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Part IX of Volurae 2 of Book IT of the Manhattan Diatria* History
presents a description of the design, construction, and operation of
the Clinton Laboratories* This work la desoribed as a part of Voluma
2 because tha work conducted at Clinton Labor*toriea was part of tha
research and development phaaaa of tha Pile Project* Tha reaearoh
work porforrnad at tha ilatallurgloal Laboratory la daaorlbad In Fart
I of thla tolubc*

Tha data oontalnad in thla volume ara baaed on tha Seneral Filea
of tha Dlatrlot Offlaa and thoaa oontalnad in tha rooorda of tha Oper-
atlons Offloe, Clinton Laboratories, together with the fllea of E* I*
du Pont da Hanours Company, Wilmington, Delaware, and tha University
of Chicago, Chicago, Illinois* Thla hiatory covera tha period fraa
tha inoaption of tha Manhattan Dlatrlot to 31 Decenber 1946* The data
31 Deoember 1946 haa been aeleoted beoauae of ita being tha laat day
of operation prior to whloh tha Atomic Energy Cotacdaaion aaaxned re-
ponaibillty for all dutlea and acoountablllty of tha !Janhattan Dlatrlot*

The Suponary contalne an abstract of every nmin subject treated in
tha text and is keyed t” the text In aueh a manner that paragraph num-
bera and headinge In the sunraary correspond to the various sections in
the text*

A number of appendioas are attached to illustrate the text of tha
volume by steana of napa, drawings, charts, tabulations and photographs*
A separata Top Jeoret Appendix 1ms been prepared to this voluns in whloh

production data are shown* ~
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Other phase* of the history of the Pile Project are desoribed Int
Book XT e Volume 1 = general Posture*

Book IT - Voluas S < Design

Book 1? - Yoluns 4 « Lend Acquisition, HEW

Book IV - Volume 5 e Construotion

J Book IT « Volume B  Operstioa

31 Deoember 1944
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1* Introduction. - Clinton Laboratori®* was constructed and oper-
ated to provide isolated facilities for research and development work
pertaining to the Pile Project) to provide a pilot plant for the Han-
ford Engineer Works) and to produos small quantities of plutonium. The
accoaplishsent of these objectives involved the design, construction,
and operation of s uranium-graphite Pile) the development of s process
for the sspsrstion and isolation of plutonium) and the training of
personnel for transffcr to the Hanford Kngineer Works) as well as re-
search work of s general nature, k sits of about 112 acres within the
military reservation of the Clinton Kngineer Works was chosen for tbs
Clinton Laboratories.

2. Design and Construction. - By 1 January 19k3, the Military
Policy Coeadttee had decided to construct an intsmsdlsts—s%«ed
plutonium® production plant at Clinton Kngineer Works, Tennessee. 8* X*
dn Post ds Nemours and Company, Inc., entered into s contract with the
Manhattan District tor ths design and construction of this plant without
profit to ths company. All costs of ths work and its admlnlstrstlvs
expenses were paid by ths Govsmaent and all equipment, supplies,
buildings, and patsnt rights vers to became ths property of ths Govern-
ment. The staff of ths”Ketallurgical Laboratory was dssignated
approving authority for all dssign features because of the reluctance
of the dn Pont Company to "accept responsibility for ths adsquacy of ths
dssign*

Dssign of ths Pile Ares was begun on 15 January 19U3, and

*
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construction work on 1 February 1943. This are* was turned over to the
operating oontraotor on 16 October 1943. con*traction work in the*
Separation Area, carried out along with con*traction of the Pile Area,
was completed on 26 Wovember 1943. In addition to the*e production
facilities, a training area was conatraoted which consisted of one
Iargg@?yilding with the equipment and facilities necessary for the
tracking program, and a number of buildings and facilities were con-
structed which were directly connected with the process areas or with
the general administration of Clinton laboratories. Electric power
was furnished by the Tennessee Talley Authority under a contract based
on construction and operating power estimate*. During the construo-
tion period, the du Pent Company awarded 3X *ubcontract* in order to
expedite construction and to utilise specialised labor and machinery
whenever possible. In addition to the orders covering theee subooiw
tracts, approximately 6300 purehase orders for materials and equip-
aent were placed by the du Pont Company. Procurement handled by the
Manhattan District included concrete, crushed stone, gasoline, oil,
tires, office furniture, and many other items. In spite of a number
of delaying factors, completion dates were not excessively delayed.
During April 1946, emsrgency additions were started in an expan-
sion program designed”bo house the inflow of operating, teehnioal and
academic personnel replacing the paogre**iv* loss of older scientific
people and to cover the training sohool program. These additions in-
cluded a new permanent Radioisotope Building, a permanent research

laboratory, a steam plant, a heterogeneous Pile, and related struc-

tures.



By~ 51 December 191*6, all additional conatruction had been con-
plated, bringing the total con*traction coat to approximately
$13,01a,000 (representing $12,032,000 under Contract W-7U12 eng-23,
and $1,009,000 on emergency additions).

3. Operation of Clinton Laboratories. - Since most of the re-
search pertaining to the Pile Project had been conducted by the Met-
allwfeical Laboratory at the University of Chicago, the University of
Chicago was selected to operate the pilot plant at Oak Ridge, Ten-
nessee. Although operated as a part of the Metallurgical Project, the
pilot plant was, for security reasons, known as Clinton Laboratories.
The contract between the University of Chicago and the Manhattan Dis-
trict provided that the work be carried out for no fee, bat included
the provisions that the Univeraity be relieved of reeponsibility in
the defense of claims against it and that a flat sun be paid the
University to cover administrative and general expenses. Operation
of Clinton Laboratoriee was to include the development of a suitable
technique for the production of plutonium, a training program for
prospective Hanford personnel, and medical and biological research
necessary to Project activities* Hie title of all property and work
was to become the sole property of the Government.

The production underwent into operation on U November 1973* and
plutonium was being delivered early in 19Uu During the term of the
contract, the plutonium production schedule was met} a separation and
iaolation technique wae developed) and the general research was con-
ducted to the satisfaction of the Governs*nt. Active health and safety

programs were maintained at Clinton Laboratories for the protection of
»
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the operating personnel. Because of the classified nature of the
operations, strict intelligence and security gk&ck was made on all
personnel. Group athletics, graded pay increases, and assistance on
personal problems aided in maintaining high morale among the personnel.

On 1 July 19U5, operation of Clinton Engineer Works passed to
the Monsanto Chemical Company, to be carried on largely in the same
vein=as operation under the Univereity of Chicago. The nee contract
included the assumption of all liabilities, claims and obligations
incurred under th* Chicago group at the same time Monsanto took over
all facilities, supplies and equipment.

To 31 December 1976 operational costs amounted to $22,250,000,
$12,325,000 of which covered th* Chicago operation tram 1 March 19U3
to 30 June 19U5, whil* $9,925,000 represented th* costs under Monsanto
leadership from 1 July 19U5 te 31 December 191*6.

k. production of Plutonium. - One of the primary objectives of
th* operation of Clinton Laboratories was the production of a small
quantity of plutonium in the shortest possibl* time. To accomplish
this objective, an air-cooled, uranium-graphite Pile of 1000-kilowatt
capacity was designed and constructed at Clinton Laboratories. Th*,
Pil* consists essentially of a 2li-foot cub* of graphite blocks. Metal
channels traverse the j£Lle from front to rear in 36 horizontal rows
of 35 holes each. A removable cor* permits variation of channel
spacing for lattice dimension experiments. A aeven-foot thickness of
laminated concrete shielding completely surrounds the Pile to reduce
the radiations generated during operation to safe limits before they

reach the working areas. The Pile and its shielding are equipped with
»
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a number of opening®, in addition to the 1260 aet*l channel®. Opening®
are provided for safety and control rods, ionisation chambers, and
foil®, as well as for experimental purposes* Hie openings through the
shielding require specially designed plugs for olo®ure® during Pile
operation to prevent dirsot emission of radiation*

Ths heat generated in the pils is rsaovsd by a flow of cooling
air 4iich is then exhausted to a 200-foot stack- Ths cooling system
was originally equipped with three fans* on* 5000-eubic-foot-per-
minute, stand-by, steam-driven fanj and two 30,000-cubio-foot-per-
minute, eleotrioally driven fans. Pils control* consist of shim rods,
to shut ths Pile down in an emergency and to compensate for Isrgs
variations 1in operating conditions| control rods, ts effeot fine con-
trol of the Pile reaction! safety rods, to shut ths Pile down very
rapidly in an emergency} and safety tubes for boron-steel shot, to stop
the reaction in ths event that other control methods havs failed* As
slugs ars charged into the Pile, irradiated slugs ers forced out at
ths rear face, falling onto a mattress pad and sliding through water
into a bucket in the discharge pit* Ths buckets ars stored in a
trench connected to this pit and latsr transfsrrsd to ths Separation
Building through a canal from the end of ths storags trsnoh* Ths
start-up of ths Clintoif-Laboratories Pile, delayed somewhat as ths
result of changes mads in the metal channels, took plaos on 4 November
1943 and within a few days a level of 500 kilowatts was attained*
Increases in ths operating level were brought about by changing the
lattice arrangement, by increasing the effioienoy of the cooling

system, and by using slugs with improved arc-welded jackets, so that.



in Jiay 1944, the Pile wee operating at a level of 18£X) kilowatt*.
Finally, the installation of larger fane in the cooling system per-
mitted a further increase to 4000 kilowatts. Ho serious difficulties
were encountered in Pile operation* although fan failure and fan-
bearing troubles caused a few interruptions* In spite of these inter-
ruptions, the perforaense of the Clintcm laboratories Pile was very
satiifactory in all respeets*

Plutonium was being delivered by 1 February 1944 and the Pile
continued to operate for the purpose of producing plutonium until
1 December 1344* by which time the experimental requirements were
satisfied. After that date, the Pile was operated for the purpose of
producing other radioactive eaterial for the Project"s reeearch pro-
gram*

5. Drrelopswnt of a Separation Process* - Another of the objec-
tives of Clinton Laboratories was the development of a workable* re-
liable process for the separation of plutonium from the uranium and
fission productse A precipitation method (Bismuth Phosphate Process)
was selected for the Hanford plant and the activities of the Clinton
Laboratories staff were directed toward proving this process under
plant coalitions, establishing the reproducibility of optimum process
conditions, and testing“alternate processes. Initial process devel-
opatent — t accomplished by laboratory-scale tests* A small semi-works
for process development end a pilot plant were then operated concur-
rently at Clinton Laboratories* the pilot plant consisted of six
cells containing the process equipment, separated from each other and

from the control room by thick concrete walle* All operations within



the cells war* resurtely oostrolM fro* panel boards la th* oontrol
rooa becauae of th* high radiation levels throughout tha process.
Aotire wastes war* hald in underground tanks until propar disposition
could ba made. Osseous waataa war* sxhausted t* a 200-foot stack*
Tha first batoh of alugs was received far processing am 20 December
1948, -and plutonitua was being delivered early in 1944* Process
efficiency was improved considerably during 1944- the festers affect-
ing plutonium carrying were determined) the decontamination faster
was increased| and the production yields were improved. Although
these improvements were aecompllshad by prooess and equipment modlfi-
cations, no basis ohangss in the process were required* Bus were
made simulating Hanford conditions. which, with laboratory and semi-
works runs, furnished * basis for predicting Hanford operating con-
ditions. Final tests on the separation process wars performed in
August and Hovember of 1944. During the operating period* 299 batches
of slugs were processed in the Separation Building* with an over-ell
yield of 90*1 per oent. In January 1945, the equipownt and cell* were
decontaminated and the pilot plank was plaosd in * stand-by condition.

