of what our work would be
and that they were assigned to Aberdeen and to this Section
Tor the duration of the war which I suggested would be
geveral years, . I then told them to find suitable housing .
and report back to go to work. They were the saddsst bunch -
of persons possible. Here they had had four or more years
" of training in specialized fields and low and behold they
were told that they were assigned to Aberdeen and Ordnance
Development for the next several years.

: I have forgotten the names.of'several of
. these men. What I remember 1s outlined below: '
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(1) * Chester Johnson., Chet had gradu-
ated from a University in Oklahoma and when
ordered to Aberdeen had been Superintendent
- of Buildings and Grounds in a small college,
- He and his wife Mar jorie rented an old house
-south of "Aberdeen near Bush River., After
the war he remained in the Army and recently
retired with the grade of Major General, I
belleve. He now lives in Shawnee, Oklahoma.
We still write at least at Christmas.

(2) * Harold Kolb. T believe Harold had
graduated in Mechanical Engineering and was
working for. Catapillar Tractor. After the
war he returned to Peoria where he quickly .
became Head of Research and Development of
- Catapillar, He and Maxine believed me sabout
housing and immediately contracted for con-
struction of a house in Aberdeen., We write
at least at Christmas and I see Harold and
his brother occasionally when they come to
Purdue to hire people for Catapillar.

(3) Lieutenant Richard Potter. Dick
was unmarried. I have lost track of him but
-1 believe he obtained a Doctor's Degree in
Engineering at Purdue after the war.

(4) David Williams., Dave worked for me
for about two years snd then moved to Head-
quarters where he again worked for me when
I became Division Director.

{(5) Alfred Wilson. Al and his wife
rented an apartment near us in Havre de Grace
and we visited back and forth frequently. He
has been with an aircraft company in Indiana~
polis for years, . :

: (6) : Johnson. Another Lieutenant
,Johnson and his wife lived near us in Havre
de Grace. We were good friends, but we lost

contact after the war. :

{7) Marshall., Iieutenant Marshall
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. wds a quiet unassuming man whom I did not
know well personally. ‘

(8) Losco. Lieutenant Losco
was urmmarried. I don't know where he 1lived
but I think it was Pittsburgh. At least he
returned to Pittsburgh after the war and
worked at Westinghouse in the nuclear field
for a time. After a couple of years he be-
came assistant to Chester Johnson. ' .

(9} "I have forgotten the names of the
others. One of these who was unmarried
tried to locate a rcom for rent without
success. Finally he stopped by one of the
old large houses south of Aberdeen and rang
the doorbell. An old lady answered and he
said, "You look as if you would have a room
to spare. I will be glad to help with the
lawn, etc, etc.™ He explained that he was
a very quiet, studious character, ete.
Finally she admitted that the large house
was almost too qulet and oo large for her
.alone., . So she finally rented him a room.

. The next week her granddaughter came to
visit and sbtayed for six weeks. By this
time the officer and granddaughter were en- -
gaged and soon wWere married. The last I
knew they had three children. He worked

for me about one year too and then was
transferred to the Design Section as Officer
in Charge, ' '

(10) Alfred Baldwin. Al was also
ordered to Aberdeen before I returned in-
1941, He worked mainly on administrative
duties. After the war he worked for the
Naval Test Laboratory in Washington. We
have recently lost contact with the Bald-
wins. _

. (11) One other officer was responsible
Tor some alrcraft development work and ag-
signed for several months. I have' forgotten
hig name. '
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- ' The next week the Personnel Officer brought
in about ten civilian engineers. 1 talked to them in the
same way. I have forgotten the housing arrangements of
most of them but they were similar to the officers.

These 20 or so officers and engineers were
all excellent men. Only one or two failed to become ex~
5cellent.develepment engineers.and these became managers.
Together they carried out the development firing tests. on
most of the field weapons other than small arms which were

-used in World War II. Great credit is due all of .them.

‘ It .should be noted that Small Arms, Anti-
alrcraft, Automotive (a new Division for Tanks) and Head-
gquarters were also favored by being expanded with excellent
engineering officers and civilian engineers, I believe the
War Department selected the best officers and engineers for
Aberdeen in order to make sure the development of new
weapons was given top priority. .

About ‘this same time we were a331gned secre-
tarial help and sufficient persomnnel were assigned to carry
out the office work, gun crews: and general labor such as
stores, etc. Women, mostly overwelght negroes, were as-
signed to Trench Warfare. I mention the color because we
had "black" and "white" washrooms, etc, and because these
hegro women were always so happy and always laughing no
matter how herd the work or how rushed the schedule, My
secretary was the wife of an Automotive Division Officer
who had been and is now at Chevrolet, Lieutenant Kaufman.
She later told me that when she was brought in by the
Personnel Officer and introduced that I.grunted, nodded
toward her desk and proceeded to dictate to her for four
‘hours without a break. All I remember was that the first -
time the old. Howltzer was fired outside the w1ndow whlch
was open she jumped and turned white. .

i I quickly established Chester Johnson as my
Executive Offlcer and Rhein as Technlcal Advisor.

' It would seem.aperopriate to say ‘something
about the other persons mentioned previously.

George Eddy. Captain George Eddy was soon
made Commander of the Proving Ground.” After the war as
Brigadier General he was transferred to the command of
the New Mexico Rocket Range. During much of the war we
worked closely together and I had great admlratlon for

him.

John Cave. Captain Cave remained Chief of

18~



the Arms and Ammunition Division until transferred in 194l.
T lost track of him. While very capable, he was difficult
to work with. He was extremely conceited.

Ernest Huff. Ernest remained at Aberdeen,
sometimes on special assignments, and after the war re-
turned to Batavia, New York, to teach. He and Doris are
now living near Naples, Florida. | :

John Bergman. John also remained at Aber-
deen during the war, partly on special assignments. After
the war he returned to work at Vancouver, Washington, with'
the CGarborundum Company, but was later transferred to
Niagara Falls. I believe he is now Vice President of Car-
. borundum. We still keep in touch with Beryl and John.

L Russell Carr. One other person that I
should mention is Russell Carr. Russell became Director
of the Small Arms Division. . We worked together some,
played tennis frequently, and were neighbors., After the
war he and Madelline returned to Elmira, New York, where
he became, I believe, Superlntendent of Schools. They
were literally washed out in the flood caused by the hur-
ricane in the summer of 1972, .

Some of the Civilian Engineeérs that I
partlcularly remember were the following:

(1) Louis Rhein. Mr. Rhein had been
an officer in World War I and had been as-'
signed as a Proof Officer at Sandy Hook
Proving Ground., When Aberdeen Proving
Ground was opened in 1917 or 1918, he was
transferred there. And he had remained as’
a Proof Officer as a civilian through World
War II. T don't know when he was retired.

_ Lou knew the answers to most of the gquestions
that I knew enough to ask and I always sus~
pected the answers to many questions that I

" was too ignorant to ask, He never had much
to say but did a very efficlent job of such
things as Range Firing, etc. For most of
World War II I kept him nesar me and I usual-
1y sought and took his advice.

(2) . There were two other
Civilian Proof Officers but both of these
did routine tests and I had very little
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contact'with them,

. (3) Joseph Sporazzo. Joe was a very
bright young man. He did special develop~-
ment programs such as the 105 mm Howitzer
range problem all during the war. I lost
track of him after the war. . -

(L) Ramsey.  Ramsey along with
Sporazzo was one of the ten civillsn en- :
gineers who worked for me most of the war.
He also dld special projects but I don't
think any are mentioned below. .

(5} . « Another engineer conduct-
ed the Destruction of Fortifications Program
"but I have forgotten his name. -

(6) Williem Hardesty. Hardesty worked
on safety problems, and acted as Arms and
Ammunition Division Safety Officer most of
the war. After the war he worked for the _
Rocky Hountain Ordnance Depot at Denver ag
Safety Officer. I believe he retired in
1972, R

2. Revised Organization

About, July 1942 Captain Cave was transferred to -
Head of the Arms and Ammunition Division and I was made
Chlef of the Mobile Artillery Branch. Then about July -
1943 the whole Arms and Ammunition Division was rearranged
Into Weapons end Ammunition Divisions and I was placed in
charge of the Weapons Development and Tests. Later for a -
short timé I-served as Director of the Ammunition Division.
In the summer of 194l I was made Chief of the Arms and Am-
monition Division. I left in August 1945 to return to the
University towork, : : ST

3. Development Work
We were kept busy during the war in two general

areas:  (Checking and improving the standardized weapons;
and developing improved weapons. ‘ : :
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Some idea of the magnitude of the cheeking and
‘improving of the socalled standard weapons may be obtain-
od from the fact that on the morning after the attack on .
Hawali I counted 19 rough drafts of development reports
in my desk.

During all four years my work was primarily to
interpret Ordnance programs, assign work, supervise de-
velopment programs, approve reports, attend conferences,
etec, etec. I did very little administration work in the
normal sense since I always delegated this to someons
else, usually Major Baldwin. I always had an eXxecubtlve,
officer, an assistant officer and one or more secretaries,
I normally worked six and one half days and three evenings
per week. For two and one half years we lived on the. post
within easy walking distance, even to go home for lunch.
For the entlre period I had a jeep or car, and for much of '
the time even a chauffleur,

. For three years, once nearly every month I
attended one day conferences in the Pentagon. However, I
had no time for the normal technical meetinga in Chemical
Engineering or even to attend meetings at other Ordnance
establishments. I did essentially no traveling other than
to Washington. ' ' '

. What is written below is what I remember of the
most significant events. I have not attempted to indicate
their relative importance. However, I suggest that perhaps
the most important programs were the 105 mm Howitzer ammu-

nition, 2i0 mm Howitzer, and the Destruction of Toncrete
Fortifications. I should note the development of the prox-
imity fuse the most significant item tested at Aberdeen,
but I had essentially no contact with it. Of course, I

had no contact with the nuclear weapons until much later.
The programs are discussed in somewhat ascending .8ize or
welght of the wvarious pPOJectiles.

Barlier I mentioned the routine acceptance ‘bests
of cartridges, powder, including determination of the weight
of powder per round, and shell tests. Of course these tests
in very large numbers were golng on all during the war and |
I was responsible for much of this worlk, including signing
of the firing records. This last duty had to be delegated
else I would have spent all day signing ny name. Neverthe-
less, the routine tests required large numbers of personnel,
Ag one of the Branch Managers I was responsible for aboub .
50 officers and engineers and about 200 other employees.

As Arms and Ammunition Director I was indirectly responsible
for about 200 officers. and cilvilian engineers and about 1200
other employees. As Branch Chilef 1 delegated almost all
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responsibility for all personnel problems to Major Baldwin
end another Major whose name I don't recall. As Division
Director I had practically no persomnel problems. ' :

.- Leports were involved. In the first place the
routine firing test reports were reduced to regular forms
and, gince failures were not common, the reports became .
simply routine records and certifications. Development
reports were complex -and varied from a few rages to
hundreds of pages in length with weekly and monthly re-
ports required oh important programs. At one time in the . -
wWeapons programs alone we had over 1000 programs on the
books. Of course only a part of theze could be worked on
at one time, : ' : o

a. Fuses

' Fuses are small devices which contain an
easlly detonated pellet of lead azide or some similar
material., When wet, lead azide may be shipped or handled
safely, but when dry it is easily detonated by friction,
pressure or simply vioclent vibrations. Many stories are
circulated about detonators., I repeat only two here.

| I'irst, while at Picatinny Arsenal, one of
the regular employeces went from the "loading plant" up a
board walkway about -100 yards to a storage vault. He
carried a regular chemistry drying flask that would hold
perhaps two quarts. It was not covered at any time.  On
reaching the vault he filled the flask but carelessly let
a few small pieces of the powdered'lead‘azide_drop on the
rim of the flask. ' - . '

: - On his way back to the loading plant some
of this lead azide on the rim dried a bit. About one mile
avay men were firing a. 155 mm Gun. The concussion due %o
the firing of the weapon caused the dried lead azide to -
detonate but the wet material did not. - I was.a few yards
away. :

o Second, among the facilities at Aberdeen
that I was responsible for was the examination of pro-
Jectiles or fuses that falled to detonate and the dis-
essembly "of foreign material., We had an isolated building,
poorly edquipped with safety devices, and poorly equipped
with the most desirable equipment. It, along with the
storage of powder, was my greatest worry. The man in’
charge of the disassembly building was very knowledgeable
In what he was doing bui a poor warker when it came to
keeping the place clean. He had been a long time Sargeant,
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but I insisted on commissioning him.

One day he pressed a detonator out of a
brags holder used in a complete fuse. Without thinking,
he picked 1t up. The added strain due to the heat from
his thumb and finger caused 1t to detonate. It did very
little harm due to i1ts small size, but it demonstrated the
sensitivity of the dry material. Of course, it had just
been siressed and probably retained some residual heat due
to its compr9531on on being pushed out of the holder.

Ordinarily fuzes were tested at Plcatlnny
or elsewhere due to the small charges. In addition to-
lead azide pellets perhaps 1/8 in. diameter by 1/8 in. high,
they contain larger pellets of tetryl which is easily debo~.
nated and provides the large detonation necessary to explode
or detonate TNT, etc.

(1) Air Burst Fuses .

FEarly in the war we did carry out many
time or burning tests of fuses used for air bursts of
shell, The test fuses were assembled into complete rounds
and fired at night with measurements made of time of flight.
The time of burning was originally the time for a powder
train to burn and later mechanical time fuses were tested.

(2) Proximity Fuses

Some time early in the war someone sug-
gested the development of a proximity fuse. Such a device
should detonate a shell when the shell came within a pre-~
' set distance of a solid target suvuch as an airplane. I do
not know when or by whom the suggestion was made. The
first that I was involved was when John Hopkins engineers
and physicists wanted to test such devices. The group in-
cluded Dr., Lawrence Hafstad and Dr. Herle Tuve, this I -
know. -The Ballistics Research Laboratory had- also cooperat-
ed in the development. At any rate, we fired the Iirst
rounds but had no part in the development other than that.

When 1t came to test of the large numbers
of fuses required 1In the Production Tests, a spécial group

was set up on the eastern shore of Maryland for firing over
water. I had only very nominal contact with that group.

b. Grenades

Ordinarily we did not test any hand grenades.
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However, these were routinely tested at Jefferson Proving
Ground, Indiana., Professor Briler, as TUolonel Brier, was

the Commanding Officer there. He told me of one of the
men while settlng up & test outside of a conerete barril-
cade said, "There's something wrong with this grenade."
Apparently as he took it out of the shippihg box the fuse,
which had a 5 second delay, came apart. Had he thrown the
fuse instead of looking at it, he might not have been kill-
ed

We fired numbers of unloaded-but live fused
hand grenades in demonstrations. Always I removed the
fuse and checked to make sure that I had an empty grenade
before I threw the fused grenade to demonstrate its func~
blonlng. , .

The ordinary grenade was about 2 in. diam
and 3 in. long and made of cast iron or an alloy of some
sort. The hollow space held enough explosive that the
grenade was lethal for perhaps 6 ft It was detonated by
a small sprlngset fuse that started a 5 sec delay train
when thrown . .

: It was obvious that an improved grenade
could be made by making a spherical device the size and
weight of the conventional baseball with a thin metal
cover. All kinds of devices were tried and tested. One
of these included an impact detonated fuse that would arm
when a small pin was withdrawn in the air by a very thin
" metal vane about 1 in. diam. Before throwing, the person
handling the grenade had to remove a very small safety pin.
On paper.the device appeared excellent. '

Several hundred of these grenades were made
up for our test.. Apparently many had been previously test~
ed and the fuses had worked as designed. The Proof Officer,
whose name I have forgotten although I worked with him for
many months, did not like the grenade. He simply didn't
have faith in the simple fuse perhaps due to its lack of’
complex safety devices. It did appear, however, to be
saafer than the fuse on the conventional grenade then used
widely by the troops. -And the fuse worked on impact.

We tested many of the grenades without any
failures. Then the grenade was placed in production and
we Were supplied several hundred grenades for an extended
test. The employee who was throwing the devices was throw-
ing them from behind a low barricade but he was not com-
pletely protected since this was a ”production test.

After several hundred had been thrown, one
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detonated as it left his hand. A piece of the outer shell
struck his eye and followed the nerve duct into his brain.
Had it been 1/8 in. away in any direction he probably would
have only lost an eye instead of his life. He was sup -
posed to duck below the barricade as he threw each grenade.

. Later the Proof Officer learned to throw
- the grenades so that frequent predetonations occurred, So
the project was cancelled., I continue to believe that T .
was to blame for this man's death. - I did not inspect the
test during actual throwing of the production fuses but I
had inspected the area previously and considered it satige
factory. - The Proof Officer was one of the most intelligent.
men in the group and all of them were selscted from many
others. The man did fail to duck as ordered.

. . I can only say that the work was hazardous
and we could never predict when accidents or ammunition
failures would occur. We drive automobiles, knowing they
are dangerous devices and that unknowingly, through our
‘own-carelessness, we may cause accidents which will result
in one or more deaths. : .

c. Rifle

' Following the European War between France
and Germany in the late 1800's, the Irench set about
developing improved weapons. Among their developments
were the French 75 mm and 155 Guns and Howitzers and an
improved rifle. These French 75 mm and 155 nm Guns and
Howitzers were used by the U.3. in World War II. Even
- after Hitler's start of annexations, the United States
moved slowly as we are doing now, in spite of the Russian
moves into Bastern Europe, South America, Southeast Asia,
etc, o :

' : The rifle which was designed by the United
States in the late 1800's was the socalled Springfield
1898, - This was designed and bullt at Springfield Arsenal.
It was a beautiful weapon as were the larger French Guns
and Howitzers. However, all these weapons were out of
date due to improvements in manuf'acturing procedures and
materials by 1940, | : .

‘ The 1898 Springfield rifle fired only five
rounds per clip, was hand operated, ebtc. Why it was not
redesigned before World War I, I don'st know. Actually, it
was well into World War II before it was redesigned. The
redesipned rifle, known as the M1, fired the same shell as
the 1898 model but it was automatic and fired large c¢lipas,
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I believe of 20 rounds., The only part that I had was to
" generally oversee the last stages of the tests after I be~
came Division Director. ' S

Three items amused me. These are:

(1) Early in the development General
Marshall, Commander in Chief, visited the Proving Ground
for a demonstration of the latest weapons. At that time .
I was involved in Artillery but I was along with the group,
at the time he was shown the M1l Rifle. One of the Small
Arms Officers demonstrated the weapon by firing some 20
“rounds at a silhouette target about 50 yards down range.
To have hit this target would have been no great thing if.
one really tried and took careful aim. But the officer
was discussing the weapon and occasionally shooting -short
bursts as he talked, At the end of his talk General
Marshall said nothing but simply walked to the target and
counted the holes. Luckily, most were bunched in the
center and they were there.

‘ » (2) Early in the tests one of the of-
ficers suggested I fire a. few rounds at a silhouette. I
didn't do well as the rifle is not easy to hold in auto-
matic fire at the start of a burst of several rounds., I
did have a very black and blue .shoulder for a couple of
weeks,

' L (3) I had a WAC secretary-driver ab
the time and she wanted to shoot both a pistol and rifle.
The pistol shooting went off all right. But one day just
before a demonstration I suggested that she fire one round
with the M1 Rifle, this she did. Afterwards she just hand--
ed the rifle to me and walked away. She.never mentioned
the firing again. ’ B S

d. Recollless Rifles

During World War II the Germans carried oub
experiments with recoilless rifles of various sizes. '
These are. based on the principle of equal.forward and rear-
. ward forces during firing the weapons. In an ordinary :
rifle the energy imparted to the rifle is equal to that
‘imparted to the projectile. In larger weapons this energy
 is absorbed by shoving the weapon ‘to the rear and by fore-

‘ing oil through orifices and thus converting the recoil
energy to heat. This latter principle is used on the
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recently introduced movable bumpers on automobiles.

The German weapons were very crude and not
very important in the field,

(l) 57 mm Recoilless Rifle

Two engineers at Frankfort Arsenal were
.assigned the design of a 57 mm Recoilless weapon. They
produced a beautiful weapon. It was very soon placed in
production and used extensively. -

. The weapon consisted of 4 tube about
6 Tt 1ong, light enough to be carried and fired by oné
man. The tube extends about 2 ft to the rear and b £t
forward, The projectile is 57 mm diam by about l in. long -
and when shaped charges are used it will penetrate about
2.0 in. of steel; so it will stop a light tank when fired
at the sidewalls or even break the tank's track.

' Our work with these weapons was sur-
Prisingly simplé as sufficient firings had been done at
Frankfort Arsenal using inert projectiles that we found
essentially no suggested changes in design.

We did proof test both ammunition dand
weapons., ' . _

{(2) .75 mm Recoilless Rifle

- The next step was to develop the 75 mm
Recoilless Rifle. Frankfort Arsenal, I believe, designed
the weapon. It was simple, light enough to be carried by
two men, and veéry effective. Agaln, we found very 1ittle
to do other than to routine test the weapons. '

Agaln, there was a great rush to proof
test many weapons. These tests were carried out by Proof
Officers from the Ordnance School and not by experienced
engineers who had handled strange weapons .for years. The
- three or four officers were warned against trying to
correct any even slight deficiencies or difficultles, and
all were especially warned never to step behind a loaded
- weapon under test, but to call for help. The inevitable
happened. .

< The proof tests of Tiring ‘the guns at
normal and excess pressure were carried outb with the guns:
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suspended on chains in a reinforced concretée shelter with
all firings carried out remotely from outside the shelter.
Movements of the guns were observed through mirrors.

All went well for several hours. Then
apparently a plece of dirt became lodged in a firing
mechanism or a minor malfunction occurred during. a test.
This was on the night shift about li AM. The gun falled to
fire. Apparently the officer went near the gun and may
have started to remove the shell. We never knew. A% any
rate, the gun fired. ' '

‘ To provide the rearward force, - four
holes were provided in the rear of the breechblock. On
firing, .burning gases at a white heat escaped under pres-
sures as high as 10,000 psi. The man's leg was struck by
two of these streams of hot gas. His right leg was cut
completely through in two places. Of course, the muscles
were torn. He died in the ambulance on the way to the
hospital. c S

I have alweys believed that T was partly
gullty for his death. Certainly he broke his instructions,
but had I taken more time his life might have been saved.
The previous afternoon Lieutenant Potter had prepared the

Safety Regulations for the tests and I had approved them
just before I left for home in the evening., I believe
Lieutenant Pottér also believed insufficient instruction
was given the Test Officers.

t

(3). 105 mm.Recoilless Rifle

| I had very little to do with the 105 mm..
Recollless Rifle since the first weapon was delivered for
test just a few days before I returned to civilian status
and returned to teaching. -

75 mm Gun
Tn 1940 ten 75 mm Field Guns were built and
thoroughly tested.. Why, I never quite knew, as the 75 mm
fun was too light to be of much service. Perhaps 1t helped
develop other weapons. I do not know,
£. ‘in.‘Gun

In 19511 an attempt was made to- convert the
105 mm Howlitzer to an antitank weapon by replacement of -
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' the Howitzer tube with a 3 in. Gun tube, thus maklng an
antitank gun. The 3 in. Gun has a much higher veloclty.
but lighter weight shell than the 105 mm Howitzer. The
high velocity with armour piercing shell would have been
effective against the German tanks then in use, but they
were not effective against the later German tanks, and SO
I-know no 3 in. Guns were ever used in action in World .
War IT. They have been widely distributed about the United
States and are frequently seen in parks, etc.

T I was the Project Manager at Aberdeen. The
- work consisted of assembling.a 3 in. Gun to the 105 mm
Howitzer.. This was quite simple.. Piring tests consisted
of simply checking all components to make sure all worked
satisfactorily. This was very 31mply done.

g iOS‘mm'Howitzen} ML

I had very little to do with development
tests of the 105 mm Howitzer. We did have a long tube
erosion program. . This is discussed briefly under special
programs below. We did conduct acceptance tests on many
weapons and many lots of ammunition components.

It was during the tests of these weapons
that we ran short of powder and had to have a fast ship~
ment from Kansas City. I requested a car of powder be
attached to a passenger train, -but this was refused by
the railroads, I then ordered the car by special freight--.
a one car freight overnight Kansas City to Aberdeen. I
didn't dare ask Lne cost but it could not have been very
greatb.

h; u 5 in. Gun, Ml

A L.5 in. Gun was developed along W1th a
companion weapon, the 155 mm Howitzer. Both weapons used
the same carriage and nearly the same recolil mechanism.
The gun proved to be inaccurate and the projectile proved -
te be too small to be effective and the weagpon was never
bullt in quantity.or used in the fileld.

1. 155 mm Howitzer, M1l

The 155 wmm Howitgzer, M1, was designed and
the first weapon tested and range fired late in 1940, I-
believe. QGreat numbers of these were built and issued fo
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the troops. In fact, they were still being used in Viet
Nam and I believe other counbtries have followed vory cloge~
ly our design. I had little to do with the weapon except
some powder tests were made at Aberdeen,

je 155 mm Gun, ML

' , The 155 mm Gun, M1l was designed in the late
1930's but production got underway only inm 1940, T had
nothing to do with the Gun except as noted in my summer
work in 1940, I determined powder charges for some 2l
lots of powder. ' '

k. 8 in. Howitzer, M1

' The companion weapon for the same carriage
as used for the 155 mm Gun was the 8 in. Howitzer. Rock
Island Arsenal built the first [;8 production recoil
mechanisms for the 8 in. Howitzer in 191,0. However, the
first production carriage was not received until the sum-
mer of 1941. Previously a pilot carriage and weapon had
been built and used in the range firings mentioned above.
(See page 10.) - ‘ '

N B

(1) Carriage Failure

_ In July 1941 the first production carriage
was delivered for the 155 mm Gun and the 8 in Howitzer.
This carriage was immediately used for tests of the 8 in.
Howltzer recoil mechanisms, ' :

, : , The carriage for an 8 in. Howitzer con-
slsts of a rotating section with a large U-shaped welded
“plece in which the recoll mechanism with turnnions on the
side frames 1s fitted. The weapon is elevated by a worm
gear on the carriage which works against a large gear
section on the bottom of the recoil mechanism frame.

The large rotating section may be rotated
by a large gear in the bottom section by some 25° right or
left. The bottom section and ‘the top U-shaped section are
connected through 2 heavy shaft and the U-shaped section
- operates on a roller bearing some 2.5 £t diam. - The bottom
- section is in turn mounted on a heavy axle with large double
dual tires on each side. ' Trails or long beams are attached
. to the sides of the lower section and these may be rotated
sbout 25° from the center line to each side to give supports
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and absorb the rotatlng forces due to firings at different
elevations. These trails are about 16 ft long and are

- 8upplied at the rear with spades that are set in the
ground about 2 £t deep and 2.5 ft wide.

_ ‘The re0011 mechanism is about 1 £t deep
and 2 ft wide. The main oyllnder forces oil through
orifices when the Howitzer is fired and moves to the rear
about li ft. A second eylinder with a piston under aboutb
2200 psi nitrogen pressure returns the Howltzer tube to
firing p031t10n.

The Howitzer ‘tube is about 16 £t long
W1th a wall thickness varying from about 2 in. at the
- muzzle to nearly 8 in. at the rear. It is equipped with
pins some 6 in. diam which fit into the movable section of
~the recoil mechanism. The breech ring is about 28 in. outer
diam. -

Before tests we went over the carriage
and placed distance marks at various peilnts in order to
measure any deformatlons of the carriage components or
trails.

' After firing the first round Lt. Potter
neasured the carriage to check for deformations. It was
seriously deformed. He and Rhein called me and when I pub
my hand on one of the tralls to climb over it, I realized
that my hand was on a curved instead of a flat area. They
had not noticed that the trails had buckled. As a result
the carriage had to be changed by speciflying a steel with
higher strength and all the carrlages already built used
for the 155 mm Guns. _

. This was one of the few examples that
I remember at Aberdeen in which the stress analyses of
carriages, guns, etc were off., The 76 mm Tank Gun dis-
cussed below was also miscalculated.

, Later a large number of carriages for
the 8 in. Howltzer were manufactured by American Locomotive
at Schenectady. The first one to arrive was disassembled
for an inspection of workmanship, etec. Of course they had
been inspected and passed by the Ordnance Inspector at the
plant._ .

On disassembly we found several places
at which the machining had been done but the rough edges
had not been smoothed over. In addition, we found perhaps
a cup of machine .metal chips in the bearing of the main
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rotation component. This was about a 5 in. dlam pin that
held the rotating part of the carriage and a roller bear~
ing about 30 in. diam. The chips could.enter the besaring
race and indeed some were in the race.

- When we called the American Locomotive
people, they denied that such worlmanship could occur in
their plant. So we invited the President to come to Aber-
deen. He did so with several of his staff. We then dig-
assembled a carriage in their presence. We, of course,
chose one that had just arrived and was still on the flayg
car, It was about the.worst one of the lot. So we had no’
‘more trouble, | : :

It is interesting tc note that several
years later I inspected the American Locomotive plant as
a part of a Contract Selection Board. As usual, I thorough-
ly inspected the toilets first. They were dirty and ill .
kept as was the whole plant. :

(2) Breech Ring Fallure

‘ When we started roubtine tests of the

8 in. production Howitzers, we began to have failures of
the breech rings., These breech rings, as noted above, are
about 28 in, 0D with threaded sections to thread on the

" rear of the tubes.. The length of the threaded section is
about Ui in. There is abkout 10 in. of steel to the rear
of the end of the tube. This rear section is machined
with threads to hold the breech block which is about 10 in,
diam and opens to allow loading the shell .and powder charge
‘intc the Howitzer. ' - -

The ‘acceptance firing tests for Guns
and Howitzers consists of firing a series of rounds at in-
creasing maximum chamber pressures of something like 75,
90, 100, 105, 110 and 115% of the maximum allowable pressure
for the weapon. The maximum pressure in each round is
measured and checked, '

' The 8 in. Howitzers were tested in con-
crete vaults built with 2 £t of reinforced concrete, On
fajilure the breech rings simply broke at the rear of the
tubes and due to-the high pressures of around 21,000 psi
simply travelled to the rear with sufficient energy to go
through the 2 ft concrete walls. TLuckily, no persons’

were injured.
I

Analyées of the steel indicated that
the ingots used in manufacturing the breech rings were
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improperly worked. New breech rings manufactured of a
different alloy and properly treated passed the tests
satisfactorlly.

(3) Coppering

ALl the Howitzers, includinhg the 105 mm,
155 mm, 8 in. and 240 mm are used normally foar high ele va-.
tion or plunging fire. Therefore varlous powder charges
are used and the weapons are fired at different ve1001t1es,
depending upon the targets. The 8 in. Howitzer was Ffolind -
to bulld up copper from the shell rotating bands at low
velocities and clear the copper out in one or two rounds
fired at high velocities. ‘The initial rounds then after
a change of zone firing varied and in range firings it was
necessary to reject the first round's velocity when Cired
at a different veloclty or zone.

(L) -Acc uracy

On page 11 the accuracy of the 8 in.
Howitzer was mentioned. Stories were told of its use in
service that confirm this. For example, 1t wag noted
that German officers were frequently seem entering a
particular house in Holland some three miles inside the
German lines. .So our troops lined up an 8 in. Howitzer
and when there apparently was a conference in the house
they fired one round with a very slight delay fuse. The
shell could be seen to enter the roof of the house. The
house was fairly well blown to bits. .

Later 8 in. Howitzers were mounted on
tracked vehlcles for rapid mobility. However, I was not
involved in this project except to demonstrate them once
or twice.

. 8 in. Gun, M1

Two other companion weapons were d331gned
and pllot models tested early in World War II., These were
the 8 in. Gun, M1 and the 240 mm Howitzer, ML. The weapons
were desipned to use the same carriage and similar recoil
mechanisms. The 8 in. Gun had a very high.ve1001ty and
hence & long range.

We tested the 8 in. Gun at great length,
using different powders, etc but the accuracy was poor,
Finally, we bried different tubes with different angles
of rotaticon, etc but the accuracy always remained poor;
so that finally, I believe, the construction of the gun
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was abandoned. One memo that I dictated to outline some
proposed tests required firing of over $2,000,000 of °
ammunition. Gun crews and all services probably cost
another $500,000, all to no avail. '

:m.- 240 mm Howitzer, M1

L The 240 mm Howitzer, ML fires a projectile
that weighs about 340 lbs. It speaks with authority. We
‘had only one difficulty with this weapon and that was
coppering of the tube. This effect had been noted on the
8 in. Howitzer, (see page 33). |

I was embarrassed later since I did not
recognize the coppering effect, What happened was that we
were firing time of flight tests in the evening. When we
changed zones the woman who was computing the velocities
aslkked me what the velocities 1n the new zone of fire would.
ve. I gave her a number but the first round velocity was
off about 30 ft/sec. Why I didn't investigate, I don't
know. Anyway, I forgot the incident until later.

A month or so later Lou Rheln carried out
the ranve firings. The Ballistic Research Laboratory had
arranged with International Business Machines in Phila-
delphia to carry out the calculations on punched ecards.
Thig they did. Actually, this was the first large scale
program ever carried out by computers, Why I didn't im- :
mediately buy all the IBM stock I could is still a mystery.

Later Firing Tables were prepared and the
Field Artillery Board at Ft. Bragg conducted firing tests
but their results did not check the Tables prepared at
Aberdeen. Aberdeen repeated the calculations and checked
thelr previous results., This was Saturday. I suggested
that I would spend Sunday going over the records, etc: to
try to find the cause for the discrepancy. I wag actually
laughed at by Bob Kent and others at Ballistic Research.
However, when I plotted the actual firing data Sunday AM,
the answer was very obvious so the last laugh was on Bob.

The 240 mm Howitzer was duite accurate.