It was necessary to derelop a process for the isolation of plu-
tonium in a pure, usable fora. Based on the information gained by
proooaaing ST batohea of solution from the Separation Building, an
isolation method, employing a precipitation, solution, sad repreoip-
Itatlon of plutoniua perokide, was drreloped. Development of a
prooess for the recovery of the uranium fro* the solutions held in
the six underground storage tanks wea»begun in the fall of 1944.

Work on this problem was limited to the developawat of a prooess to



be used at some future date. X group of chendste was assigned ths

task of developing an alternate separation process in ths event of
failure of ths precipitation process. A feasible adsorption prooess
was established but was not developed because, by June 1944* ths
Bismuth Phosphate Prooess had been proved adequate far uss at Hanford.
Chemical research, of secondary importance during ths initial operating
pert&d, was begun in September 1948. Studies of ths process of fission
and of ths chemistry of plutonium were instrumental in improving ths
meparation process and the handling of the isolated plutonium.

Following ths end of hostilities, a great part of the research
program was directed toward peaoetims uses of ths various piles. Radio-
isotopes which wars developed in this new angle of ths Atomls Energy
Program were to be used in the fundsmsntal and applisd sciences, per*
tioulorly biological and medical- Ths distribution program was in-
augurated in June 1946, at which time expansion of Hot Laboratory
#706-0 was in progress, and delivery (of Carbon 14) was mads to ths
Barnard free Skin and Cancer Hospital for "tagging* of cancer pro-
ducing molecules and resulting study of the canoer problem. By 31
December 1946 shlpswnts of radioisotopes totaled 123, salee value
129,800.00*

8. Design and Operating Problems. - During the design of ths
large-eoals production unite, it was neoessary to test the effective-
ness of ths shislding to.be used at Hanford as well as a number of ths
materials to be used in ths Fils itself* Two shield tests were made,
one using an imperforate section, the other a perforate section, both

of which indioated that the propossd shielding would be adequate for



use at Hanford* A number of ordinary construction materials and other
materials which migbt be placed within the Hanford Piles were sub-
jected to radiation in the Clinton Pile te determine the effeets of
radiation on their physical properties. The materials were irradiated
for several weeks and the decay of the induced activities followed on
Geigﬁg*counters.

The operating problems were concerned, for the most part* with
slug testing and with the poisoning effect of fission products in
Pile operation. Slug tests were accomplished by a variety of methods.
The main methods used were a heat test in the presence of air and a
deflection test. The susceptibility of the aluminum cans to corrosion
under Pile conditions was investigated and the results indicated that
corrosion under radiation would not be appreciably greater than that
observed where there is no radiation. The poisoning effect of fission
products was studied and no serious difficulties were anticipated in
this respect. However* xenon poisoning of the Hanford Piles* en-
countered shortly after start-up* necessitated intensive study before
a msthod of operation was developed which overosas this difficulty*

7. Training of Personnel* - Clinton Laboratories* both under
direction of the University of Chicago and later the Monsanto Chemical
Company* organised an”operated a training school for its own person-
nel* trainees devoting time to operation of pilot plant facilities in
addition to regular olafsroom work* In addition* the school* under
the University of Chioago* trained two groups of du Pont employee* for
transfer to Hanford Engineer Works <s a nucleus for its operating

personnel* The school under Monsanto operation trained technical



personnel in fields of nuclear science.

8. Organisation end Personnel. - Clinton Laboratories was de-
signed and constructed by the du Pont Company* The Design Projest
lianager for the TNl Section was H. T. Daniels. Construction was per-
formed under the direct supervision of W. Irwin, District Superin-
tend%?§ for Clinton Laboratories, and J. D. Wilson, Field Project
Manager .

Clinton Laboratories, under M. D. Whitaker, Director, was oper-
ated as a part of ths Metallurgical Project. The operating organisa-
tion consisted of 236 persons in August 19431 reached s maximnm of
1513 persons in June 1944] and became stabilissd at approximately
1300 persons by the end of 1944. A total of 113 technically trained
men of the Special Engineer Detachment were assigned to Clinton
Laboratories in order to overcome the searoity of qualified technical
personnel. Upon assumption of Clinton operation by Monsanto Chemical
Company, Dr. Whitaker remained as direotor until 1 June 1946, at
which time he resigned and was replaced by a co-direotorship consist-
ing of Dr. Jamss H. Lum as Executive Director and Dr. Eugene P.
Wigner as Direotor of Research*

The Corps of Bngineors maintained only a small staff at Clinton
Laboratories because ~fee District Engineer®s Office was located only

|
a few miles away. This staff was headed by Major E. J. Itorphy,

Operations Officer.
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MANHATTAN DISTRICT HISTORI
BOOK IT * PH* PROJECT
VOLOME 2 < RESEARCH
part 11 - CLnrroil laboratories
SECTIOI 1 * INTRODOCTIOI
. >
J&—l. Objectives. - The objective* of the construction and
operation of ths Clinton Laboratories wsrst first, to provide
isolated facilities for ressarch and development work, supplsasntlng
the facilities of ths Metallurgical Laboratory at ths University of
Chicagoj sscond, to provide s pilot plant for as many parts of ths
procssses to bs ussd at ths Hanford Engineer Works as ths tims schedule
would permitj and third, to produce ths snail quantitiss of plutonium
necessary for ths rsseareh program.
1-2. Soope. - The scops of the work to be carried out at ths
Clinton Laboratories includedi

1. Ths dssign, construction, and operation of an inter-
mediate-si*ed uranium-graphlte Pils for ths production
of plutonium.

2* Research and development toward s chemical procsss
which cduld be used at ths Hanford Engineer Works for
ths ssparation and isolation of plutonium from uranium
and ths radioactivs by-products.

3. The organisation and opsrstlon of s technical training
school for ths training of personnel for ultimata assign-

msnt to ths Hanford Enginssr Works.



4. Chemical, physical, biological, and medical research
and investigations of a general nature having a direct
bearing on the Pile Project.
1-3. Authorization.
a. All action in connection with the institution and prose-
cution of thia project was taken under authority granted by C%ngress
in thi/ Acts which are described in another book (Book I); the funds
used were likewise appropriated by Acts there described.
b. Under the authority vested in him by these Acts, the

President issued orders and authorizations which are described in the

same book (Book 1).

c. Major General L. R. Groves directed or authorized the
general policies and directives under which the Manhattan District
carried out the work. The S-1 Committee of the QSRD and the Military
Policy Committee registered their general approval of the basic de-
cisions involved, as recorded in the minutes of meetings or in other
documents in the project files. (Book 111, Appendix DI; See also
Section 6, Organization and Personnel).

1-4. Location. - The site selected for the location of the
Clinton Laboratories facilities was a tract of land of about 112 acres,
situated in the northeast part of Roane County, Tennessee, lying in the
Bethel Valley between Haw and Chestnut Ridges along the southwest
border of the military reservation of the Clinton Engineer Works. (See
Arp. Al). This site provided the isolation from centers of population
required for the conduction of the reasarch work, but was close enough to

the cities of Knoxville, Clinton, Oak Ridge, Lenoir City, and Harriman,
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Tennessee, to provide adequate living quarter* for the personnel

engaged in the work.
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SECTION 2 - DESIGN AND CONSTRUCTION

2-1. general. - By the first of January 1?U3» a decision had been
made by the Military Policy Committee, acting on the recommendations
of the Director of the Metallurgical laboratory at the University of
Chicago, to construct an intermediate-sized, plutoniura-production plant
at Clinton Engineer Work*, Tennessee* E. I. du Pont d* Neraoure and
Company, Inc., agreed to undertake the design and construction of the
semi-vrorks and pilot plant, to be known as the Clinton Laboratories, at
the Tennessee location, as well as the design, construction, and opera-
tion of the large-scale, plutonium-production plant at the Hanford Engi-
neer Works. The operation of the Clinton Laboratories facilities, how-
ever, was to be undertaken by the Metallurgical Laboratory, because of
its close connection with the fundamental research, and because the
Clinton facilities were to be used for development of design data and
of processes, as wsll as for production of plutonium. The operation
was covered by a separate contract, No. W-7h0J> eng-39, between the Man-
hattan District and the Metallurgical Laboratory, which became effective
on 1 May 1?U3 (See Sec. 3).