. While the Americans were advancing up Italy from the south

in World War II, they were held up by a mountain ridge on
which there is an Abbey known as Cassino. This was de-
clared open by the Germans and they claimed no Germans or
supplies were using the Abbey. Observations indicated
otherwise, so a 240 mm Howitzer delayed fuse shell was
~dropped 1nto one end of the Abbey. Very soon many Germansg
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actually in the Abbey left in s hurry in-all directions. :

n. 240 mm Gun

- After World War II a 240 mm Gun was built.
The heavy carriage and the heavy welght of the Gun made
this weapon top heavy and impractical, and so far as I
know no production models were built. It did have one use
because originally it was the only land transportable
weapon that could fire g nuclear device., Since then, of
course, nuclear devices have been built for 5 in. Guns as -
well as the intermediate weapons.,

: The 2|0 mm Gun was tested with a nuclear
device at the Nevada Nuclear Test area. At least, T be-
lieve it was a 2|0 ym Gun, although I am not certain my -
memory 18 correct. .

At that time I was Chief of the Production
‘Reactors. Branch of the Atomic Energy Commission in Wash-
ington and as such I was sent to observe the tesat as an
official observer. We were seven miles away from the air
burst, :

My observations were that the weapon was
Impractical for field use. Later, as mentioned, devices
for use in weapons as small as the 5-in. Naval Gun have
been developed. I have not followed these developments
. in detail.

0. Mortars

- . We tested various components of both 60 and
81 mm Mortars, Bent base bplates, etec wers studied.

I was always amused at one of the "gun ,
crews" at Trench Warfare. I noted earlier this crew con-
gisted of five greatly overweight negro women dressed in
overalls who moved slowly but continuously, and always
with laughter. And every time I came near I became the
butt of all their jokes. Actually they worked hard and
the lack of comments re Trench Warfare herein is really
'a tribute to them and the Trench Warfare staff. ° '

One item that is of interest is that Lt. |
Wilson kept hearing about mortar crews being killed be~
cause rounds hit limbs of trees over the men and the shell
detonated., He, with a little help from me, developed a
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gafety device to build into thé fuses to prohibit tﬁis
type of accident. The cut away first production fuse is
in my office exhibit case, '

Just before I left Aberdeen we received-

6 in. and 10 in, Mortars for test. I had nothing ‘to do
with these except I did -observe some firings, -

'C. Special Tests

In addition. to the regular acceptance tests and
development of our normal lines of artillery weapons dis=
cussed above, we conducted many programs of a special
nature. . Many of these were closely related to the repgular
development programs. But many differed widely from these.
I have discussed these btests and my part of the work in
this section. It appears to be quite a hodgepodgel

I think it will become obvious that moet of my time
was spent on these special programs., In fact, after the
first year I spent mrobably 90% of my time on the special
tests. By that time the younger Proof Officers were carry-
ing out the routine- -development work with wvery little
instruction or supervision. I was responsible for approval
of all the Formal Development Reports in my area. ' :

1. Shaped Charges

Shaped charges were used in various types of
armunition and in degtruction of fortifications.

A shaped charge consists of a bleck of explosive
so shaped that a hollow cone 1s left at the business end
within the explosive. For example, a round cylinder of
TNT 10 in. diam and 1 in. long may have a deep cone .in.
the top. This is lined with perhaps 1/8 in. steel sheet.
On_detonation at the bottom, the cone collapses and the’
steel and hot gases are blown forward through the cone at
high velocity. Since pressures in such devices may approach
1,000,000 psi, the hot gases and steel are accelerated in a
small stream. to velocitlies approaching 5,000 ft/sec at per-
haps 3,000 ¥. As such they become potent drills, 1In
general, a shaped charge properly designed will develop a
amall hole about twice the .charge's original diameter in
armor plate and about seven times its diameter in comcretfe.

a8, Rifle Grensades

Rifle Grenades with shépedrcharges were -
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under test when I arrived at Aberdeen in 1941. Other than
routine teésts, I had no pert in the program. These weapons
were fired from regular 30 caliber rifles, using blank
cartridges. Their range was short but they would stop a
German tank, then in use if the tank was struck on the
'side since their shaped charge would penetrate some 2 in.
of steel. C '

b. 105 mm Howitzer, M1

Many tests were made on shaped charges as
fired from the 105 rm Howitzer, These projectiles, when
set up and fired statically against armor plate at the
correct distance from the plate, would penetrate nearly
10 in. However, when fired from a Howitzer or Gun, the
rotation of the projectile resulted in dispersion of the
gag~--metal jet and multi penetrations to only about 5 in.
- of armor plate. '

Theoretical .and experimental work carried
out by Ballistics Research Laboratories was to no avail.
It was only recently that the problem has been solved.

In conjunction with this work we carried
out spark photography of shell bursting. The theories
stated that a statically fired shell detonated at the top
would burst first at the top. This does not occur as the .
shell fails first at the rotating band and bursts quite
uyniformly. The first flame is seen at the top and at the
rotating band areas simultaneously. ' .

2. Destruction of Concrete Fortifications

Prior to World War II the French bullt a series
of thick wal led fortifications, consisting of mixed con-
crete and steel, along the French-German border, This
was known as the Maginot Line. After Germany conguered
France, Germany added fortifications to the Prench and
their own previous line of forts known as the Westwall or
Seigfried Line. They also built forts along the North
Sea and elsewhere, ' ' '

- Several years after the war Winnie and I per-
sonally inspected a reinforced concrete building used to
assemble submarines., This was located near Bremen. The
walls and roof were 8 ft thick of very heavily reinforced

concrete.

" When the United States entered World War II,
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the development of means of destruction of these forti-
fications became & necessity and, it seemed to me, almost
an obsession to- some people. The problem was attacked on-
- several fronts: ' : '

. a. Shaped Charges
b. Artillery :
¢. Mortars

_ Unfortunately I was involved in all three
programs, The first stéep was to decide how to proceed.
The obvious thing was to bulld similar forts as well as .
speclal targets, and test the ammunition we had, and theh:
to-develop improved weapon systems. We setb our,goals ag
development of btext books dnd training fllms.- In both we
succeeded.

The first step was to build various types of
fortificationg. We dld not know how; so the Secret Service
offered to get drawings of typlcal Westwall and German !
forts. When we agreed, the drawings duly arrived a few
days later. The Corps of Englneers built five "forts!
using the imported drawxngs and drawirmgs that the U. S.
Army made, These forts were located at the end of Plumb
Point below Bush River 30 miles from the office.

. This program was typical. The fortifications
were bullt before the test program was written. Whether
the proper forts were bullt and utlllzed in the tests was
never asked

We also built a number of walls of various.
‘"materials and various thicknesses to.use in developing a
better knowledge of Terminal Ballistics,

Because of the importance of the program, I
directed it. through a Proof O0fficer and Ballistics Research -
assigned people. Special reports were prepared weekly and’
sent by special messenger to Washington, and frequently we
visited Washington to discuss the program. Several Wednes-
day evenings we were still writing and typing the reports
‘at 10:00 pem., and they were in Washlngton the next morn-
'1ng at 8:00 a.m.

The various weapons which were  developed, or

attempts made to develop, are discussed first and then the
actual tests to destroy the forts or bunkers are mentioned,

8. Shaped Charges

Shaped charges consisting of an explosive
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with covers properly shaped were made, as described above.
These were some 10 in., diam by about 20 in. long. The
idea was that a man might crawl up-to a fort during dark-
ness, set the shaped charge and detonate the charge after
he had retreated an appropriate distance. Set properly
and detonated, it was found that a hole a couple of inches
diameter could be drilled through the 7 ft of concrete and
steel, and cnough hot gases would -enter the hole to kill
any ‘person in the open in the for?b.

The reader should urderstand that to develop
such & charge and technique requires weoks of theoretical
work and months of tests to obtaln the optimum design. and
methods of use,

b. Artillery

The series of weapons tests, including
artlllery, required several nmonths. We started with the
smaller weapons, including machine guns, and increased’
caliber to be able to determine optimum weapons, their
usefulness and how to use them. Actually in warfare the
soldiers almost always have the least optimum weapons when
and. where they are and need them. So we started with
machine guns of various callbers and projectiles.

During ail tests we took detalled data,
still pictures and motion pictures. As noted, weekly,
“monthly and final reports were prepared alon¢ with a train-
ing manual and film.

(1} Machine Guns

Tests were made with both the 30 and 50
caliber machine guns. The 30 caliber was of 1ittle use
except in one way. If mounted near a fort, its crew would
appear to be an easy target. But .1f mounted unseen and’

fired, it could shoot into open ports and possibly do
damage inside the fort. It could, however, penetrate the
porthole doors sufflclently that the doors frequently could
-not be opened without repair. :

The 50 caliber machine gun was more
effective in this same way. But neither were serious
threats., )

Machine guns might keep a single fort

closed up in order to permit the use of shaped charges.
As far. as I know this type of attack did not occur by .our
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. troops in World War II in Europe.

{2} Small Caliber Artilleéry

I do not remember the details of all
the tests. In general the smaller artillery weapons up '
through the 155 mm Howitzer were effective only when
brough?t up: to within  one quarter mile or so of forts.
Further, armour pilercing shell were not available for
these weapons except for the tank guns. - Weapons such as
the 105 mm Howitzer are effective only against port holes,-
and the weapons must be set up close encugh to fire into
the ports. HMeanwhlle interdiction fire would be expected
to be serious, - :

Tests demonstrate that when close endugh
that direct impacts could be made on the gun and personnel
ports, the small weapons such as the 105 mm Howitzer would
damage or even penetrate the gun ports, Shaped charges did
-severely damage the gun ports and in some cases entered the
. forts. When detonated inside a fort, a 105 mm Howitzer
shell would be expected to make life uncomfortable for
those inside. :

In general these smaller weapons were
. expected and were found to be not overly effective.

(3) Special Fuses

_ Ordinarily the weapons from the 105 mm
Howitzer and higher are issued in the field with only one
type of fuse., This may be set superquick or delay. The
delay permits firing for ground richochet and air burst 2
hundred yards or so further on. Thils type of fire stopped
the Germans at the time of their attack -on the Anzio.Beach
beachhead., ‘

_ When this fuse is fired elither super-
quick or delay agaimst concrete, the fuse is crushed and
the shell detonates before 1t can penetrate the concreto.

To correct this the Officer in Charge of Design at Aberdeen
suggested an armour piercing nosed fuse. We made some up
and found on firing that indeed such fuses would not break
.off or fire superquick provided that the shell were fired
at low velocities, This meant that the ordinary Howltzer
rounds could be used with a special fuse and field assembled
as needed. At low velocities the 155 mm shell, for example,
stops in the concrete before it detonates.
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The advantage of the use of a detonating'
'shell in destruction of concrete fortifications is that the
shell carries enough explosive that on detonation, for ex-
ample, of a 155 mm or 8 in. shell a wall several feet thick
is cracked. A second round fired in the same area normally
breaks through the wal 1 (as built by the ¥French and Germans)
and explodes on the inside. The hot fragments of the shell
body would set fire to any ammunition inside., The resuli-
ing fires would kill personnel who might have escaped the
fragments of the shell.produced by its explosion.

_ These fuses were used on shell used
against a fortification in one of the harbors in France.
"The fort was, I believe, built of granite blocks. ' The
first round cracked and broke the wall and the second,
shell detonated inside. Men ran out in all directions
waving anything they could and the fort surrendered.

These same fuses were used extensively
in an attack on a portion of Manila but inspection after
the fact indicated that they had been fired at high
velocities and the armoured fuses broke off without
detonating the shell., Apparently the officers did not
read or did not believe the instructlons.

Mr. Bass, who was in charge of our
Ammunition Loading Section, suggested that the fuse be
. redesigned to use a Navy booster since this was shorter
and would have allowed more threads and a better concrete
piercing fuse. We suggested this to Colonel fave, who
informed us that he would make any recommendations for
changes he thought should be made. I believe he should
have been court marshalled, At least, I never spoke to
him gagain whenever I could avoid it.

Bulova Watch Company set up a line and
manufactured the special fuses.’

(L) Large Caliber Artiilerg'

The 155 mm Gun, M1, when firing armour
piercing shell, could blast through the forts but this
tdok several shots fired almost on top of one another.
The reason was that the true armour plerclng shell carry
relative small explosive loads.

The main ob jection was that the large
number of rounds required permitted the fort to return
the fire, usually effectively, before sufficlent armour
piercing rounds could be fired to break through the walls
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of a fort.

_ With the special fusé the second round
usually penetrated the fortification's walls. '

[

¢. Heavy Mortar

Someone’, apparently at Ballistics Research
at Aberdeen, suggested that 1f we built a heavy enough
projectile that a single projectile landing on the top of
a concrete bunker would bredc through the roof and destroy
the bunker. So Ballistics Research people came up with the
idea of a 36 in. mortar which was expected to Tire a 36 in.
shell loaded with a soft explosive that was expected to be

exploded after it had flattened a bit on the top of = fort.

A contract was entered .into between the
Ordnance Department and a steel equipment manufacturing
company in Pittsburgh to design and build such a weapon. .
- This immediately became a major undertaking with very high
priority. - '

The device, as it evolved, was something
like the following. A very large steel frame was designed
with plate sidewalls and bottom. In this was fixed a
heavy frame which carried the base for the 36 in. mortar,
Limited movement was allowed for small changes in aim of
the weapon both in azimuth and elevation. A plunger type
shock abgorber was built in the bottom and the tube insert-
ed. The tube was of course 36 in. internal diameter with
wall thicknesses from about 10 in. at the bottom to about
i in, at the top. It actually was an updated Roman
Ballista. ' o

The wholeé case was carried on double tractors,
one fore and one aft. The device was set by digging a
ditch some 100 £t long, 12 £t wide and 12 ft deep.

The projectile was a steel case quite spherical
and which was expected to carry about 1000 lbs of a plastic
expleosive. The rotating bands were precut and the pro-
jectiles were muzzle loaded. :

: A company of soldiers was ordered in for
labor. A detalled test prograem was prepared and I assigned
responsibility to Rhein, '

S The device was considered so important that
General Barnes, Head of Research and Development of the
Ordnance Department, and Colonel Gearhart, who was

’
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responsible for artillery development, were frequently in
to witness tests. '

The preliminary tests such as determination
of powder charge, were readily completed., Difficulties
started when I began to suspect the projectlles were un-
stable. So I got off to the side a bit and observed the
firings. The shell were so large that no special-glasses
were needed. Sure enough, the projectliles developed large
yaws, up to 29°, but only for a few turns. This, however,
made the accuracy questionable. It turned out a simple re-
design corrected this defect. : ' :

- On completion of the preliminary tests we
had found that the accuracy was only fair--not at all as
good as the 8 in. Howitzer--but possibly useful for
destruction of fortifications. At least the explosion of
& projectile near a fort would scare the persons inside.

Then Rhein set up to fire live .rounds. He
took great care that every person in the area was behind
heavy concrete barricades. Well he did., The first round
detonated at the muzzle. The weapon was completely destroy-
ed, I called Colonel Gearhart but found him and the other
ranking officers in a conference in General Barnes!' office
re the device. I told Gearhart what had happened. They
came up the next day. , ‘ - .

N This killed the project. I néver 1liked the
device as it was too cumbersome and heavy for field use.

I also thought the design was primitive and I think I was

"prejudicial because I thought that the armour piercing shell

fired from mobile mounts would be more effective. The set-

up times for the mortar were just too great, and the time. .

between rounds would have permitted interdiction fire.

. The oniy accidents we had was that one man
wag leanlng on a crane as it turned and cut off the ends
of three fingers.

d. Conclusion

Of course, I had no part in the conclusion.
The air drop of the recoilless weapons, I am quite certain,
made it possible for the Second Army's air drop to capture
one of the Rheln River bridges and to erect the sign "Walk
Across the Rhein, Courtesy the Second Army". The sign -
gshould have read "Courtesy of Two Civilian Engineers of
Frankfort Arsenal". These men, who were named Kroger and
Musket, had designed the weapon. We called it the "Crow
Musket" for a time, ' ' .
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After reading the above Lugene Hungerford stat-
ed that after the war she dated the man who had been General
Patton's pilot. He had told her that very large numbers of
Germans had surrendered to "just a few Americans” who had
been dropped across the Rhine. . I heard that the Germans
thought what were 57 mm Recoilless Guns were actually
- 155 mm Guns; so they surrendered.

The destruction of the concrete fortificatlions,
when necegsary, proved to be simple. Of course, with’
nuc lear weapons fortifications are out of date. Fallout
shelters are something else, S

3. 'Destruption of South Seas Fortifications .

I had no part in the special program and group
set up to study the destruction of the South Seas type of
fortification. .These were made from local logs, dirt and
stone. The cocanut logs were tough. When a fort was struek
it simply rose up and settled down again, so their attack
has been very difficult.

ll. Plate Tests

I have classed here as plate tests both tests of.
concrete and stone and armour plate., We built and tested
various types of walls, Including block granite. This
proved to be most resistant. Actually, this was part of a’
large "Terminal Balllstics" program that we ran for a long
time. :

The sarmour plate tests were. run continuously as
routine checks of both the plate and test of the. armour
,pier01np shell. One series of tests included armour plate
for soldiers. This may sound silly but it is not. In
actual battle many soldiers are wounded or killed by ‘
richochets, small pieces of armour picked up by bullets,
and pileces of shrapnel or shell pleces. Many of these
stray pieces of metal can be stopped by very thin pieces
of metal., So human armour plate was developed.

The most effective armour against the various
types of shrapnel, etc on a weight basis was found to be a
mixed rayon aluminum sheet This has been used comnonly
gince, '

5. Tank Tests

Unfortunately the word "tank" is overworked as
it means simply a container for water. By extension it
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means an armoured, usually tracked, motor driven VEhicle;
equipped with a considerable list of lethal weapons., It
is in this last meaning that we are discussing the problem
here, : : ' h

o If a tank is struck by a projectile that

~ penebrates the outer armour, hot steel particles usually
penetrate the powder cases of the loaded rounds in the tank.
These burst into flame and burn very rapidly. The crew, if
alive, has only a few seconds to get out, a maximum of 9
seconds iIn the American World War II tanks. '

A long series of tests were run to determine how
these loaded rounds could be protected. Use of armour plate
and water tanks were tried. But as far as I know the problem
remains unsolved. '

D, Special Weapons

A number of tests'were.run on specilal weapons. These
included tank, antitank, aircraft and coast defense.

1. 75 mm Tank Gun

In the summer of 1940 I did some firing of the
. 75 mm Tank Guns used on the. General Sherman Tank, I believe.
This was the tank used in such numbers in North Africa.
The tank was so designed that the gun could only be Ffired i
in a limited azimuth. #We always considered it a poor design.

2. 76 mm Tank Gun

‘The 76 mm Pilot Tank Gun was sent to Aberdeen
for test. This gun was tested at excess pressuvre in ac-
cordance with our regular procedures. It was then mounited
in the open and given a 2,000 round. wear test, Periodlcally’
the wear at the {ront of the powder chambér or forcing cone
was measured.

: At about round 1,500 the gun failed. The whole
rear half broke into fragments, some 8 to 10 in. on a side,
and 2 to 2.5 in. thick. Now it has been lmown for a long
time that when a gun fails in this way that the rear travels
to the rear, the front of the tube travels forward, and the
pieces left of the sides travel outward at various angles,
but that there are L5° angle sections at the rear on either
side that are reasonably safe,’ .
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In this gun failure there were, I think, three
men standing in the socalled "safety angle" at the rear.
Total injuries consisted of a piece of wood being blown
against the leg of one man and causing s superficial in-
jury. However, one piece of the gun flew between one man's
body and his left arm, which he had swung outward as he
fired the gun by pulling the lanyard with-his right hand.
The piece of steel was near enough his body to tear his
. shirt and one thread of his underwear. :

‘ I assigned Captain Losco to investigate this .
gun's faillure. He visited Watertown Arsenal, reviewed the
design and concluded for the steel used the safety factor

was just about 1,0. The steel specifications were changed

to provide a safety factor of at least 1.,20. This compares
with 4.0 to 5.0 for most pressure vesseéls, 5.0 .for most
bridges and 7.0 for mine cables. No further failures océurred.

Later the 76 mm Tank Gun was adopted and used very
extensively. We proof tested great numbers of these. The -
only ‘active part I had was that occasionally a gun would
be boroscoped (optically examined on the inside) and in-
clusions or defects would be noted. Then I had to look at
the tube and make the decision to accept or reject.
Obviously the glrls who boroscoped the guns were the ex-
perts so I always talked the case over with the girl who - .
examined the gun, and if she indicated any opinion I sagely
agreed with her. It was always a judgment. Anything over | -
0.5 in. I rejected. _ I -

3. Tank Gun Mounts

The utilization of the 76 mm Tank Gun required
development of a different tank gun recoil mechanism. This
was designed and turned over to the Ford Motor Company for .
production. Even the pilot mechanlsm was beautifully and
correctly machined, ' ' : ' - '

This type of recoll mechanism simply forced oil
through a large orifice and a spring returned the .gun into
battery or firing position, Captain Kolb ran a 2,000 round
test on one of these units with no trouble., - = .

Before we entered the war, one American company
had contracted with the British government for a large’
number of Tank Gun Mounts. These mounts included the
recoll mechanisms and steel supports. As I heard the
story, a group (possibly only one) of men in Wilkes-Barre
had the idea that an old machine ‘shop could be rented or.
- perhaps they owned it, and machined parts could be sold
to the British govermnment. So they hired a high pressure
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salesman and he promptly sold something like-$200,000,000
of goods at, I understand, 2% cormission.

- Anyway, the salesman sued for his commission.
I never heard how this came out. But about the time pro-
duction started the United States agreed to carry out the
Inspection of these components. The first mounts that came
.in were in very poor shape and we rejected them. Later
they improved as the United States Plant Inspectors made -
their welght felt. Then a carlcad came in all oversize in
some of their outside dimensions. I called the President |
and he agreed that the future shipments would be checked
and corrected. The next carload came in in the same shape.
The President apologized and said they had just left when
I called him previously; so we ground them down. Then
another carload came in. These we did not unload but sealed
the car and shipped it back. I then called the President.
and so informed him. We had no further trouble.

e 105 mm Gun

We tested a larger tank gun which I bélieve was
105 mm. We had no trouble. I don't remember more.

5. 16 in. Gun Test

In 1922 Japan and the United States signed a
contract to limit construction of Naval vessels, The United
States removed a number of 16 in. guns from ships and destroy-
ed them while the Japanese proceeded to develop and build
18 in. guns,

We also scrapped many of ouf 16 in. Coast Defense
Guns. Others were stocked. ' '

Just before World War II Aberdeen was called upon .
"to test one of these 16 in. gun tubes. Apparently in the
nearly 20 years it had been forgotten that this tube had

‘not been properly heat treated. At any rate, on test the
first projectile tore most of the lands loose. '

Then in 1942 one of my Ordnance friends, whose
name I have forgotten, wrote an Ordnance note recommending -
dismantling all our Coast Defense facilities. This was

approved..

6. 75 mm Aircraft Gun Mount

The conventional fighter aircraft.bui;t before
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the War and during the War cerried machine guns and 20 mm
guns. These had a high rate of fire and a dozen of them.
‘on a plane can throw a lot of weight. Frequently heavier
weapons have been suggested.

A 75 mm Gun Mount was d931gned to hold a short
75 mm Gun Tube and an automatic loader designed to fire, I
think, 20 rounds at intermittent fire. We had all kinds
of-minor"troubles getting this widgit to work perfectly.

Finally it was approved for constructlon. The
Air Porce finally, after great lengthy discussions, mounted
one on an old bomber, The part that I heard of the story
of what took place follows. ‘

Two men Look off in the old bomber from, I be-
lleve, the Phillipines, flew across the China Sea; met an
ocean freighter, sank it; shot up a truck convoy on the
ceoast; and near Burma caught a freight train entering a
tunnel, wrecked the freight, and jammed the tunnel; and
then flew back to their base, all in one sunny afternoon.

I believe the subject was dropped. Of course,

rockets were mounted on planes but their accuracy was poor.
With nuclear heads rockets need mnot be accurate. '

_E. Gun Erocsion

Gun erosion is due to the action of the hot flowing
‘gases and the wear of the shell on the forcing cone during
loading and firing. I believe that a good pari of the
erosion occurs by the escape of gases past the rotating
bands upon firing. At any rate, gun tubes wear out,
particularly where the bands and grooves start and must
be replaced. Machine guns are sometimes lined with more
heat reslstant steel than the ordinary steels in use for
the bulk of the tubes or at the forcing cone. I learned
later that work was done at Purdue Unlver31ty on this sub-
ject. Dean George Hawkins did some of the work on heat
transfer.

We rired many rounds to measure the wear or erosion
in the guns so that the people in the field could make
measurements and correct their gun settings.

'F., Fragmentation Tests

One test is of goneral interest. We statically
detonated shell 1n sand, screened the sand -and laid out
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the'recovered pieces of the steel projectiles for study
and pictures. Ballistics Research conducted many static
bomb tests in the.open to measure the pressure waves.

G. Bomb Disposal

The Ordnance School, which was located immediately
west of the Proving Ground, had responsibllity for training
Bomb Disposal Officers. Now disposing of bombs which have
been dropped and which have not exploded on impact regquires
a very detailed Inowledge of explosives and bomb fuses and’
their good and bad habits. ' S

The School had asked the Proving Ground for a practice
area, At .the time early in 1942, I believe, I was not
responsible for the Ranges. I do not know who issued the
necessary permits. At any rate, several students and one
or more of thelr instructors were permitted.to enter an
old storage area and "dispose' of some ammunition. This
ammunition was World War I vintage shell whic¢h had been
stored in the open in a damp area, probably for 20 or more
years. The steel had corroded but of course the explosive -
had all its youthful vim and vitality.

. At any rate, these people carried perhaps 20 155 mn
shell from the pile and laid them in an area so that the
shell could be detonated. They apparently laid standard
2 1b explosive packages next to each shell, moved away,
and electrically detonated the small charges.,

Then. they came back to look at the remains. Two shell
had not detonated. So all the soldiers gathered round.
One then detonated. As luck would have it, I think only
one was killed instantly, one lost one arm and leg and re-
fused hospitalization as he said he would die no matter
what the surgeons did, and others might be saved as others
were injured. T think he was the only death at the hospital.

Of coursge, they violated two rules: a) Never move
old rusty shell or old explosives of any. kind;-and b)
never return to a detonation area after a blow until the
next day.

I regretted that I did not call the Commanding General .
of the Proving Ground when I heard that the Bomb Disposal
pegople were to try oubt their destructive procedures, and
ask that this work be placed under my command.

I was in charge of the impact areas or ranges for two
years. We had one accident in that periocd. One of the old .
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clvilian employees whd had worked on the ranges for 20
years picked up a shell which he "recognized" as an inert
loaded 37 mm Test Shell. These shell were simply fired

for dead loads in case, powder and tube acceptance tests,
The shell he picked up actually was an Italian 41 mm armour
piercing, I think, which had been fired for some reason by
Small Arms. The shell was lying at their rest area. He
was sitting on a low bank. After looking at it he dropped
i1t between his fee?t next to the bank. Due to. the bank only
his feet and lower legs were shattered, '

The other "range man" that worked all during the War
on the ranges was a Sargent who had been in the Army, I be-
lieve, to rotirement age. At least he retired ripht after
the War. Soon afterward he was working for a coniractor
who was "recovering" shell from the 1mpact areas for scrap.
That is all I ever heard except he was killed plc ing up
scrap.

On the other hand;, we examined all Jkinds of foreign
materiel, including trlck devices left by retreatlng troops,
various types of trlp devices, etc without trouble. Always
one is on. the edge of catastrophe and must. tread softly and
follow the rules. Never move an unknown shell unless a 2

1b charge has been ‘detonated next to it and at least 12 hr
have elapsed between Lhe detonation and the movement of the
shell,

H. Foreign Materiel

One of our important functions was to- study the foreign
materiel sent to this country or captured. Captain Allan
Wilson worked on this program at length and Captain Kolb
spent a-long time on study of the British 57 mm Antitank
Gun. Others were also involved. In addition, we dis-
assembled and examined devices like grenades, anti per-
sonnel dévices, etc as noted above.:

The disassembly of antl personnel dev1ces involved
some hazard., The Germans in particular devised several
widgits .that would explode on touching and others on dis-
'asSembly.

HMogt of the foreipgn material we examined was Brltish
and German,

1. Moftars

The German 81 mm Mortar and its amﬁunition.was
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examined end test rounds fired. This weapon was so nearly

like ours that the only ltem to note is that it had a some~
what heavier and stronger base plate. The British mortars

were almost identical to those of the Germans.

2. 57 mm Gun

The British manufactured a 57 mm Gun for anti-
tank use but no other country did so. Because this gun
had done yoeman gervice . in North Africa, there was pressure
for us to adopt the weapon. Accordingly several were sent
to Aberdeen for test. Captain Kolb carried out the tests
and wrote the report. He concluded that the weapon was
relatlvely ineffectlve. -

The British 57 mm Gun fired, I believe, a 7 1b
so0lid steel projectile at 2,800 ft/sec. This was a high
velocity but the shell was too small to be effective.

In addition, we concluded the weapon was too
complicated for high production. As I remember it, there
were several pages of objections. Nevertheless, we did
manufacture and test many of these weapons but I don't be-~
lieve our troops ever used any of them.

This report led to an argument between Harold
and me. As he said, he spent days writing the report to
make certain that it was nearly perfect, and then I tore
it to pleces.’ He stated, "You make me so mad. But I have
to admit that tomorrow I'll say it's a better report. !
Harold still 1s a close frlend

3. 105 nm Howitzers

The British and Germans as well as the United
States built 105 mm Howitzers in large numbers. We compared
these weanons in respect to details of manufacture, ease- of
disagssembly and assembly for repair, ease in 1oading, ac-
curacy, etc.

1t turned oub that the ammunition for the three
weapons wasg very much alike, the weapons functioned quite
alike, but the manufacturing operations differed radically.

The British breechring was cut from a block of
sbeel and machined on dl1l surfaces. ~The German one was
partially machined and the American was cast almost to
shape and finished machined on the working surfaces. The
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German wheel and axle assemblies were very involved and
included mény small parts,

: We did not disassemble the recoil mechanisms as
this was done by Rock Island Arsenal., Presumably they were

much alike In principle. The American used tubes and the

British drilled holes through a heavy forging. I have for-<

gotten what the Germans did but I belisve 1t was drilled

- from a forging. - o : :

In resung, our weapons were very much cheaper

~to build and maintain as well as being lighter and more
easily handled,

 &. Russian Tank

A Russian tank was sent in and tested by the-
Automotive Division. We simply looked at the general
vehicle and armament. It was well built, simple design,
and had excellent operating characteristics. ‘

1. Démonstratiqns

We conducted many demonstrations for special persons
and special groups. The demonstration for General Marshall
was mentioned above. In addition we had many important
visitors, including President Roosevelt, and separately
Mrs, Roosevelt, and many others. Of course, Genersl Harrils,
Cormander at Aberdeen, General Campbell, Chief of Ordnance,
and General Eddy, Commander of the Proving Ground, acted .
as hosts for these people. I did the talking for less
important people. '

Sore demonstrations were of interest. The demonstra-
tion for Hrs, Roosevelt was one. We had negroes and whites
working together. These included labor, gun crews, engineers,
etc. OSince Aberdeen is located in Maryland, we had separate
washrooms. When it was announced that Mrs. Roosevelt was
coming in, word was given out to make certaln that these
washrooms were all alike as she was interested in the color-
ed problem. We did nothing. ' :

1. Chicapo Editor

Colonel Robert McCormack, Editor of the Chicago
Tribune, was brought in.one day by General Barnes. Colonel
Bddy and I spent the day with them and gave Colonel McCormack
a full tour, including firing the 2,0 mm Howitzer. I con-
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sidered this a ﬁaste of money, but enjoyable.

2. Women .

A group of women were brought in for- a partial
demonstration. which included the firing of the 240 mm
Howitzer., These women were chosen by various groups of
women employees who were helping out in the War work in
munitions factories. o ' '

| RBefore firing the 240 mm Howitzer, I warned :
them where to stand, how to hold thelir ears, and what might
happen. On firing, the blast, even though they were all
standing well behind the weapon and we used the lowest
powder charge, blew their clothes tightly against their
bodies. Actually, the blast would not knock anyone down
but it was quite noticeable. .

Everyone of the women looked -stunned, everyone

dropped her purse, and after about 5 seconds all started
taughing at the others.

3. BEmployees' Families

Tn May, 194l we arranged for a demonstration of
most of the weapons to the employees and thelr famililes,
as many of the employees in offices and shops had never
been in the highly restricted firing areas. We also per-
mitted every employee to bring nis irmediste family--about

5,000 in all. We did this on a Sunday, which turned out
to be a beantiful day. : o

Each Proof Officer, both civilian and Army, was
asked to discuss and demonstrate hisg particular weapon.
Everything went off in fine shape and I'm sure the day was
long remembered in the Aberdeen area. .

J. 0dds and Ends

1. Powder Pressures

O0f course there were many other things that were
of interest. Each Thursday we had a 1 to 2 hr movie of
action pictures. These wWere front line movies and showed
the worst part of the War. War is hell. Then there were
many questions. One of these, I remember, dealt with
several lots of 8 in. Gun powder, The maximum firing
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pressures were 2;000 p8i high. Rejection meant burning
some 2 to li million pounds of powder., I recommended ac-
cepbing the powder for issue.

2 Invasion Plans

At the time the nuclear devices were drooped on
Hiroshima and Nagasaki, I had the geologic maps of Tokyo
Bay on my desk studylng, along with others, the optimum
point for an amphibious 1anding. We expected 1,000,000
casualties in the fighting in Japan. Actually, the
Japanese casualties would probably have been much higher
than ours 1f the civilian casualtles would be counted.
ATter all, 155,000 people lost their lives in the Tokyo
fire bomb raild and the resulting fires. In addition, we
knew all the interned Americans were to be killed immediate-
ly following the landings. This would have included Eugene
Hungerford and thousands of others. So ending the War w1th
nuclear devices saved hundreds of thousands of lives. 1
have always believed that some publicity about the nuclear
explosives followed by a demonstrabion in Tokyo Harbor would

have convinced the Japanese of the futility of further fight- .-

ing. I realize how few weapons we had at the time but I
think the demonstration, or request for a review by neutrals
could have ended the War without the deaths that occurred.

. However, Magasaki and Hiroshima may have done more. to end
wars than anyfhing else could have.

3. Powder Storégé

T mentioned above that powder storage was one of
my worries. The Main Iront had a Loading Plant consisting
of a brick bullding perhaps U0 x 60 ft. About two-thirds
of this building was open for general work while the other
third was cub up by double brick walls into loading rooms.
‘There were, I think, three smokeless powder rooms and one
black powder room used for welghinr charges, ete.

In each welghlnﬂ room bthere was a table and racks
for shell cases, a scale. table and scale, and other tools.
Powder in-steel drums which held 200 1lbs each would be
brought in and charges weighed as needed. The powder rooms
- were maintaineéd at 70° F. While we used very 1ittle black
powder, some was used, This room was always scrubbed im-
medlately .after each use.

The regular smokole g powder was stored in a con-
stant temperature relnforced concrete building d331rned for
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a maximum of 10,000 lbs of powder. During most of the War
we had from 90,000 to 110,000 1bs in the building. Since
some of this was rifle powder, a fire could have had rather
serious consequences. . Normally, while I was in charge of
the Main Front, I tried to inspect this building daily.
Mr. Bassg, who Was in charge of thils arcea, inspected the
building regularly. At no time did I ever find any spilt
- powder or grit on the floor. The powder was of course
always sealed in the.200 1b steel drums.

In 1942 a second powder loading plant nearly L.
identical to the one described, was bullt, o

In respect to black powder, when I was at Savanna
one of .the officers had assigned a soldier to digassemble
some old parachutes containing small black powder charges
in flares. The soldier did not know the characteristics
of black powder and when the officer I was with and I found
him, he had it all over the floor. We simply called him to
the door carefully and got him away. A spark could have '
caused a violent fire from which he probably would not have
egcaped, ' -

As I sbated above, there was some rifle powder at
Aberdeen. We had only a negligible amount. But we got in-
volved in tests of this powder due to .fires. The rifle '
‘powders contain nitroglycerin, which will detonate by heat
or I'riction. Dissclved in the smokeless powder, it ine
creases the rate of burning. In large quantities under
.pressure, instead of burning with a flame it will detonate.

Fires occasionally occur in rifle powder manufacture.
These are expected. However, in one instance the powder fire
spread into two rallroad cars and the powder on board these
cars detonated; the rallroad cars and conbents simply dis- .
appeared. A8 a result we ran several tests of piles of
rifle powder, We would pile up powder, say 2 £t deep, over
a squib which could be used to light the powder, and burn
the powder to see what the critical mass was. These tedts
entertained us for several Sundays. ;

e Lotcomotive Tests

At the time in question, most European locomotives
were steam operated. Partisans frequently blew up the loco-
motives by placing explosives on the tracks, The Germans
got around this by rapid repairs of the damage and by pushing
one or two old worn out cars ahead of the locomotives. So
we had to develop counting devices that would count the.
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wheels and then blow up the locomotives beyond repair.
Telephone dial counters worked well for the wheel counters.
All the partisan had to do was to set his explosives and
wailt until a train got in sight, count the wheels to be
allowed to pass over the explosive, set his counter, and
disappear.

We also developed means to make repairs ﬁery dif-

ficult. These tests occupled and entertained us for other
Sunday mornings. :

5. Weird Results

'a. Antiaircraft

Two things happened that are of interest. The
first of these is that a Proof O0fficer at the Antiaircraft
Range was testing a 120 mm Antiaircraft Gun. During some
of the firings at very high elevations of 75° or so, the
shell simply disappeared. Soon, however, we hesrd where
they went. '

: All shell are rotated on firing to give them
stability. These shell were over stable and when they
reached their maximum elevation they did not turn over but
came down backwards. Due to its right hand rotation a
shell normally proceeds to the right. When coming ‘down ..
"backwards, the shell proceeded to the left. As a result
they landed across the Bay on farms on the Eastern Shore.
Luckily no one was hurt.

b. Bombs

I had nothing directly to do with the bomb
ranges or tests; so I had no part in the follow1ng.

' The bomb ranges at Aberdeen wWere-used for low
elevat:on tests but with the advent of World War II planes
flew much higher; so high altitude bombs were developed.
Samples of these were inert loaded for recovery tests and

one was dropped from high altitude. The bomb did not strike
the bomb range bubt struck across Route !}0 and the Pennsylvania

. Railroad near the Baltimore & Ohilo Railroad. As a result the

high bombing range near Death Valley was prompily opened.

6. Museum
During the middle of World Wer II the Museum at
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Aberdeen was scrapped. It had been built up at great ex-
pense and included most of the weapons used in World Wer I
along with various older and newer weapons, both U.S. and
forelgn. -The excuse given was that the material was needed-
for the scrap iron,

I opposed the scrapping as it was useful for old
test pieces like muzzle blast deflectors, etc. We had used
1t several times. Also I believed that its educational
value was too great to permlt 1ts use as scrap.

Te Officer of the Day

" Even with the work outlined above, I still had to
take my turn as Officer of the Day. . During the War Aberdeen
Proving Ground consisted of the Prov1nn Ground ‘proper or
Arms and Ammunition Development and Toot, Ordnance School,
Ordnance Training Camp, and Ordnance I'ield Supply Depot.

I was attached to the Proving Ground and had no part in the
Training or Field Supply programs. However, there were
nocessarlly several Officers of the Day and one Field 0f-
ficer of the Day.- This latter was either a Major or Lieu-
tenant Colonel. So there being only a limited number of
these Officers, I had to serve my turn, usually on Sundays
as there weren't supposed to be troubles on Sundays.

Several tthgs happened which may be of interest.
Some of them are listed but not in the order in which they
occurred, as I have forgotten thé dates.

(a} .One nizht it was cold and rainy. I was
out most of the evening on Inspections as we had to check
all the Officers of the Day. Unfortunately, I had a bad
cold and T was very tired. I should have called in sick
but T didn't.,  Anyway the next day I went to the hospital
for ten days with pneumonia.

‘ When Winnie came to call on me at the hospital

and found.me in the ward with a high fever and pulse, she
got me transferred to a private room. I had a good rest,
which I very badly needed,

One other time I got a minor skin infection.
and the doctor wanted to give me a series of "shots"; so.
he put me in the hospital. There were practically no
ratients, so my room was usually filled with nurses who
had little to do but .give me back rubs.
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(b) One of the first times I wag Field Officer
I was called about 1900 from Bush River, The Pennsylvania
Railroad had a small depot there and local trains stopped.
The ticket agent called saying a negro worker had just come
in and said there are arms and legs all along the track.
So I was asked if we were missing one or more soldiers and,
1f so, would T send cut an ambulance for the arms and legs
and presumably other parts.

What had happened was that a passenger traln
wlth a couple cars of draftees was going north from Balbi-
more to Aberdeen. It had slowed down at Bush River-~actually
Bush River is a mile wide branch of Chesapeake Bay--and one
of the draftees had tried to get off. The train had probably
slowed from about 110 to 50 miles per hour. The man had been
dragged or rolled under the train. Also there was a freight
on, the next track soon after at probably 50 miles per hour.
His body was cub 1nto several parts.

It was also my duty that night to telegraph
the man's folks and tell them that thelr son had been ac--
cidentally killed. I got the Adjutant to write the message.

(¢} Another time I was about asleep one Sunday
afternoon in Headquarters when the phone rang. The man
calling spoke about as follows "This is the Sheriff in
Elkton. Onc of your MP!'s just shot a8 man. Do you want to
send an ambulance for the body or shall I stick 1t in the
morgue ?"

What had happened was that one of the trainces
had gone AWOL and gone to Elkton to see his girl. They had
a large pyrotectics plant there with lots of girls.

An MP had been sgent to arrest the men who was
in civilian clothes. When the MP found him, the man ran.
The MP then started chasing him and fired a warning shot.
But as the MP fired he stumbled and the bullet struck the
AWOL in the back, killing him instantly.

: : This time I got the Adjutant to handle the
whole deal.: : : .

(d) Hot all thingms end in such tragedies. .
Others are different. One night I walked infto the MP dorm
to inspect it. This requires expleining.

While at Aberdeen I had a continual feud with
the MP's. Their Commandant was one of these super efficlency
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guys and I did not like him. Anyway his men were always
arrestlng my men for speeding and minor traffic infractions.
Since they had to go to the socalled Court to explain these
thinzs, 1t took them from work. So I refused flnally to let
them go and I would call the Court Clerk and explain what
had happened. Then they started holding Court at.night!

The MP's were always drlving around the area.
at high speeds., One night four of them were in Aberdeen
and I tried to catch them. If I had,they would have been
in deep trouble but they turned into Poat Road and the
guard there waved them.on and stopped me, gulte correctly
too.

Anyway, when I went into the dorm, a naked
girl whom I had seen and recognized, was laying on one of
the cots. Bhe quickly covered herself,  As I had seen her
ont of the corner of one eye, I inspected the ‘dorm and
walked out without letting anyone know I had seen her. The
tragedy was that later I found out she had syphilis.

_ When Headaguarters found out the girl had
syphilis, they fired her. I called the Adjutant and tried
to get her sent to the hospltal., Anyway, she very soon
married a young man that llved in Havre de Grace.

(e) HWach time I was l"leld Officer the General
sent me to a different place., He always read my reports
to his staff but never anyone else's. I think I amused him.
Three of the things T inspected were as follows:

(1) Guard House. I was sent. to inspect
the Guard House and eat dinner with the prisoners. I en-
joyed it. The food was good and the men I talked to were
all in for wvery minor infractions and short terms.

(2} Churches. They had three or four
churches. So one day I had to 1nspect them--Sunday too.
Major Gilbert Hyde, who lived in part of a duplex with us,
wag one of the Chaplains. So I enjoyed this too. However,
T found many things wrong. Hostly they were dirty and they
had not been malnta;ncd well.

(3)  Stores, Once I was sent to inspect
the Supply Depot. This was a mess also. The Colonel in
charge was a pgood friend but I don't think he ever walked
“through the warehouses until I .called on him to accompany
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me. I wrote up a very damning report. Stuff was poorly
catalogued; the place and equipment were dity; there were
too many people involved, ete, etec.

° (L) Officers! Club. The funniest job

was inspectlion of the Officers' Club. And on Saturday
night. In the Army there is almost always a formal dance
at the Officers' Club on Saturday night, and all officers
are supposcd to attend and most do., However, this night
was a bridge and game party. '

So T walked into the Club at 2230 1n the
evening in fatlgues and under arms. Or I was in regular
work uniform, with cap--it i1s not removed while under arms=-
and with loaded pistol and ammunition belt. .. There were

guffaws from everyone. I proceeded to inspect the bar, etc.

There were cockroachps and dirt everywhere.

. Later I 1nspected the NGO Club and found
nothing wrong. . So my report was quite a contrast.,

(5) Comments. Of course, I called all
the persons in charge before I went to their areas. All
of the Officers in Qhargo except for the Military Police
and the Officers! Club accompanied me on the inspections.

The man in charge of the stores asked me to return a second

time to help straighten things oub.

- When we were inspected, which was not un-
common, I or Major Johnson accompanied the visltors.

8. Special Tests

Thero were several special tests that were conduct-
ed which I directed but which I believe are still classified.
One of these required 60 hour weeks for the people involved.
The General jumped on me about overtime. One-other test
involved loading airplanes and we were glven from Thursday
noon until Sunday to do the work and write the report. Chet
Johnson, now retired iiajor Gfeneral, then Captain, was in-
charge. He worked 23, 22 and 12 hours. I signed the re-
port at 0330 Sunday A.M. '
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Comparative firings demonstrated only occa31onal short
.rounds. Affter much examination variations in thicknesses
of the copper rotating bands, which are cut into the bands
in the gun to rotate the shell for stability, were noted.
It was then only a simple step to check the manufacturerss
for variations in procedures. It was found that the time
of holding the pressure on the copper bands by the
- compression machine was importarnt as the copper "flowed!
slowly under the pressure. When properly compressed into
the groove cut into the shell, the shell were compressed
in diameter at the band area gbhout 0.002 in, Correction
was simple in that the proper delay Time was easily
determined and used.

D. Submarine Shaped Charge (II. C. 1)

We also ran tests of torpedo exploslve shaped charges,
These were tested statically in a special setup down range.
Dur to the long instrument setup times, each detonation was
~delayed until nearly midnight, even though we started the

actual installations in early morning.

‘The Gommandlng General climbed all over me'for the long

deys. He seemed only worried about the labor and not the
dozen engineers and officers,

"B. Armour Piercing Shell (II. C. L)

A’ test was run using bungsten carbide projectiles for
. armoy plercing against tanks. This was top secret at the
time. The high density material projectiles about 1 in.
diameter were fired in three in. Guns with a detachable
bottom so that very high velocitles could be obtained.

The high density resulted in very penetrating projectiles.
On ‘entering the vehicle the shattered, by then red hot,

" particles spread throughout the vehicle, killing the crew
and igniting the propellants in the enemy tanks,

Of course, uranium or thorium metal would sppear

- superior to the tungsten carbide since they would oxidize
after entering the vehicle and remain red hot until com-
pletely oxidized.



A, Recoilless Rifles (II. B. 3. d (I)

One item of interest is that the 57 mm Recoilless Rifle
was used to assist In the crossing of the Rhine River. At
Aberdeen we tested all the available weg ons and these were
shipped by air. A "drop" was made across the Rhine. Some-
thing like 100 weapons: were dropped. The Germans did not

"recognize that it was a new weapon and confused the noise

with the 155 mm Gun. Accordingly a whole division surrendered
83 the Germans thought they were surrounded.

As g result the Americans were sbls to cross the Rhine

wlth very little trouble.

it

: After reading the above, Lugene Hungerford stated she
had dated the pllot that took the American genéral: ever
Germany. She stated that he once remerked that they did
not understand why the. Germans surrendered the Rhine River
bridge. TR

B. 60‘Galiber Machine Gun

During the last part of WOrld War TI we were developing
the 60 Caliber Machine Gun and firings were being conducted
by Small Arms at Aberdeen. Great troublss develpped because
of* the high, pressure and high rate of fire. My part was
simply to- see that the work progressed.\ Lo

What became of this program, I do not know.

" Co, 105 mm Howitzer Accuracy (II. B. 3. g}

When we entered World War II, there was a great
expansion of ammunition production. Several contractors
began production of 105 mm Shell. After a time it became
obvious that occasional short rounds were occurring. I
actual fact, many rounds had muzzle velocities 30 It per

. 8ec below normal., This was enough to result in short
"rounds falling into our troops. I believe the actual

" Invasion of Europe was held up for about six weeks while
- we looked for the source of trouble.

'Joseph Sporazzo was the Proof Officer. The first . step
we took was to test a large number of rounds 6f shell lots

- supplied by the various manufacturers. These demonstrated

that shell made by the Oldsmobile Division of General ,
Motoras were unlform. So this lot of shell was set aside L

asstmﬁaﬂ -.\

~
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ITI. NUCLEAR DEVELOPMENT_

4. Introduction

I knew there was a nuclear weapons development program
during World War TI but that was about all I did know about
1t. It was obvious what the magnitude of the project was
because occaslionally we lost people and I hecard tales of
strange cities, especially the orie in Tennessee. When the
first bomb was dropped we ran the motion picture of the
Alamorgordo test that was released to study the bomb's
magnitude and probable effects. _ _ ' :

At the same time I got an early draft of the Smyth
Report and. studied 1t in detall. It was obvious that the
usefulness of ordinary weapons in a major war would be
limited in the fubture. On the other hand, we considered
ordinary weapons would be needed even though the main
battles might be nuclear,

Very soon after the VWar we returned to teaching. In
the late fall of 196 I received an offer from Los Alamos
to become. head of the Materials Department. I talked to
Winnie and- since we had moved twice recently, and since
Los Alamos wag remote, I declined the offer. In retrdspect
we most certainly should have accepted and moved to Los™
Alamos. The offer was made at the suggestion of a previous
University of Arkansas student who was Associate Director
of the Materials Division--as he said, he was trying to
hire his boss. ' ‘

Several months later I received a letter from the
Monsanto Chemical Company in St. Louls saying that they
understood I had declined an offer mede by.Los Alamos and
would I consider a position at Oak Ridge National Labora-
tory. I answered a polite no.  About one month later I
received a telegram requesting that I visit Oak Ridge for .-
an interview. I called Miles Leverett, who had signed the
letter from Monsanto. Miles was Director of the Technical
Division at Oak Ridge and lonsanto was the contractor. He
stated they wished to consider me as Assistant Director of
the Technical Division in charge of the Chemical Engineering
development programs. ' ' o

" So Thanksgiving weckend in 1947 I went to Oak Ridge..
On the way from Knoxville to Oak Ridge the Oak Ridge driver
had an accident. I was not hurt but the driver of the other
car had two tceth knocked oub. I was made an offer that
interested me, and after much discussion I accepted.
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Accordingly, I resigned as head of %the Department of .
Chemical Erngineering at Wayne State University and we noved
to'0ak Ridge as of the beginning of February, 1948, The
actual move was made in a snowstorm, loading furniture,
driving to Oak Ridge, and unloading.

B. Qak Ridge National Laboratory

At that time Oak Ridge was a closed city with everyone
requiring passes to enter or leave. Since we were used %o
.and liked this manner of living, we had no objections.

We were assigned a large house almost on top of the
hill overlooking the city and very occasionally lstting us
see the mountains across the valley. The Oak Ridge in-
stallations at that time consisted of the laboratéries at
X-10; the Uranium 235 Electromagnetic Separation Plant at
Y-12; and the U 235 Gaseous Diffusion Plant at K-25.

1, Technical Division

The Technical Division of the X-10 laboratories
consisted of about 90 engineers and scientists. It was
broken into sections: the High Flux Reactor and Chemical
Separations, among others. ' :

By the time we srrived at 0ak Ridge the adminis~
tration of the Laboratory was being changed. Monsanto
Chemical Company had taken over directlion of the Laboratory
some time previously from the University of Chicago., But
the Atomlc Energy Commission wanted to centralize direction
of all Oak Ridge facilities under industry, prefersably one
organization, So Monsanto dropped out and the Commission
contracted with Union Carbide and Chemical Jompany to
. operate all three 0Oak Ridge plants, including the labora-~’
tories, The Cormission was probably wronq in that the
scientists were happier under Monsanto. "Administration™
was more direct but the "productivity" of the Laboratory
was probsbly decreased--thus a wrong decision was made by
the top "administrators®. | .

: Because of this Miles Leveretl, Director of the
Technical Division, resigned to return to his previous
position with Humble 0il Company, as he had been on loan
during the War from Humble, I do not know what his position
had been. He was an excellent Chemical Engineer.

Poor Miles, after a Few months at Humble, he gave
up as he couldn't stand the lack of excitement, and returned
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to the nuclear field.

So I worked for Miles one month only. Merlin
Peterson was Director of the Chemlcal Separations Section.
Since I was completely new, he was made Divigion Director-—-
in other words, he and I were reversed and he became my
boss instead of the other way around. It was logical and
worked as Pete knew what had been going on and I did not.
For the immediate future he kept the Chemical Processing
Development and T took charve of all the engineering work
in the Division, including thaL of Chemical Engineering
Development such as fluld flow, heat transfer, etc. I was,
happy as I never enjoyed administration.. Pete is still
doing it. Unfortunately his wife, Marlon, died of brain
cancer g few years ago.

Most of my work became associated immediately with
the High Flux Reacbtor which was later renamed the Materials
Testing Reactor.  Actually, in addition to the engineering
work.I scon became sort of an Assistant Laboratory Director
as I was made a member of the Laboratory Executive Committee
end stuck my nose into laborabtory wide projects. The
Laboratory was so poor engineering wise that everyone seemed
to welcome any help. Anyway, I always have offered my
opinions whether asked for or not.

‘About half of the Technical Division staff was -
agsigned to the Separations end of the Reactor Program and
"one half to the Engineering Development. There was also a
15 to 20 man Engineering or Drawing Section. All these
people were occupied with the design of the High Flux Re-
actor and its associated fuel recovery facilities.

It would appear reasonable to mention a few of the
persons that worked for me and with me. These included:

(a) John Hulfman. John was an Assistant.
Dlrector of the Technical Division. He was a Chemical
Engineer who had worked with the Columbia Group before the
War on Reactor work. At Oak Ridge he was in charge of de-
sign of the High Flux Reactor. After Miles e ft he con-
tinued the design for a time and then transferred to
Argonne National Laboratory.

When the Steering Committee for the Materilals
Testlnb Reactor or MTR, was set up in June, 1949, I belileve,
John became Argonne's representative and was responsible
for design of the MTR outside of the Reactor itself. Later
" he moved to Idsho and worked for Phillips Petroleum 1n
Operations of the MTR.
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_ A few years ago he retired and moved to Boston.
Due to his consulting he and Bereneice now live in Philaw-
delphia. Presently he 'is consulting -on the desipgn of a
replacement power reactor for the Hanford area,

(b) James A. Lane. Jimmy reported to Oak ;
Ridge the 'same date that I did. He had been an old du Pont
employee with a Physical Chemistry Masters Degree. During
the War he had been assigned to 0Oak Ridge but when du Pont
pulled out he went back to Wilmington. He was on leave as
Technical Advisor on the Alsos Project in Germany at the
~end of the War, Then he returned to Oak Ridge in 1948. He -
worked with me at Oak Ridge, later he worked for Marvin Mann
on the Materials Testing Reactor, and still later he was
transferred to the Atomic Energy Commission and we were
both Branch Chiefs and worked together on an evaluation
of reactor programs for the Commission with Dr. Laurence
Hafstad., We still keep in touch.

(e) Charles Winters. Charles was in charge
of a portion of the Chemical Enginecring Laboratory. Later
he was transferred to the rayon division of Carbide and I
believe he is now a Vice President of the Carbide Company.

(d) DBeecher Bripgs. Beecher was an engineer
in charge of a section of the Chemical Ingineering Branch
of the Technical Division. He is still at Oak Ridge.,

) {(e) TFloyd Culler. Floyd was a Secltion Chief
in the Chemlcal Separations Branch. Floyd became Division
Director, Assistant Laboratory Director, and he is Director
of the Laboratory. o :

(£) Jones. Jones was Chisf of the De~
sign Section. Ile was an excellent engineer,

: {g) Jack Kger. Jack was in charge of the
Metallurgy Division. Richard Cunningham and several others
worked for him. They developed the aluminum clad highly
enriched wranium fuel assemblies for the MTR. Similar
assemblies have been used in many later reactors all over

the world.

The detailed work being carried'out_by‘the Technical
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Division is ‘discussed below under the Materials Testing
Reactor. E

Z2e Union Carbide

As mentioned above, it was amounced just before
our move to Oak Ridge that Union Carbide and Chemical
Company would take over operation of the Laboratory on 1
March 198. So during February the Division Directors met
with the Carbide representatives to establish policies. _
We had several two hour meetings. The net result was that.
many of the people were unhappy but on the whole I think
tighter policies were necessary. Anyhow, Carbide is still
running the place. But the production of new ideas probably
dropped. ' ' :

3. Organization of the Laboratory

The Carblde organization was the normal business
type with the usual officlals and staff meetings. Since !
I was the most talkative, I kept and wrote up the notes of
the Executive Commlttee meetings. I also got stuck with
some special jobs such as the installations of filters on
the old Graphite Resctor. ' '

 Other persons of interest that should be mentloned
was a Mr. Rucker who was assigned by Carbide as Director.
He had an assistant whose name I do not remember, but for
whom I had considerable regard and who, in my opinion,
actually ran the Laboratory. He conceded one day that he
did not like the persomnel problems nor the publicity. But
I believe he was a much keener man than Rucker,

Marvin Mann. Marvin was a member of the Physics
Division and was occupied at the time in question with the
physica calcnulations and critlical mass measurements of the
High Flux Reactor. He became a member of the -three man
Materials Testing Reactor Steering Committee representing
. Oak Ridge. Later he transferred to the Atomic Energy Com-
mission wherg he has been most of the last 20 years,

Alvin Weinberg. Alvin was Director of the
Physics Division. He became the Oak Ridge Executive on
the Steering Committee. Later he was Laboratory Director -
until January, 1973 when he took leave of absence for six
months. I do not know what he is doing at present.
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C. DéVelopment Programs

The main efforts of the Development Division were
directed toward the High Flux Reactor. Since all aspects
of this project were classified secret, I spent most of
my time at Cirst simply going over the reports and studying
the research and development projects, At the time under
discussion,; very little information except the Smyth Re~
port, had been released about the nuclear developments,

The Oak Ridge Graphite and the Hanford Reactors had been
‘built and were operating. In additlon the Chicago Pile 3
was operating as were two small reactors at Los Alamos. -

So when Miles Leverett left at the end of Pebruary I
became responsible for the development and engineering of
the project. Luckily I had an excellent staff. .Peterson
convinued  to direct process development of the.Chemical
Separations and Recovery of the U 233 and U 235 pPrograms,
while I directed the design of the full scale recovery
plants.

"1l.' Harch Heeting

Due to low morale throughout the Laboratory when
Carbide took over there was very little work done by the
scientists during the early part of March. Even the en-
glneers were affected. So I started Honday Morning Technical
Meetings. For the first one I asked each engineer in the
Division to submit proposals for the programs he thought
should be pushed. As recorded in the official history of
the Atomic Energy Commission, more sugsestions were sub-
mitted than it was possible to carry forward, We decided
to push those projects dealing with the High Flux Reactor,
Unfortunately this left out Zirconium development which
had been recomnended by Charles Winters. To have done so
was probably right but it may have been the poorest decision
I ever made as the development of Zirconium might have been
started one to two years earlier than was actually the case.

Morale in the Technical Division became excellent
and continued to aflfect the other Divisions as most of the
people went back %o work.

2, HMaterials Testing Reac tor

. Sometime later.the High Flux Reactor was renamed
the Materials Testing Reactor, but I have used the Materials
Testing Reactor name or the initials MTR in this paper. The
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baslc idea for'the reactor had been suggested by‘Professor
Bugene G. Wigner of Princeton University. -

‘a. Description of the Project

While the Project was classified at that time,
1t was completely declassified and a public description was
made in 1953, I believe, at the Jenner Conference in -Norway.
But in 1948 the technology was held closely. The reactor,
was designed to produce a thermal neutron flux of 2 x 10+
neutrons pasging each square centimeter in the beryllium
per second., This was about an order of magnitude higher
than any reactor in operation at the time. The heat load
was 30,000 kw. S :

The actual fuel for the MTR consisted of &n
aluminum-uranium alloy containing about 18% uranium by
welight., The uranium was enriched to about 93% U 235. The
alloy was made by reducing .the oxide with aluminum to form
an alloy of about 18% uranium by weight. The ingots were
rolled to about 0.0l in, thick plates and these were clad
by a picture frame process with aluminum. The plates were
cut to about 2,75 in. wide by 2l 1n. long, clad with an
outer plate punched to hold the alloy and clad top and
bottom with aluminum plates about 0,02 in. thick. These
were brazed, using an aluminum-silicon alloy, to form solid
plates. Then 18 of these plates which were about 0.08 in.
thick by 2.75 in. and 2} in. long, were bonded into alumlinun
side plates about 3 £t long.  Suitable end boxes were then
brazed on the fuel boxes to give the completed assemblies.
The reactor core consisted of a 3 x 8 pattern of these fuel
assemblies surrounded by berylliium reflector bars 3 in. by
3 in, ’

The critical mass or working load of fuel con-
tained about 3 kilograms or 7 1b of U 235. The core wvolume
wag aboubt the size of a suitcase. 10,000 gpm of water was
pumped through this core at 30 ft/sec to remove the 30,000 -
lw of heat, . : )

As designed the core was surrounded by an
average of three layers of 3 x 3 x L0 In. berylliuwm pieces.
Neutron ports were cut into the beryllium so that the whole
"~ thing looked like Swiss cheese. - ‘

' The core and beryllium reflector were about
Il £t diam. These were enclosed in an aluminum tank which
acted as the water inlet and outlet. Around this aluminum
tank was a couple of feet of air cooled graphite balls and
gseveral feet of graphite blotks. Outside of this was a
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foot of steel thermal shigld and 6 ft of concrete shlelding.
Complex instrumentation holes were spread all over the
reactor. The graphite and thermal shield were air cooled. o

The reactor was housed in a 120 £t square 90
v hlgh concrete slab building. Since it was an experi-
mental reactor, we considered it proper to use an experi-
mental construction or 2 in. of concrete, 2 in. of glass
wool, and 2 in. of concrete slabs., One building, a small
du Pont structure in Towa, had prev1dusly been built in
this manner. The main operating floor was bullt to carry
heavy shieldind loads and -thus was built with 36 1n. I-beams.

Auxiliery laboratories, heat dlSSlpatlon equlp—
ment etc added to the total project. It cost about
%30, OOO 000 %o build, It is now shut down.

Ag originally planned the Project included the
Tuel recovery plant for the uranium 235 and also a plant
to recover uranium 233 from irradiated thorium, - Actually
“the U 235 plant was eventually segregated and the U 233
plant was built later.

The following paragraphs list some of the more
important development programs carried out at Oak Ridge
National Laboratory. All except the Critical Experiments
and Separation Processing ceame .under my dlrectlon. In
addition, I was charged with the desipgn not only of the
MTR but also the U 233 and T 235 SODaration Plants.

The main justification for the reactor was
that 1t was needed to form a beam of thermal neutrons so
that the vproperties of neutrons could be measured in-a
beam one guarter mile long. This experiment has never
been run. We did not install the beam but left openings
for it but it was never built,

. Heat Transfer

The heat transfer was higher than all others
except a few special commercial installations, so extensive
tests were carried out. To obtain the high heat rate of
about 500,000 BTU/f42 hr® F required a water flow of
30 ft/sec. While not high today, both quantities were very
high at that time. High purity. waler at room temperature
was used abt all times.

So we sot up elaborate electrical heated mock
fuel plates and tested them to prove that the design was
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satislfactory. Later designs like the Test Reactor at Oak
Ridge produce much higher heat rates per cubic foot.

¢. TFluid Flow

The pressure drop through the core of the
reactor was measured by simply measuring the drop in _
pressure at various flow rates of the water coolant. The
problem was complex since corrosion changed the aluminum
plate surfaces, making the surface roughcn and increasing
the pressure drop.

de Corrosion

, The corrosion of the various alumlnum alloys
as well as pure aluminum was studied. Adequate corrosion
resistance was found except at very high water flow rates.
Above 50 ft/sec the aluminum oxide hydrates formed in cor-
rosion tend to break off leaving frest aluminum surface
which corrodes rapidly.

Since the beryllium was also.cooled, it also
had to be checked tec be sure that the corrosion rate was
low. 1In addition, there were some steel paris but due to
the low temperature water stainless steel was used with

essentially zero corrosion.

e. Vibration
The fourth problem involved in- the reactor
core was vibration. This problem was not serious except

to make certain that all parts that mipht vibrate in the
water were tested and checked _

f. Flow Mockup

In order to check the Tlow pattern we designed
and built a mockup of the core and beryllium reflector with
aluminum as a standin for the beryllium. This was & major
undertaklng as large pumps for 10,000 gpm, etc were required,

Alumlnum barsa machlned to rather precise
dimensions were used to represent the beryllium reflector.
These bars were 3 x 3 in. by about 5 £t long. They were
machined with cooling channels,.etc. Iven the procurement
of these bars and the tanks cost btens of thousanda of
dollers. The core of the mockup was built of aluminum
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plates in lieu of the clad alloy plates described above.

_ The procurement of these -aluminum bars involved’
concern. We went to Los Angeles to see a prospective cone~
tractor but finally contracted with a die menufacturer, I
believe, in Detroit. The difficulty arose since aluminum
warps readily on machining and it is difficult to meet
close tolerances with large pieces.

. About two years after completion of the flow
tests, active fuel assemblies were placed in the reactor,
the large pumps were replaced by smaller pumps, and the :
30 in. diam piping was replaced by 2 in. piping. Shielding
control devices were added. As such the mockup became the
Low Intensity Test Reactor and was operated for several
years. It served as the highest flux reactor until the
MTR was in service., .It has now been disassembled. '

g« Tuel Manufacture

As indicated above, the fuel assemblles con-
sisted of nearly sduare aluminum pieces, some l ft long
and about 3 in. square. These were supported in a heavy
grid plate. - :

The development of the fuel plates made the
MTR possible. The same type of fuel is used in nearly all
of the test reactors throughout the world today.

Actually, when I arrived at QOak Ridge the fuel

-aésembly’building was in operation and I had very little to
do with the development or test of the fuel.

he Core Design

T noted that there was a Design Section work-
ing on drawings for the MTR under Jones! direction. During
the first month I paid little attention to this group.
However, o Tew days alter Miles Leverett left the Head of
the Section brought into the office a roll of about 4O
drawings and unrolled them on my deslk. They were the
detailed desipn drawings Tor the beryllium reflector pieces.
I asked why bring them to me, and Jones replied, "You have
to sign them." o '

: _ After several hours of study of the drawings
T became convinced that the close tolerances on the ‘
dimensions were not required. Actually, all dimensions
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were given to 0,0005 in. or half a thousanth. I flnally
got all dimensions released to 0.00l and most to 0.0025.
I should have insisted all dimenslons be released to at

least 40,01 in. The cost of the flner dimensions simply
could not be Justlfled.;

Anyway, it was nearly six weeks before I would
sign the drawings. All dimensions were released to £0.00L
in. and most to £0.005 in. By the time we got into the
manufacture we had released most tolerances to 0. 01 in.

‘ The reat of the core design was quite stralght-
forward. I got the tolerances on the fuel and other core
components released to reasonable figures.