2-2, Negotiation of Contract. - The du Pont Company, in accept-
ing the undertaking, s”gssted that ths work bs conducted without
profit and without patent rights of any kind accruing to them. How-
ever, the du Pont Company did request that maximum protection against
losses be provided by tH; Government. It wasagreed that a contract

on a cost-plus-fixed-fee basis would be entered into and that the

fixed fee would be one dollar. Accordingly, a contract, No, W-7U12



eng-23, was awarded, by tha Manhattan District, to tha du Pont Company
for the design and construction of Clinton Laboratories (See App. Cl).
2-3« Contractual Arrangements.

a. Statement of Work. - The specific responsibilities of
the du Pont Eompany were to design and construct a small-scale plutonium
production plant at the Tennessee site. The propoasd plant was neces-
sariiy a translation of laboratory information into a production plant,
with the operation of a unlt]leas than one-thousandth PF ths proposed
capaoity (See Vol. 2, Part 1) as ths only availabls practical demon-
stration of ths basis production process. Thus, with no successful
precedent to guide ths design, ths da Pont Company was reluctant to
accept ths rssponaibility for ths adequacy of ths dssiga of this plant,
and the staff of ths Mstallurgical Laboratory was dssignated as ths
approving authority for all design features. The proposed plant was to
consist of an air-cooled, uranium-graphite Pile for ths production of
plutoniumj a chemical processing plant for ths separation of plutonium
from the uranium and fission by-productsj chemical, physical, biolog-
ical, and medical laboratories) and other auxiliary administrative and
servics buildings and areas which were required becauss of ths isolation
of ths plant from ordinary commercial facilities. It was agreed that
the physical plant woulS be occupied by the personnel of the Metallurgi-
cal Laboratory prior to actual completion in order that operation could
begin at the earliest posslbls moment, and that the du Pont Company
would lend a large number of key technical personnel to ths Mstallurgi-
cal Laboratory in order to supplement its staff with men having the

industrial experience necessary for the operation of the Clinton plant,
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as well as to train these us for future service at Hanford.

b. Title to Property. - It was agreed that title to all
equipment, supplies, buildings, and areas, and patent rights on proces-
ses and equipment, would become the property of the Government.

c. Cost of Work. - Ths Government agreed to pay all costs
of the work by direct reimbursement or through monthly allowances
provided by the contract to cow administrative and general expenses
allocated to the work in accordance with normal dn Pont accounting
practices. Under the term* of the contract, any portion of these
allowances not actually expended by du Font were to be returned to the
Government.

2-4*.  Performance of Construction Contractor.

a. General. - Although the Wilmington Office of the du Pont
Company was responsible for the actual design of all of the facilities
at Clinton Laboratories, the responsibility for the adequacy of such
design was that of the staff of the Metallurgical Laboratory, who
approved all drawings in their final form. Th* Clinton Laboratories
was constructed by the du Pont Company and subcontractor* in 19*0 and
19”. In spit* of such delaying factors as classified construction, th*
acute labor shortage, high labor turnover, unu*ually high rainfall, and
th* ever-changing requirement* dictated by research results, completion
date* were not excessively delayed for most of the construction. By
March 19hk, all building* and facilities were accepted as complete by
the operating contractor and by the Government (See App. A 2, 23).

b. PII* Facllitle*. - D**ign of the facilities in th* Pil*

(100) Area at Clinton Laboratories was initiated by the du Pont Design

»
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Division on 15 January 19h3» This area consists of ths Pils (105)
Building which contains ths uranium-graphite Pils and associated equip-
ment, ths Exhauster (115) Building, ths Area Shop (1d) Building, ths x°
Uranium Storage Vault (103) Building, and ths Instrument Storage (102)
Building, as well as other facilities clossly associated with the pro-
duction unit (See App. A 2). Actual construction work was begun in

the “ield on 1 February 1?U3» and the work had progressed to such a
stage that ths Pils Are* (See App, A 2U-32) was turned over to ths
personnel of th* Metallurgical Laboratory for test operations on 16
October 19U3*

c. Chemical Processing Plant. - Dssign and construction of
the Separation (200) Area were carried out along with the design and
construction of ths buildings and facilities of ths Pils Arsa, This
area contains the Separation (205) Biilding, the Wasts Storage (206)
Area, and associated equipment and facilities (See App. A J), An under-
ground water canal and walkway provides a safe msans for transporting
to* highly radioactive material fro* ths Pils Building to ths Separa-
tion Building. Construction in ths Separation Ares (Sss App* A 21*, 27,
32*35) was completed and the arsa turned over to ths opsrating groups
on 26 November 1?U3*

Facilities for Hanford. - Th* 300 Area at
Clinton Laboratories was constructed to serve as a training facility
for personnel to be assigned to th* Hanford Engineer Works. This ares,
consisting of one large building (Building 305), together with ths
squipmsnt and service facilities nsefssary for ths training program,

was kept separate from al” other work at Clinton Laboratories under



a separate Project number*

e. Power and Communication Facilities. - Because of the
Isolation of the site from center* of population, it fas necessary
to provide adequate electrical and communication facilities to the
area. Electrical power for this part of Tennessee was supplied by
the Tegqfssee Valley Authority from its immediate feeders at Norris,
Watta”Bar, and Fort Loudon hydroelectric plants* Power requirement*
for construction wore estimated by the du Pont Company to be about
300 kilowatt*, and the operating requirement* were estimated by the
Metallurgical Laboratory to be at least 350 kilowatt* initially, and
perhaps 5000 kilowatt* as the work expanded* On this basi* a separate
contract was negotiated with the Tennessee Valley Authority to furnish
temporary power for use in both the construction and operation of the
Clinton Laboratories (See App. C 2). The facilities provided consisted
of outside electric power supply lines and four substations* In addition
to the power facilitiee, it was necessary to provide telephone and
teletype service to the area* Tie lines to the Southern Bell Telephone
Company and the Western Union and Postal Telegraph Company, and ade-
quate switchboards were installed early in 19U3* Automatic dial tele-
phone equipment was placed in operation during March I?bii*

f. General Service Facilities* - It was necessary to con-
struct adequate general service facilities for the area. Because of the
isolation of the site, separate water, steam, and seﬁgbe systems had
to be provided (See App* A 36-4*1). The Layne Central Company of Memphis,
Tennessee, was awarded a subcontract (See App. B 1), In February 1?b3,

for drilling a well for drinking water. Upon completion, however, the



well water -*as found to be tacteriologically unfit for drinking pur-
poses. Consequently, it was necessary to continue hauling drinking
water by tank truck from Clinton, Tennessee, about twenty miles away,
until the river pum, ing and purification systems were put into oper-
ation in July A septic system was installed, early in 1973, for
sewage treatment; and a steam plant with two boilers, each rated at 530
horsepower, was constructed in 1?U3* Other general service facilities
Include roads, walks, fences, drainage ditches, guard towers, a parking
lot, and air lines*

g- Process Area Service Facilities. - The 700 Area con-
sisted of twenty-five service buildings and facilities, seven of which
are directly connected with the process areas, and the balance with
the general administration of the area (See App. A 2), The buildings
associated with the process areas include the Chemistry Laboratory
(706A) Building, Physics Laboratory (7068) Building, and the "Hot*
Laboratory (706C) Building for e perimentation with highly radioactive
materials (See App* A U2-i6), The buildings serving administration
include the Main Administration (703A) Building, together with a shop
and supply building, a laundry, a cafeteria, a machine shop, first aid
facilities, and patrol headquarters and fire stations*

h* Subcontracts* - Ths awarding of subcontracts by the
du Pont Company for certain phases of the construction work for this
project was initiated foi; the foilwring reasons* to expedite con-
struction; to obtain labor and supervision specialized in some par-
ticular type of work; to eliminate purchase of special machinery and

equipment needed only for g short period of time; to secure the very
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beat workmanship in tbs fabrication of material and equipment* to sake
ass of extensive organisation and personnel of specialised contractors!
and to obtain uss of patent rights required by design* A total of 26
subcontracts were awarded by the du Pont Company to various contractors
for the construction of Clinton Laboratories (Ss» App. 8 1). These
subcontrzcts were placed on a cost-plus-fixed-fee basis or on a lump
SUB td;}s- Eleven of these subcontracts, coversd by half number pur-
chase orders, were negotiated by the Wilmington Office of the du Pont
Company and ths balance, covered by whole number orders, were negotiated
and awarded by the Contractor®s Pisld Office with the approval of the
ffllsington Office and the Ares Engineer.

i* Procurement. - In general, procurement was handled by
both ths du Pont Company and toe Government. The Wilmington Office of
the du Pont Company placed some 1300 purchase orders for materials and
equipment, which could most efficiently and moat economically be ob-
tained through their existing purchasing department at Wilmington. The
du Pont Pisld Office placed over 5000 purchase orders for general build-
ing materials and equipment, with the approval of ths Wilmington Office.
Ths Government negotiated direct contracts with other fires furnish-
ing the Prims Contractor with ready-mixed concrete, crushed atone, gas-
oline, oil, tires, tube)s «d many other items. Ths Government furb-
ished the special uranium metal for use by the operating contractor
(See Book VIIl), as well as much office furniture and equipment and
general materials.

2-5. Construction Dslays. n

«. Classified Construction. - Ths necessarily rigid

t
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security regulation* connected with the design and construction of
these facilities did, in some ways, delay construction, but in apite
of these regulations all construction was completed in time for the
"operations contractor to take over at the most opportune time.

b. Labor Shortage* e Construction of Clinton Laboratories
was flayed to quite an appreciable extent by an acute shortage of
both common and skilled labor. During the summer of 1?U3 it was neces-
sary to reschedule a considerable portion of the construction work
because the available labor force was capable of performing only three-
fourths of the work originally scheduled. It was also necessary for
ths Prime Contractor to recruit labor directly, in addition to the re-
cruiting efforts of the War Manpower <Wission.

c. Labor Turnover. - la order to I ow the labor turnover
rate, which was rather high during the early period of construction,
twenty-three special buses were subsidised by the du Pont Company for
the transportation of workers to the site. Although the city of Oak
Ridge, Tennessee, which was to furnish housing facilities for workers
at the site was in the process of construction (See Book I, Vol. 12),
it became necessary for the Prime Contractor to set up barracks for
common laborers in an”~bandoned schoolhouse near the site in order to
secure enough labor for the Job. Special personal considerations were
also given the employees in an attempt to increase their morale, and
the combination of all these positive steps aided materially in reduc-
ing the labor turnover rate to a very reasonable value.

d. Unusually High Rainfall. - Unusually heavy precipita-

tion resulted in slowing down the construction at the site during the
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summer of 1?U3. The actual precipitation during the month of July 19U3
was 9*3 inches, as compared to the normal avera3 for July of only U.3
inches*