The core itself consisted of a 5 x 9 assembly
of fuel assemblies with 8 of the places on a 1 to 1 pattern
filled with control rods. Each of these rods contained fuel
sections and neutron polson sections that could be moved in
and out of the core during operations. This was necesgsary
since the fuel burned up enough that it had to be replaced
or replenlshed each two weeks. The gradual replacement of
neutron poisons by fuel lengthened the 1life to nearly five
weeks,

1. Cooling System

The reactor was cooled by pumping 30,000 gpm
of high purity water through the core of the reactor at 30
ft per sec. Externa]ly the cooling system consisted of
the necessary pipes and pumps plus storage tanks, deioniza-
tlon beds, and flash evaporators. The steam was then con-
densed and- the heat finally rejected by cooling towers,

When operated at_ 30,000 kw of heat, the fast
neutron flux wailabout & x 10 and the thermal neutrog
flux was 2 % 10 } with the total neutron flux about 1015
neutrons/em™ sec. A8 noted this was more than an order ‘of
magnitude above other resactors but it is now too low to be
.of value and the reactor has been closed down as obsolete,

jo Test Facilities
The mogt lmportant test facilities were:

Six large beam holes to the core;

Six small beam holes to the core;

Provision for loop tests using special
fuel sssemblies; .

[
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Many low intensity test porﬁs; and
Thermal column.,

3. Fuel Recovery

Since only a small fraction of the uranium 235 fuel
is burned or fissioned during the life of a fuel assembly,
plans had to be prepared to recover the unused uranium for
reuse. - The actual critical mass of uranium 235 was about
2.5 kg or about 5 1lb. About 20% of this amount was burned
per cycle of two weeks. The value of the unused 2.5 kg was
about %75,000. : : .

The fuel was recovered by allowing the Ffission
products to partially decay for a few months, chopping off
the fuel assembly ends, dissolving in nitric .acid, and
separation of the fuel by solvent extraction. It was con-
sidered necessary to use three solvent extraction cycles.

Laboratory scale equipment was built at Osk Ridge
and also a pilot plant was constructed and the process
thoroughly developed., I had only nominal contact and
responsibility for these operations. I did have some
responsibility for design of the proposed full scale plant.

In addition laboratory development of the recovery:
of uranium 233 from irradiated thorium was under way as it
was plamned that production of kilogram quantities of U 233
would be & main functlon cf the MTR.

As discussed later, the MIR and the U 235 Recovery
Plants were bullt at the Hational Reactor Testing Station
near Idsho Falls. The U 233 Recovery Plant was bullt at
Hanford. But during this period I directed the design of
both the U.233 and U 235 Recovery Plants.

D. 5poclal Pro;ects

The - Organlzation was quite stable Irom March through
August, 1948. I was Associate Director of the Technical
Division in charge of the MTR Design and Development and
a member of the Laboratory Advisory Comiittee. During this
period and extending into the fall I was involved in a few
laboratory wide programs,

During this period.I also edited the Monthly Reports

of the Technical Division and supervised procurement for:
the mockup. One curlous argument occurred scon after I
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started work at Oak Ridge in respect to procurement. I

_ found myself arguing with the Purchasing Department at

Y 12 about whether or not we had te take the lowest bid.

‘On one item I refused to approve such a bid and was told
that I had to do so. I then said there was no requirement
for this since the proposed supplier was unsatisfactory.

I was informed that it was necessary to make oul an
affidavit to this effect and a responsible person had to
sign it. . I informed the Purchasing Agent that not only
would I be pleased to make oub such an affidavit but I would
be happy teo sign it. I also informed the Purchasing Officer
that it was my responsibility that the equipment operate
satisfactorily and if they wished to tell me what equip-
ment that I must use they could jolly well assume responsi-
bility for its operatien.’ The Purchasing Agent then replied,
"Oh, if you'll take the responsibility, we'll be happy to do
whatever you wish."

A similar argument arose with the Atomic Energy Come
mlssion people a little later. I specilied a certain type
and part number on an order for filters from American Air
Filter Company. I was told that I had to write a specifica-~
tion and request bids. I informed the AEC Area Manager
either he could do my Job or he could stay out of my busi-
ness, as there was only one qualified supplier. He did the
latter. Later Sam and I became good friends, '

1. Laboratory Adminisiration Committee

‘When I first arrived at Oak Ridge, I was asked %o
attend the Laboratory Administration Committee even though
the members were supposed to be the Division Directors. 1T
found that I was the only one that took notes and dictated
a record afterwards. So I soon became the recording secre-
tary by defaulbt. As noted above, I probably did the most
talking. : .

2 Reacﬁor Aceident

Around September 1, 19,8 an accident occurred with
the Oak Ridge Graphite Reactor. This reactor had been built
during World War II for the purpose of making one gram of
plutonium to test before the Hanford Reactors could be placed
- in operation. The plutonium was necessary to test the separa~
tions process; so next to the Reactor Bullding a Pllot Plant
had been built. This Pilot Plant was later changed into the
Pilot Plant for the MTR fuel or U 235 Recovery.
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The reactor consisted of a concrete shielded block
of graphlte some 12 £t on a side through which were 2 in.
by 2 in. holes on 8 in. centers. Uranium metal sluczs about:
1 in. diam and L in.. long in welded aluminum cans were slid
into holes in the graphite through holes in the front con-~
-crete.shield. The holes were placed with the diapgonals
-horizontal and vertical. Air was sucked through the holes
from front to back and ejected up a tall staclk.

: Occasionally an aluminum can would leak, air would
enter the can, and slowly oxidize the uraniuvm which iIn turn
would swell due Ho the lower density of the oxide., In
severe cases the canned bars would swell until the cans-
broke open and uranium oxide with various amounts of fission
producbs and plutonium would be sent up the stack end 'fall
in the surrounding areas.

. Several instances such as the above had occcurred
“but it had been relatively easgy to push the cans from each
row soon after the failures occurred and very little uranium
had been lost. These cans or bars, when they reached .the
rear of the block of graphite, fell throush an open space
inside the rear conorete shield into a water filled canal.

Soon after the first of September, 198 a failure
of a camned bar of uranium occurred and swelled enough to
cause a lowering of the air coolant over adjacent slugs.
Before this was noted at least one slug had become stuck
so that when the operatora tried to shove the bars out to
the rear they became jammed. Before the incident was
broupght under control several bars had been broken and the
uranium oxidized. - Perhaps a3 much as 1 or 2 lbs of oxidiged’
material with perhaps a gram or so of Iission products and
traces of plutonium had escaped un the stack, . The exlt area
and inside of the stack became gquite contamlnated and the
entire downwind area had low contamination.

Several of the sclentists became greatly alarmed.
Others Wwere not worried. The hazard due to the gamma rays
was certaxnlJ negligible but the danger of a particle being
lodged in the lungs and the plutonlum causling cancer was
theoretically possible. At any rate, there was great fear
on the part of several physicists. No one to my knowledge
has ever had any ill effects due to this exposure.

a. Cleanup Operations

. Somehow or other I fell into the task of
cleanling up the mess and correcting the reactor. design. A
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survey of the area 1nd10ated small. traces of radiocactivity

over an area of perhaps two blocks from the reactor. Since
the incident occurred at night, there was very 1little wind

and I suspect there had been an inversion over the valley.

S50 we organized cleanup operations as follows: )

- . (1) We sprayed all buildings with fire
* hoses to wash the radaoactlvity to the ground
as far as possible.

(2) We sprayed the paved roads for the
same reason. :

(3) We bhen worked the ground over to
bury the radioasctivity as much as possible.
This, combined with the decay, reduced the
background to very-near normal.

(1.} We then used fertilizer froely and
sowed grass seed. I admit that I used the
incident ag an excuse to obtain the fertilizer
and grass seed.

(5) The caral and reactor were cleaned
up after air exhaust filters were installed.

b. Installation 6f Filters

As noted, the Oak Ridge Reactor had been bulli
bo produce one gram of plutonium for tests during the war.
Since 1t was a large volume reactor, it was used aftér the
war Lo produce many radioisotopes. At the time in gquestion
it was the main source of medical radlo¢sotopes, so there
was a push bo get the reactor back in operation. At a
- meebting of the fxocutjve Committee about 10 September, I
vromised to. design and build a filter bullding and have the
bulldlnp complctcd within 30 days, provided a suitable
budget was mads available. A filter building so designed
that the filters can be changed remotely is not a simple
device. The building which we built is asbout 25 x 40 ft
and 25 £t high with remote handling and packaging equipment.

It had been obvious for several months that
either a new reactor must be built or filters installed on
the Graphite Reactor. I had assigned the problem to one
of the desipgn engineers, "Murph" Jones, and he and I had
actually visited the Garfield Refinery of American Smelting
and Refining Company at the south end of Greal Salt Lake to
inspect and discuss the electrostatic stack gas purifiers
installed there. We had also obtalned data on the "ultimate"
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alr filters developed during World War II for use on tanks.
These filters used extremely fine asbestos fibers. In ad-
dition, we had looked at other types of filters. As a
result we were in position to recommend 1nstallat10n of
ordinary filters followed by the use of the ultimate type
filters. These latter filters were lnown as Chemical War-
fare Ho. 6 and were renamed AEC No., 1 filters. Ordinary
American Air Filter Company No. 50 filters were specified
for the roughlnb fllteru. : .

I believe on a Thursday the Atomic Energy
Commission was requested to approve a budget of @500 OOO
Approval was obtained om Friday.

: Tmekily, the Austin Company had several people
at Oak Ridge starting the design of the permanent buildings.
We simply borrowed or requisitioned this group. I have for-
gotten the engineers' names. In addition, the Jones Con-
struction Company was conastructing some buildings. at K 25,

I believe. We also "borrowed" theae people and their
cquipment. : ' :

_ On Saturday we had a meeting to establish the
basic design. After discussions we broke up and both the
Austin people and I sketched out what .we thought would
work. On comparison we found that we had very similar
desipns. The Austin people took over and promised to have
preliminary drawings by Monday morning.

When I arrived Honday morning at 8, I found
that grading for the building was well alonv but a telephone
cable went through what would be the center of the building.
Since a couple of days would be needed to move the cable,
we -decided to move the building. Twenty-five days later
the bulilding was complete but we let the concrete set a
couple of weeks before starting up the Reactor and Filter .
Puilding. By l'November radioisotopes were flowing again.

! The building was des;bned so that the filters
could be.discharged into water canals and removed from the
canals remotely Tfor transfer to a burial site and . burial

L. MTR Steering Commitlee

As noted above, while the central ideas for the MTR
originated at Oak Ridge National Laboratory, the ~actual
inventor, 1f any can be named, was Eugene ngner, Professor
of Physics at Princeton University, who was a Consultant
at Oak Ridge. Then the. Commission, in late December, l?h?,'
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had decided to centralize reactor development at Argonne
National Laboratory. This led to all sorts of confusion
and discussions as outlined in Chapter 7 of "Atomic Shield,
1947/1952," by R. G. Hewlett &nd ¥. Duncan, Pennsylvania
State University Press, 1969. This book is Volume II of"
the official "History of the United States Atomic Energy
Cormission" and is referred to in a few places in this
section, _ :

There was a long argument about where the MTR should
be built and who should be responsible for it and even
whether or not it was needed., - o

I kept out of the arguments as much as possible, but
after I went to Oak Ridge I did try to keep the design and
development under as rapld progress as possible.

Since I had been assigned to Aberdeen Proving Ground
during the War, and since there was an argument where the
MTR should be built, Wally Zinn and I almost in the same
breath sugpested that a Reactor Proving Ground or Testing
Station -should be opened, I think Wally won on the idea
by a few seconds. At any rate, he called Laurence Hafstad
imnediately and Larry grabbed on the idea. He sent Warner
out to look for such a site. Warner was probably the worst
choice that could have been made, Warner and the Army came
up with the Fort Peck area near Glasgow, lMontana, This area
was near Fort Peck Dam, so cooling water and lots of space
was available. I never knew much about the geology so I
never could -judge the area. lHowever, I had committed my-
self to move to the construction site and act as Superinten-
dent of the MTR alfter construction was complete. So we wWere
very interested, ' o

Later it was supgested by the Geological Survey that
the Commission take over the area west of Idaho Falls.
Thls area, which extends about 100 miles north and south
and 60 miles east and west is a lava plain. While it appears
gquite smooth from a distance, it is locally rough. The Snake
River runs along the east side of the area. Due to the
porosity of the lava a considerable volume of water runs
through the rock--enough that a small power station operates
on the springs at the lower end. Time for flow from the
MTR area to the springs was estimated as 75 years,

The eastern half of the area was owned by the Navy and
used for a testing range. When it was decided the Cormmis-
sion wsnted the area, we asked the Govermment counsel what
legal steps should be taken and they informed the Commission,
. to notify the Wavy of the date it wanted to take over., It
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appears the Atomic Energy Act is broad enough to allow
such action. After due consideration the Commission gave
the Havy $1,000,000 for the property. Actually this wag
a plece of paper to make the Admirals feel hetter,

. It was and is my opinilon that the choices of areas,

both Ft. Peck and the Idaho Plalns, were very poor. The

- time and expenditure of effort in driving 50 to 55 miles

to work just cannot be justified in Idaho or New York--

Connecticut areas. At any rate, in August, 1948 the '

: Sgeering Conmittee consisting of the following was establish-
ed:

Walter Zinn, General Chairman, Director of
. Argonne National Laboratory; '

Alvin Weinberg, Director of Oak Ridge National
Laboratory; '

Stuart MeLain, Chairman;
Marvin Mann, Oak Ridge Representative; and
John Huffman, Argonne Representative.

Since the assignment from the Commission to desipgn
and build the MTR was made to Argonne, Walter Zinn was
responsible., John Huffman had already transferred to
Argonne, and I was allowed to establish my own steup.
Acﬁually,-we moved to Argonne between semesters in February,
C 1949, : '

‘ The move from Oak Ridge to Downers Grove, where we had
rented a house, was made partly in a snowstorm, as was the
move to Oak Ridge from Detroit a year earller. However,
in Oak Ridge we had accumulated another dog and a cat. The
trip was made without trouble until we arrived at Argonne
National Laboratory. It had been arranged that we would
stay at the Club House. : - ’

Ag one approaches the Club House there is a slight
hill on a curve. As we had the trailor, it slid off the
road and we had to unhiteh it and leave it until morning--
it was late evening. We moved the doghouse from the %top
of the trailor and fed the dog. She lmmediately disappear-
ed into the dog house as 1t was 18 degrees below zero. We
fed the cat and kept i1t in the bathroom, The cat had been
" unhappy the whole trip as it was in a box in the rear of
the car. It yelped every bump and continued to yell all
night. Luckily we were the only ones in the Club House.
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In the morning we got straightened out and drove .to
Downers Grove, We found the house satisfactory and the
truck with the furniture arrived about 10:00 Q.ma.y right
on schedule in spite of the 6 in. of snow., We were nearly
moved In by 11:30 when I noticed a woman coming up the -
gldewalk with a large coffee pot and a hugh plate of sand-
wiches. It was Mrs. Beck from next door. We became close
friends of the Becks and their friends, the Moores, and
still visit back and forth.

We agreed that Oak Ridge would coﬁtinue'design,and‘
development of the reactor to the edge of the shielding
and Argonne would be résponsible for all other design. .

- There quickly arose an argument about the estimated
costs. John and I had estimated about $18,000,000 but the
- Cormission asked the du Pont Company to review this. They
came up with about $155,000,000 but this included the Re-
processing Plant for the fuel which we had not included,
The Steering Committee again reviewed the costs and came
up with $18,500,000 as the top. The actual total costs of
construction were about $18,200,000, ‘

We immediately set about contracting with an Architect
Engineer to prepare the detailed design drawings., We inter-
viewed several companies. But about that time the Idaho
Operations Office was set up and the Manager threw out
- everything we had done and appointed a new Review Board.
They recommended our second choice; so we did not argue.
Blawknox Construction of Pittsburgh was selected for the
design. -

Then the ILdaho Operations Office decided to obtain
outside construction and operating contractors. I then
quickly lost interest and, while I generally watched con~
struction with three people on the job, I believed that I
was only responsible that things worked. I also refused
to act as Operating Superintendent for the operator, Phillips
Petroleum Company and, in fact, I refused to work for them.
Huffman did so for several years as Head of Research af
Idaho Falls. ‘

3o from October, 1948 until June, 1950, I spent full

- time supervising development, design, review of the design
drawings and specifications, and cursory review of construc-
tion. The drawings and specifications filled eight four-
drawver filing cabinets and I personslly checked and signed
every drawing and specification. As a result there were
practically no design .changes during construction.
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The Fluor Company of Los Angeles was the constructor;
so I had to supervise groups at Oak Ridge, Argonne, .
Pittsburgh and Idale. Falls. I made no visits to the Fluor
Company. Almost weekly I was somewhere to a conference.

'Some of the specific problems involved are mentioned
below, B ' -

l. Beryllium Problem

O Ag noted above, the basic design of the MTR included
the use of beryllium for the reflector. In retrospect this
wasg probably a poor choice since it would have been cheaper
o use aluminum and waste neutrons by burning more fuel.

But in. 1948 and 1949 this was not quite so obvious as it is
now, ' '

‘Berylllum had never been used in the quantities
that we needed so far as I know. So a contract was given
to Professor Kaufman at MIT to produce ingots. This turned
out to be very difficult because when the ingots were -ex-
truded into machinable shapes, they. cracked, etc., Rolling .
was out of the question. :

So I called Hafstad and asked for &$50,000 for an
extrusion experiment. At the first meeting we had to ralse
this to $100,000. At any rate the budget was approved.
Then at the suggestion of the Head of Metallurgy at Oak
Ridge, we contracted with Professor Gregg of Cornell Uni-
versity, to conduct special extrusion experiments, Mean~
while, the Beryllium Corporation was improving the quallty
of the metal, S

We then rented the use of an old heavy extrusion
press in one of the Bohn Aluminum manufacturing plants located
at Adrain, Michigan, I belleve.this press had been stolen
from the Germans at the end of World War II. Tests were
favorable and soon suitable bars were being made., However,
Kaufman was working on powder metallurgy and the. improvements
came rapidly; so that the final bars were made from powdered

berylliunm,

Since Adrain was near my mother's home in Tecumseh,
I used the Adrain tests as an excuse to -drive to Tecumseh
for lunch with her a couple of times. I borrowed the
superintendent's very large car which made an impression
_on her neighborsg, ' - .
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2. Argonne Program

Relatively little experimental work was done at _
Argonne. The Argonne design group under John Huffman and
Arthur Schultz worked out the design of the shield plugs,

. their handling, experimental equipment, cooling systems,
etc. They also checked the design of the cooling system,
power, heat disposal, etc. _

3. . Qak Ridge Program

_ Several of the development projects conducted at
Oak Ridge were mentioned above. These were continued. The
mockup became of particular importance. All these projects
were continued after I. left Oak Ridge. : '

e Construction Problems

Specifically I had no responsibility for construc-
tion as this was taken over by the Idaho Operations people,
Previously we had conducted some geological studies and core
drillings. These had the two purposes of checking for water
and for blowholes or porosity. We were interested in the
water for coolant and Tor blowholes to indicate the average
strength of the foundations. ‘ o

Of course, ample water was found and in addition
the lava was nearly solid and of high strength.

: We plamned to locate the MIR about 15 miles from
Idaho Falls on the eastern edge of the site. This ares
would have required considerable blasting for foundations..
30 the Idaho Operations Manager moved the site to about

55 miles from Idaho Falls in the gravel area along the Big
Lost River. 'This was done to save construction money. But
at what a cost! It certainly saved money in construction
of the foundation but required that everyone drive 110 miles
each way extra to work. It was one of the reasons that I
refused to move to Idaho Falla. Total construction costs
must have been higher than near Idaho Falls, o

‘There were exceptionally few major construction
problems. And the startup of the reactor was just about
routine. Actually, this was true of the whole 1life of the
facility. -

: Later a higher flux, higher power and larger
reactor was designed and built next to the MTR and still
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later a still higher flux and even higher power reactor

was also bullt alongside the other two. These later re~
actors were the Enginecring Test Reactor and the Advanced
Engineering Test Reactor. While they are in operation, the
MTR has been shut down. Both of the later reactors use the
~same basic design as the MTR as do many of the test reactors
built in other countries. -

F. Savannah River Reactors

.When we moved to Argonne I cut my strings at Oak Ridge
and went on Argonne's payroll, but I was always separate
from the Divisions and attached to the Director's Office.

I was treated well and, in fact, it Was the only time in
my life that I have had an office with a desk and a large
table with 8 upholstered chairs. From the first World War
IT assignment until I started consulting, I always had a
secretary and at times. two.

When the Steering Committee completed its btasks on
the MTR, I nabturally planned to leave Argonne and go else-
where, as no one had said anything about a permanent

-assignment. About that time the Atomic Energy Commission
had declded to go ahead with the socalled "Hydrogen Bomb
Project'. -

My firat real contact with the hydrogen bomb was in
199, Dr. Teller and his group at Los Alamog had made
sufficlent calculations to indicate that such a device
could be made provided tritium was used. Today this sounds
like o0ld hat but in 19,9 it was surprising. So Dr. Teller
recommended immediate action. There was the usual "We don't
need it" and "It can't be done" canto. But the Commission
decided to go ahead. So Dr. Hafstad called Dr. Zinn with
the question of how much will it cost. Of course, several
groups by this time were looking at possible devices to
make tritium so we knew a little about things. '

Wally Zinn is a very demonstrable man. On hanging up
on Larry he rushed across the hall and into my office. As
goon as he got into the office he started talking. "Stew,
Larry just called. The Commission is going ahead with the
Hydrogen Bomb Project. He wanbts to know what'll it cost,."
I stood up and thought for a moment and said, "I'1ll put |
Schultz and Winkleblack on it. ' We.should be able to make
a very rough estimate in two weeks." To which he replied,
as he threw up his arms and walked out, "Hell, no. I
promised to call Larry back by 2:00 o'clock." It was then
after 11:00, _ :
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At any rate I got Huffman, Winkleblock and Schultz to-
gether and we decided that we knew the cost of the Hanford
Reactors and their power levels, we knew the escalation of
the dollar and we knew the ratio between the two productions.
So we 3lmply multiplied the Hanford costs by the dollar
ratios and by the estimated conversion ratio forp the heavy
water and graphite moderators. The answer came out to be
about 1,000,000,000, In reality this was a very good
estimate as the actual cost of the construction for Savannah
River was about one billion dollars. The money was appro-
priated and the plant built. o

While we were still busy on the MTR, both Argonne and
North American Aviation in Los Angeles had spent considerable,
time looking into the types of reactors that might be bulilt
to produce tritium., This general discussion phase is re-
viewed on pages U426, et seq of the "Atomic Shield". '

Sometime early in 1950 representatives of du Pont visit-
ed Argonne, "These included Lombard Squires, Charles Wende,
and several others whose names I have forgotten. HMost of
them had been at Hanford and were old friends of the Argonne
group, although I did not know any of them. There was a two
day -discussion. Zinn and Sam Untermyer did most of the talk-
ing. Most of Argonne's Division Directors were present in-
cluding Arthur Barnes, Frank Foote, James Schumar and Stephen
Larowskl. - ' :

Sam and Wally were promoting heavy water cooled arnd
moderated reactors. I attended these meetings simply as a
member of the Laboratories Advisory Committee, as I had no
idea of my future part in the act, Later the contract to
develop the tritium production was awarded to du Pont for
%$1.00 per year plus direct costs. | '

Meanwhile we completed the MTR design and shipped all
the drawings, etc to the reactor site and John Huffman
agreed to join Phillips Petroleum as Technical Director.
Kenneth Winkleblock had also moved to Idaho as my repre- -
gentative, and Arthur Schultz had died of a heart attack.,

About - the middle of May Curiis Nelson was moved from
the ALC representative at Chalk River to Area Manager at
Savennah River. I had met Curtis twice at Chalk River.

As soon as his assignment at Savannah River was agreed to,
he called me and offered me the Associate Area Manager's
position at Wilmington. This would have been the ALC's
representative with du Pont. 1 accepted on condition that
I could take July as a vacation. So we left July 1 for a
trip west. OCurtis was soon moved to Savannah River and
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presumably we would have moved later to Wilmington.

‘As usual, we left out itinerary. Wally had been on
vacation and came back the lMonday after I left. When he
found that I had resigned and we planned to move to Wilmingﬂ
ton, he jumped on Horman Hilberry for letting me resign.
Norman knew ncthing about Wally's plans. Wally wanted me
to coordinate Argonne ¢ efforts on the Savannah River Pro-
ject. So at esach msail plckup there was a telegram and
letter. When we reburned, it was: agreed that I would remain
at Argonne as Coordinator:'of the Project. - :

1. Organization

I think I should mention several people and what
their responsiblilities were. They are:

2., Walter H. Zinn. Wally was & physiclst
who had been with the Columbia group workling under Fermi.
Wally was no doubt brilliant but like all excellent people,
he was justly very opinionated. I had great respect for
him. But he was difficult to work with as he was not an .
administrator. HHe pgave me the Job and refused to even let
me report things to him unless he had to communicate specific
information to the ALC or du Pont. Wally resigned just aflter
I returned from Washington to form a reactor design group ab
Dunedin, Florida. Later this company was purchased by Com-
bustion Engincering Company and . VWally moved to Hartford. A
coluple years ago he retired as Vice President of Combustion
and moved to Florida, HMHrs. Zinn, or Jean, died several
years ago and Wally has remarried.

b. Enrico Fermi. Fermi.attended only a couple
of meotlngs that I also attended and then he mainly wanted
to discuss the. Bxperimental Fast Reactor, I never kriew him -
well., : ‘

¢, Laurence Hafstad. Larry was a member of
the John Hopkinsg research team under Tuve during the War
and worked on proximity fuses. He was appointed Director
of Reactor Development in 1949. I worked for him in the
Commission. Later he became Dlrector of Research for
General Motors and I did consulting for him.

.d. Horman Hilberry. Norm was Associate
Laboratory Director at Argénne. Later I worked for him
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" as Assoclate Dlrector when he became Director. He now
lives in Phoenix.

e. Arthur Schultz. Art worked for Huffman
on design of the MIR. Hé died as a resulit of a heart
attack brought on by & minor auto collision.

f. Xenneth Winkleblock. Ken worked as my
assistant on the MTR at Argonne, .Later he worked at Atomics
Internatlonal. :

g. James Schumar. Asuoc1ate Director of the
Metallurgy Division., Still is there.

h. Stephen Lawroski. Director of Chemical
Engineering Division and now Associate Laboratory Director.
Steve and Helen bought and still live in the Frank Lloyd
Wright house we owned in Naperville.

i. Frank oote, He was Director of the
Hetallurgy Dlvlslon. He 1is now retired and lives in
Downers Grove, <

Js Walton Rodger. Walt was Associate Director
of the Chemilcal Engineering Division. Later he was a
partner of MeLain-Rodger Associates. Then he became General
Manager of the West Valley Fuel Recovery Plant. He is now
doing consulting in Rock Springs.

. ke Samuel Untermyer. Sam was a Special
Assistant to Dr. Zimm.  Later he Lleft to work for General
Electric at Vallicitos., He is now a member of a consult-
ing group, Naticonal Nuclear in Palo Alto. Sam is an idea
man and one of the most brilliant people I know. He married
Joan Strauss. They lived near us in Downers Grove. Un-
fortunately Joan died of cancer several years ago.

. 1. Arthur Barnes. He was Director of the
Nuclear BIngineering Division. He died several years ago.

m, Lombard Squires. Lom was a Division
‘Director at du Pont. He .was in general charge of the
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development and design of both the Hanford and Savannah
River Reaotor Pro jects.

n. Charles Wende. He worked for Lom. He
also composed the famous song, "Lom and the Bomb".

o. Curtis Helson. He was U.S. representative
at Chalk River and later AEC Area Managcr at Savannah River.

In addition to the above many others were~ih—-
volved at Argonne and elsewhere,

The organization established wes qulte -complex in
some respects but simple in others. The Atomlc Energy Com-
mission gave the du Pont Company broad authority, then
restricted them by establishing all sorts of checks and
controls. - Curtis lelson, however, was helpful and did not
interfere with technical matters as the Idaho Operations
Office did. . I never visited the AEC offices in Wilmington
or Augusta, and in fact never v151ted the Savannah River
installation at all.

The du Pont Company accepted the contract on con-
dition of no profits, That gave them exira leverage; 1T
think, inh arguments with the AEC. The du Pont Company
estimated their losses due to the loan of their technical
people at least at 1,000,000 per year.,

The authority under which Argonne acted was simply
a letter from the AEC. The authority under which I acted
was also simple. I'm not sure of the wording but 1t wag
gbout a 6 line letter which in effect stated:

"You are appointed Coordinator of the Savannah
River Reactor Project. As such you will work -
as Argonne's representative directly- with the ‘
du Pont Company and the Atomic Fnergy Commission.
You will be responsible for Argonne's part in
the design and experimental .work needed to

carry this project to a successful conclusion.

. To do this you have overriding priority on all
personnel and equipment avallable to the
Laboratory, You are also.responsible’ for
training such personnel as the du Pont uom»
pany may wish to send to the Laboratory.
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The letter was signed by Walter Zinn, Director.
I always considered that Wally considered this project a
thorn in the side of Argonne and wished it was not there
but he realized its importance and gave me a free hand.
- BEveryone in the Laboratory was very cooperative. Dr.
Turner of FPhysics sbated he was opposed to letting me
talke over his people but he did no more than voice objection
to the profgram and then cooperated wholeheartedly with me.

‘ Actually, we took no one out of each Division but -
simply indicated to the Division Directors what work was
needed. Only in a few cases did I name particular persons -
and then as suggestions or -someone similarly trained.

: We prepared monthly -and guarterly reports on the
project, In addition we received, assigned and trained
people sent In from du Pont for training. The highest
nunber. of these engineers in training at one time was 11,
I believe. '

2. Design

The design of ‘the Savannah Reactors was developed
by many people but the basic ideas were suggested by Samuel
Untermyer. Hugene Wigner dnd Walter Zinn also contributed
many ideas, : '

: During the early stages of the development Sam
considered all types but soon settled on heavy water
- moderated natural metallic uranium as best since the
reactors would produce not only tritium but also large
quantities of plutonium. Sam suggested use of fuel move-
‘ment for control rods rather than contirol by adding neutron
poisons. This did not appear practical and lithium rods
vwere used as poison control and at the same time to pro-
duce tritium. Heavy water coolant was also suggested by
- Sam and Wally and i1t was used. '

: Atomicsa International suggested very -thin coolant '
channels with high velocity natural water. This design
would have resulted in the necessity Tor a terrific amount -
of welding of aluminum tubes into headers snd the probability

- of lezks. )

When the du Pont Company came in it was soon agreed
that the basic Argonne design would be adopted. Sam.and
Wally then proceeded with the basic design.” What evolved
was a tank some 15 £t diam by 10 £t deep of heavy wator in |
which there were several hundred aluminum forms placed so
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that circulated heavy water flowed downward through the
aluminum forms. It is difficult to describe these Tforms
without drawings. They consisted of four tubes about 1.75
in, internal diameter coextruded with connecting strips
between them which held the tubes about 0.25 in. aparb.
Such a shape. is known In architecture as a "quaterfoill
and these were. so named. v : ‘

’ Fittings were provided at the top to direct in-
coming heavy water downward through these tubes. On the
inside of each of the four tubes was coextruded.four ridges
at. 90° apart and 0.25 in. high. These ridges in turn held
the aluminum clad uraniwa metal rods centered in.the four
quaterfoil tubes. : o

‘ Heavy water at about 130° F was forced downward
through the quaterfoils to cool and uranium bars and exlited
at the bottom. at about 2100 ¥,

Uranium metal bars 1 in, diam by-8 in. long were
clad with thin aluminum cais using an. aluminum-silicon
alloy braze and the cans topped and sealed by welding.
Bach tube in the quaterfoll was filled with about 12 uranium
rods or bars. : . : ‘ '

The heated heavy water was pumped through large
heat exchangers in which it was cooled %o the 130° F and
returned to the reactor,

The heavy water thus acted as coolant and also
moderator to slow down theé neutrons released in fissioning
the U 235 in the natural uranium. The excess neutrons were
used to produce plutonium in the uranium by reaction with
the U 238 and to form tritium by reaction with the lithium
f present in the lithium.

The natural lithium was placed in separate aluminum
tubes. The lithium metal was clad with aluminum. These
rods also acted as the control rods and were moved upward
or downward by bars which entered the top .of the reactor
-~ tank. :

It is interesting to note we used some half length
lithium bars that could be used to adjust the neutron flux..
. and heat production. Several years later Westinghouse
~announced a new very important invention of partial length -
control rods., , : :

The reactor tank was stainless steel and stainless
steel piping was used throughout the external water recircu-
lation system and heat exchangers.
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Control of the power level was maintained by driv-
ing the lithium absorption rods from individual driven
motors with long detachable rods. During reloading opera-

. tions the drive rods were detached and withdrawn some 20
4 to allow a fuel handling crane to move over the reactor,
remove & fuel assembly, and replace it with a fresh assembly.

The reactor tank was shielded on top by,about'B i v
of steel and water, including the heavy wabter piping.

The whole building was built with several feet of
concrebe for shielding and the unloading crane wag remotely
operated. This meant that at least two cranes had to be
in working shape over each reactor before unloading opera-
‘tions could begin and that all operations had to. be remotely
- controlled., The walls of the reactor building were some six

feet of concrete as was the ceiling.

It should be noted that everything had to be de-
signed so-a minimum of heavy water was lost--every bilt had
to be recovered as it cost at that time $28.00 per 1lb and
hundreds of tons were and are in use,

. Bach reloading ciane had to be designed to move
the other to a repair area, ' :

. The heat exchangers were huge tanks filled with
3/l in, diam tubes through which the heated heavy water
wag circulated. The heat was removed by clarified and
treated water pumped from the Savarnah River. The warmed
water was sent to cooling ponds and then back to the river.
These cooling ponds, because of their higher temperatures,

' 8oon became filled with fish, turtles, snakes, and alligators.

Recovery processes were known but improvements
were desired. The uranium was dissolved and the. plutonium
recovered and the lithlum bars were melted and the tritium
removed under vacuum as a gas.

, The Savannah River Project included five reactors
and all the auxlliary fuel preparation and recovery equip-
ment.’ The cooling water system was enormous as was all
other equipment. Some 25,000 people were used in construc-
tlon. . . - ‘

3+ Development Problems

It should be nofed that the du Pont organizétion'
designed and built the Hanford complex during World War IT;
so many of the problems had been solved in a similar manmer
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before. In my case, I had little knowledge or Hanford ex-
perience and my Hanford experience such as it was, came
after the Savannah River_experience.

a. JFhysicsg Calculations

. I knew too little about the physics calculations
‘to enter into them. DRernard Spinrad and others in the Physics
Division did most of the work done at Argonne. Close connec-
tion was kept with the physics people at du Pont. Professor
John Wheeler and Professor Rugene Wigner of Princeton acted
as consultants %o du Pont. : '

b. Critical Assembly

Immediately on taking on the assignment in 1951,
I began to move toward a critical assembly. This is referred
to in the M"Atomic Shield" on pages 552 -and 553. Problems
existed. First we had to develop the design and mockup the
fuel assemblies, This was done by Spinrad and.others in a
few weeks. Then we had to order the materials. The tank
was easy except it had to be handled in sections and welded
together after arrival. One of our men was killed due to
contact of the unloading crane with overhead wires as one
of the perts was being unloaded. The aluminum tubes were
algo easy as we simply had to use tubes to get the same
welght. We also obtalned the uranium bars readily. DBut
the heavy water was a different story. Argonne had avail-
able some and we quickly got 25 tons together. While this
was enough to start operations, we had to wait until more
was produced to obtain final design data.

. Fortunately the old Wabash Ordnance Depot at
Dana, Indiana, had some old equipment and a heavy water
production plant was quickly placed in operation in six
months, This nlent was built using carbon steel. A
larger permanent plant was bullt at Savannah River using
stainless steel. I had nothing to do with these plants.

. ‘ Once in operation the critical assembly was
used only a few weeks before the optimum design data were
obtained. .These data were utilized to check the physics
calculations. Aloni; with this Argomne had built a computer
which was also. utilized, ~

. Uranium Canniry;

The uranium rods were very similar to those
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used at Hanford and the camning operations 'were the same

as those used at Hanford. However, when the du Pont

people and I visited Richland and observed the canning
operations, we were unhappy. The canning operations
conslisted of melting an aluminum~silicon alloy or AlSi in-
‘an electrically heated kettle, submerging the uranium bar
in the kettle to preheat 1t, submerge the can. in the kettle,
drop the bar in the can under the surface of the AlSi, drop
in the aluminum can plug, remove for cooling snd machining
- the cap to size. This was described under the Hanford dis-
cusgion. Actually, the operations appear simple. The
control of temperature, etc at Hanford was poor. As a
result frequent can failures occurred., And whenever a can
failed the reactor had to be closed down and all the bars
In a given hole had to be pushed from the reactor. The
unloading operations at Savannah River were too complex to
permit this procedurs. So we had to improve the quality

of the operatlons untll esuentially no fallures occurred,

First, uranium goes through a transition from
alpha to beta structure at about 600 G, This results in a
change of dimensions unless the uranium is very carefully
heat treated.

Segcond, uranium can be easily cracked on
rolling; so the rolling and machining must be very care~
- fully controlled.

Third, the canning operations must be very
closely controlled.

We flnally had a long series of meetings with
the New York Operations Office of the Commission, as that
"eoffice was responsible for the uranium procurement. Then
the Fernal, Ohic plant, which was being built to supply the
uranium bar stock, was arranged to meet our specifications.
National Lead became the operator of this plant. As a
result, acceptable uranium bars and canned stock was pro-
duced, Of course, this reflected back as 1mproved opera~
tions at Richland.

At all times I slways had Argonne's and du
Pont's people's support. At one meeting I nearly threaten~
ed to take over the uranium operations from the New York
Operations Office but this finally resulted in cooperation
of the New York office. I didn't have any authority but
I knew du Pont would back me and the New Ybrk manager did
8130,

Another phase off this same program was the
1nspect10n procedures. At the request of du Pont, Argonne
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started an inspection program or rather a hon destructive
testing program. Since Hanford was involved, we soon

brought them in. Then laboratories came in and we set up

a National Committee for Non Destructive Testing with me

as Chairman. Soon this became a working committee with

about 15 members representing all the different AED in-
stallations. Information meetings with published books of
their proceedings .resulted in a few years. Then I had to
resign due to the press of other work. The Committee is
still in existence and has annual meetings open to the public.

4. Quaterfoll Procurement

When we evolved the quaterfoil design we were
told it couldn't be extruded. So I got Jim Schumer dbusy.
In Chicago there was a firm known as Skiacky Brothers that
made extrusion dies. They were excellent and we had had
dies made. by them before. So I told Jim to get a die made
and get some sample extrusiona, ' '

What .Jim G1d is of interest. At that time
aluminum was in short supply and a special federal permit
was necessary to divert any stock to unauthorized needs.

First, on a Thursday, Jim went to Skiacky
Brothers and showed them the quaterfoil drawings. They
agreed to make an extrusion die over the coming weekend.
Second, Jim went to see the President of Bohn Aluminum in
Detroit. Jim had previously worked several years as &
metallurgist for Bohn. Jim told the President that he
wvanted to run an extrusion test and the President agreed
to cooperate, Third, the question of an allotment or .
govermment permit to withdraw the Tew tons of aluminum came
up. Jim allowed he had not even applied for such a permit.,
So the President said, "Let's divert a full carleoad." There
was still no contract or purchase order. Fourth, on Monday,
the extrusion die arrived at Bohn early. So they drove to
Adrain, put the die in a press at the Bohn plant there and
extruded several quaterfoils. Then Jim came back to Chicago
overnight., Fl1fth, on Tuesday morning, Jim walked into my.
office with a plece of beautiful aquaterfoll. It wWas not
guite to dimensions but this was easily corrected by simple
die changes. - :

The first thing Jim said was, "Stew, you have
to get me out of trouble. I broke every government regu-
lation and committed the Laboratory to purchase a-carload
of aluminum, plus use of an extrusion press and the manu-~
facture of a die." . : :
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. The quaterfoil was adopted and I believe is.
still in use.

es Reloading Mechanism -

The method of reloading was discussed briefly
above. While the basic ideas were simple, the actual
equipment bLecame complex due to the necessity of nearly
absolute certainty of operation and the further require-
ment of certainty that a second unit could move an operating
unit into 'a repair arca in case of failure of the first unit.
0f course, the fuel assemblies had to be cooled once removed
from the reactors, and all the drops ‘of heavy water re-
covered, ' ' : '

) While du Pont was responsible for the plant
layout, we undertook to design and build a quarter scale
model. The time schedule for this was very tight since the
overall dimensions had to be specified as early as possible
since these dimensions had a direct effect on the dimensions
of the foundations of the first building.

So I asked the Remote Control Division at
Argonne to design, build,and test a quarter scale model. of
a suitable device., I allowed them 30 days to have the
device ready for a demonstration, ineluding a motion picture
of the equipment in operation. Harvard Hull was Director
and Raymond Goertz was Assoclabte Director of the Division,

In 30 days we demonstrated the equipment to
the du Pont staff and furnished them with a motion pilcture
film of the device in operation. :

The reloadilng equipment, as designed, consisted
of a regular crane which operated on fixed ralils at the
sides and near the top of the relcading room. In use the
control rods are disconnected and retracted above the re- ,
loading equipment. Its cperation consisted of moving over.
a preset fuel assembly, ‘locating to within a few hundredths
of an inch, removing the top plug, reaching into the reactor
and attaching to the fuel assembly, raising the fuel assembly
above the top of the reactor, recovering the small smount of
heavy water c¢linging to the fuel assembly, cooling the fuel
assembly while it was in the air, relocating to allow a new
fuel assembly to be lowered into the reactor, placing the
agsembly -in the reactor, replacement of the top plug, trans-
fer over the fuel discharge area at. the end of the room; and
discharge the Tuel assembly. At all times the fuel assembly
being removed and the new one being placed in the reactor
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had to be held within about 0,050 in. of vertical in a
length of several feet., The reloading equipment had to
handle the control rods also. ) ' '

After our developments the du Pont Company
contracted with a design company to prepare drawings and a
full scale model. I believe few operational difficulties
have occurred. : o

T. Recoverx

The natural uwranium bars, after removal, were
of course allowed to decay for a few months, digssolved and
the plutonium recovered in the usual procedures. We had
easentially no part in this work. -

The lithium bars were simply melted and the

tritium recovered as a gas, as noted above. Again, we had
esgentially no part in the work. . '

G. Abtomic Energy Commission

Along with the Savannah River Project the Commission
was also expanding the facilities at Richland by building
additional reactors and by building improved plutonium
‘separation plants and lmproved fuel canning facilities.

At the same time Argonne was bullding permanent facllities
ag well as those at Oak Ridge, Los Alamos, and Brookhaven.

But the reactor development program had not been pushed in
the sense that no long term power development program had

been agreed upon. UMost attention had been placed on pro-

duction of weapon materials. -

Suddenly the Comnmissioners realized the above situa-
tion. As usual,y they started yelling at Hafstad and Cook.
Cook waa Direchor of the Production Division. At a meeting
early in January, ‘1952 the Commission pushed Hafstad for: a
program of reactor development. He had none as the whole
stalff had been too busy on other problems. George Weil had
been heading up the Development Reactors Branch. So Larry
pushed him aside and called me and James Lane to move to
Washington to develop a program.

Infortunately Winnie had been spending months looking
for a house and she had found one about Thanksgiving time
and we gol possession and moved at the end of January, 1952.
. Actually we moved from Downers Grove to Naperville on Friday

and spent all weekend getting settled, So Monday morning
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when I walked into the office the phoﬁe was ringing. It
was Larry transferring me to Washington._

I should point out verhaps that T had had many long
distance telephone calls; so the regular long distance
operator knew my schedule. Once much later a call came
in when I was visiting Argonne several years after I left
there. At 8:30 the phone.at the checkin desk in the Nuclear
Engineering Bullding began ringing. She had a call for me.
Wnen the girl at the desk was asked for me, she.sa d there
was no one there. Actually, I had Just opened the door and
walked in. The operator told the girl that I must be there.
Finally the girl said, "Are you McLain?" I asked the .
operator how she knew where I was. She replied, "For
several years I have located you all over the country, so
I have just learned your habits.™

-After agreeing to move to Washington I commuted from

- February through June in order for the boys to continue in
school in Naperville. Commutting means I took the Capitol
Limited to Washington Sunday night and back Friday night,

We moved to Bethesda in June, : c o ’

Jimmie and I undertook-to develop a prograﬁ for the
Commisslon. Jimmy and I both were on leave and both planned
to return to our previous locations at Qalk Ridge and Argonne.

Zimn objected to my transfer to Washington, as he then
told me he wanted me to take over responsibllity for Argonne's
facilities at Idaho Falls., I don't know as we wanted to move
there but we never had to decide except in reference to the
Materials Testing Reactor. ‘

In addition to my assigrment in the Reactor Development
Division T was also appointed an Assistant Direector in the
Production Division with responsibility to raise the power
levels of the Production Reactors.

l. Development Division

In 1952 the Atomic Inergy Commission was divided
into many divisions, The main oncs of Interest to me were
the Production, under Mr. Coolk, and the Reachor Development
Division, under Dr. Hafstad. ™The other divisions had to do
with weapons, their test and storage, research, engineering,
biology and medicine, etc. The Production Division super-
vised the 1 235 Separation Plants at the Reactor InstallaT
tions at Richland and Savannah River.,

Some of the prople with which I had contact were:
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' a. Lawrence Hafstad. Larry had been at Johns
lopkins; I believe he was a physicist by training but he
thought like an engineer. After his stint with the AEC he
went to General Motors as Director of Research until his
retirecment a few years ago.

b. Donald Loochridgze. Don was Associate
Dirsctor. Later he became Dean of Englneering of North-
western University. I took his place for a few weeks before
res:gnlng from the AEC. :

c. James A, Lane. -His name was mentioned
above, He, Helen and the children moved to Washington on
leave from Oak Ridge and stayed the one year we were there.
He wasg Chief of the Heactor Evaluations Branch. He is still
active in evaluation work at Oazk Ridge. :

d, Hyman Rickover. Rick was a naval officer -
in charge of the Naval Reactors Branch. I knew very little
about his background, He still has the same position or is
Iretired. His wife was a lawyer and wrote many things for
him. She died some time ago and he remarrled  Just recently

(1974)

es Lonis Roddis. Lou was Rick's assistant
‘and a naval officer. When Larry lsft Kenneth Davis took
over as Director of the Division and asked Lou to be his
agssistant. TLou is now President of Consolidated Edison,

f« Leonard Relchli. Len was Larry's assistant
and handled the financial part of the work. Later he went
to EBASCO Services in New York where he heads up their
Nuclear Department.

. lenneth Davig.. At this ftime Kenneth Davis
was working for California Research and Development Corpora—
tion in San Francisco. He was working on the MTA which is
discussed later in this section. When I left Washingbon
Larry askod Ken to move to the AED to take my place. Later
when Larry left, Ken took his place as Director., Ken is
now Director of the Huclear Division and Vice President of
Bechtel, a design and construction company in San Francisco,

h. T have forgotten the name of the man that -
headed up the Aircraft Reactors Branch.

O Peterson. Pete worked directly for
Larry on quClal projects. Labter he went to Cleveland to
- work for a steel company and still later to Chilcago.
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. Jo John Lendis. John worked for Pets., Later
he went to Babcock and Wilcox to head thelr laboratory work.
He is now President of Gulf-Shell Atomics in San Diego.

ke James Pickard. Jim worked for John Landis.
He left. the ARC about the time I left and started consulting
in Washington., Since then he has been a member of Pickard-
Warren-Lowe and has done very well with NUS. They tried to
get mé to join them but that meant 11v1ng in the Washington
ared.

- In 1952 when I arrived in Washington the Reactor '
Development Division was divided into the Production Re-
actors Branch, Reactors Evaluatlion Brench, Aircraft Re-
actors Branchy and Naval Reactors Branch. I was in charge
of the Production Reactors Branch and Jimmy Lane of the
Evaluation Branch. So we worked veéry closely . together.

2. Production Reactors Branch

I was responsible for programming, budgeting,and

- supervising the development of new reactors, This included
those under construction and in operation, including the
Tollowing:

My main responsibility in cooperation with Lane
was to plan a new program for reactor development. This
program was to include new production reactors, if needed.
So our first task was to determine the directlon we should
move.

In addition, I was responsible for a large part of
the budgets of Brookhaven, Argonne, and Oak Ridge National
Laboratories. As indicated below,” I had responsibility for
a few other speclal projects. The Argonne . and Oak Ridge
responsibilities included nominal guldance of the MIR and
Fuel Reprocessing Plants in Idaho.

All the above meant a great deal of fravel, most
of which I did by train., Some trips ran something like
this: ,

Leave Washln&ton on Capitol Limited on B&O for
Chicago overnight;

All day at Argonne;.

Leave Chicago on overnight and all nextb day on
Chicago and Northwestern-~Union Pacific for Idaho Yalls;

Overnight at hotel;

All day at MTR or other fa011itles,

Overnlght to Richland;
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‘One day at Richland; | :
- Two nights and a day to Chlcago and on to Wash-
ington. : : ;

A few times I went from Richland to San ¥Francisco
and Los Angeles or Los Alamos and home via Oak Ridge. Such
a trip required two weeks, : '

T had a couple of interesting things happen during
travel., One time I rode with Senator Church of Idaho all
day across Wyoming, etc. I never met, to the best of my
knowledge, & less intelligent man,

On another trip just outside of Chicago I went
Into the club car and started reading. A little later a
Jewish couple came in and sat dowrn opposite me. They were
60ish. When the woman got settled and realized I was in-
tently reading, she kicked my foot.and when I looked up
she sald, "Whatcha readin'?" I replied, "Durant's History".
I think it was. S8She got up and moved across next to me.
Mdhat do you do?" I told her very briefly. She then said
to her husband, "Come over on the other side of this man. .
Het's been around.'" She and he turned out to be quite wealthy
New Yorkers that had also been around. They Insisted on my
having dinner that night and lunch the next day with them.
T really enjoyed their company. I think she was surprised
when a man in uniform and sidearms, ete met me at Pocstello
and took my bag as I got off the train.

a. Reactor Development Program

As stated, the main work of Lane's group on
Reactor Evaluation and my group on Reactor Decvelopment,
and later Pete Peterson's group, was to develop a program
for reactor-development. When the assignment was given
to Lane and me through Hafstad, we were unclear what the
objectives of the program were to be and after all these
yearas I do not know. The Commission wanted a program but
the Commission could not write a set of objectives. Had
we realized this, we would have acted differently and per-
haps we would have refused to pgo to Washington. '

Nevertheless, as so often in Government, one
proceeds. The real truth is that the program was already
so complex and there were so many opinions being expressed
by knowledgeable people that it was difficult to sift out
what should be done. After all there are many different
types of nuclear reactors and even today after years of
development and actual large scale construction and opera-
tion, no one kmows what is the most economical or even the
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safest type. Probably the ones being built are not the
best. There are simply too many variables. This is
- easier to say today and more obvious than it was in 1952,

y - (1) ILos AlLamos Wational Laboratory

Los Alamos had already operated two very
small reactors, one of which was a Fast Reactor of very
low power. Both of these were soon closed down and larger
ones bullt for their exporlmental work. I had nothing to
do with these. . '

Los Alamos, separate from the Reactor
Developmcnt program, was abtempting to develop a high .
temperature homogenecous reactor which required gold
plating of all operating surfaces. It turned out to be
a. nearly impossible JOb and eventually the project wasg
abandoned.

(2) 0Qak Ridge Hational Laboratorv

Oak Ridpge hatLonal baboraLory wag follow-
ing two lines of development. First, and most important,
wag the Homogeneous Reactor, This development was well
alons, A small scale expeerent had been built and
operated succosgfully in spite of the marriage of the heat
- production in the reactor to the fuel reprocessing plant.
In this reactor the fuel is dissolved in the coolant and
pumped through the reactor which in reality is Just a tank
built in a coolan®t system. A neutron reflector is wrapped
around the main tank. Thoy were working on a two liquid
system separated by a zirconium sheet. Corrosion abetted
by hot spots finally caused failure of the zirconium.

A breeder type reactor using uranium 233
is still under development at Oak Ridge. My ncphew, Howard
McLain, has been working on 1t for years. While the Com= ‘
mission has stopped the work, EBASCO Jervices are talking
ol a full scale power roactor. _

It appeared in 1951 that the Homogeneous
Reactor had suffilcilent promise that we kept it on the de-
velopment liat,

Oak Ridge was also designing and construc-
tln& a gas cooled sraphite moderated reactor using COp
coolant, This was well alony and I had no part in it.
After short term operation it was dropped. It should be
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noted that the British kept on developing gas cooled re-
actors. Hewever, they have not pushed the High Temperature
beyond just operating it. 8o their Uhief Ingineer came to
this country. As a result Gulf-Shell Atomics has pushed .
the development and have sold several High Temperature Gas
Cooled Reactors, using helium coolant and a s0lid fuel
made of coated pellets in a graphite matrix., I predict
more sales as it is.an excellent reactor.

. Since Oak Ridge was well into the deVelop—
ment of gas cooled and homogeneous reactors, we made no.
change in thelr progran. ' : '

. Later I was criticized for not shutting
down both reactor development programs. .I believe that
one does research and development work at garly stages of
an indugtry in several directions. No one can tell what
is 'best., But I believed then and now that light water

- cooled reactors were the poorest,

(3) Argonne'Nétioﬁal Laboratory '

‘ , ‘ Argonne National Laboratory had been
designated by the Commission as the Power Reactor Develop-
ment Center. Dr. Walter Zimm, Pirector of Argonne, and his
group had designed the Chicago Pile #3, which was a small
heavy water test recactor known as CP3, '

o CP3 and. the original Graphite Reactor CP2,
which was a larger rebullt version of CPl, the first critical
reactor which had been built under the west stands of the
Unjversity of Chicago's football field, had been built at
Palos Park in a federal forest reserve. The forest reserve
~did not want these as a' national monument and we had to

tear them down and bury the parts we couldn't recover. I
thought this was about the second most stupid decision I

ever heard of in the Government.

: Dr. Zinn was interested in two reactors.
One was a larger test and development reactor which was
built as Argonne's test facility and called CP5. It is
still a very imporbant test facllity. Wally was also
interested in the fast reactor.

_ Soon after the close of the War, Zinn
and others at Argonne started development of a Fast Reactor
called originally CPl, and later the Experimental Breeder
Reactor I, or simply LBRI. ' -
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o The Los Alamos Fast Reactor had become
critical late in 1946, It was a mercury cooled plutonium
reactor of very low power level.. It was useful in provid-
ing physics data only.

On the other hand the FBRI was designed
to give engineering data and, if possible, provide a
demonstration of breeding. The power level was low, 1100
kw.of heat. This, however, was sufficient to provide sone
‘basic engincering data. It was cooled by a sodium. potassium
alloy called NaK and two cycles of laK cooling were used.
The primary coolant transferred the heat to a secondary NakK
coolant and this in turn bolled water at pressire which 'in
turn drove a small turbine. However, this was large enough
to demonstrate production of power by lighting the town of
Arco and to demonstrate breeding by producing more plutonium
than the uranium 235 burned. This reactor.also used electro-
magnetic pumps., '

_ While we recognized that development .of
the breeder reactor involved a very extensive program, 1its
long time importance due to its negative fuel requirement,
its high temperature operation, etc regquired that its
development be continued. Thus, the Experimental Breeder
Reactor IT wos conceived. : '

While I was in Washington I had the pleasurse
along with Wally of ammouncing that breeding had been achieved
in the IIBRI. While this was expected from the physics measure-

.ments, the actual achievement was important. O course, I
actually had nothing to do with it.

I mentioned in discussion of the MTR that
aluminuam cladding and structural materials were used. Since
aluminum is high in the electromotive series, it at least in
theory when molten, can react with walter. Serious explosions
of hot aluminum and water have occurred. 3o Sam Untermyer,

- may his name be blessed, see III, F. 1, beran an. investiga-~
tion of what would happen when alumlnum clad fuel assembliea
are melted in water. Sam found that very little happened
most of the time.

: Sam then proceeded to ask what would happen
- 1f we allowed bolling to occcur in the core of a reactor.
Previously physicists had claimed that the least boiling
would upset the neutron control and very likely cause
failure or that the temporarily uncooled fuel would melt.

So Sam tried 1t and nothing happened. He then proposed
that we build a "Boiling Water Reactor'. Zinn concurred,

So Wally proposed they build a small
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reactor with minimum facilities and use 1t in boiling water
experiments. Wally suggested that it be built so that large
excess reactivity could be added in very short pericds or
that we set out to find out just what would happen when
failure did occur. So Wally sent us a proposal for a small
experiment to be bullt in Idaho near the EBRI to test the
Boiling Water Reactor idea. By that time I had used up

mos’t of my budget; so the Aircraft Reactors Branch helped
and we got the %500 000 together and approved Sam and Wally's
proposal,

The experiment was run in the next few
months. E'»rer;)rth::.nrr ran fine., The last experiment was to
make the device supercritical by adding a large amount of
excess reactivity very quickly. When this was done the
core melted, larpge volumes of steam were formed, the top
of the core was blown out the top of the reactor. However,
the experiment had showm that boiling water reactors were
safe. So we added the Experimental Boiling Water Reactor
II to our proposed program. Thus the Boiling Water Re-
actors were invented by Sam and their fSQSlblllty demon-
strated by Wally. HMany power plants based on these eX~
periments are in operation. ,

(It} Atomics International

Atomics Internaticnal had been developing
sodium technology. ©So it was natural that they should con-~
tinue in the sodium cooled reactor. They suggested that a
sodium cooled graphite moderated reactor be built. It had
sufficient promisc that we added this to the list,.

, It was my ldea that this reactor would
help in the Fast Reactor Technology as I believe it has.
However, since 1%t has becen discontinued I have been
criticized for including this reactor in the test program.

(5) ILight Water Cooled Reactors

The use of pressurized lipght water as a
coolant results 1n poor neubtron economy but has several
advantages such as known technology and a rather compact
core due to tho very high of{lclency of Llight water as a
moderator.

Slnce several utilitics and manuf ¢ turing
facilities were balking of building llght water cooled
reactors, we decided Lo assist Lhose Lnstead of the Govern-
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ment building smaller experimental plants. Pete Peterson
had been brought in by Larry and John Landis was transferred
to work with Pete, :

- ' We got Into trouble. One of the Commis-
sioners thought that only Rickover could handle reactor
projects. It was true that the Submarine Reac tor was- being
developed usging light water technology and Westinghouse
was pushing the light water cooled reactor. Thée Commig-
gioner stated once that only Rick and Westinghoude could
build a project of this sizel! I don't think he had ever
heard of Savannah River or Hanford.

Meanwhile, Pete and Commonwealth Edison
were discussing a small scale nroduction reactor. This was
to have been the Pressurized Light Water Reactor which was
built by the combined Govermment-Yestinghouse~Pittsburgh
group and known 'as the Shippingport Reactor. But when the
Commisgsion decided to go the Rickover way, Commonwealth and
 General llectric proceeded with design and construction of
the Dresden I Reactor independent of the Government. Several
other utillties contributed funds but the Government did very
1little toward this project. I think the Conmission acted
very stupidly. .

The Shippingport Reactor was very expensive.,
Thus Dresden I became the first power reactor to be economic.
Both are still in operation and both have been very success-
ful technically. . ;

I still think Shippingport was unnecessary
and a financial fiasco. Because of this and other reasons,
we left the AEC and I returned to Argonne.

(6) Resune

The Power Reactor Development Progrém then

becanme the following:

}  Homogeneous Reactor IIX

)  Experimental Boiling Water
leactor II :

) Ixperimental Breeder Reactor IT

) Sodium Graphite Experiment

). Pressurized Light Water or.
Shippingport Reactor

Ty T
T o

(o RN P o)

This was'supported by the private utility
program for the Dresden I Reactor which actually was time~
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- wise behind the .others so that operating data on the EBWR
‘was avallable before Dresden was placed in operation. Five
men from the Dresden staff actually attended a lecture
course I gave after my return to Argonne. In summary, I
probably added little to the program. It certainly was

not McLain's program. - :

b. Plutoniﬂm Fabrication IFacility

One problem that had been recognized for some

- time was that of the manulfacture of fuel assemblies contain-
ing plutonium. Argonne had placed a line item -in their :
budget request. This was for, I think, $900,000. My view-
point was that this was too little. So immediately on my ‘
arrival in Washington I called Wally and sugpgested that this
be revised upwards. ¥Wally had not studied the item dbut when
he did so he called back and asked that it be deleted. -The
next year the item was again placed in the budget for
65,000,000, VWhen I returned to Argonne,- I became Project
lManager. ' : : '

¢c. Fast Reactor Technology

Galifornia Rescecarch and Development had pub
together an excellent staff for the liaterials Testing Ac~
celerator. described below, When this nroject was cancelled
it was suggested that the staff be used to develop sodium
technology. This we tried to do but thée budget fipgures
came out very high and the Bureau of the Budget cancelled
the project. I believe that it should have gone forward,
Argonne has not done 1ts job as well as it should have,

The trouble with the budget for the Ualifornia
Research and Development Company was that we were too honest
. and included the things which should have been included in
the first budget rather. than overrun our budget and cry for
help later.

3. llaterials Testing Accelerator

Brnest 0. Lawrencs was a terrific idea person.
Among other things he invented the accelerator., At the same
time many of hls ideas were impractical but practical or not
he pushed them. ‘ . :

_ One of his ldeas was that an accelerator could be-
used to produce plubonium. AL the time There was a general
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idea that natural uranium In minable concentrations was
very rave so to get fiassionable materials we either had to
use breeder reactors or manufacture plutonium in some other
way. His idea was that if we accelerate deubterons to a
sufficiently high energy and let these deuterons plunge
into a uranium metal block, the deuterons will cause
spallation of the uranium producing among other things
neutrons. These neutrons can then be utilized to form

plutonium by reaction with U 238. A deuteron at 350 mev
Ulll release on the average about 16 neutrons on 1mpact
with a uranium target.

Anyway, Lawrence suggested a Pilot Plant to check
“this proposal and sold the idea to the Commission., He was
also a convincing salesman. So some 518,000,000 was appro-
priated. The California Research and_Dovelohmont Company,
a subsidiary of Standard 011l Company of California, was
brought into the picture and glven a contract to design
and build a test facllity. A design was prepared, an area
near Livermore purchased, and the device constructed.

The whole project was secret. It was also handled
by the Productlion Division of the AEC. : »

The first I heard of the project was about a month
alter I got to Washinglton. Even then I heard only that the
project exlisted and I saw no reports. About one month
later MHafstad, in a hurry as usual, openecd my door and
stuck his head in and said, "Stew, the Commission just
decided to transfer the INTA from the Production Division
to the Reactor Development Division. I'm agsigning the
responsibility for the progect to you." He then slammed
the door a3 he left. - :

So, the next day I went down to the Production

- Division and found a four drawer filing cablnet filled with
secret reports. . I got these transferred to my office and
began to study them. The Pilot Plant was described and
plans for =a full scale production facility with an esti—
mated cost of %150,000,000 were included. The whole thing
amazed me. I 1abor estlmated the cost, based on my Rlchland
and Savannah River expericnce, as £11.50,000,000.

After due con31deratLon I proposed to Larry that
he and at least one of the Commissioners, actually Keith
Glennan, and I take a trip to California to sec the pilot
widzit and to have the California R&D people tell us what
it was all about and to tall to Lawrence, Alviriz and
others at the University at Berkeley. This was duly .
arranged and we spent two days at Livermore and Berksley.
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Kenneth Davis led the discussions at Livermore
and made such a good impression that Larry hired him to
take my place when I left Washington. Alviriz also made
an excellent presentation. And we visited the Pilot Plant.

The Pllot Plant consisted of a huge shed type
building in which the pilot accelerator was built. The
accelerator consisted of an ionlzation chamber for deuterons,
s preliminary booster, and the accelerator proper which con-
sisted of 10 or 12 drift tubes operated at several million
volta and a target. The whole widgit was placed in a
vacuum tank some 18 £t diam by 80 ft long. But it worked .
and neutrons were produced in the uranium target.’

. There were two immediate problems. These were
that the RCA high voltage AC-DC converter tubes still
needed ‘development .and that there was uncertainty as to
the neubrons produced per impact as a function of the
voltage. So after some cogltation I recommended continuing
the tube development since these tubes have commercial uses
and it did not seem reasonable to not finish the program as
well over 50% had already been paid out, the.job was nearly
80% complete and the Goverrment would have had to pay at
least the 80%.

A different situation existed in respect to the
neutrons versus energy data. The highest voltage acceélerator
at that time was the large cyclotron at Berkeley. I believe
thiz was about 18l in. in diameter. Of course, this is
peanuts compared to the 5 mile diameter one now at the
National -Accelerator Laboratory southwest of Chicago. But
the 18l in. was the largest then in existence, I belileve.
But it had been calculated that the power level of the
18l in. unit could be doubled by stronger magnets and these
could be installed at a nominal cost. So I recommended
that these be installed and the data obtained. Both pro-
grams were completed,

I reviewed the information on the larger or .pro-
duction accelerator. The following table presents a rough
comparison between the pilot and proposed production models:

Purpose Pilot - Production
Neme - Mark I Mark II
Tank, vacuum, ft ~10 x 100 .60 x 350
Voltage, mev 25 © 350
Amperes, milliamp 50 27

Cost, 106 § . ~15 V(l)

by T lw ‘ ?7?
‘(1)Estﬁggtéd{by Lawrence. Iy estimate was ﬁ%o California-

R&D people estimated 150.
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After about the third trlp to leermore I reported
to the Commlssion on my findings and recommendation. Henry

.Smyth, one of the Commissioners, spent two hours after my

presentation questioning me., He was a physicist and I was
. nots But after a few minutes I realized he was asking
questions that he thought I could answer and not ones to
embarrass me., I recommended cancellation of the entire
project. Later the evaluation people ynder Manson Benedict
concurred, . But the Commission acted at the meeting right
~after my prcsentatlon and killed the project.

ueveral years later Bennett Lewis at Chalk River
reinvented the idea but as a neutron source. But he couldn't
gquite believe what we had done until*Ken. Davis sent him some
of" our declassified reports. Actually the only publlclty
when we declassilied the project was a short note in Popular
Mechanics,

L. “Production Division

As I noted sbove, I was also a member of thé Pro-~
- duction Division., Uy duties were to attempt to develop
new  ideas for Increased power levels alt Savannah River ‘and
Richland., Actually, I did practically nothing toward in-
creased power levels at Savannah River., I did quite a bit
voward ralsing the power levels at Richland., Basically the
Hanford, d831gn permltted 1ncreaged power levels rather
easily.

8. wmavannah Rilver -Reactors

As descrlbed earlier, the Savarnnah River Re-
actors were heavy water cooled and moderated. Since the
~ heavy water wdgs cooled by passage through stainless steel
tubed heat exchangers and the heat transferred to clarified
Savannah River water, the heat exchangers placed a real
limit on the possible power levels of these reactors.

Since we had designed into the reactors suf-
ficient heat »roduction camacity to reach the limit of the |
heat exchangers, there was not much more that could be done.
Savannah River also developed a very competent staff that
has moved coubtinuously ahead. In actual fact, we calculated
before construction started that each reactor conld be
.raised to l times its design power level, This has been
done. The heat exchangers and fuel were designed for these
higher power levels but the Savannah staff has done other
things &as wel]. ‘ :
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b. Hanford Rezctors

The situation with the Hanford Reactors, how=- -
ever, was just the opposite. The original reactors had
‘been designed during the War on a very conservative basis
and this desipgn had been followed in subsequent reactors.'