2-6. Emergency Addition** — Construction (cost-plus-fixed-fee)
Contract W-31-109-eng~39 waa negotiated during April 19U6, with the
J. A* Jones Construction Company of Charlotte, North Caroline* John
Davidson (vice-president) and W. A* Cone (project manager) were assign-
ed to management* This contractor was just completing work in the K-2$
Area of the Clinton Kngineer Works and had personnel, equipment, and
material* available for immediate commencement of the work. The need
for immediate additional facilities (expansion of existing temporary
plant) was occasioned by a large and sudden inflow of operating,
technical and academic personnel a* replacement for progressiv* low
of older key scientific people and for training school enrollment.
The uncertain future of the Laboratories was relieved somewhat by an
announcement covering a switch from wartime to peacetime planning far
the application of Nuclear Energy. Pressrelease* were given at this
time relative to the Power Pils and Radioisotop* development program*
"The architect-engineer firm of Holabird and Hoot under subcontract* to
th* prim* operating contract began design of a new peraanent Radio-
isotop* Building, alon”with a sit* plan study for * permanent research
laboratory. Subcontract negotiation* b*gan in March 19U6. Daring
November 19U6, work begai) under an architect-engineer subcontract,
between Monsanto and the Kellex Corporation of Hew York City for the
design of a steam plant and a heterogeneous pile and related structure**

Consultant subcontract* with organisation* and individual* totaled Pt*



in number*

2-7. Coat (See App* B 2«4Q* - The total coat of design and
construction of tho Clinton Laboratories, aa of 31 December 19U6,
under Contract f»2UI2 eng-23, waa approximately $12,032,000, of which
$5,912,000 was apent for labor and $6,120,000 for material! and
equipment* A breakdown of thia coat indicate# that tha total construc-
tion~coat for the Pile (100) Area waa $3*955,000, of which #1,639,000
waa spent for labor and $2,316,000 for materials* Tha coat of deaign
(included in tha above) of thia area waa approximately $121,?50. Tho
total construction coat for tha Separation (200) Area waa about
#2,168,000, $1,062,000 being expended on labor and $1,106,000 on
materials* The design cost of tha Separation Area waa approximately
$66,850 (included above). Construction coat for tha Training School
was 1311,000, of which total approximately $10,000 waa spent on design.
Power and communications facilities were designed and constructed at a
total coat of approximately $163,000, of which the deaign coat waa
about $5,000, Deaign and construction costa for the general service
facilities amounted to $U, 316,000, approximately $133,000 of which
repreaenta deaign coats. Proceaa Area service facllitiee were designed
and constructed for a total of $1,119,000, The deaign coat of theae
facilities was about $*&,000.

The coat of making emergency additions to practically all of the
original temporary structures, undertaken by the J. A. Jonea Construc-
tion Company, Inc*, in April 1?U6, amounted to about $1,009,000 by 31
December 19U6* The amount spent on Jabor was about $75U,000 while

material charges were listed at $255,000*
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SECTION 3 - OPERATION OF CLINTON LABORATORIES

3-1. Selection of Original Operating Contractor.

a. General. - The accoaplishaent of the Clinton Laboratories
objective* involved research and developaent work in a scientific field
in which the total knowledge, early in 1?U3» limited to the results
of theoretical calculations and of a few small-scale experieents. The
vary character of the work imposed severe limitations on the number of
contractors from which the selection of an operating contractor could
be made. The du Pont Company, which designed and constructed the
Clinton Laboratories, was considered qualified to perform the operating

functions but was not selected because of other heavy war commitments,
ons of whichwas the design, construction, and operation of the large-
scale plutonium-production plant at the Hanford Engineer Norks, and
because of the inadvisability of having one contractor responsible for
the execution of the entire Pile Project. Since aost of the plutonium
research studies and investigations perforated under the supervision of
ths Office of Scientific Research and Development had been conducted
by the Metallurgical Laboratory at the University of Chicago (See Vol.
2, Part 1), It was obvious that, although no organisation possessed
complete experience or special information in the field involved, the
University of Chicago was best fitted to operate the Clinton Laborato-
ries. Although the pilot plant was to be operated as a part of the
Metallurgical Project, ié was not desirable, for reasons of security,
to have the University of Chicago™s name associated with the work to be

¢
performed at the Clinton Engineer Works. Thus, the organization known
t
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as Clinton Laboratories was formed and, although not incorporated,
it functioned ae a corporation with the permission of the State of
Tennessee*

b. Negotiation of Original Contract. - The University of
Chicago agreed at the outset of negotiations to enter into a contract
to carr{rout the program at Clinton Laboratories for no fee. Because
of thiwnTmanal nature of the work and the unpredictable results of
experimentation, however, it was suggested that provision be mads in
the contract to relieve the University of responsibility in the defense
of claims against it, resulting fro* actions or omissions in the per-
formance of the work, whereby the Government would discharge all final
judgments entered against the contractor* Assumption of these obli-
gations by the Government was approved and authorised by the President
of the United States, under the powers conferred upon his by ths First
war Powers Act of 19U1, and was Includsd in the terms of Contract No.
w-7U05-«ng-39 (See App. C 3). Ales included in the contract was the
provision that a flat sum, equal to twenty per cent of the total direct
wages and salaries, and in no event less than $30,500 per month, fan
paid directly to the University of Chicago to cover administrative and
other expenses not otherwise reimbursable under the general terms of
th4 contract.

3-2. Contractual Arrangements.

a. Statgwgp;“gf Work. * Under the tens of the contract,
the University of Chicago was to conduct such research, experimental,
and development work ae was necessary to develop a manufacturing

*

technique for the production of plutonium in small quantitiee. The
»
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pilot plant at Clinton laboratories was to be operated, in addition,

for the purpose of carrying out a training program for personnel who
would eventually be transferred to the Hanford Engineer ~orks. Finally,
such medical and biological research as was deemed necessary for Project
activities was to be carried out subject to the approval of the Con-
tracting Officer.

b. Title to Property. - All materials, tools, machinery,
equipment and supplies, as well as all data and notes concerning the
design, construction, and development of the prooess and all patent
rights were to become the sole property of the Government. Such
property, however, was to remain in ths custody of ths contractor during
ths term of ths contract for uss in ths performance of the work.

c. Cost of Work. = Ths University of Chicago was to be
reimbursed for all actual and specific costs and sxpsnses incurred
in ths performance of the work. Reimbursements were to be mads by ths
Government upon presentation of vouchers or receipted invoices to ths
Contracting Officer. Ths total appropriation for ths operation of ths
Clinton Laboratories from 1 March 19h3 until 30 June 1%hh, as provided
by ths contract, was not to exceed $6,6$0,000. Supplemental agreements,
however, increased the. amount to $17*000,000 in order to cover the coat
of the work when ths term of ths contract was extended from 30 June
19hh to 30 June 19h$.

3-*3 Performance of Original Contractor.

a. General. - Operating personnel arrived at Clinton

Laboratories at ths Clinton Engineer*Works, in the spring and summer

of 19h3* Although construction work was not completed until about



March 19U 1, the production unit went into operation on h November
19U3 and plutonium wu being delivered aa earl/ at 1 February I#*i*.
Throughout the year 19UU and the early part of Clinton
Laboratoriee waa able to meet the aetigned achedule for plutonium
production# Thua, during the period of the contract, a sufficient

— ount] of plutoniua wee manufactured to aatisfy all requiremsnts for
experimental workj a satisfactory separation and isolation technique
waa developed for use at the Hanford Engineer Work*} and the general
medical, chemical, physical, and biological research waa conducted

to the satisfaction of the “overneent,

b* Health Program (Set Book I. Tol« 7)< - A health program
waa established and maintained at Clinton Laboratoriee in order to
provide for the health of the operating personnel. The unusual and
unpredictable health haaardt connected with much of the work made it
neceaaary to maintain a strict check on personnel faymeant of periodic
physical examinatione and fay limiting the working tine in particularly
hasardoue areas.

c» Safety Program (See Book I. Vol 11), - An active safety
program waa maintained at Clinton Laboratoriee through safety leoturea,
posters, guidee, and personal contact with all employees. The success
of this program it indicated by the fact that Clinton Laboratoriee
ranked high in the Manhattan District safety ratings which in turn
compare very favorably with normal industrial ratings*

d. Intelligence and Security Program, - Operations at
Clinton Laboratoriee were claaaifled"by the Manhattan District aa

"Secret,” and in some speolal cases "Top 3ecret.” These classifications
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necessitated the establishment and maintenance of a strict intelli-
gence and security check on all personnel, materials, and operations.
Ths general Intelligence and Security Program of the Manhattan Dis-
trict (Ses Book I, Vol. XU) was followed by the University of Chicago
at Clinton Laboratories.

] s. Personnel. - In general ths wags scalss, hours of work,
and working conditions for ordinary labor at Clinton Laboratoriss were
in accordance with the over-all labor policies of ths Manhattan Dis-
trict and with ths Labor Rslations Board directives. Efforts were
mads to maintain high morals among ths employees through group ath-
letics, graded pay increases, and assistance on housing (See Book I,
Vol. 12), transportation, and other personal problems.

3-4, Contractual Changeover. - By letter of 1 May 19h$, the
Monsanto Chemical Company contracted to commence operation of Clinton
Laboratories on 1 July 1?U5, under Contract W-35-058 eng-71, continuing
operations theretofore carried on by ths University of Chicago. Ths
Government and ths University, In mutual agreement, determined that
it would be in the best Intersat of ths Oovernmsnt to have this sffort
continued by ths Monsanto Chsmical Company which would assume all
obligations, facilities, supplies, and equipment employed on this work
by ths University, provided it was owned by the Government. It was
acknowledged that the Chicago group, having successfully accomplished
their mission and asaigisnent under Contract W»7h05 eng-39 (see para-
graphs 2 a and b) desirsd a return to the straight academic field,
leaving this particular laboratory Operation to a commercial organi-

zation known to be properly equipped for the task at hand. Since the
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University had incurred certain claims, liabilities, obligation#, and
commitments, it was considered in th# best interest of ths Government
to have them liquidated under the succeeding contract which was to be
inside the scope of the original*

>-5, Cost of Operation, - The total cost of operating Clinton
Laboratgries under both contracts, by 31 December 1?1*6, amounted to
822,3"0,000. For Contract W-7U05 eng-39 (1 M«reh 1?U3 - 30 Jan* 19U5),
this totalled $12,325,000, of which $6,81*2,000 was paid out in salaries,
|*,780,000 la general operating expenses, and $703,000 had been received
in materials and services famished by the Government. The cost under

Contract *-35-058 ang-71 (1 July 1?U5 e 31 December I?1"6) amounted

to $9,925,000.