‘Soon after I went to Washington there was a
‘mrs'et,u,rrr with several of the Richland staff in. Washington.
I sat in the back and said very little until just at the
end. Tuen I asked why they were not trying the use of
zirconium tubes in place of aluminum tubes. MNo one answer-
ed but all of the Hanford people looked surprised and wonder-
ed who 1 was.

_ Then for several weeks I studled what roports
T had tlme to read and learned how the reactors were built
and operated., Of course, I had visited ?lchland and had
seen the reactors several times.

(1) Visit to Richland

So I'renk Pittman, who was Depuby Director
o the Production Division, and I went to Richland. While
there we spent I think two days talkinz to the Development
ingincers, one day on inspection and a short time with the
CABC, Including talks with the Area lManager, David Shaw,

Az I remember it, Dave took a dim view of
what we were there for but he never said so.

When we asked Dave why there was not a

.. greater push to higher power levels he stated that General

Flectric Company, the operating contractor, would only

move to higher power levels very slowly., Then when we
discussed the problem with General Flectric officers they
stated that their contract with the Atomic Energy Commission
required that General Electric was responsible for any damage
to the reactors theat mlnht occur in operation -at hinher

power levels,

We did not push: this point at the beglnning,
but aftcr spending the two days talking to the engineers and
attempting to evaluate if the reactors “had the potential as
we believed for higher power levels, we did push it.

(2) Technical Program

In looking at the technical program we
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simply went through the laboratories and talked to the
englneers and asked what they were doing and then tried
to put all their ideas together into a program., '

‘ What is written here is not in chrono-
logical order of the contacts we made az I have Lforgotten
the details., I believe we first assked for a- presentation
of the wvarious power levels, the flux levels, etc. T
remember that in this session I started asking questions
of the engineers, why they were not moving to higher power
levels and what they thought the limits were. They were
enthusiastic and everyone thought that what he was doling
could be used Lo produce higher power levels. , :

(a) ITuel Rodsg
The fuel rods that were in use were
natural uranium metal rods about 1.30 in. diam by 8 in.
long. These were clad with aluminum using an AlSi alloy
bond as described in the du Pont discussion, see IIT, F.,
35 _c. These were cooled in the .reactors by treated
Columbia River water being pumped asround then.

We asked why holes ecculd not be
drilled in the rods and internal as well as external cool-
ing used. This had not been tried. Actually a few years
later 1% was ‘tried and adopted. ' _ :

(b) Waber Velocities -

_ We asked about higher water velocities.
This had led to erosion and other troubles. :

_ We then asked why higher temperature
drops were not being used. This led to the fact that. the
‘exit water of the hottest tubes in the center of the re-~
actors was near the flash point of the exit water. So
nothing could be done. 8o we asked why not increase the
exit pressure to stop vapor formation in the tubes and let,
the hottest tube exit water mix with the cooler water from
the outside tubes. This would require higher pumping powver.
But this was small, we stated. . Actually, in a vew weeks
this was beiny done and much higher power levels were beling
obtained at a relative low cost. Later much larger and :
- higher power numps were installed,

{(¢) Zircalloy Tubes

I mentioned above the guestion of use
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of zircalloy tubes in place of the aluminum tubes., Since
no one at Richland seemed interested, I actually ordered
gix tubes and had them made to the size: of the Richland
aluminum tubes and shipped to Richland. ' .

' These zirconium tubes were nade by
rolanL Lho pure zirconium metal, then rolling the thin
sheet into tubes and welding the seams. So when I asked
why these tubes weren't being tried, I got the answer that
they were welded tubes and the General Hlectric people
considered that it was not safe to use welded tubes in a
reactor. I stated that this was foolish as it could easily
be shown that the zirconium tubes had 4t le ast twice the
strength of the aluminum tubes. But we got nowhere.

This discussion had an 1nterest1ng
~sequel. Hax Carbon, one of the engineers, was interested.
lax was working on heat transfer. So sometime later lMax
tested the tubes, becane enthusiastic and finally all
Richland became interested. At any rate a combined power
‘and produvction reactor wag built at Richland, using zircalloy -
tubes. This operated for several years. Presently a re-
plocement pure power reactor 1s being designed. John Hufrl-
man is acting ag a consulbtant,

Max left Richland to go to the Uni-

versity of Wisconsin. I belleve he 1s presently Head of
the Nuclear Engineering Depariment there.

(d) Other Chances

‘Several other enpgineers had ideas
‘and these were-all useful. However, L have for otten the
details, One suggestion that I made was 1mportant but I
believe it 1s Stlll ClaSSlfLed

(3) Final Discussions

Before leaving Richland we had another
discussion with David Shaw. In this discussion we briefly
outlined what we had found. We also told Dave that the
General Electric-believed they could not take the risk of
pushing to higher power levels as they would have to pay
for any poss:ble damages to the reactors. We further stated
that we agreed with General Electric as their contract with
the AWC was very specific., We then stated that we wanted
the contract changed at once. Dave was quite surprised, I
think, at being told by a person that he had probably never
heard of to rewrite his blgbost contract. I then indicatod
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that I was responsible %o the Commission and had agreed
that power levels could be increased and no further reactors
would be nceded., We left on a rather sour note that either
the contract would be changed and the engineers and our _
ideas for hipgher power levels instituted in the near future,
or we would have a new Area Manager. Frank Pittman said
little but he did back me up. .

Several years later I again met Shaw. He
had left the AEC and was President of United Nuclear. United
Nuclear had offered to purchase Nuclear Enginecering., I was
a large stockholder and member of the Board of Nuclear
Engineering., When we met again, Hy Federman was introduc~.
ing the Huclear Engineering Board members to him, He simply
said, "We've met before." We both smiled but nelther had a-
chance to refer to our only previous meetings.

(l.) Report and Chanpges

On the train back toward Chicago I'rank and
I discussed what we had accomplished. Frank also started
. a report -based on the idea that higher power levels at
Hanford could best be obtained by a large number of small
changes. On return to Washingbon we prepared a rather
complete report with the recommendation that the AEC change
the contbract wWith General Electric to relieve Gencral
Electric of responsibility for the damages that might
occur in case ol damages to a reactor as the power level
wag- incressed. Since, when any change is made, the power
levels are raised very slowly, we considered that any damage
that might occur would be small. We also stated we believed
that the power levels could be raised very substantially
without -any danger to the reactors, and further this in-
crease in power. levels would provide sufficient plutonium
that no additional reactors would be required,

. U Actually, the power levels were ralsed very .
. substantially over the next few years. Almost immediately
" after we left pressure valves were installed on the exit
tubes to rTaise the exit pressures and thus permit higher
exit temperatures with the higher power levels. Calcula—
tions were immediately started on my suggestion. :ow pumps
were ordered. As a result not only higher power levels
were attained with small capital costs but the morale of
the people also improved.

! As a result, the only additional rcactor
built was the combined plutonium production-~power reactor.
As noted, this reactor will soon be replaced., I belleve
both Richland and Savannah iver reactors will soon be
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closed as we have ample stocks of explosives, Tritium for
fusion power plants may be required. The higher power

levels cost very little compared to the billions of dollars
for moreé reactors. Also operating costs would have increased
had additional reactors been bullt. '

5. 0dés and Endg

. A few times the Commissioners had luncheons with
Hafstad, Richover, Lane and me to discuss our problems.
These were interesting as usually it was Rick that was
quizzed. ' e

There is one problem that always bothered me. but
no one e¢lse. Since the power companies nroduce’ large
guantities of plutonium, why not use the gas centrifuge to
geparate out the plutonium 239 from the mixture of isotopes
produced by the power plants? So far T have been unable %o
interest the Cemmizsion in this proposal. _ '

We also had fregquent contacts with the Joint Com-
mittee on Atomlc Enerpy of Congress. A Mr. Walter Hamilton
was the liaison person and acted as Secretary to the Joint
Cormitbee's staff. After we had developed the socalled
five reactor prosgram, the Commission adopted it but the
Bureasu of the Budpget, as I remember it, did not belleve
the test reactors needed to be built, This was also the
opinion of one of the most influential of the Commissioners.
Ho wanted Rickover to boss all the work. So I called
Hamilton one day and suggested that it might be of interest
1f we just happened to meet in the 3rd floor hall of the
Atomic Energy Commission Building at say 11:00 a.m. the
next day. 1e, of course, knew of the suggested program
and its temporary demisc.

Anyway, we meb just around the turn in the hall
at the front of the building on Constitution Avenue. I
told nim that I thought the cancellation of the experimental
reactor program was a great tragedy and I suggested that
Congressional hearinzs might be of interest. He agreed
and we parted. - '

“geveral months later Consgressional hearinzs were:
held and strange ag it 'may seem, the same old projram
alightly updated became the law of the land.

: One. other item about Congress. Senator Anderson
of Arizona was a nember of the Joint Committee for Atomic
Fnergy. One night he and Keith CGlenman aslked me to have
a gandwich with them. . Senator Andorson was full of
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.questions but his mind was made up. He wanted no answers
to his questions that deviated the least bit from his
opinions. :

During the summer of 1963 Hafstad and one other
man and I had attended a meeting at Chalk River. Hafstad
and I agreed that the MTR was essentially all declassified
but we were not certain that the details of the fuel
agsemblies were completely declassified. So I took the
cross sectional drawing of the core and cut out just the
fuel section. At Chalk River Hafstad reoviewed the program -
evolved at Washinston and I presented the discussion of the
degipgn ol the MTR. .

: On return to Washington I was accused of present-
ing classificd information. When I ‘showed the cut up draw-
ing and testified that I had divulged no classified data in
Canada, the subject was dropped.

Also in that summer there was an International
Conference at Jenner, Norway. I was asked %o go and planned
to do so. Bince I was going Dr. Zinn sugisested that I pro-
sent the paper on the CP-3 Heavy Water Reactor at Argonne,
and. 1t was reasonable that I should present the paper on
the lMaterials Testing Reactor, including a discussion of
the fuel assemblies, heat oproduction, neutron flux levels, .
etc. So I prepared both papers. However, when we decided
to leave Washinston and return to Argonne, I asked Dr, John
West of Argomme to present the CP-3 paper and Dr. Alvin
Weinberg of Oak Ridge to present the HTR paper. This was
done. The MYIR paper created a sensation as it disclosed
the tremendous heat producticn--for which I had not been
. the designer. '

Ha Educational-Programs

1, Reburn to Argonne Hational Liboratory

After aboutbt 18 months in the Atomic Energy Commis-
sion we had completed our basic assignment of establishing
a new development program in reactor technology; so James
Lane and his family returned to Oak Ridge and we returned
to Argonne. Heanwhile Neal had graduated from high school
and entercd the University of HMichigan. So in August of
1953 we returned to Downers Grove, Illinois to live and I
reported back to Argomme aboubt the first of September,

Wally Zinn simply assigned me to an office and told
me to get interested in anything. I wished to except those
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things he was interested in. I started to look around a
bit and to read the recent reports. Almost immediately I
got a call from Mr. Boyce,. the head of the educational
programs and a visit from Frank Foote. I have forgotten
Mr. Boyce's first name. : |

Boyce wanted me to give some special lectures to
Argonne englnéers, and Foote wanted me to act as Project
Manager of the proposed Plutonium PFabrication Facility.
These two things occunied me for about three years.

2. Assignments

g. Plutonium Fabrication Facility

As mentioried in the AEC budwot discussions,
we had raised the budget for the proposed Plutonium Fabrl-
cation Faclility to $5,000,000., Then I became Project
Manager.

Los Alamos had been fabricating plutonium
metal into components for weapons; so the general properties
of plutonium were well known and handling methods had been
worked out. Also a weapons components olant had been built
north of Denver on the rocky flats area and was opcrating
as the Rocky Flats Plutonium Fabrication Facility under
contract with Dow Chemical Company.

. The use of plutonium as a nuclear reactor fuel
however involved different basic shapes and it was thought
probably different alloys. So Frank IPoote, James. Schumar
and I had a number of discussions on the problems involved.
Two engineers, Larry Kelman and Arb Schuck, were assigned
full time to the project.

The first question wau to decide whether the
bulldlng should be aipha or gamma. Plutonium emits alpha
rays which are easily %topped even by a sheebt of paper or
the dead skin on a person's body. Beta rays, or electrons
are quite penetratlng and gamma rays are very penctrating.
Gamma rays require several feet of concrete for shielding.
After several discussions we decided to-proceed with an '
alpha building. This meant thalt glove boxes could be used
" and workers could see and feel through rubber gloves what
they were do&ng.

Th retrogpect this decision nay have been
wrong since the buxldlng and its facilities are now out
o' date as most work is done on a mixture of materials
that emit sufficient gamma rays that heavy shielded areas
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which had to be built later must be uéed, At any rate, the
Tacility was used very successfully to develop plutonium
fuel technology. ' '

Los Alamos had developed techniques for handling
the metal as required for the rather gimple shapes used in
nuclear weapon devices, Their equipment was simple and
easlily operated and maintained., The safety specifications
- ab Los Alamos were not adequate in some respects to cover
the requirements necessary for the more complicated and more
flexible equipment we were thinking of installing. Our re-
quirements in specifying the operations to be performed were
to cover the gamut of all plutonium metal, oxide, and possibly
nitride combinations and various types of fuel components. '
Foote and I went to Los Alemos to seec their facilities.,
Kelman had previously visited there. '

As soon as we decided to adopt an alpha build-
ing, we were able to use glove boxes or the opsrators could
work with their gloved haands directly on the equipment and
materialg, albeit, limited due to the requirement that only
arms' length and. arm strenzth with suitable tools could be
used. However, these limitations at the time appeared
reasonable since we were to be doing experimental and not
production work., . d

S0 Art developed a glove box I 't wide, 6 £i
high and 8 ft long, This was made from hollow aluminum
extrusions welded together for a frame, plexiglass sides,

- aluminum plate ends, top and bottom with glove box ports

" on'each side., With suitable connections for utilities this
“has become quite a standardized item. ~Presses, saws, drills,
lathes, ecte could be installed in these glove boxes. In
addition a reasonable -amount'of development work permitted
installation of furnaces and plutonium alloy casting and
metal working equipment except rolling mlills, A conveyor
through several glove boxes permitted setting up a full

line of operations. =

Then Art started to desipgn a rolling mill for
glove box operations. Actually, he desipgned the rolling
mill and its drives so that only the rolls and the roll
changing equipment were inside the glove box and ?he glove
box components were machined to it the rolling mill frame
essentially vacuum tizht. A conbract was let to a Brooklyn
tompany to make the mill. It worked well. So the Brooklyn
company is still advertising the mill and presumably selling
copies of it. :
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(1) Buildins and Equipment

: Once the necessary dimensions and numbers
of glove boxes were established we laid out plans for the
building. - Two glove box lines some 80 £%. long were
specified, In addition a vast array of utllltles was list-’
ed. All items such as pilping for air, vacuum, heliwn,
nlfro&on, walter, sewage, etc had to be specified and built
in; and built so that the facilities not only could be used
but also could be repalred and malntalnod.

Actually we divided the building and equip-
ment Qnd contracted for the bulilding whille the eoulpment
included in the glove boxes with the boxes and their immediate
and attached equipment could be made a separate contract.

Ventilation equipment included inlet filters,
temperature and humidity control, and discharge filters. The
inlet filters included the ARC %l filters doscrlbed in the
Oak Ridge Filter Building, and the exit filters included’
roughing and ultimate or the ALC filtera with the proviso
that they had to be built so that they could be dlscharged
into plastic bags for external handling and burial,

A contract was let with an architect
engineer. They desipgned the bullding and utilities. But
they grossly under bld the job and we finally opened the
contract and increased the contract price from §$90,000 to
$177,000, I believe. They also made detailed drawings of
the glovo box utilitics and components. The utilitics, ete
required that the drawlngs had to be simlilar to those used
in submarine design. In other words, the piping had to be
drawn in three dimensions to scale and not as single line
drawings, which are usually used in building designs.

Space had to be pPov1dod Tor JOLnta and
Tor malking the joints, etc. Then we contracted with a
building contractor to construct the building for %900, OOO.
The contractor dld an excellent job.

« We then askod for bids to bulld and install
the glove boxes and their eguipment. As I remember it, we
received one bid and that was for something like 4.5 million
dollars. Since all the design work had been done, we con-
‘sidered this excessive and. the bid was rejected, Argonne
then built and installed all the equipment with their own
persommel at something like $150,000. :

What the total plant cost was, I do not
know, as Argonne purchasced equipment, etc under many dif-
ferent orders. I estimate that the cost was about
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$1,600,000, including Frank Foote's and my time.

(2) Operations

The plant was operated very Successfully
for several years. It was then closed down and I believe
is presently in standby. Meanwhile Argonne built a so-
called gamma facility but this too finds little use today
ag the technology has been thoroughly developed. The in-
dustrial companies which manufacture fuel assemblies con~
taining recycled plutonium have designed and built plants
" for this work. Thus, the.use of recycled plutonium is now’
a reallty. o :

b. &gmmememes

A Tew weeks later I started a series of one
hour lectures at 0830 Monday mornings. About 50 .Argonne
and 5 Commonwealth Edison enginesrs and scientists attended.
The lectures were issued in a classified report and were.
widely read at Argonne and later a declassified version was
- widely distributed literally around the world as they were
.almost the earliest record of how actually to design the
engineering aspects of nuclear reactors. The theory of
the physics of reactors was not cilassified but there had
been no concerted effort to tell how to design a reactor
such as the Hanford reactors ina loglcal sequeritial manner.

Included in those that regulsrly attended the
lectures were the 5 Commonwealth Edison people. These
included the future Superintendent, Assistant Superintendent .
and Head of Health Physics of the Dresden I operating
personnel. Also Eugene Bailey attended part of the lectures.
Bailey was one of the very high engineers of Commonwealth.

These lectures were repeated the followxng two
years to smaller groups. '

In retrospect I should have been-ashamed of
them as they were so primitive., DBut it is easier to rewrite
a poor text into a good text than it is to try to organize
a series of lectures on a new sub.ject which I was dolng.

The preparabion of these lectures occupled
quite a bit of my time. Then declassified coples were sent
all over the world and I had to autograph coples in Spain.
At a recent ANS meeting five Professors stated that they are
still using my old lecture notes.
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c. International School

: In 1955, I think it was, President Eisenhower
made a speech in which he. stated. the United States would
declassify much of its nuclear technology anhd would present -
this to engineers around the world. Ie didn't realize what
he was getting me into.

Anyway, it was decided by the Commission that
Argonne would set up an Intornational School. Wally Zinn
delegated responsibility to the Assistant Director, Dr,
- Horman Hilberry.. He agreoed to be major domo or dirvector
of the school and then appointed another engineer to act
as operating head. And it was decided that Kenneth Winkle-~
black would give the lecturcs in reactor enginecring. But
a Tew days before the school was to start Winkleblock de~
cided to go to Atomics International. You can guess the -

rest, . .

: Anyway, I hurriedly moved sore materials over

to the school and began to think about an outline for a
course in reactor engineering, Besides my course. there
were to be others in health physics, metallurgy, reproccssing,
and the physics of reactors. Actually health physics had
always been declassified and a good part of the physics had
also been declassified. S0 I had to sive a series of
lectures to these people, ‘

. About 30 nuclear engineers arrived from all
over the world. Jodra and one other from Spain, two from
France, I think, two from Germany, Sweden, two from
Australia, inclwding Wilsorn, two from Brazil, including
Cimbleris, Hexico, Greece, India, two from Japan, Indonesia,
Thalland, 3witzerland, etc. Anyway, therc was a big to-do
including a welcoming turnoutv. But who pave the first
lecture and lecturcd from then on to classes for, I think,
three years? : ’

Anywey, all T could do was to update and remove
classified information from my Argonne lectures, This I did
and also added problems, It turned out that about half the
group was made up ol live wires and very excellent students.
Others were slow to cateh ons Almost all except the
Australians and Jodra had language difficulties. If some-
one couldn't understand my I'mglish, someonc elsc would
translate 1t into. French. All excevot me. seemed to under-

stand Prench,.

‘ The Japaneée £ave me a worry.. Japan had beeq
a bit treated to nuclear explosives, so these men were
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guite wary of what was going on. Presldent Elsenhower had
said we would help all nations but justly or not the
Japanese Were apprehensive. Also they had been told by
the Communists {that this school was just a trick to permit
the Unilted States to take them over., AL any rate, about
six weeks af'ter the course started one of the Japanese men
came into ' my office and started talking. Heither had hard-
ly spoken before. e said that they had been warned to
Jook for the tricks we would be sure to pull on them, and
to look for false information as what we would say would
be designed to cause fallures in any future plants they
might build. iHe said that they had decided there were no

- hidden tricks and that we were really trying to help the -
other nations. When he returned home, he sent . Winnie a
beautiful scarf. In the fall of 1973 I met a Japanese
engineer at the Atomic Industrial Forum meeting in San
Francisco. He insisted on taking my picture so -he could
report back to the Japanese engineers what I was doing,
etc. He stated that they frequently refer to my lectures
~and notes. ' '

One other item 1s of interest. Since these
men were all young and in most cases this was their first
trip "abroad", and since they had never visited American
homes, I sugiested to Winnie thai we entertain them. Since
with the other staff members there were well over 50, we
asked half.of the group on each of two succeeding Thursday
eveningzs for dinner, There were aboubt 35 each night, in-
cliuding the staff people. The two office ;irls agreed o
help. Winnie served a goop of crab, lobster, shrimp and
fish which she could casily serve. She had potatoes and
vegetables and, I believe, apple ple for all,

On arrival at the house they spread all over
and meny took pictures. They looked at everything. While
Winnie and the girls were serving the food, several took
pictures of every move Winnie made as well as of everything
in the kitchen. - One man admitted he had taken a full roll
of 36 pictures in the kitchen. : :

d. International Visltors

Since a nmmber of people met me at the school,
T was frequenbly asked to meet and show international
visitors arocund the Laboratory and to discuss their prgposod
programs with them. After I left the gchool Hilberry %nsist—
ed that I éontinue to act as host to many of these visitors.
e stated once in a talk to several foreign visitors that
I was the Atoms for Pcace Progran.
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e. University Contacta.

Dr. Zinn resigned while 1 was at the School.
When Dr. Hilberry was appointed Director of the Laboratory,
‘he appointed me Associate Director of the laboratory in
charge of education. Dr. Boyce had held the position but
he had also resigned. : .

I really was too busy with my other duties to
“do justice to the University contacts, The International
School was going along okay but I did very little with the
American universities. The Dean of Northern Michigan at
Houghton insisted that I visit their campus; so I did, I
think three times. But I did 1ittle elsewhere.

. Ann Arbor Conference

: Sometime in 1952, I think, I sugzested to
Professor George Grangsr Prown at Ann Arbor that the

University sponsor an International Conference on Atomic
Energy. ie agreed and a cormmittee was sekb up with me as
Chairman, ' - : '

We planned a broad program and invited the AEC
commissioners and the commissionerg from other countries.
The program was excellent. The U.8. Commission took no
notice of the meeting and no U.S. Cormissioners attended.
Several foreign commissioners attended. :

Due to the large attendance and the interest
from the Buropeans particularly, I believe that the Com-
mission suggested to President Elsenhower that a broad inter-
national meesting be held and the Tnited States would de~
classify as much material as poasible for that conference.
This was done and the 1955 Geneva Conference was well
attended. The highlishts were Wally's motion picture.of
blowing up the DBoillng Water Test Reactor and hig reasults
of the IBRI work. I did not go because there was very little
englneering discussions but rather physica and descriptions.

g. Cdds and Ends

: We continued to have university contacts and
to operate the International School., In addition the pro-
gram was widened to train industrial people by assipnments
to various laboratories, etc. In addiition, the number of
international visitors continued at a high level. Since I
had to direct all these programs, I was kepl busy.
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3. Commlttees

- X also sérved on several committees. Four of these
should be mentioned. IFor a time the various organizations
of the AEC, particularly Richland and Argonne, were pre-
senting courses to lndustrial people.

a. Educational Commiﬁfee

: So we get up an BEducation Commlttee to co-~
ordinate our work. One member was from Oal Ridge, Hanford,
and two or thres other places, with me representing Argonne
ag Chairman. The Commlittee was active for only a few months
and had only three meestings, but we did circulate some lecture
'notes, problems, etc. I have always regretted that I did not
have time to do more with this Committee but there 1s not
time to do all the things needed to be done.

b. Non Destructive Testing Committee

I mentioned above the Non Destructive Testing
Committee in reference to the Savannah River Project. I
organized this Committec and served as Chairman for three
" years. It had some 15 members from the AEC Installations
and later some industrial people joined. Since then it has
grown until there are annual national meetings, and there
must be several hundred members. They publish a book cover- '
ing each meeting. ‘ ’ '

c. NHational Academy of Sciences

In 1955 I think the National Academy of Sciences
set up a national committee to study handling and disposal
of radicdactive wastes with emphasis on the high level wastes.
A professor from Johns Hopkins was Chalrman and all the AEC
installations and several industries were represented.
Floyd Culler represented Oak Ridge; Phillip Sporn represent-
ed the electric power industry. In all there were about 15
members.,

We issued a. very blah report at the end of
several meetings. In addition, the Committee had begun the
study of the disposal of high level wastes in salb mines.

I objected to both things, so I resigned.

Later the Committee fostered the ARBC's work

at Oak Ridge' National Laboratory on burial of high level
wastes in the salt beds at Lyons, Kansas. I have always
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‘been opposed to this project. Several years ago I wrote a
letter to the Commission objecting to the burial of the
wastes. This letter was based on work at Richland on the
value of the materials in the wastes. I am convinced that
in 50 years we will be recovering platihum and other.metals
Ifrom the wastes.

- Since Kansas objected to burial in the salt :
beds at Lyons, I suggested burial in salt beds at the potash
mines in New Mexico. Lugene Hungerford and I actually visit-
ed one of the mines and obtained logs of the drill holes in
this area. We selected a suitable bed at one. of the old
shafts near Carlsbad and suggested its use. Nothing came
of - this at that time but now (1975) it is an actlve project,

Recently the Commission has decided to store
the solldified high level wastes in concrete buildings
sbove ground, as I had previously suggested, but for dif-
ferent reasons. They arrived at this decision after all
the trouble about thé Kansas site as another alternative,

I do not know whether or not I should have
resigned from- the Committee when I did but I believe that
the recommendations of the Committee were wrong, not on the
basis of the troubles encountered later In Kansas, but on
the basis ol the need to rework the wastes for valuable
metals. As yet no process for reworking these wastes has
-been worked ocut. I have always been convinced that the
wastes could be safely buried in the Kansas salt mines,

d. Prpssure Vessels

In 1911 the American Soclety of Mechanlcal
Dngin@ers set up a Pressure Vessel Conmlittee to prepare
standards and specifications for steam boilers and other
pressure vessels., By 1955 this Committee had become very
important and thelr ‘rules and standards had become accepted
as standard worldwide and were required by all municipal
and state regulatory bodies in the United States,

In March of 1955 the Soclety established a
SpecLal Committee on Nuclear Power. Members of the original
group included:

Frank Williams, Chairman, Taylor Forge;
Perry Arnocld, Chicago Bridge and Iron;
Bugene Bailey, Commonwealth Edison;
Frank Davis, AEC, Washlngtonj;

Harvey Wagner, Detroit Edison Company;
B. F. Langer, Westinghouse Electric;



C, W, Wheatley, -—~---—mem==x ; and

plus about 10 or 12 others from the varlous
industrial plants which manufactured pressure
vessels. <

Bailey, Wagner, Frank Davis, and I vwere the only
ones really familiar» with nuclear reaotors and their problems.

_ : We net about § times a year on licndays in Hew
York. Usually I would pick up Bailey in LaGrange and drive
to the 63rd Street Station or the airport, and we would

meet Arnold from U.S, Steel Research and go to Hew York to-
gether, and then frequently return together the next evening
or on the overnight train.

: Thh first foew mecetinys were pl anning and ‘edu-
cabional. Asg always, I was expecbed to do most of the

talking. Bailley, Wagner, and I constituted a sub-committee
on definitions and a separate sub- commlttoo on containmment,

The Tirst problem we faced was that the SpeCLal
Committee should include the containment, heat exchangers,
and all pressure components in the primary cycle in our
Jurisdiction, The heat exchanzers were required to be
bulilt on the primary coolant side to the rulss set up by
the Speclal Committee and on the other side they could be
built to the requirements of normal steam generators.

At cne of -the carly mﬁetin N thc question of
welds came up. The COdOo had prevzouoly required all welds
be. given an efficiency factor of ¢0%. I asked why and stated
that I belleved welding had dcvelopcd to an extent that the
welds should be given an efficlency factor of 100%. This
was irmmediately agreed to and the lMain Committee so voted
for all pressure VCSbe]u, including. nuclear,

The Special Committee began to work by use of
"cases". When a company wished to have an approval of a
given design not in keeping with the regular American
Society of llechanical Engineers codes, a lotter request
wose made to the Commibttee and we would consider the applica-~
tion and issue a "ecase" or brief reguirements note which
could be later used as a paragravh or so in a definite Code
for Muclear Vessels as a secbion of the regular ASME Code.

As noted above, the Code is incorporated into
all state and city codes and laws of the United States and
"into the laws of many countries. DLater our cases were in-
corporated into a ncw section of the fode, Section IX.
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: After about three years on the Special Com~
mittee 1t was proposed that T becceme Thairman of the
Special Cormittee. Acceptance of this assignment would
have made me a member of .the Main Comuittee or Pressure
Vessels. - This would have meant neearly a weel eisht times
2 year in Mew York,  Since Argonne refused to sponsor this,
I resigned from the Special Cormittee as I could not stand
the financial burden, Commonwealth reople have criticized
me for my decision, but Uommonwealth did not offer to
finance the travel and expenses. I would have been willing
to have spent the 8 weeks per year time plus all the time
to review the cases. . '

One of the Interesting problems was that of
nozzles. At the suggestion, I think of Bailey, the Chairman
of the Special Committec appolnted.a sub conmittes with
Bailey as Chalrman. They came up with the suggestion that
all nozzles must have equal strength with the body of the
vessel and that all the additional metal be welded integral
with the main pressure vessel. '

We also considered the heat treatment of the
vessels, bolts, and heads, etc.

_ These vessels have -increased in size to the
polnt that vessels 12 in., wall thickness, 16 £t diam by
Wy £+t high have been builk. : : :

. Ag a resnlt of intercst of the Special Com-
mittee and others a heavy plate project was set up by the
Commlttee. Ddward Miller, whom I hired at layne State
University and who came to Oak Ridge to work for me-and
who stayed at Oak Ridge-and whom I asked to be my alternate
on the sub cormittee, and then who was promptly made a
member of the Special Committees, dirccted the projsram, The
problem was the rolling, heat treatment, and testing of the
heavy plates and welds. Td remained on the Special Com-
mittee until he died of cancer a few years ago.

: - Southwest Research Institute at San Antonio has
done considerable experimental and development worls on
pressure vessels., I'rank Davis worked on this project for
geveral years, .

Il liandbo ok
"In 1955 the Commission published a Reactor and-

bock. Then Harold Etherington edlited a Handbook that_was
published commercially in 1958. This Handbook was written
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by a number of people, particularly those at Argonne. This
Handbook was entitled "Nuclear Engineerins Handbook" but in
reality it was more a Source Book of Physics Data than an
‘Ingineering Mandbook, So the Commission decided to publish
a revigion’ of' the 1955 Reactor Handbook., I ended up general
editor of this revised Iandbook. '

I .outlined what I thouzht should he covered and.
asked enginecers and others to act as editors of the physics,
materials, ard fuels . reprocessing volumes while T retained
the editorship of the engincering volume. I then lined up
section and chapter editors. ‘ '

e had several meetings of these people. However,
1t took several months to get started and actually 3 to |
years to finish the job, I spent several months editing
the engincering volume. During that time T reduced the :
text about half. Then John Martens did the detailed editing
and the volume finally pgot printed in 196L. It comprised
about 850 pages of ‘double columns in fine print. Meanwhile
the other three volumes were published. »

Al Amorosi gave me a pleasant compliment when
describing the Engincering Volume. He said that Melain's
Handbook was different than other handbooks because ‘when
you use it you get the right answers,

5. Universities! Professors Courses '

"In 1955 or 1956 I think it was, I began to be
worried about the lack of interest on the part of the
American universities in nuclear technology, including
reactors, fuel reprocessing, and metallurgy. It appeared
that the nuclear physics and health physics were finding
places In university curriculae but the nuclear reactor
design courses were beinzy ignored by nost universities,
This was not the case at Purdue University, as will be
discuased later; but 1t was the case at most wniversities.
So I talked to lilberry and suggested that we try to talk
the Atomic Dnergy Commigsion into fostering a six wgeks.
Huclear Engineering course the next swumer. The ob3ect1vg
was to present enoush englneerins background that the varlous
uni.versities would become interested and establish courses
in MNuclear Reactor Engineering,

So a few days later llorman Hilberry and I went to
Washinston to the AR and made an informal verbal proposal
that Argomne ilational Laboratory do this. We pointed outb
that the facilities of the International School could be
used. This proposal was accepted,
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: Oak Ridge had a school but this was classified

- and was Intended primarily for enginecers and others who
expected to work at Osk Ridge. Later Qak Ridge did train
many physicists, engineers, health physicistg,and others.,
Richland also trained many faculty people, but I believe
they followed our example.’ 3 o

At any rate, we organized a school for 8 weeks
for the following summer for about L0 engineering faculty
members. We arranged to house and feed the people at the
college dormitory in Naperville. Professor Valmar Bergdolt
and Professor Robert Eaton of .Purdue, attended these classes.