SECTION U - PRODUCTION OF PLUTONIUM

k~1* General, « On* of tha primary objective® of the work at
Clinton Laboratoriee waa the production of a small quantity of
plutonium, Because tha performance of many fundamental experimente
having to do with tha physical, chemical, and metallurgical propartiaa
of fAutonium depended upon tha early receipt of thia material, it waa
extremely important that the relatively small quantitiee required ba
made available at the earlieat possible date, 1la addition to tha
plutonium needed for the investigation and eatabliahment of ita
propertied, it waa eaaential that enough be produced for use in tha
development of a proceaa for tha separation of plutonium from uranium
and the radioactive fiaaion products. With thia objective In view,
an air-cooled uranium-graphite Pile of 1000-kilowatt capacity waa
designed and constructed by the da Pont Company at Clinton Labora-
toriea (See Par, 2-1*), with the expectation that, after the Pile waa
tested and operated, changee could easily be effected whereby the
rate of plutonium production could be Increased, Since original plane
for the large-ecale Pilee at Hanford pointed to the use of helium
aa a cooling medium, it waa expected that the Clinton Pile would
serve as a pilot plan™-for the larger installations, Although the
plans for the main plant were changed to include water-cooled unita
(See Vol. 2, Part 1), the pilot plant retained ita air-cooled
system in the belief that tha production of the few grama of plutonium
needed for experimental purposes would be accomplished more quickly

if a change in design were avoided,
»
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I*-2. Description of Pil# (Se# App. C U).

a.. O»psral» - Ths Clinton Laboratories Pils consists
essentially of s Z]*-foot cubs of graphits blocks with (1) horiton-
tal holes (for th# uranium sings) traversing ths Pil# from front to
rear, and (2) holes (for control rods, safety rods, and experimental
pungfie#) at right angle# to th# charging holes, both horisontally
aiii vertically. Cooling air is drawn by fan# through th# charging
holes, around th# slugs,and exhausted up a stack. Ths nominal de-
signed power output, or th# rate of heat dissipation, is 1000 kilo-
watt#, necessitating that th# Pil# b# completely surrounded by con-
crete shielding to reduce th# radiations generated at thl# level of
operation to safe limits. All op#ning# through th# shielding which
giv# access to th# experimental and operating channels are equipped
with plug# which are removed only when th# power output 1# suf?l-
ciently low to prevent a dangerous amount of radiation from escaping

t
through these openings.

b., graphite Matrix (See App. A 3. - Th# graphit# 1#
built up as a 2i| by 2b-foot square section, 2f feet-U inche# high,
by 73 course# of U-inah square graphite blocks of length# varying
from sight to fifty inches. Metal channel# through th# block# ar#
arranged on sight-irtft centers at th# face of th# Pil#, In 36 hori-
zontal row# of 35 hole# each. The channels ar# 1-3A inch## square
in cross section set gn edge. Th# charging tube#, I-1/1i inch stand-
ard pip#, extend two inche# into th# end# of th# block# at th# front
fao# of th# Pil#. On th# rear face of th# Pil#, th# top of each

1
metal channel i# cut inta rectangular opening to prevent po##ibl#
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binding of the slugs at ths top of ths channsl during discharge. A
removable core, separately constructed and keyed as an integral unit,
is provided to permit ths trial of diffsrent spacings of metal chan-
nsls for "lattice dimension experiments."#

C. Pils Shielding (Sss App. A U). - Ths Clinton Pile 1*
completely surrounded by a seven-foot thickness of concrete shielding.
Ths Qutside of ths shisldsd Pils is approximately h7 feet long by 38
feet wide by 35 feet high. The shield on ths front or charging fees
consists of seven laminations, ths outsids two of standard concrete,
nins inches thick, inside of which are walls of three-inch precast
standard concrete blocks to register ths 1260 charging tubes on eight-
inch centersj on ths insids facs of each precast block is a hsavy,
pitch coating ussd to prevent loss of water from ths special Haydite-
barytes concrete nhich forms ths central five-foot lamination. The
special concrete has ths property of retaining permanently 10? or mors
,of its weight of water when ths density of ths concrete is at Isast
150 pounds per cubis foot after curing! its use in the shield la the
result of ths effectiveness of ths hydrogen in ths water in stopping
neutrons. The side and rear shields consist of five laminationst
two 12-inch standard concrete outer walls, two layers of heavy pitch,
arid a five-foot centra”section of Haydite-barytes concrete. The
roof Slab also has fivs laminations* ths bottom layer, consisting of
18 Inches of standard reinforced concrete, has sufficient strength to
support the superimposed load) following this layer are five feet of
ths special Haydite-barytes concrete”between two layers of pitch|

ths top layer consists of six inches of standard concrete.
»
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d. Pile Shielding Openings (See App. A 5-8). - The front
face of the Pile shielding has, in addition to the 1260 openings for
the charging tubes, a large opening near the center which is closed
by a concrete-filled steel plug to be used in connection with the 20-
inch by 2I*inch removable core. Bach side wall contains 29 openings*
two openings for regulating rodsj four opening# for shim rodsj ten
openiﬁgz for experimental investigation#, such a#, measurement of
neutron cross section# and production of radioactive materials) nine
opening# for the Insertion of *foils"*j and four opening# for ioniser-
tion chambers. The beck wall contain# an opening slightly larger than
20 inche# by 2* inch## to facilitate removal of the graphite corej
this opening i# surrounded by six hole# arranged for experimental and
obeervatloa purposes# The roof slab contain# a vertical five-foot
square opening which 1# centered on the graphite structure. This
central opening is surrounded by six circular holes for safety rods*
There are 35 vertical opening# in the top of the Pile shielding (above
the rear face of the Pile) for the insertion of a scanning mechanism
which would permit a determination of the temperature and radioactivi-
ty of the air emerging from any metal channel. Two adjacent openings
in the roof of the shielding, each equipped with an aluminum carriage
and three lead gates, Strait the insertion and withdrawal of animal
cagee during Pile operation. Because of the intensity of the radi-
ation that escapes throggh even a very small space around any of the
various openings in the Pile shielding, specially designed plugs are
used a# closures during Pile operation (See App. A 9). The openings

¢
consist of a series of steps resulting from diameter changes, forming



a labyrinth which i* intended to reflect the radiation several times
and thus prevent direct emission*

e. Cooling System. - The heat generated in ths Pils is
removed by a flow of cooling air (Se* App* A 10)* Th* entir* system
1* m*intaln*d tinder vacuum by fan* which discharg* the air frost th*
Pil* to a 200-foot stack, Th* cooling air 1* drawn into th* Pil*
Buil%ing and filtered. Th* filtered air enter* * concrete duct and
flow* around *Ith*r sid* of a U-shaped baffl* designed to prevent
neutron and gamma radiation* from reaching th* filt*rs. Th* air
fToa th* duct 1* drawn upward past th* front fao* of th* Pil*, and,
entering th* metal channel* through alota provided in each of th*
steel pip* charging tub**, i* discharged at th* roar fee* of th* Pil*.
In addition to th* air drawn through th* Pil* in thi* mann*r, approx-
imately on* per cent of th* volum* 1* drawn directly through th*
concrete shielding into th* air chamber at th* rear of th* PH* in
ord*r to prevent exc*s*iv* thermal expansion and loss of moisture from
th* Haydit*-baryt*a concrete* Air from the discharg* chamber 1* drawn
through a concrete duct to th* Fan Rous* where, after paaalng through
a series of U-benda, it go*a through th* fan* and 1* discharged to th*
stack* Wat*r spray nosslos in th* stack and fan c*Il1* serve to wash
away any radioactive drist* that may be deposited. Th* cooling system
was originally equipped with thre* fanai on* stand-by, steam-driven
fan with a capacity of 5000 cubic f**t per minute| and two electrically”
driven fan* *ach having a oapacity of 30,000 cubic fe*t per minute.

In July 19U*, th* latter were replaced by two electrically-drlven fan*

each having a capacity of ,70,000 cubic feet per miimt* (See App. A 16),
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in order to increass the effectiveness of th# Pile cooling system.

f, Pile Control# (So# App. A I1-UO. - In order to produce
plutonium safely it is necessary that ths Pils reaction be controlled
at all times, To accomplish this control, the Clinton Laboratories
Pils was provided with safsty rods and tubes, regulating rods, and shim
rods* Four 1,5-psr-cent boron steel safsty rods, 1-1/2 indies in
diamet;} and eight fsst long, are suspended above the Pils, operating
vertically by gravity. These rods, operating either manually or
automatically, are designed to shut ths Pils down very rapidly in cas#
of an emergency greater than can be handlsd effectively by the regu-
lating and shia rods. Two vertical, empty, closed-end tubes ars
built into the Pile to receive a quantity of boron steel shot, normally
held in containers outside the Pile and above the tubes. The shot can
be released manually as s final sffoart (after other methods have failed)
to stop the Pile reaction. Two horisontal 1.5-per-cent boron steel
regulating rods, 1-3A indies square and 19 feet long, and coupled at
their outer ends to steel racks 22 feet long, can be operated manually
or automatically to effect fine control of the Pils reaction. These
rods are normally used one at a time. *our shim rods, similar to th#
regulating rods, have two functions* first, to shut the Pile down when
the need arises; second™?to compensate for variations in operation which
are too large to be handled by the regulating rods. The shim rods ar#
normally operated mutually but an automatic system is provided for
complete insertion during an emergency. Manual operation of tbs Pils
controls may bs effected from the main control panel (So# App, A 15, U7),

.

g. Slug Handling Facilities, - An elevator along the front



face of tho File carries a pair of track# for two charging machine#
(See App. A U8, ™)e These machine# charge the uranium, which is in
the form of slugs approximately on# inch in diameter and four inches
long and jacketed with aluminum, into the Pile. As a new slug is
pushed into the Pile, an irradiated slug i* forced out at the rear
face. *The discharged slug fall# freely downward onto on# of two
matt;;ss pad# and slides through water down a stainless steel chute
into a stainless steel bucket in the discharge pit (See App. A 7).
Th# discharge pit, which i# approximately seven feet square and
contains a 20-foot depth of water, i# connected to a horisontal
storage trench, approximately seven feet wide, 65 fast long, and
nine feet deep. A canal for the transfer of slugs to the Separation
Building runs from the end of this storage trench. A monorail crane
carrying an electric hoist i# located above the trench and canal to
facilitate the movement and delivery of buckets.

U-3. Pile Start-Pp. - The Clinton Laboratories Pile was charged
with approximately 35 ton# of uranium in th# for* of jacketed slugs
and operation# were begun on k lovember 1?U3. This start-up date was
a few weeks later than the requested date as the result of changes
aade in the Pile metal channel#, such as the chamfering of the ends of
each graphite block ijfeach channel and the cutting away of the tops
of each channel at the rear Pile face. Although these changes delayed
the start-up slightly,, a net delay in the production schedule was
undoubtedly avoided since the possibility of slugs becoming wedged
in the channel# was greatly lessened by these changes. Within a few

day# after the start-up, the Pile was brought to a power level of
t
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500 kilowatts with a maximum slug surfacs temperature of 110 degrees
Centigrade. In a short time, a power level of 800 kilowatts was
attained by plugging sobs of ths outer channels and through ths uss
of a maximum slug surfacs temperature of 150 degress Centigrade.
During and after Pils start-up many fundamental investigations were
carried on, such as* iInvestigation of ths ehangs of period with Pilo
Ioad%ng} temperature measurements and Pils power calibration) determi-
nation of a temperature coefficient for ths Pils* calibration of
control rods| observation of ths reaction of ths Pile to control

rod movementj measurement of "neutron flux"*! and determination of
stack activity (Seo App. C 5}*

U-tu Increass of Operating Level. - Although ths operating level
of ths Pilo was maintained at its rated value, engineering studiss
made during ths early part of 19hk indicated that ths operating level
and, consequently, ths rats of production of plutonium could be sub-
stantially increased by making a few rather minor changes. Whereas
ths Pile was previously operated with h$9 channels loadsd with 65
slugs each, in March 1974, a new loading, consisting of 709 channels
with hh slugs each, was adopted. This new loading method, designed
to ehangs ths shaps of ths lattics arrangement, permitted a higher
power output without attaining too high a temperature by reducing ths
amount of uranium near ths center of the Pilo relative to that farther
out. Tbs efficiency of the air cooling system was increased by the
use of well designed plugs for checking ths flow of air through channels
which did not contain uranium. Finally, the use of slugs with improved

arc-welded Jackets permitted raising the temperature of ths Pile so
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that the hottest slugs had a surface t-mperature of 200 degrees Centi-
grade. As a result of these changes a power level of 1800 kilowatts
was attained in May 19Uu In June and July 1?UU, the installation
of two large fans, each haring a capacity of about 70,000 cubic
feet per minute, permitted a further increaae in th# Pil# power level.
The combined effect of the## change# mad# it possible to operat# th#
Pile it a level of UOOO kilowatt#, or four time# th# designed operating
level, and brought about an appreciable increase in the rat# of
plutoniua production.

U-f>. Interruption# of Operation* - At no time were aeriou#
difficulties encountered in connection with the operation of th#
Pile proper. In ease of control, steadiness of operation, and pro-
duction of plutoniua, the Clinton Laboratories Pile was very satis-
factory. There were no failures attributable to mistake# in design
or construction — a remarkable fact, considering that thi# plant wa#
constructed without prevlou# experience and was designed on the basi#
of the meager data available in 1?U2* Some interruptions w#r#
encountered in Pile operation, however, as a result of failures in th#
cooling system*. In August 19Ui, one of the large fans failed, necessi-
tating the installation of one of the old fans, having a capacity of
30,000 cubic feet per m*ute, while the large fan was being repaired.
The fan was repaired and reinstalled in September of 1UI4. Fan-bearing
trouble also resulted in interruption of operation during October and
November of 19U». In order to reduce troubles of this nature a system
for constant surveillance of the fan bearings was installed (Se# App.

A 50). The schedule for production of plutonium was maintained in
»
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spit* of the operating difficulties mentioned above, and at no tiee,
except in January 1Ul», waa it behind that originally estimated. (See
App, C 6 and special "Top Secret™ Appendix to thia book).

U-6. Completion of Work* - By 1 February 1?UU, three montha
after operations were begun, sufficient plutonium had been delivered
to enable the most important experiments to be carried out. By 1
Marchﬂ;Y:;;, several grams of plutonium had been delivered. The Pile
waa operated for the purpose of producing plutonium until January
19h$, at which time sufficient plutonium had been produced (about 20
per cent more than originally eatimated) to meet the experimental
requirements (See special "Top Secret” Appendix to this book).

After January 19kS, the Pile was operated for the purpose of pro-
ducing other radioactive materiale, such as radioactive barium,
sirconium, lanthanum, a*d antimony, for the research program at Han-

ford, Chicago, Los Alamos, and other requirements of the Manhattan

District Project.
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SECTION 5 - DEVELOPMENT OF A SEPARATIOI PROCESS

5-1. General. - On* of the main objective8 of the Clinton Labora-
tories mmes the development and test, under plant conditions, of a
workable and reliable process for ths separation of plutonium from
uranium and the number of highly radioactive by-products formed by th#
Pile paction, A number of methods for effecting this separation wer#
proposed and investigated by the staff of th# Metallurgical Laboratory
at th# University of Chicago? these could be classed in four general
categories* precipitation processes, adsorption processes, solvent
extraction processes, and a volatility process (Se# Vol. 2, Part 1).
Because of the progress mad# in th# study of precipitation methods by
June 19U3, the time at which plant design was started, it was decided
that these method# would be adopted for the Clinton and Hanford plants.
TWo precipitation processes, one using lanthanum fluoride as th#
carrier pr#cipitat# and th# oth#r using bismuth phosphat# a# th# car-
rior, received a grsat deal of attention. Lanthantoa fluorid# was th#
mor# efficient carrier, carrying plutonium at a weight ratio of fiv#
parts of lanthanum fluoride to on# part of plutonium fluorid# as opposed
to a ratio of 90 parts of bismuth phosphate to one part of plutoniu*
phosphate, but corrosiO”test# indicated that a process utilising bis-
muth phosphat# would present fewer operating problems in a large-scal#
plant. The process finally chosen represented a combination of the two
Zrocesses whereby bismutﬁ.phosphate was employed as the carrier in th#
extraction step# and lanthanum fluorid# was used in the concentration

arj isolation steps. Thus the activities of the Clinton Laboratories



staff were directed toward*

»

1.

Elaborating on and improving the separation process
outlined by the Metallurgical Laboratory and proving
this process under plant conditions.

Establishing the reproducibility of the optima process
conditions in order to permit predictions concerning
Hanford operations*

Testing alternate processes in the event of difficulties
encountered in the use of the process chosen for Hanford.

Studying the selected procees fro* the standpoint of the

chemical mechanisms involved to insure against failure
during plant operation.
5-2. Description of Facilities.

a. General. - The initial development and testing of the
separation process was done on a laboratory-ecale by chemists at the
University of Chicago and at Clinton Laboratories, working with stand-
ard chemical apparatus and techniques. With the success of the labo-
ratory teats assured, a small semi-works was constructed at Clinton
Laboratories as an intermediate step between the laboratory and the
pilot plant (See 1pp. A U2, 51). The semi-works was used for process
development and operate”cconcurrently with the pilot plant for the
separation process.

b. Pilot Plant. - The Separation (205) Building contained
six cells (See App. A 16), one for the dissolution of the irradiated
uranium slugsj four for plutonium recovery and purification, and waste

neutralization} and one (double sise) for the storage of contaminated



equipment that had failed in operation. These cells, containing ths
process equipment, were separated from the control room and from one
another by thick concrete walls which served to shield operating
personnel from ths radioactive emissions which accompanied ths procsss.
Because of the high radiation levels present throughout ths process,
rsmots control of operations was necessary} consequently, all opera-
tioni®within ths cells were controlled from panel boards located in
the control room (Ses App* A 17, 52, 53)» la general, each of the
cells used for plutonium recovery and purification contained a epre-
cipitator"*, s centrifuge, a catch tank, and a neutraliier as well as
the necessary procsss piping and drainage and waste systems (See App.
A 18-20), Process wastes were led, through buried piping, to under-
ground storage tanks (Ses App. A 21, 22) to be held until proper
disposition of thsss wastes could be mads. Cooling water used in ths
process was held in retention ponds for testing and dilution before
dlschargs. Drainage froa the floors of the cells was held in under-
ground tanks for analysis} if ths dralnags was not too greatly contam-
inated, i1t was discharged through ths retention ponds to White Oak
Creek. A 200-foot stack was provided to exhaust the gaseous wastes
to ths atmosphere} a ventilation system supplied air for the dilution
of the gases from ths solver.

5-3. Process Development. - On 20 December 19b3t ths first batch
of slugs from ths Pils were received in the Separation Building for pro-
cess. By ths end of January 19UU, uranium was being received at the
rate of one-third of a ton per day and by 1 February 19UU the first out-

put of plutonium had been delivered. With the success of the process
»
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thus insured, considerable improvement in the efficiency of the process
iras achieved during 19Ut by studies of its many variables. Problems
arising during plant operation were studied in the semi-works and the
results obtained were utilised as a basis for future operations. Dur-
ing this period, the efficiency of the carrying of plutonium was found
to depend upon the rate at which the carrier was precipitated, the time
of "digestion”* following the precipitation, and the method used to
form the carrier precipitate. As a result of the persistent develop-
ment work in the laboratory and semi-works, the pilot plant decontam-
ination factor (@ factor indicating the degree of separation of the unde-
sirable radioactive fission products from plutonium) was increased
many thousandfold through the use of scavengers such as lirconium and
cerium, and the production yields were increased from an initial value
of $0 per cent to approximately 90 per cent, by the adoption of a
series of washes following each precipitation and the installation of
more efficient agitators in the solution tanks. Although no basic
changes were required, process and equipment modifications were made
whenever necessary to improve the efficiency of the process.