_ BEverything went well except on the arrival night
the Sunday before classes were to beginy Hilberry, as .
Laboratory Director, was to present a welcoming speech.
But he forgot to attend the meeting. So instead of just
introducing him, I had to give ‘the welcoming talk. To say
the least, it was brief. _ '

: The next summer Purdue took over the presentation
of this work, This was possible since Purdue had bullt
some facilities and had begun to develop a faculty as dis~-
cussed in the next section. UFor the elight weeks Winnle and
I came down and lived In a house rented from one of the
Electrical Englneering faculty. I presented the Nuclear
Engineering lectures, This same Swmer Institute was
repeated for the following three swmers. All of these
summers we lived in married student gquarters. .

. After we had presented training courses for five
surmers we concluded that sufficient university personnel
had been introduced to the work. ' ' :

Also by this time a large number of universities
had begun Nuclear Engineering Departments. '

. 6. Purdue Univeraity ' . ‘._- v

My relationship with Purdue University began while
L was teaching at the International School. Dean George
Hawkins and the Assistant Dean, Paul Chena (he took Haf-
stad's place as Head of Research and Development at General
Motors when Larry retired), and I believe Professor Bergdolt,
came to Argonne and asked me to act as a consultant to
Purdue. ' -

. HNuclear Engineering Committee

At that time Professors Eaton, Bergdolt’and
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Trabant were presenting courses. It was proposed that a
gort of Steecring Committee be set up and I act, I think,
as .Chairman., Further, it was requested that I come to
Purdue two days a month. After due consideration this
was arranged. ‘ : :

As a result we did plan a curriculum and
facilities, including a small teaching reactor and other
facilities, To me it wag an excellent arrangement as most
of the time I was doing consulting and this work fitted
into my program very well. Only twice were difficulties
encountered, : ‘

One afternoon we left Lafayette about 1:00 FPM
as it was snowing. As the weather pot worsge we decided to
$o as far west as possible to skirt west of the Lake., We
did encounter very bad roads and had to help two cars pet
straightened out. BRBut the roads were onen and we ot home
about 6:00 PM. Iad we gone up Route I3 we would have been -
- snowed in overnight. R

Once later we started from Downers Grove to
Lafayette in a snowstorm. . It was drifting badly. We
followed the expressway around chicago to Noute 41, only
to find that it was blocked with cars and trucks. So we
-drove back home., A neighbor of ours, Lr. Keeley, was
caught on Route Il and spent the nizht in his car. He
sald that the only really bad thing about it was that the
IfcLains had sense enough not to get lnto the trouble while
he did not. : '

' : This Committee lasted for several years even
after we had moved to Lafayctte., It really was disbanded
only when Dr. Fhillip Powers came to Lafayette as Head of
the Department. I had refused to becone Head,

)
b. -Beactor

- Durin; the first few years of the program we
wrote the specifications for a small training type reactor.
This was funded and built, I believe that it has been
quite satisfactory althouzh I have always believed Purdue
should build a larger, more powerful reactor.

, Une problem encountered at Purdue is that the
Paysics Department is interested primarily in high enecrgy
physica and its needs are best filled by the accelerators, .
I have always regarded high energy physics as a dead end,
but I undersatand that there are other opinions,
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_ Later we discussed such a 1afger reactor but
very little interecst wag shown by anyone at Purdue.

‘ ‘One of the programs that I was interested in
was non nuclear.. It involved the use of Light to grow
bacteria in sewapge and the use of the bacteria to grow’
fish and chickens for human food. With some of the
agriculture people we demonstrated acceptable growth rates
and then we procecdéd to desipgn a small pilot plant. . The
University sent in the proposal to the Federal Government
but it got no emphasis. I think we asked for too much _
money the first year. We actually fed chickens and a rat
on the food. The rat became the healthtest crither around.

. We also did somé worlk Qn‘desi;n'of a food
lrradiation facility but this got no help from the agriculture
beople. They had objected to oup food production proposal.

Then later we redesipned the food production
faeility into a complete self regenerating food station for
use on the moon. ¥ven this created no interest. Later the
Space Agency contracted with General Electric, I think, to-
develop such a process. Now General Electric is trying to
develop such a process to dispose of cattle manure and to
produce a cattle food. ’ .

C.. Qther Work

or several years I worked part time at Purdue
Iniversity., liost of this work was outside the nuclear
Field., However, as discussed below, I did do some ad~
.ditlonal work in Nuclear Fuel Hanagenent,

7. Speecches and Publications

During the years at Argonne I was frequently
called on to make speeches. While I presented no papers
at the Ann Arbor meeting mentioned previously, there was
a national meeting held in Cleveland the following ycar
while I was at the International School. I was asked
and presented talks on Reloading of Reactors, and on
other subjects, but I have forgotten the subjects. The
paper on Relooading of Reactors was presented gpain to a
group in New York. This was amusing as I had two short
16 min films that showed actual operations. However, '
facilitles to show movies. weéren't the best. The talk was
given in the Grand Ballroom of oné of the more famous New
York hotels. But it was summer, vhe windows were open and

~128~ .



we ‘could not close two of them. Cons equentWy the curtains
were blown inwards and the sun shone in so that the plctures
could barely be sesen. : ‘

With Ray Brittan I wrote an article on Safety of
Nuclear Reactors. This was presented twice. I have for-
gotten where it was published but after presenting the
paper to a iational American Society of Hechanical Engineers
"meeting the ASHME refused to publish the paper due to its ’
prior publication. This paper was probably the most
important paper I ever published because it pointed oub
and explalnnd how great the inherent safety of the reactors
acbually 1is.

I was aslked by the 3001ety of I lectrlcal Engineers
to present a review paper of the reactor program, This
turned out to be quite long but it was published in their
Journal in complete form as written plus several pictures.

Duriny this time I also edited, I believe, three
volumes. of papers  such as the Geneva Papors.' The Ifandbook
is mentloned above.' Later Walton Rodgers and I wrote a
chapter for the AEC's "The Technology of Nuclear Reactor
Safety," but this has just been published (1974). The
article dealt with radiocactive wastes,

I. Consulting:

. Sometlme about 1957 Dr. “walter Zinn, John Westyand a

few others resigned from Argonne and moved to Dunedin, Florida,
to set up 2 desisn and consulting company. Wally asked me to
join them but I refused to do so. Later their firm was bousht
by Combustion Impgineering and Wally became Vice President of
that company. Ho has now retired and John West, I believe,

is Vice Presiddnt,

: About one year later I resicsned to do - consultlng And
about one year later Walton Rod*er and Joseph Thie Jjoined
me as lelain-Rodger Associates. This partneréhip'broke up

alter one year dune to the fact that Huclear Fuel Services
Company hired Walt to act az (éneral Manager of the design
and construction of the lluclear Tuels H@Drocess;ng Plant at
West Valley, iiew Vork. Joe has continuved to work some with
me and we both continued as consultants for-geveral years,
Joe is still doing consulting.

The discussion of various companies and countries pre-

sented below is in somewhat of a chronological order but
there was a considerable overlap.
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While I was still at Argonne. a New ¥York firm, American
and Foreipgn Enterprises, asked me to help them in some dis-
cussions in Germany and I actually talked to sone engineers
from Gummersbach, Germany. '

Also while at Argonne I had to. do a lot of official
entertaining,  This was especially true the year after

 Wally left. Of specisl interest was a visit of Dr. Otero

and General Vital and others from Spain. It was due to
their visit and Jodra's statement to Otero that we later
visilted Spain. '

1. EBASZO Services

Sometime in 195Y% Leonard Reichli resipgned from
the Atomic Inergy Commission and went %o EBASCO Services
to organize a nuclear group. LERASCO Services is the
construction end of Electric Bond and Share sompany, which
is a utllity holding company particularly in Mexico and
sSouth America. :

. Reichll and others had the idea that at least one
small nuclear power plant shonuld be built in Latin America,
even though it probably would not be economical, This
would introduce the company to the problems of nuclear
_ powier. : ‘ :

_ 80 Teichli hired James Lane and me to act as
consultants. We had several meetings on weekends in New
York. e sugiested a small boilin: water reactor:-of
30,000 kwe or so be built. We worked out some cost fizures,
ete, The question of site came up. The most promising
areas included one near Havana in Juba and one near Pueblo
in Mexico. Since Winnle and I were planning to take a
vacation 1n Ilexico, they asked us to contact the power
company in Pueblo and discuss the subject with them. - On
arrival in liexico City we called the Superintendent of the
Pueblo area and he sent a car to Mexlco City for us.

. On arrival al Pueblo they took us to the provosed
site to see if it was adequate. Actually 1t was very close

to the city and not at all suitsble. However, west of ..

Pueblo were open areas that we suggested misht be adequate.

While in Pueblo we visited the Cathedral and the
old Bishop's Library. Also they gave Winnie a beautiful
Mexican tablecloth. hen I asked to sec the Bishop's '
Library the Superintendent was surprised as he had never
heard of it and was less than two blocks from his office,
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The other proposed area near Havana was ebandoned
when, Castro took over. .And by that time the company de-
cided that small plants were too costly. \ :

‘Reichli is still working at EBASCO Services and
the company has done some contract work bubt is not very
active, I think they have submitted some bids and may
have done some construction. They believe- they are about
to contract for a large plant based on the Fused Salt
Reactor at Oak Ridge. ‘ '

Later I visited Mexico and presented a discussion

relative to the use of a heavy water research reactor Iike
the CP 5- !

2. Junta de Inerpia Huclear

, While I was still at Argomne,Professor Otero and
the head of the Spanish Atomic Energy Cormmission, General
Vital, who was a friend of Franco, visited there. I spent
two days with them. Also Jodra had strongly recommended
that I be asked to visit Spain and present the series of
lectures that I bresented to the International School.

On return to Spain Profeszor Otero had asked me
to sugrest a program for their Atomic Energy Commission.
One evening I dictated a long letber rathor offhand. - This
was adopted asc the officlal Spanish program. However, one
part was not carricd ocut but most of my suggestions were
followed. I had suggested a reactor desipned to test fuel.
assenblies but the Spanish utilities later found this un- -
necessary and opposed 1it,

' " The next year Winnie and I spent three months in
Madrid. I gave three lectures per week at the University
to about 35 people. I also helped them what I could in
fuels and fuel recovery work. -

When we arrived they had a cockbtall party for us,

. Then they took us fto a Hai TLaili game and to Spanish dances.
Later many of the people entertained ua. We also were
taken on a trip to the south of Spain to the waniwm mining
area, VvWhile on the brip we stopped at Cordeoba and Seville.
‘Then we visited industry in the north of Spain, especially
Bilboa, Foban, and other industrial areas. Later.we stopped

in Barcelona to visit the industries there. It was our
conclusion that Spain could build many of the components

or enbtire nuclear power plants.

~-131-



" The Junta gave an extended contract to Burns and
Roe of New York to assist in evaluation and plans. Burns
and Roe sent Sy Baron and one other engineer to Madrid and
we all worked together for an extended period. Sy and I _
became good friends.and after Winnie left we had fun eating
"at different restaurants. and evaluating them. The usual
highly touted and advertised restaurants like Horchers did
very poorly in comparison with the. pen81ons both in price
and quality.

They subsequently carried out an extended develop-
ment of organic cooled reactors. However, most of the
resctor work was dropped when the utilities insisted on
buying complete plants from Westinghouse and General
Electric. '

The fuel manufacture and the fuel recovery plus
the mining and ore processing was continued and full scale
plants built.

3. Germany

Following the first trip te Spain Winnie and T
flew to Frankfort at the request.of American and Foreign
Enterprises of New York. We were met by people from
Gummersbach who entertained us over the weekend. These
people owned a heat exchanger manufacturing plant and were
interested in the components they could build We talked
to them twice also in this country. :

On the Sunday we were there they took us for a -’
ride to Koln and Bonn on the Rhine. Later we went to
Hamburg, Hanover, and Dusselsdorf. While at Dusselsdorf
the phone rang one night Jjust as we were goling to bed.
It was the manager of the power company at Bremen. He

gaid he had just heard at that late hour that we were in
Germany and would we come to Bremen. I told him we were
leaving for Holland in the morning and we could not do it.
But he insisted. He gaild their travel person-would take
care of the changes in our tickets, etec. Further, he -
pointed out that a plane leflt Dusselsdorf in an hour and
they would meet it. So we went.

It was a rainy night. But we hurriedly dressed
and packed a few things. and caught a cab to the airport.
We had a few minutes to spare. On arrival at Bremen two
men met us and took us to a midnight lunch and then to a
hotel. They met us for breakfast the next morning also.

What they wanted was someone with a knowledge of
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nuclear power plants to look at a site on which the power
company had an option and to tell. them whether or not it
was suitable for a nuclear power plant. They drove us
several miles out of Bremen to a river site. On the site
was a building in which the Germans had assembled submarines
during the ‘War. It was one floor with a canal along one
side. The inside was perhaps 500 £t long, 300 £t wide and
50 £t high. The walls and roof were heavily relnforced ‘
concrebe 8 £t thick. After thé War the British had practice
bombed it with armour piercing bombs; se the roof was a
shambles. ' : - '

We walked into the building and the manager asked
my opinion. I simply sald, "No." Then he said, "I %hought
that would be your answer but we did not want to release
our option on this area and bullding until we got our opinion
confirmed. ILet's go have a drink." ‘

They took us for a ride around the area, to lunch
in the 1éth century wine cellar of the City Hall, and back
-to the airport, Winnie was tired so they spruced her up’
with wine. Iinally I billed them for a day's work and
expenses, :

L. Textron

While 1 was still at Argonne I was asked to visit
Yellow Sprinzs, Ohio end present a talk to a meeting
relative to combined school-work or cooperative prozrams.
The reason for this was that Argonne had developed a part
of' the program and had some cooperative students.

Afterward there was a banquet. When I walked in
I immediately ran into Jerry Ottmar of lMetals and Controls
of Attleboro, ‘llassachusetta, He had been working with
Arthur Matheson and James Dutton. #Hetals and Zontrols had
a Mavy fuel assembly contract. and wanted to expand into |
power plant reactor fuels. ’

Jerry asked me to sit with him as he wished %o
discuss possible consulting. Then a man and woman came in
and she introduced herself as, "I'm Mary Pickford." I
almost said, "I'm Andy Gump." She then turned and said,
"Ihis is Bruce Rogers, my husband." She then sat down _
next to me. I introduced them to Jerry. She 'then started
quizzing us about our work. Then she got up and asked me
to move over next to Bruce so she could better talk to
Jerry and me. -

Mary wés well to do and, it turned out, that one
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of her pet projects was support of the college at Yellow
Springs. She was also very well informed and very in-
telligent. She claimed her age as 67.

Later in the evening Jerry and I had a long talk.
I agreed to visit Attleboro regularly and discuss their
Uroblems and present a series of lectures. This I did ,
over the next several months. Aflterwards I visited Attle-
boro less often but the total time was something like two
years. Then HNetals and Controls was bought by some other
Company. ‘ '

Jerry left and my contract was dropped. Jerry
then became Vice President of Textron Company. Royal Little
was just puttln" Textron together; so Jerry asked me. to act
as consultant 'to Textron on acquisitions. This I did for
about three years.

5. Pickard-Warren~Lowe .

I worked with James Pickard in the AEC. William
Lowe T met at the shipbullding yards at Bath, I think it
was called the Bath Iron Works. Fred Warren worked in the
30, I belisve, also. : S '

About the time I lelt the ARC Jim left and set up

. a8 a nuclear consulbtant in Washinsgbon., ile had one contract .
I think at the start with A. 0. Smith and Company of

Milwaukee. Jim did very well and scon Fred jblned him and
& 1little later Bill also joined the group. They asked me
to consult with them and this I did for several years. They
also asked me to join the group. I weuld have liked to but
for Washington traffic. Life is too short let alone fight-
ing with Wash&ngton trafflc.

T worked for Pickard-Warren-Lowe about one day a
month for several years. Then they set up Huclear Utility
Services, and expanded into a numher of related businesses,
They got money from one of the liquid air companies for
finance. All their comranies have done very well.

One interesting thing happened. One day I was
working at the office of Pickard-Warren-Lowe when there
was a heavy snowstorm. Some 6 inches of snow fell. So
about 3:00 PM everyone went home, including the janitor
of the office building I was in. I thousht nothing about
it as I planned to take the overnizht pulhnan to Ncw York.

Since the train did not leave until near midnight,
I simply stayed in the office and worked until about 10:00.
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Then I packed up and planned to get & cab or walk to the
. depot and go to bed, When I pgot to the {ront door of the
office bullding,I found 1t locked and there was no emergency
way to open it except kick it down. So I had to go back to’
the office and get the front door key. But the office was
locked and I had left the key I had used in the secretary's
desk. To get in the office I had to either break the door
in or something. Since there were.transoms, T stood on the
door handle, broke the transom, and got in. After getting
the key I left a note and took the Xey with me after getting
out the front door.

Several months later Plckard-Warren Liowe's office

was robbed by someone breaking in. through the transom. So
I was assumed guilty.

6. Gibbs and Cox

Dr. Harold Mott-Smith of Gibbs and Cox asked me
to help Gibbs and Cox in respect to the application of
nuclear power to ships. They had a contract with the U.S.
Goverrmment te develop means of protection of reactors in
ships involved in'collisiOns.

The problem became one of analyzing the damage to
ships that resulted from collisions and then designing hulls
to minimize the damage in those parts of the nuclear ships
in which vulnerable components might be located. So, first,
a design of & nuclear powered ship of 80,000 dedd weight
tons, I believe, was evolved. The location of the critical
ltems was indicated., Based on this study we subcontracted
with a ship salvage company to review the data available
on ship collisions involving the central portions of the
hulls, in order to estimate the extent of possible damage
to the nuclear components. Then we desligned energy absorb-
- ing structures to limit the damage in the critical areas.

The review of the collision data Indicated that a
ton, of steel torn from a ship's structure absorbed nearly
a constant number of ft lbs of ensergy. We then designed
oak and steel bulwarks to absorb the maxilmum amounts of -
energy. This program involved nearly two years part time
- study. s '

_ It was interesting since Gibbs and Cox was one of
the world's leading ship designers., Mr. Gibbs at that time
was, I believe, well over 70 and yet every day he sat on.a
stool all day at a drafting table and while he drew he
dictated enough to keep two. secretaries busy. He also
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kept a 1ittle black book in which he wrete his own thoughts
about things such as the design of the Andrea Doria, which
he had at the time of its construction loudly condemned.

He also designed the United States. This ship was built
with stesl bu1khoads that reguired lots of stalr climbing.
to move between parts fore and af't except on the top deck.

. The United States was a powerful "hlp as she was.
designed for conversion into an alrcraft carrlor e
crossed the Horth Atlantic heading into g 53 mile per ‘hour
‘gale with 50 fcot waves. Even on her we felt seasick and
the nurse gave us p;lls in the morning. DBubt it was :
beautiful. -

The Quocn Mary lies dead on her side in Hongkong
Harbor, a rusting hulk. She was burned. The people in
Hongkong claim at least seven fires started at once and
they claim Communist . agento set the fires.

7. CGeneral Motors

When Lawrence Hafstad went to General Motors as |
Head of Research, he took Donald Loughridge with him. And
he asked me to act as a consultant. We really didn't do
- much, however. General Motors did make a bid on design
and construction of the Gas Cooled Reactor built at Oak
Ridge. We also discussed the posuibility of seml mass
production of small power plants with the Cleveland Diesel
Division., But this was quite . impractical duo to the high
costs of auxiliaries and the low unit fuel power production.

8. (Curtiss-Wright

Curtiss-iright had built an isolated Research
Laboratery on a mountain near the center of Pennsylvania
some 30 miles norih of Black loshannon Airport and north
of Phillipsburg. The reason for the lcocation of the ’
laboratory was that it was.bullt to test jet éngined.
Curtiss IPL”hL then made %the sad mistake of trying to
place multLplo enpines on the larger planes rather than
building the gupOPSLZOd engines now in use; so they lost

ouba

In order to make use of the Tacilities they started
work at the laborqtory on various other things, including
nue lear energy. They did get contracts on a couple of
training reactors and then the design of part of the Brook-
haven Test Reactor, In this case the entire nuclear group
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resigned so that Combustion actually ended with the design
contract. ' ' ' '

‘ In the midst of this program I was asked to. act.
a5 a consultant. ¥Finally T actially served as Director of
the Huclear Branch for a time., We did have a few isotope .
use programs that paid expenses. ' : '

The President of the company had been told there
was a great future in design and construction of nueclear
power plants, A% a meeting in New York I was, asked what
such a development program would cost and how many years
would be required before auch a program could be profitable.
I could not answer the first question other than to say _
over 100,000,000 and seven years wag a conservative answer
for the second question. The President simply said, "We
can't do it." I agreed that they should not try.

About that time Curtiss-tright did buy the Western.
Hemlsphere rights for the Wankel engine with the idea it
could be developed for lawn mowers, ete. They are now
cashing in on this engine.,

Threc humorous thing;s happencd while I was workling
ulth Curtiss~-Wright. Normally I took the evening plane to
Pittsburgh,  stayed overnight- and took the Allegheny Airlines
local plane from Pittsburgh to Black Mosnannon. At Black
Hoshannon I rented a car and drove to the plant. One norn-
ing on arrival at Black Moshannon it was clear and warm with
no snows -So off I went. DBut as I elimbed into the meuntalns:
I ran into snow and I got stuck. Supposedly there were
chaing Iin-the rear but I couldn't gelt the trunk open.
Minally a truck driver stopped and together we did pry it
open. The chains were there and I soon got going.

Another time it was raining in Pittsburgh when we
left. And at Black Hoshannon it was snowing encugh that-
we simply overflew the airport. Also at Williamsport and
Wilkes-Barre the same thing happened, inally about 11:30
we arrived at Newark, So I leisurely had lunch and got the
1500 train to Chicdzo and home, .

Aind one evening the wife of the Director of the
place, Mrs, John Dickey, had asked me to dinnsr as I was
staying two or threc days. In the afternoon her folks who
lived some 30 miles north called and said they would like
to come for dinner. She told them . 'that was fine as she ‘
was having Stew Helain for dinner. When I walked in they
"had quite a laugh. : . '
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9. lichain-Rodger Associateg

. After I had been deing consulting for about three
years Dr. Walton Rodger sugsested we Join. Walt was a
Chemical Engineer and he had spent several years on Nuclecar
Fuel Reprocessing at Oak Ridge and later at Argonne. He
~was Assoclate Director of the Chemical Fngineecing Division.
S0 we set up the partnership as McLain-Rodger Associates.

. Soon alter we organized Dr. Joseph Thie also‘joined
us. Joe is a theoretical physicist with a very high IQ.

a. Atomkraftkonsortlet Contract

The first sizeable contract was a nuclear fuel
cycle study for Atomkraftkongortiet of Stockholm for the
Simpevarp 50 mwe Reactor. This was easlly dene but the
gstudy led us into a study of fuel cost calculations, and
a sugpested revision of the Atomic Industrial Forum's
Ilanual on fuel costs. This Manual had been prepared by
Bill Lowe but I had not studied it. Walt ran into the
first troubles and then we both spent several days on it,

Ve also did a study for the Simpevarp Reac tor

relative to higher power levels. Ve also reviewed the
proposals submlitted for the reactor. '

be Insurance at Sandia

we were next called on to make a study of
insurance risks at Sandia to assist the Zurich Insurance
Company +to meke a bid, I evaluated the risk as less than
that for private companies doing general work. Neverthe-~
lesg, Zurich did not get the contract. ‘

¢c. International School

ile preparcd a series of lectures and Walt
presented them to the International School.  Thesé covered
radiocactive wastes and their disvosal, '

de Illinois Ihstitute o’ Technolory

: Walt- presented a course on Radioactive Wastes
at the Illinois Institute of Technology.
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"o. Nuclear Muels Services

The State of New York Atomic Inergy Department
asked Walt to assist in locating a suitable gite for an
irradiated fuels recovery plant. Actually, we did relative-
1y little work on this., -Later Nuclear Fuels Services con-
tracted with us for assistance on design of the radioactive
waste portlon of the plant that was built near West Valley,
New YOrk.

‘ At about the same time the comvany buillding

the West Valley plant asked Walt to become General Manager. .
We talked it over and we all recommended that we break up
the partnership. Walt took the position at West Valley, I
.assumed more responsibllity at Purdue and we soon moved to
Lafayette, and Joe continued his cOnsulting.

Walt remained as General Manager untll the
WGst Valley plant was In operation. He did most of the
flow sheets in a few months after the partnership disbanded.
Then he and his family moved to West Valley. After the
plant began operations he left and with one or two other
men moved to Rockville where he heads a consulting company.

Joe has remained in the Chicapgo area. As in-

dicated below, we have worked together some since the
partnership broke up. :

T, Aluminium Laboratories, Ltd.

One consulting job that took quite a bit of
time was with the Aluminium Company of Canada. This work
was divided into two completely different parts. Both were
non nuclear

The first dealt with the seals on a pump used
to handle liquid aluminium chloride, ALCL CAll commercial
seals falled in minutes or at most hours. So we suggested
a loose non load carrying seal backed by a gas pressure with
gas leskage into the AlLCl, and the gas chamber backed by a
conventional seal, Anothér suggestion was the possible use
of' a frozen seal., The latter was tried almost in minutes
and worked perfectly. Actuslly the clearance was adjusted
later by experiments over a few days. Of course, frozen
seals had been used extensively for liquid sodium and were
not new. Leakasge was less than 2 cm3 per hour.

The sbcond problem was a blt more involved
They wanted to go back to carbon or carbon monoxide re-~
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duction of the aluminium ore, This was used by people prior.
to Hall to produce small particles of aluminium. They had a
complicated process in mind, using an aluminium chloride
intermediate step for puriflcatlon.

Their chemists and phySiCLStS had carried out
successful experiments at Arvida., So.- they designed a pilot
plant. The layout was something awful. I suggested elimina~
tion of about one half the piping and most of the valves. ‘
This was not done., So the plant was built and 1t was a
mess. Then they shut 1t down and the last visit I made to
Arvida they were remQV1ng all the mechanical valves and
most of the excess piping. They used frozen seals from
then on. I never knew whether they ever bullt a production
‘plant or not., .

g. Other Work

During the period that we had the partnership,
I continued my consulting for several companies and member-
ship on the ASME Specilal Committee for- Nuc lear Power. I
also worked some on the Handbook.

10. Other Consultino Contacts

At various times I carried out consulting from one
day to several days for several other companies, as listed
. below. I bellieve there were others but I have forgotten
their names. :

Skidmore, Ownings & Merrill (with Walt Rodger,
I think) :
Austin Company
Giffels and Vallee
Bendix GCorporation
- American Machine and Foundry
Martin Company {this ineluded work on the
Antarctic reactor) _
Commlssion Nacional de Energia Atomica, Buenos
Aires (two weeks in Buenos Aires)
Nuclear Development Associlates
Stanley Engineering Company
" Notre Dame University {shielding d031gn)
Nuclear Industries
Burns and Roe

Following is a typical travel schedule while I
was consulting, for one month, June, 1961:
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5 June O'Hare l1.:50 PM ﬂapital 2@8 Lttaburgh 7: 29 PM
Motel Pitltsburgher

6 June AIlS Meeting Penn Sheraton, Plttﬂburgh
C Hotel Plttsburgher

7 June T7:30 AM Allegheny 600 Phillipsburdh
Durtiss Wright
8 02 PM Allonheny ? Ncwark 9:50 Pl
Commodore Hotel

8 June Parsons Brinckerhoff, Quado & Douglas 9: 30 AM
' Burns and Roe. 11:00 Ail Dr. Seymour Baron
hase Manhattan 2:00 PM % Dr. Paul Genachte
5:30 PHM Idlewild to O'Hare

11 June 1230 PM OtHare Mexicana 801 7:30 PM Mexico, D.F.
12-13 June % Dr. Victor PFlores Maldonado
170 Oriente 6L
Jol., loctezwna
Mexico 9, D.l., Mexico

1&‘June 2:15 PM Americen Mrilines 52 O'Hare 6:40 PM

16 June To Ann Arbor by car
17 June - Ann ArbOr
18 June Detroit 6:20 Pl Amorican- Airlines 6h0 New York

Hotel Commodore

19 June ABME Special Comm on HNuclesr Power
6:15 PM Worthwest 227 Detrolt

20 Jane Ann. Arbor--Lafayelte by car

: It is sometimes amuging when you have a travel
schedule like the above one to talk to some of the less
expericnced travel agent people. I offer threo examples
as Tollows: :

(2) In Downers Grove I used a travel azent
that was experienced and thousht nothing about my capers,.
Put one day a new girl came t6 .the desk and asked to help.
She had a pad and started to write but she soon s topped
and stared. I wdanted to turn in two unused airlime tickets -
snd a pullman and train ticket. Then I sbtarted to say what
I wanted, which included a few airline tickets plus some
train tickcts. Of course, travel apencies are not supposed
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to handle railroad tickéts.

30 one of the repgular girls walked up to her
and said, "Just don't stand there woman. - Bawl him out.
He %t&J“ awake nights thinking up these things for us to
do.'

(b} This and the next one are similar. Fred
Beierle and I were in Joplin, I believe, one Friday eveninﬁ
and we had causht a local plane to Omaha., 8Since we did not
know our schedules, we had no reservations out of Omaha,’
0f course, all planes wero filled. TFred said he wanted %o
go to Portland and T sald I wanbted to go to Chicano. Ve
couldn't, so Fred saoys how about Denver. Illo Denver, so how
about Chicago. By that time the girl asked Fred, "Do you
men know where you want to go or do you just want to get
out of Omaha quick?" The &1rl next to . her said, "Of course,
they know. Put one on standby on Flight ---- to Chicago,
and one on standby on Flight ---- to Denver." We both got
home without further troubles--hé to Richland and I to
Downers Qrove.

. {e) TPred and I were in Chicepo one Sunday

night and scemingly-all flights were filled., After several
questlono the girl trying to sell us tickets also asked,
"Wo you men care where you go?" The sirl next to her
almost shoved her aside and sald, "May I help you?" Then
she turned to the other girl and said, "Frequently men come
in like this. They know where they want to go during the
weelk but. they will start in any dlrect¢on.

In recent ycar5 my consulting has dropped to near
zero as I have been too busy. to do much outside werlk.
Actually, I did do only #1,000 in 1972 but I now refuse any
.Worka. .

1l. Kuljian vorporation -and India

Soon after I left Argonne Mational Laboratory I
got a call sugnesting that I talk bo a lir. Harry Kuljian,
President of the Kuljian Jornoraltion in Philadelphia. This
meeting was arransed by the editor of one of the nuclear
trade magazines whose name I have forgotten, (Mr. Norman
————— ). oonntlmo later T had a moetinr with lMr. Xuljian,
hlS Chief Englneer, Mr. Iivonian, and thelr nuclear man.

It was agreed that .l would act as consultant when called

UPO0I.
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Later, after the parinership of MeLain~-Rodger
Asscelates was broken up and we had formed the firm of
McLain Associates in Lafayette, I got a call suggesting
that we meet lir. Kuljian in Chicago. This meeting was a
bit difficult to work out as Mr, Kuljian said he would be
at the Palmer MHouse, I think it was, but when Winnle and.

I arrived he apparently had not checked in as the informa-
tion clerk had no room. assignment for him. It was the
hotel's error because he had checked in on schedule. S0

we sat in the lobby for sn hour and then ate lunch and .
finally just as we were leaving the lunch roomn Mr, Kuljian,
e, Livonian,and Mr. Harry Kuljian, Jr. came into the :
lunchroom. '

Mr. Kuljian stated that they wiszhed to bid on an
assistance propgram to the Government of India on a nuclear
power plant. ‘ould we supply the nuclear backup? I had
previously done several days of consulting for the Xuljian
Corporation and I knew their persomel and organization,
so I agreed. T also had working agreements with Joe Thie
‘and others whom I might need, : L '

The Kuljian Corporation, I believe, is nearly all
owned by lir. Kuljlan and Mr. Livonian. I have never seen
their financial reports.  The.company consisted at thab _
time of about 20 ennineers in Philadelphia plus offices in
several other countrics, one of which wasg India., In fact,
the office in India is the largest Xuljian office and I be-
liocve one of' the largest enginecring design offices in India.
It has an excellent directer and reputabion.

The Indian government was interested in building
a power plant north of Bombay. Since this was to be the
first nuclear opower nlant in India, they wished to have an
American built plant and American consultants. Théy also
wanted American financial help.

a. Conferences in Calcutta

There were, of course, many meetings and dis-
cussions. -These included trips to Washin ton and San
IFrancisco and to Calcutta and Bombay. The trip to India
was my first trip there. I flew via Cairo and Bombay. On
arrival at Calcutia where I went first, I was met by the
Indian Manager of the Xuljian officec.

~ e drove from the Calcutba airport into town
late in the afternoon. Thils was a very interesting trip
ag every family was cooking dinner. We arrived on the
last plane allowed to land at Calcutta for several weeks

-.1}.;_3._



as an influx of refugees from East Pakistan (now Bangla-
desh) had just started. T

. _ Calecutta is hot most of the year. So to sleep .
out of doors in a park is no great hardship such as it would
be here, for example. It does not cool appreciably at night,
to 75 I perhaps. '

: The area of Calcutta between the airport and
downtown 1s low and at that time very wet. Most of . the
people live in huts about 1l £t square. They cook on char-
coal braziers out of doors most of the time in the dry . '
season. The huts are close together and there is & reoal
‘neighborliness by necessity, as your nelghbors can see
what's in your rice pot., If you are poor, you may have a
candle for a time in tho evening, but if you are a little
better off you may have -a [0 watt bulb. All days are nearly
12 hours lons with 12 hours of night.

Calcutta is located on the Iloughly River, which
1g onec of the mouths of the Ganges-Drahmaputra systems. Due
to the construction of railroads and roads with their built
up embankments, there is no ecasy way for Clood waters to
flow to the sea, Also the area scems to be sinking. * When
‘T was there the firgt time there was water seemingly every-
where but it was only inches deep. '

At the time I was there thoy were builiing a
barrage or dam on the Houghly to control flooding of Cal-~
cutta and its environs. This probably was succesazlful but
must also have added more flood water to Bangladesh. .

The refupgees were the poorest lot of people
that T have ever scen., BEach man carried the worldly goods
of hig family. In most cases this consisted of a roll of
tattered clothes about & in. in diameter on the end of a
stick, -:early cvery person was almost skin and bones. The
upper arms of most of the men were as small as my wrists.

These people ‘were simply given places to sleep
on the ground in the psrks. Luckily the Pritish cleared
Several sizeable areas for parks--Qucen Victoria Park is a
mile or more by aboubt a half mile. soup kettles were set
up and food prepared for these people. '

’ very person was clean. I noted uncleaned
fingernails and toenails but the flesh and clothing was
uniformly clean. They took baths daily by scrubbing them-
selves at the public water "fountains"., These fountains
consist of a pipe and valve from which you can draw water.
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Toilets consisted of most anywhere at any time.

I tried to get statistics on numbers. Every-
one had different musbers. In the Tfirst two migrations of
which I saw a very small part of the second, offieially -
there were about 2.2 x 10° ncople. Unofficial estimates
given me by people that I considered very knowledgeable,
vwere just 10 times-the official figures. ' '

Imagine if a number of destitute people egual
to. the population of Lafayette walked into Lafayette next
July between the first and fourith. What would we do? Tho'
people in Calcutta fed them in their parks, let them sleep
on the pround--cattle keep the pgrass mowed and supply
fuel--and then processed them and found homes for most of
them in a fow weeks. I admire the Calcutta people.

Later when I was in Calcutbta there was no
~evidence that anything had happened, This last fall they
would not let us off the plane at the airport due to our
backing of Pakistan. ‘

The next day I spent at the Kuljian Indian
~office. They had over a hundred engineers and others. We
revicwed what misht be done and pot acquainted. Ve had
lunch with several other visitors and several Kuljian stalf
pcople at the OLld Inglish Club. In the evening the lanager
and onc other eugineer and I flew to Bombay.

be. Conference in Bombay

VWle stayed at a motel near the alrport on the
Arabian Sea. And of course had lobster dinner and an
cveniry; swim and sat on the beach and talked until after
midnight. .

The next day we mebt with the lead of the
Indian Atomic Imergy Jommission and the man in charge of -
the power project, Ir., Chadravardi. I presented gsomething
of my backsround and outlined how we would handle consult-
ing for them by review of the drawings and specifications.

. The Tellowing day I spent wallting around Bombay -
and taking a private tour. I told the clerk at the hotel I
‘wantecd a pguide and a taxi. A university girl showed up as
the pgulde. B3he was quite pood. ¥irst we went to the uni--
versity which she attended. She was a Junior, I think, in
economics, '
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. Then we went to the luseum %o see the relics
of the Ifarappa Period. I then wanted to see the railroad
and ship yards and markets. She recfused to take me to the
fish market as too smelly but we did visit the rest. Then
she insisted on-showinz me the tourist thinzs, including
the place where the Zoroutrxanu leave their dead to be

eaten by the vulbtures. She also took me inte a Zorostrian
church. A rather tired old man was playing a piano. In
front of him were two rows of women sitting on tue Tloor.
Bach had a stick about 1 £t long in each hand. As they
sang they weuld keep time by hlttlng the opposite person's
sticks. I remarked, "It locks lee fun," but the gulde
dldn‘t apprPCLate my humor, '

Bombay is a different cwty from CaWCU cta.
Rather than a masg of hubs with a minimum of larger bulld-
ings as Calecutia is, Bombey is an industriasl center with
large modern office buildings and high rise apartments.
Other than more.antique a1tomoblleo on the average, down-
town Bombay 1s just like bhicano w1th the efccptnon that
it is always 72 to TLO T, :

In Celcubta much of the goods are moved by

wapons pulled and pushed by men. In Bombay there. are
trucks and cars everywhere. : :

. ¢. Uontract Hepotiations

The actual conbracts involved General Electric
to design and construct the nuclear portion of the plant,
the Kuljlian Uorporation to design the non nuclear portion
of the.plant, the Bechtel Corporation to design the utilities
and to construct the plant, Huclear TUtility %OPV1ccs as con-
gultant on the non nuclear portion of the nlan®t, and Melain
Asaociates as consultant on the nuclear portion of the plant.
Since ‘the Administration for International Dovelopmont was

CrPirnishing the capital they went over the various contracts
in detall. In fact, it was AID that requlred HUS and
MeLain ASSDQlJteS as consultant

_ Finally, the oontrsct wags approved on 10 Novem—
ber 196L. So renrcsentatives of all the organizations met
at the Indian Jonsulate Office in San Francisco to sign

the various contracts. Our portion ameounted to about

35,000,

: At the final contract nUWOtiaLIOH° in Vash=~
inﬁton with the Administration for InLornatmonal Devolop-
" ment and the Abomic Inergy Conmission, the negotiations

- nearly broke down. I had always insisted Lbat hulglan
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sipn {or complete responsibility. I took the view that
Melain Assoclates was a consulting firm and not a responsible
enginecring firm. I we should be sued we, as individuals,
were responsible and we did not have limited responsibility..
On the other hand Xuljian wanted me to sign for the areas
named in the MclLain Associates contract. ' ' -

, Mr. Chalkravarti reqﬁeStod.that a single | o
engineering firm sign and finally Kuljian did S0e

d. Desipgn Work ' S

General Blectric Company had the major portion
of the work. They designed and bullt two nuclear power
plants and accessories for 150,000 kwe each. The contracts
wore about £150,000,000 but this amount included the design
and construction of all the buildings and uwbilities.

- In order to review the drawinngs and coordinate
the work of Kuljian, McLain Assoclates, and NUS, an office

was set up in San Jose a few miles from the General Flectric
design offices. Provision was made for two XKuljian enginecers,
Ltwo IS, and two ¥eLain people, plus secretarles, supply
cabinetsy; and anxiliary equipment.

I had contracted with Joc Thie to check the
physics calculations, etc while T planncd to review the
layout and process drawings. The Kuljian Company sont
two enginecors Ifrom the Caleutia ofilce. These were ex-
cellent men. HUS sent one man even though thelr contract
was larger than oura. '

T4 turncd out that Joe was so efficient that
e did not have to work full time. I spent only one week
a month at San Jose rather than the expeccted two weeks.

The Indian government people were glven an
office by Genecral Electric. Besides Chakravarti there
were 10 or 12 men in their group.

€ chorts

We issued reports whenever we completed re-
view of a sct of drawings, specifications, ete. Usually
at the end of cdach wesk's work in California we had a
conference with Chakravarti and his staff. What they did
with our reports in respect to Gencral Tlectric was the
business of %the Indians. Most changes we suggested were
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adopted. IHowever, one recommended: change was not adopted,

. Iwo of the most significant arpuments are dis-
cussed below. Most other arguments were minor and we were
ugually able to compromise or the changes were accented by
everyone with minor corréctions. This was the case in
perhaps a hundred or more minor changes that we recommended.

: The first argument arose during the review of
the initial layout drawinngs prepared by General Electric.
‘General Electric had deslgned and built the Dresden T Re-
actor. This desipgn was based on the Experimental Boiling
Vater Reactor II built at Argonne and a smaller boiling .
water reasctor built at Vallicitos. I never saw the Dresden T
drawings. » : : Co

Anyway, the layout drawings showing the piping
arrangement for the primary cyele, including the steam and
water piping was an unholy mess. There were simply too
many valves and too many pipes. I don't know what part:
Sam Untermyer played in the design of this reactor. He
had invented the Boiling Water Reactor, had designed the
Ixperimental Boiling Water Lxperiment in Idaho, and had a
lot to do with design of EBRII, and the Vallicitos re-
actor. '

I eriticized the drawings and recommended re-
moval of about half of the piping and most of the valves.
I also recommended rearrangement of the locations of several
pipe lines. When we got the revised set of drawings, I found
they had followed essentially all my recormendations except
for the location of one of the small emergency cooling lines.
This was actually placed where I wanted it by a field change
durings construction, : -

I found out later that about hélf of the
General Electric engineers had arpued almost the way T had
about the piping layout and valves, ' .

The second important argument bthat I got into
dealt with the radioactive waste disposal system. The ‘
radioactive waste system, as designed by Generdl Electric,
wasg, I believe, unworkable., It consisted of an automatic
centrifuge, a discharge into barrels on a chain platform,
a remote header operation for the barrels, and renmote
handling. I predicted that addition of solidification
materials would be impossible, spills would be freguent,
and-cleanup almost impossible., Uevertheless, it was built
as designéd. Then aflter it was built,. they tested the
system on non radioactive wastes. Of course, 1t was
- necessary to use a cellulose material instead of Portland
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cement, as speciflied, to absorb the excess water; the
centrifusge worked but there was no possible method of re-
pair without excessive radlation doses o the repealr

people; the discharge from the centrifuge dropped in

chunks which spread radiocactive particles around the Im-
pact point; the barrels became contaminated on the outside;
etc, etc. As the Kuljian engineer that supervised construc-
tion said, "It's worse than Stuart predicted." It nover: '
ran as desi’ned. '

When they got into trouble during the non
radioactive tests, they called me and asked me to go to
the plant as quickly as possible. So I flew over that next
weekend., I stonped in Bangkok as.my platic, a Pan American,
went to Delhl instead of Calcutta. o

When I pgot off the »lane in Dangkok, the Kul-
Jian Calcutta Maenager met me. I was very surprised. He
was in Dangkok on other business, As it was about 0200,
we drove to theé hotel and talked to OLO0O. ‘As we were going'
to our rooms he said, "I've set up a brealfast with the
editors of the local papers for 0900.%

50 the next morning I had breakfast with the
local newspaper editors. The meeting was called to discuss
a paper plant but the discussion was 905 re Communism and
Vietnam. The cditors all agreed that it was essential for
the Tnmited States to stay in Vietnam no matter what the.
cost. 'They also said that 1f we should pull out of Sough-
cast Asia, it will all go Communist. - And we have partially
pulled outl

: I'm not sure that the American people realize
that one of the potentlally richest areas in the world is
Southeast Asgia. -

To come back to the Tarapur Project, I caught
the 1100 planc to Cslcutta.. We flew over the mouths ol
the Ganges-Bramaputra Rivers and what is now Bangladesh -as
well as earlier over parts of Thailand and Zurma. All the
low land areas were paddy with the usual wood shacks and
canals. S ' :

. on arrival at Colcutte I went to the Kuljian
office for the rest of the day. I stayed at the Victoria
Hotel and on Tuesday flew to Bombay. I was met by Prakash
and spent part of the day in the office in Rombay. In the
evening I took the train up to the plant zite near Tarapur.

The Tarapur plant 1s located on the Arablan
Sea-and uses sea water for cooling. The area surrounding
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three provinces to the Communists,

In its worst defeat of the war, Saigon
said it would evacuate the Central High-
lands provinces of Kontum, Pletku and Dar-
‘lac and leave them to the North.Vietnam-
ese. "The decision was made to cut losses
now because the North Vietnamese were
putting so many troops in the region and
there was no way to supply the South Viet-
namese troops,’ a Saigon official sald. Offi-
cials sald South Vietnamese troops were
trying to fight their way out of Pleiku east-
ward. -

Capture of the area has long been a |
major goal of the North Vietnamese., It
gives them a massive supply and stag-
ing area from which to altack the
coastal cities and practically cuts the
country in half. : ’

Cambodia will get an extra $21.5 miilion
of weapons and ammunition without con-
gressional approval because {t was over-
charged for military materials in flscal
1974, the State Department sald.

A Cambodian arms ald bill of $82,5 mii-
lion that provides for an absolute cuteff of
assistance June 30 cleared the Senate For-
elgn Relations Committee, 3-7. Meanwhile,
 Ford's advisers asked the House Foreign -
Relations panel to approve the same com- '
promise bill halting aid June 30 as a method
to get the bill to the (ull House. Ford still op-
poses an arms -ald cutoff.

The American Embassy-in the besieged
Cambodian capital of Phnom Penh burned
documents and told refugee agencies to
pare down to essential personnel, appar-
ently in anticipation that the city may soon
fall to Communist-led insurgents.

‘ 2 » @

Thailand will normalize relations with
China and seek withdrawal of the about 25,-
000 American troops and 350 aircraft there
within 12 months, Premier-designate Kukrit
Pramoj sald. Political observers said the
statement was almed at winping left-wing
support te insure that his proposed govern-:
ment wing a parliamentary vote of confi-
dence tomorrow. )

- EhaEa R . P
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© SOUTH VIETNAM decided to abandon
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the plant is very poor. They simply harvest the native
grass. -for hay, bale the hay, and ship it by rail to near
Bombay where it is used for cattle feed. The people have
a reputation of being very lazy and backward. The hay is
cut by scythes and moved on bullock carts to the baling
machine which was also operated by bullock power, .

. Bechtel had bullt a2 few houses, a small motel
like hotel, swimminz pool, etc near the plant. The Kuljian
representative, Iir. Prakash, lived in one of the houses and
of' course I stayed at the nmotel,

: When we got to the plant they arranged a mect-
ing of the Lechtel and General Electric people and the
Indian rebvresentatives first. This meetin: was of interest
in that General Electric tricd to impress on me that the
waste system could be made to work.. So I said, "Just don't
try to make it work. Take the equipment out before it be-
comes contaminated and sell it and let us design a workable
plant." s ' :

: Wle then proceeded to a demonstration. On inert
stuff it did work after a fashion and the younz General
Electric engincers had done an excellent job of attempting
to make it work. After the demonstration we went over the
equipment. It was easy to noint oul what additional pro-~
teetion in the way of fuards, roplaceable covers, etc should
be installed. TFor cxample, the conveyor drive was uncovered.
A metal cover that could easily be cleaned has kent radio-
active materials out of the chain.

Mr. Prakash told me later that not only all the
bad- things I had said came true but there were others also.

Later we had a meeting of General Electric,
Bechtel, and Indian AEC people to discuss changes in the
wholec nlant that the operating staff wanted. Apparently
before I arrived they had agrced I would be arbiter and,
vhatever I said would be decepted, But they didntt tell
me this. 'Thoy had perhaps L0 different thin;s listed on
several sheets of paper. The Chairman, who was an Indian
"government person, would read the item, cach side would
offer comments, and all would turn to me to ask my comments.
After the Tirst two or three I caught on that I was the
arbiter. - ‘ :

Host of the itoms were trivial, I pointed
out that the cost of the salarics of .the people present at
the mecting for the time involved in the discussions were
greater than the cost of the chanpges. So I was guite
arbitrary on most items in telling the Indians to accept



the plant and then have their plumbnrs make Lhe minor
changes. There were, I think, three rather large items.

- S0 I suggested we ;0 to thelr locations in the plant and

" have a more detdiled discussion. Thils was done. I think
T ruled all three against General Electric., But everyone
seemed satisfied. Apparently General Flectric and Bechtel
had fouszht all the changes bub were willing to correct
those changes that I sugpested were Lhelr POSDORSLbLlltY.-
And, of course, to the Indians "“face" was important. Even
if I ruled against them they could blame me without loss
of "face'.

One change that I could not settle dealt with
installation of an air conditioner in the instrument roomn.
It was too not for human comfort but not for the instruments.
- I finally said to the Indians thal it was their responsibility.

General Electric and Bechtel had their own set
of problems, The steam cycle used was the same as at
Presden I. In this the steam produced in the reactor goes
directly to the turbine but water is withdrawn also from
the reactor, passed through heat exchangers to produce lowoer
pressure steam,and back to the reactor. The tubes in the
heat ecxchangzer had not been properly heat treated and all
of them had to be replaced before the plant could start,

One item of intercst was thab Bechtel brought
in British welders only to find that they were vory limited
in- the amount of weldin; they could do per shift. So thoy
tried Indian laborers who proved Lo do bebtber work and were
not limited by unions in numbers of tubes they could weld
per shift; so they did 2 to 3 times as much work. The
Dritish welders were promptly sent home.

Also, when I went through the plant, I found
that the condenser had been built and tested several months
previoualy and that Lt had been left filled with sea water.
T was worried that the tubes mipht be corroded. An in-
spection proved they were not narmed. But they immediately
£illed the condenser with purified water treated WLth anti
corrosion Qpento. .

Since the plant has been 1n operation its
on- 11uo efficlency has been low. UOne or the other of the
reactors has glven  almost continuous trouble. I am nob
famillar with the specific details. '

The last night I wds at the plant Mr. and Mrs.
Prakash asked me to dinner. Sheé had told the houseboy not
to add more than a touch of curry to my food. But even
then I could hardly cat the chicken,
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The next weekend I flew home.

Part of my contract was to vrovide assistance
in fuel management. So after I returned to the United
3tatesy Jce Thie and Tlifford Zitek went to Tarspur. Joe
was responsible for the startup tests and bringing the
reactor to power. Afterwards Joe spent quite a bit of
time helping the Indians get their fuel codes in operation
on their computers, so thcy could handle their own fuel
management,

Clifford Zitek had been Associate Director at:
Dresden 'I. As mentioned above, he attended clasgified’
lectures which I gave at Argonne. Later he helped build,
startup, and operate Dresden I Reactor and to design Dresden IT
and III Reactors, While it was not in my contract with the
Indian govermment, I asked CLlif il he would zo to Tarapur
for two weelis during the stesrt up tests and advise the
Indians .on operations. This he and Comonwealth Edison
agreed bo. So I paid his travel and salary for two weeks
as a gift to the Indians. But Joe had worked so fast that
my profit on the contract was greater than I had expected.

12. Argentina

Jusot after I left Argonne and started consulting,
the President of the Argentina Atomic Energy Commisslon
invited me to go to Argentina to the Commission's set up
‘at llendoza, some 600 miles west of Buenos Aires, and give
a2 sceries of lectures. Vhen we got down to practical
questions of who pays for what, Arpentina wanted our
government to pay my salary plus travel to Duenos Aires.
Since I was not 2 "overnment employee, our AEC refused to
pick up either the “travel or pay checks, And I didn't
want to po badly onoush to pay my own expcnuos and make
a piflt of ny time. 30 I did not 30. .

Several years later Argantlna'bogan to consider
a nuclear power plant seriously. irank HMoote’ and James
Schumar of Argonne and several other Amerlcans were invited
to spend from a few days to a month in Buenos Alres with
the Atomic Inergy Commission. Both Frank and Jim Buggested
that I be 1MVJtod and Presidente Sorbata, liead of the
Metallurgy Division, I think, asked me to spond two weeks
in Buends Aires at the Laboratories. The purpose of the
vislt was to review.-data on possible power plant locations
and to assist in selecting the type of plant to be built.
They offered all oxponsos plus conoultln pay; so I agrced

to po.
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On arrival I was met and housed in one of the
better hotely in Buenos Aires. At the same time one of
the onglneefs from the European Atomic Fnergy Commission
staff in Brussels was there. I have forgotten his name,
We had met in Gummersbach and at moot1nuu. He and I ate
‘dinners together and spent quite a bit of time walking |
about in downtown Buenos Aires. He was German by birth "
but in addition to German he upoxo Fnglish without an
accent, and he spoke French, Spanish, Portugese, and
Italian, bub I couldn't Judpe his accent,

The work consioted of two parts. The first was a
brief study of sites. We considered the geology, cooling
water, and dlstribution system of two areas. One area was
near Cordoba and the other Just upriver a fow miles from
the suburbs surrounding Buenos. Alres. We all recommended
the site near Buenos iAlires,

Buonog Alres is located on the Platte River near
its mouth., Here the river is 75 milcs wide but very shallow,
only a few feet in many places. It has been necessary to
dredge the river from Buenos Aires to the ocean.

We also considered the type ol rcactor that might
be bullt as well as size The Argentine Atomic Energy
peopls wanted to use an AmerLcan deuign, prcPcrab]J bolling
water., Actually there was very little difference between
the boiling and pressurized water in our evaluation. How-
ever, after I left Argentina their ABC issued bids to French
and German companics as well as T.8. Both the French and
Germans undertook to "buy" the contract by underbidding. -
Actually, the conbract, I believe, was awarded to the
Germans.

Since then Argentina has purchased another reacitor,
I believe, and bhids are out for a third.

While in Buenos Aires I was enbertained by the
Kuljian people there. I enjoyed all the people we met.

e also enjoyed the food. ILunch was scrved ab.
the Commisgion. They certainly overfed us as a "portion"
of the meat served was enoush lor four people. Of course,
only beefl is considered meat, so when they embargo meat
shipments or have a meatless day, it only means beef. Laub, .
por%,and fish are always super abundant.

The Sunday T was in luenos Airves T spent wallking

through their parks. These are spacious and since the
wealther 1g warm,  there zre lots ol flowers, The suburbs
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were very poor in many areas and very rich in others.
Raillroads Tor freight are primitive but one or two roads
had reasonable passenger service. Now most travel any
distance is by air. : ‘

Je Nuclegar Fuel Management .

A year or so after I moved to Lafayette, I began to
think more and more about what the utilities knew about
their nuclear power reactors.. Nuclear Utility Services
was set up to aid the utilities in calculating the fuel
depletion, the program for movement of the fuel within the.
reactors, etcs But I believed the ubilities should have
their own staffs trained for this and other work such as
how to compare. a nuclear and a coal fired poweéer plant before
chosing one or the other., So I wrote a letter to several
power companies and power plant design companies. Only two
replied: Bechtel and Commonwealth Edison. Bechtel replied
immediately, saying they would cooperate and that we should
proceed. No one had good ideas how, least of all me.

But several months passed. Then one day I saw Hugene
Bailey, Administrative Engineer for Commonwealth Edison
Company. He said, "You remember the letter you wrote about
fuel management? Well, it has been the basis for many dis-
cussions within our company. Someday we will answer 1t," ‘
After, several weeks he did answer it. Te asked that members
of the Purdue staff meet members of the Commonwealth staff
Tor discussions relative to nuclear fuel management.

We set up a meeting, I believe, in Hammond., Phil
Powers and I represented Purdue University, and several
Commonwealth Edison peqple, including Eugene Bailey, Robert -
Bowers, Treasurer of Commonwealth, two people from Dresden,
I think, Zitek and Al Veras, and two Vice Presidents, repre-
sented the Company. I expressed my thoughts and indicated
the reasons why Commonwealth should proceed with their own
fuel management.

After about three weeks the same group met again, and
again after about three more weeks. This thlrd meeting
started off by Commonwealth people stating that there ap-
peared to be no economic advantage to their doing the fuel
management as General Electric was doing it at reasonable
cost for them. I then turned to the board (it was a class-
room wWe were meeting in), and showed them their fuel cost
for Dresden I was aboubt $2,000,000 per year higher than
it should have been. This ended the argument and the next
fall we started fuel management courses at Commonwealth
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Edison Company.

Commonwealth asked the other utilitics near bth&UO
to Jjoin and send people. Actually the following companies
sent people: -

Comnonwealth Idison, Chilcago

Touwa Power and Licht, Davenport

Horthern States Public Service, M1nneapolls
Consumers Power Company, Jackson

Avthur Anderson, an accounting company, Chlcago
Sarbent and Lundy, a design conpany, Chicago

We had about L0 men, mostly engincers. I gave most
of the lecturecs. e did ask James Lane from Oak Ridpe,
Walton Rodper, and one of the Professors from Ann Arbor,
Iilton Edlund, to give lectures. llost of the lectures
were background cJld dealt with the uranium suppliecs, manu-~
Tacture of fuel for rcactors, costs of recactors, .ebc. We
then turnced to questions of fuel 1lifc, how to charge off
the fuel cost over its life of several years, cost of money;
etc, Ve then set up a code for fucl manapement cost studies.
This was dene partly by Professor Edlund from Ann Arbor and
one ¢f his graduate students worked ont the detailed com-
puter program.

Thias code we named CINCAS after the first letters of
the corpanings represented, Since then, many other codes
have been developed but JINCAS is in extensive use %today
particularly for accounting purposes.

It 1s interesting to look .back on this course., Our
predictions for the growth of the nuclear power industry
have no®t been realized due primarily to the suits and
objections raived by socalled environmentalists. However,
the numbers of reactors appear Lo be only sbhoubt two years
behind schedule and the lack of fossil fuels will, I -be-
lieve, result in a great increaserin orders this qnd next
year. Last yoar's orders were up to schedule (written at
end of 1973).

James Lane and others emphasized the low amount of
uranium available. e stated that prices for uranium would
increase by 1670 and considerably by 1900, I was asked my
opinion and T dLMQGPO xd because I thouzht many ore bodies
would be found This led to considerable discussions but
I ha;e been pPOth to be rizht.

The fucl management course was presented at the
Commonwealbth Idison offices every ofher Thursday. I think



6 people came from Minneapolis to the first couroe. Any -
way I had to drive from Lafayette. '

I did a very poor job of Leachlnb Lhe course because
of lack of time. I was spending only half time at Purdue
and this course was only part of my dutins. I was also
racting as President of Zalifornia ducloar. I should have
gspent full time on %the course. '

The ooursc was repeated the following two years aL
. Commonwealth Bdison. Later James Fulford cave the course
in a shortened form, I believe, three tlmos at Purdue, and
in liovember 1973 we had lettorg from two companico askln
-that it be repeated.

Lugene Hungerford has consulted for a zsroup of Texas
oll companies for scveral years. They asked her why uranium
ccouldn't be found by hLﬁhef earth surface temperatures. She
‘rather qulchly replicd that infra red svectra should work
but 1t would only under certain condltions. Based on her
suggestlon they have found several large dep031ts of ore
which have not been announced.

Another oil company was drilling for oil and located

a large deposit in one of their dry holes. So we beliecve
there is loh%s of uraniwum ore.

1. Commonwvealth Bdison's lioves

uommonwea1th Idison asked P30¢hssor Gailor from.
Purdue to assist in working out a more detailed physics
code for a nuclear power nlan When this was done Com-
monwealth - eabdbl¢ shed a C'ubSJ.tih.a:t’},r Muel Hanagement Company
capitalized at 10,000,000, They are now doing about
30,000,000 of buglness per year.

Commonwealth, in COOPOPﬂtLOH with General FlcctrLc
and with Westinghouse, has constructed two trainin~ centers,
cne for Boilinfg Water Reactors and one for Pressurlzed liater
leactors. :

2. iluclear ilanagscment Centers

Lugene and T suggested that the utilitics combine
efforts and build and jointly own Operator Training Centers.
I they did this, the centers would he tax cxempt. They
have followed General Electric's and Westinshouset's lead.
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K. Lew Kowarski

Over the years, both at Argomne and Purdue, I hdve
met many of the more widely known foreign nuclear scientlsts
- and engineers. 1 have not made an effort to attend any of
the International Conferences since the Ann Arbor Conference.

One man with whort we have become f{riends ig Lew Kowsrski.
His wife, Kate, and Winnie are also good friends. :

During World War II Lew worked in Bngland and later atb
Chally River where he designed and built the first heavy
water Oritical Experiment. Later he returned to Europe
and still later became Head ol the ilathemotics Depariment
alt CHRN in Jensva where he siill works. He 18 now Head of
the Computer Division of CERIT. .

In 1963 he decided to take a -Sobbatical leave and come
to the United States. -3ince he knew Alvin Weinberp, he
wrote to him and requested help in locdbing & position at
a university for the school year 1963-6L.. So Alvin wrote
to various people, including Phil Powers at Purdue (Phil
had just become Head and I had moved over Lo the Laboratory).
When Phil got the letler, ne called me and wheon I arrived at
his office, he read Lew's letter, I rrecommended that Phil
checlt with Dean lawkins and 1lmmediately call Lew, This he
did and Lew accenbed an assisnment ds a Visiting Professor
of iluclear Ingineering for one year.

So that fall Lew came to Purdue. Later he spent
another year at Purdue and has made several visits since.
Steve Gage, then one of our graduate students and since
then a Professor of lNuclear Fngineerins at the University
of Texas, has arranged f'or Leow to visit fAustin for 3 or I
oxtended visits and lecture periods.

Soon after getting scttled in Lafayetbe, Lew and Kate
asked the Powers and us to dinner, I did not know Lew's
background, so I asked him to tell us sbout himself and”
Kate. " This, then is what I rceriember of what TLew told us.,
Of course, Xate scrved the typical Ruropean dinner, in-
cluding three kinds of wine, flam, etc. ' '

Lew told us bhe earea in which he was born but I have
forgotten it. I think it was east of Moscow. Anyway, by
the time he was ten he was a wailfl living in the strects
of loscow. Apparently he had lost all contact with his
Tamily. : . o

At 10 he went to Vilna and at about 18 he went to
Cannes, and later Lo Brussels, Just when he decided to
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et a high school education, I don't know but at about 18
or 20 .he went to the University of Lyons and took = degree
in Chemical Engineering. Later he apparently went to the
University of Paris, although I am not sure, and became
interested . in nuclear nhysics. Just when he received his
doctorate I don't know. Anyway, he began to work for '
Joliot just before World War II started. ' ‘

~Kate was born in Berlin but I don’t know much about
her cducation. She is intensely interested in flowers,
trees, etc, as is Winnie and our secretary, Irene Backus.

We then asked Lew about Joliot and this is what he
told us. EBve Sladowski, when she came to Paris to work
Tor Professcr Juric, turned out not to he exceptionally
talented as a scientist in spite of the foct that it was
she who has been given the credit for the discovery of
radium. She worked hard and deserves credit. Howcver, in
Kowarslii's opinion, Professor Curie was a much more talented
scientist and should have gotten most of the credit for the
discovery of radium. . '

Of their daughters, Irene was extremely talented and
much more so than her mother. Eve had no real scientific
talent and became the family historian., Irene did not geot
alons well with her mother in respect to Irene's proposed
narriage with Joliol.  As Kowarski stated, Joliot's bdck-
ground was nobt of the bourzcois. Thus, when .Irene decided
to marry Joliot, this apparently led to considerable
friction with her mother. :

Joliot's background was of the lower class in that
his grandfather was apparently a merchant of some sort who
made quitec a lot of money. IHis father apparently spent his
time soending the moncy he inherited., 1lis chief fame was
that of writinj; tunes for fifes for fox hunts.

t/hen Joliot was a young boy, a school was opened for

the common neople to train them for such positions as
technicians. -Joliot entered this scheol and graduated
but early in life did not get the unsual technical uni-
versity education. As I remember it, later he d&id,
Several years after leavin; the school, someone alt the
Radivm Institute asked that this school recommend some
people as techniciang and Joliot was rccommended. fle
joined the Radium Institute as a techniecian but he soon
recormnized that he was a much better scientist than any
of the people workin: at the Institute. This secmed to
have led to considerable friction and he was never ac-
cepled by the bourgeois because he was from the lower

~158~



¢lass. His marriage with Irens did not help apparently and
‘he continued to be quite largely rcjected.

At the beginning of the War, Halbin, who is a Swiss,

and howarski were working with Joliot, who was by then
- Director of the Institute, as his assistants. DBoth had
. Just taken oub French citizenship papers. A% the Institute
“the .main inbterest was in détermining if fission occurred in
uraniwi, and after this was verified by several laboratorics,
the lrench ;roup bturned to measurement of ) and .« They
soon determincd that they needed a bettor moderatorll than
1isht water and turncd their attention to heavy water.
(Part of this discussion here was given in another lecture
by Kowarskl at Purdue University.} They were able o obtain
almont the whole supbhly of heavy wator . from Horway in spite
of the Germans since the heavy water plant was owned by a
French bankins company. The 182 kilograms of heavy water
arrived at Paris just before the Germans broke through the
Maginot Line. Halhin and Kowarslki along with Joliot wgnt
south and started to set up their lqborabora in a prison.
Then it becume obvious that the Germans were going to
continue further south. The French previously had thought
that the Gormans had stopped just outside ol Paris in order
not arouse the emmity of the rest of the world. When it
bocanc apparent they were moving on gouth, iTalbin and

Howarski took ftheir Heavy water and uraniwuwm and drove to
Bordoauh.' Joeliot elected Lo remain in Irance. Kowarski
stated that on the nisht before they left for Bordeaux,
Joliot reviewed his nrognosis of the War. iHe stated that

he beligdved the Germans would stop at Paris and not over-
run: 8ll Paris at this time because this would arouse the
enmity of the rest of the world., Next, the Germans would
abtack (Great xritain and would be repulsed. Hext, there
would be a stalemate which would finally be broken by
Russzia and Am rica entering the War with thce complete
destruction of Germany .

Ap is given in the public record, affter the Cermans
took over TParis, Joliot turned more and more to the Left
and alter the War became an oubtrisht Communist. Kowarski's

explanation for this was fthat he had always been rejected
by the pﬁonlc with whom he was working and never accnpted
on the basis of his scienbific accrmpli hments. EKowars
stated that he believed Joliol would have been much'better
off to have left France with him and Halbin as all three
of them had developed international renutdtiona and were
wel] known and accepted in Great Britain.

On arr1val{at Bordeaux albin and Kowarskl found the
port still open. The Germans were dive bombing everything



that went to sea to cross to Fnzland.- llevertheless, they
found that a very eccentric British nobleman had commandser-
ed an old hulk of a British ship in the horbor and wag load-~
ing this ship for a run to England. Lew stated the British-
er had no rcal authority but since he assumed command every-~
one followed his orders. So they loaded the heavy water and
uranium on the ship. There was also a barrel of industrial
diamonds rescued or stolen from Balgium. o

Anyway, the old ship took off for Ungland., German
dive bombers flew over it bub apparently the German pilots
considered their bombs as worth more than the ship as it
wWas not attacked. On arrival in FEngland Ilalbin and
Kowarski soon found friends and becamec important sclentists
in the nuclear development program, - '

Later lLew and Kalke were transferrcd to Chalk River
where he supervised design and construction of the Challk:
River Heavy Water Reactor, the world's fivst. I don't
know when he returned to Hurope but he is now in charge
of the computer calculations at CERW and they live in
Geneva. :
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