5it. Final Tests and Recommendations. - With the most favorable
conditions for pilot plant operation chosen, additional equipment was
installed in the Separation Building so that the process could be
carried out without re-using equipment for a number of stepsln this
way operating conditions at Hanford were simulated as nearly as
possibls in the pilot plant. Test runs with this equipment furnished
data which, together with the results of laboratory-scale runs and

data from semi-works runs, using the concentration levels of plutonium



and inactive fission products to b* encountered at Hanford, furnished
a sound basis for predicting Hanford operating conditions. The final
tests performed on full plant scale, for the purpose of developing and
testing the separation process for us* at Hanford, were completed in
August I"Un A formal report was issued by the Clinton Laboratories
on 1 October 19bU, baaed on the result* of the** tests, recommending
optipﬁﬁroperating condition* for Hanford (S«* App. C 7). Prior to th*
publication of this report, the pertinent details were mad* availabl*
to the interested personnel at Hanford, by means of Informal progress
report* and personal contact* Further tests, designed to improve th*
orer-all process efficiency, wer* completed in November 1?U* and ths
recommendations based upon their results wer* Issued as a supplement
to the above report* Upon the completion of the work in ths Clinton
Laboratories Separation Plant, the experimental data pertaining to th*
process wer* summarised in a report dated 20 July 19h5 (Se* App. C 8).
£e5* Development of Isolation Procss*.

a* Qﬁﬂg{%%: - Although the separation process was designed
to separata the plutonium fro* the uranium and undesirable fission
products, It did not off*r a suitable mean* either of isolating th*
plutonium free from all impuritie* or of preparing the plutonium for
shipment and use. It necessary, therefore, to develop a process
by which the plutonium could be isolated in a usabl* form fire* from
all metallic impurity.

b* Method. : The solution resulting fro* the separation
prooess contained, in addition to plutonium, a rather large amount

.
of the element lanthanum, which was used in the final steps of the



separation process as a carrier precipitate. It was necessary to treat
this solution in such a way that the plutonium would prscipitats in a
rather pure state, leaving the lanthanum and other impurities in solu-
tion. Based on information gained by the processing of some 37 batches
of material in a specially designed laboratory (Sss App. A $k), a method,

based on the precipitation, solution, and repreeipitation of plutonium

N*

peroxide Aram the solution received frae the separation plant, was
developed. Studies mads, to determine the best plutonium compound for
shipment of ths product between sites, indicated that ths nitrate was
most satisfactory for general use. Recommendations for an isolatlom
process were furnished the Hanford Engineer Works in two formal reports
(Sss App. C 7, 9)#

5-6. Uranium Wastes*

a. Storage* - In view of the limited world supply of uranium
metal, provisions were made for storing the waste uranium solutions from
ths Separation Building in large underground storage tanks (Ses App. A
22, 3U). Six tanks, having a total capacity of about one million gal-
lons, were provided, and these also served as storage tanks for radio-
active waste solutions from ths Separation Building, before ultimate
discharge into nearby streams.

b. RecoveryThe development of a process for ths recovery
of uranium, held up in the active wests solutions from the separation
process tests, was begun in the fall of 19Ui. A recovery process, based
on the extraction of the uraniw tram a water solution by an organio
solvent, was carried through ths Initigl phases of process design and

promised to be a very satisfactory method (See App. C 10, 11).
t
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Inasmuch as the handling of this largo bulk of solution would bo simpli-
fied as time went on, because the radioactive fission products were
disintegrating and thus becoming stable, and since there was no imme-
diate demand for recovery of the uranium metal either at Clinton Labora-
tories or at the Hanford Engineer Works, the work on this problem was
limited to the development of a process for uranium recovery to be used

N*
at arife future date*

5-7* Completion of Work. - During the period from December 1?H3
to January 19U5, a total of 299 batches of irradiated uranium slugs
were processed in the Separation Building, using three different type
charges, all of which yielded excellent results. Valuable Information
was gained in the operating techniques connected with the separation
process, through the work done in the Clinton Laboratories pilot plant,
and key personnel, who were later to be assigned to the Hanford Engineer
Works, were given a thorough training course in the fundamentals of
process operation. At the conclusion of the operating period, January
19U5, experienced personnel carried out a thorough program to remove
all radioactive substances from the equipment and cells, so that the
pilot plant could be placed in a standby condition.

5-8. Development of Alternate Process. - Although the Bismuth
Phosphate Process had b”Rn accepted for use at Hanford, a group of
chemists at Clinton Laboratories was assigned the task of developing
an alternate process for the separation of plutonium from the uranium
and fission produets by an adsorption method. This research was
believed to be necessary, since this new method, i1f successful, would

be very simple both as to construction and operation and would provide
»
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an alternative in the event of the failure of the precipitation process.
Sufficient results were accumulated, based upon the behavior of the ad-
sorption systems studied, to show that, by the use of simple "adsorp-
tion columns,”™* a process for th* separation of plutonium from the undes-
irable contaminants would be quit* feasible* However, in June 19UU,

when {;>became obvious that th* Bismuth Phosphat* Process would b*
satisfactory for us* at Hanford, research work on th* alternate method
was discontinued*

5-9* Chemical Studio* of FI**lon Product* and Heavy SI*m*nt*. -
Chemical research connected with uranium, plutonium, other heavy ele-
ment*, and the fission products was begun in September 19b3, but was
of secondary importance because of th* urgency of process develop-
ment problems and their manpower demands. However, with the discharg*
of re*ponsibilitie* in thi* fi*ld, ba*ic chemical research increased
until it occupied a large part of th* chemistse program at Clinton
Laboratories* The fields for study have been th* chemical clarifica-
tion of the phenomena associated with fission, the chemical potential-
ities of the Clinton Pile, and th* charact*ri*tic* of th* varlou*
nuclear reactions.

a. Studies of th* Proc*s* of Fission. - Studi** of th* pro-
cess of fission have 1i* to * more accurate idea of the proportion of
the total energy of fission which is contained in th* radioactiv*
fission products and of the rat* of release of thi* energy, Th* pro-
ducts of fission, of which about 1$0 ar* now known, have been further
characterized with respect to mounts produced, chemical properties,

nature of radiation *mitt*d, and rate* of decay. Information of thi*

t \
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type, collected in conjunction with the staff of the Metallurgical
Laboratory, has been used in improving the plutonium separation pro-
cess and in planning for personnel protection and waste uranium
disposal at Hanford (See App* C 12)*

b. Studies of the Chemistry of Plutonium. - Prior to Clinton
start-up, plutonium existed only in microscopic amounts and its chem-
ical &d physical properties were not known as well as was desired.
Therefore, a program for the study of the ch««istry of plutonium was
Inaugurated as soon as sufficient amounts were aadm available. The
development of the separation process depended to a great extent upon
the results of this research. A number of immediate problems attacked
included the study of the suitability of various plutonium coepounds
for their ease of preparation, stability, ability to withstand storage
and Shipment, and degree and ease of solubility.

5-10. Radioisotopes. - Following the end of hoetilities, much
of the work of the scientific and technical groups was directed toward
developing peace time uses of the various piles. Radioisotopes devel-
oped therefrom were to be used in the fundamental and applied sciences,
particularly biological and medical. The release for public use of
these Isotopes was one of the most significant peace time results of tbs
great investmsnt in nuc*|kar fission. On 3 January 1?U6, ths first
complete, specific proposal for the national distribution of pil*-
produced radioisotopes was presented by memorandum from Clinton Labora-
tories to the Director of the Medical Division, Manhattan District.
Formal inauguration of the distribution program was mads by the announce-

ment from Headquarters, Manhattan Project, entitled "Availability of
t
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Radioactive lIsotopes,” which appeared It Jim# 191*6, in “Science,* Vol.
103, Pages 697-705, listing available isotopes (approximately 100 in
number) and also covering principles of distribution and details of
procurement. It was determined that distribution should be limited

to elements number 3 to 83, inclusive.

‘s *e Laboratory Expansion. — Expansion of Hot Laboratory
$706-0" was underway by thie time in order to keep separation facilities
abreast of increased pile activity. On 2 August 1?6, the Barnard Free
Skin and Cancer Hospital, St. Louis, Missouri, received the first peace
time product of the huge Atomic Energy Facilities. At appropriate
formalities in front of the Clinton Pile, the Deputy District Engineer
delivered a one-sillicurie unit of Carbon Hi to Dr. E. 7. Coedry, of
the St. Louis Institution, who desired the carbon to "tag* component
parts of cancer-producing molecules and then, through radiation
measuring instruments, to seek an answer to this question* "Why does
this particular molecule produce cancer7" Since that date and to 31
December 19M>, 306 requests for radioisotopes were received, repre-
senting I'5 different elements. Of the total orders received, ship-

ments at the year"s end totaled 125 with a sales value of $29,800.00.
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SECTION 6 - DSSIGN AND OPERATING PROBLEMS

6-1. General. - As the design and construction of the large-
scale plutonium-producing plants proceeded, i1t was essential that th*
research and development program should concern itself with problems
associated with successful and uninterrupted operation. The most
difficult of thes* problems was the proper canning and testing of th*
uranium slugs. Before a slug was considered sound enough for use in
a Pile, 1t was subjected to sever* test* to determine it* ability to
withstand the inten** radiation and the corrosion brought about by
th* passag* of the coolant und*r radiation condition*. Another problem
anticipated in early Pile operation wa* th* poisoning effect of fission
product* of large neutron-capture cross section. Although a* many a*
possible of th*s* elements wer* i1d*ntifl«d and investigated early in
the operation of the Clinton Pile, it wa* not until the start-up of
th* full-scale Piles that further complications appeared. Among th*
investigation* mad* at Clinton Laboratories during the design of th*
larg*-scal* production units were s test of the effectiveness of the
shielding proposed for the Hanford Piles and a test of effect of
radiation on materials used in Pile construction. The results obtained
from experimentation atjd calculation at Clinton were transmitted
directly to the du Pont Company by a small group of special technical
liaison men and, thus, were made available for use at Hanford long
before usual publication*and distribution methods would have allowed,

6-2. Detection of Slug Swelling and Can Failur* (S5** App. C 13-17).-

Considerable attention was given to health and other hasards which
» \
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night arise in case the aluminum jackets around the uraniua slug*
should be ruptured by chemical corrosion or by the effects of the

heat produced in the Clinton and Hanford Piles. The first slug*

used in the Clinton Pils were jacketed with a very light aluminum

can sealed with an ordinary stitch-weld at the seams. During operation Vv
these slugs were expected to attain a temperature of about 218® Centi-
ganf? In view of this, it was decided to test these slugs at this
temperature. (Actually, the pile operating temperature was 2$0® Centi-
grade). Many of these light jackets failed when they were subjected
to the heat test given to them prior to insertion into the Pile.

A aethod of canning was developed later by the Metallurgical Labora-
tory and the du Pont Company which proved to be quite adequate (Sss
Vol. 2, Part I; Vol. 3) Vol. 6). "ssentially, this aethod pro-

vided for arc-welding the seams of ths aluminum cans under an atmos-
phere of argon gas.

a. Tests Developed to Detect Jacket Failure. - Testing of
the slug jackets prior to insertion in the Clinton Pile was accomp-
lished by s variety of methods. Initially, the testing of th*
aluainum-canned uranium slugs was performed by heating the slugs to
300 degrees Centigrade for ten hours at a hydrogen pressure of two
atdtospheres. This procedure was continued until i1t was found that
soee of the slugs passing the test contained hydride. Thereafter,
slugs were tested by the deflection test, in which the welded end
of the can was exposed to a nitrogen pressure of 200 pounds psr square
inch and the deflection in mils of ths opposite end of the can was

observed. This test rejected about U5 psr cent of the slugs received
>
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at th* site. In order to determine th* perc*ntag* of defective sings
among those already accepted for charging, a group of 5000 was given
a second deflaction test. Two ner cent ahcwred deflection* greater
than six mils. That 1*, a group of 20 slugs showing thi* defl*ction
represented th* worse elements of 1000 slugs. It also appeared
desirable to test the metal under th* most unfavorable circumstances
to deférmine safe operating condition** 1 performance test was made
using 1000 slugs held at an air temperature of 200 degree* Centigrad*
for two month*. Of this number a f*w failures, in which th* can*
sw*I1*d or broke, wer* observed. After th* development of an improved
jacket, another test was developed in which th* slugs were heated to
a high temperature (about 500 degrees Centigrade) and h*ld there for
about ten day*. Fro* weight* of th* slug* before and after this hest
treatment, faulty can* could be detected because th* uranium metal

'uﬁzn exposure to air at this temperature became oxidised and thus
gained wsight (See App* A 55)*

b. Routin* Testing. - Th* tasting of ths *ntir* quantity
of slug* which were contained in th* improved argon arc-welded jackets
was completed in February 19U5* <f approximately 10li,000 slugs tested,
"less than four per cent were rejected for all reasons* It is of

m importance to note thatfElittle difficulty has ever been experienced
to date with ruptured slugs in either th* Clinton or Hanford Pile*.

c* Corrosion of Uranium Slugs* - Sine* watar wa* to b*
used as the coolant for the Hanford production Piles, the suscepti-

bility of the aluminum to corrosion under Pil* conditions was

investigated. Water of composition similar to that in th* Columbia
t
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River waa passed through a special experimental channel constructed to
simulate a Hanford tube, and the corrosion of the jackets of the
aluminoa-eilicon booled slugs (See Vol. 3) wa# noted. When the dis-
charged slugs were examined, one which was several feet frcsi the
center of activity during the test was found with the cap completely
reapved’,.c It appeared that water had passed through a hole back of the
weld/wand that the oxide formed on the end of the heavy metal had
exerted sufficient force to push the cap off. The slug was swollen at
the end and the bonding material was cracked in several places. Mo
other slugs were in such a state, although large pits and swollen
areas were detected near the welded sens on several slugs. With
improvement in the aluminom-eilicon bonded slugs brought about by
improved techniquee in canning and welding, the corroeion rates indi-
cated that corroeion under radiation would not be appreciably greater
than that observed where there i1s no radiation, indicating that no
difficulty with slug failures was expected to be encountered*

6-3. Pile Poisoning (See Vol. 2. Part Ii Vol. 6). - Simulta-
neously with the production of plutonium in an operating Pile, an
approximately equal weight of the many fission product* of uranios is
formed. These fission products are ordinary elements which may or may
not be radioactive, degrading, in general, upon certain statistical
laws. Often, however, one or more of these fission products are of
such a nature as to be incompatible with the normal operation of the
Pile. That Is, ths mere existence of these material# in the Pile may
prevent its operation by virtue of their ability to absorb neutrons

¢

readily, thereby decreasing the number of neutrons available to carry
»
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on th* fission chain. It was realized that an accumulation of thess
fission products might create a condition such as to maks 1t impos-
sible for the Clinton or Hanford Piles to operate. Little was known
about these poisoning affects at the time the Clinton Pile was put
into operation* However, two rare elements, samarium and gadoliniLm,
were ﬁgewn to be produced as a result of uraniua fission and to ha¥e a
veryMiigh poisoning effect, but certain essential facts that wouldI
determine how troublesoms these aight be to Hanford operations were
not known. In view of this, Clinton Laboratories, in cooperation
with a similar group of physicists at ths Metallurgical Laboratory,I
undertook a study of ths problem by exposing samples of thess rare \
earth elements iIn the operating unit and examining the resulting
products for their inhibiting effect on th* Pile. From this work it
was concludsd that thess particular two elements would not give ris*

to any serious difficulties in connection with th* Hanford operation*\
(Se* App. C 18), However, shortly after the Hanford start-up, a radi?{
active isotope of the rare gassous slsment xenon formed in the fission
process was discovered to bs about a thousand times more detrimental

as a poisoning agent than anything previously encountered. Indeed, it
appeared at first that the production of this gas might make it impo”H
sibls to operate the Halford production Piles* The problem was gi

very intensive study by th* physicists and chemists at Hanford,

Clinton Laboratories, and ths Metallurgical Laboratory with ths reSUit\
that a method of operation was worked out which eliminated th* diffi-

n

cult/ in a satisfactory manner (Ses Yol. 6). j
6-4. Testing of Proposed Shield (See App. C 19. 20)* » After ths



development of the special type of masonite, which had been found to

bo an excellent shielding material, it was necessary that the laminated
steel-masonite shield to be used in the production Piles be tested.

Two such tests were performed at Clinton Laboratories* In the first
case, an imperforate section of the shield, with an effective lower
surfaEP*of 2> square feet, was inserted in a special opening provided
in t°s Clinton concrete shield, Sinco the radiation level at the
graphite, due to gamma radiation from fission products, after a shut-
down, would be such as to render the ares untenable after any appre-
ciable amount of production operation, it was necessary that this test
be performed during the start-up program and that the accumulated
energy during this period bo limited to about $00 kilowatt-hours. The
second test involved ths testing of a shield section containing th*
proper formula of iron and masonite for both the "thermal shield"* and
the biological shield. This ssmple, four feet square, was perforated
by a singls metal charging tube. This assembly was s perfect facsimile
of the geometry to be used in the Hanford Piles, although the tub*
contained four longitudinal rib* instead of the two used in the final
design (Se* Vol. 3). However, th* difference between the** two tub*
sis** was considered to be immaterial as far as th* test was concerned.
The section of shield p¥es placed outsids the Pile shield directly
behind a steel tank ordinarily filled with water. This tank extends
through the concrete shield so”~that, when empty, radiation from slugs
could impinge upon the shield section after having passed through only
two inches of steel. Measurements,”in both cases, made by use of foils,

ionisation chambers, photographic plates, and other devices, indicated
t X
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that the proposed shield would be adequate and would reduce the
intensity of all dangerous radiation to well below the tolerance level.
6-5. Testing of Materials for Use in Hanford Pllee (See App.
C 21, 22). - The effects of the intense radiation, expected to be
encountered in the Hanford Piles, on ordinary materials of construc-
tion anqkmaterials which might be placed within the Piles, such as
coolaAEs, were unknown. Many materials were exposed in the Clinton
Pile in an effort to determine whether or not there ware any signif-
icant changes in their physical propertiee as a result of irradiation.
A synthetic water of the composition found in the Columbia River was
circulated throughout a test tube in the Clinton Pile under various
Pile levels. Calculations predicted that the hydrogen peroxide
concentration in the exit water of the Hanford Pile# would be neg-
ligible! that the removal of oxygen (deaeration) would decrease the
initial rate of formation of hydrogen peroxide by 56 per centj and
that saturation with oxygen would increase thi# rate by 30 per cent.
Included among construction material# tested in th# Pile were aluminum,
st;el, graphite, masonite, brass, "neoprene,”* bakelite, and concrete.
These materials were irradiated foretime#" of th# order of several
1week#, corresponding to approximately 200 megawatt-hours. The decay
of The beta and gamma activities induced in these substances was
followed on "Geiger counters.”* Several of these materials were found
to possess very low actigjties. Among the more interesting of the obvi-
ous physical changes occurring werei (a) bakelite showed no obvious
harmful effecte after several weeks of irradiation at $00 kilowatts; (b)

¢

rubber tubing lost its elasticity and broke into pieces under light
»
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pressure; and (c) neoprene retained i1ts strength and elasticity after

three weeks of irradiation at 300 kilowatts.
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SECTIDS 7 - TRAINING OF PERSONNEL

7-1. General. - The unique nature of the various processes having
to do with the production, separation, and isolation of plutonium, and
ths fact that very few people had received training in this entirely ,
new field, mads 1t necessary to provide adequate facilities for ths
trailing of additional personnsl. “oneequently, Clinton Laboratories,
both under the University of Chicago and later Monsanto Chemical
Company operation, organised and operated training schools for i1ts own
personnel} in addition, ths University school trained two groups of
du Pont employees, she wars eventually transferred to Hanford Engineer
Works as a nucleus for its operating personnsl, while ths Monsanto
school was established to train a nucleus of technical personnel in
fields of Nuclear Science*

7-2. Facilities* - Both school programs utilised the principle of
regular classroom work, but the earlier program required all trainees
to supplement basic principle classroom training with part-time work in
ths actual operation of pilot plant facilities. To provids ths aost
proficient training program possible in the shortest period of time, a
«idl mock-up unit, having the same fundamental characteristics as ths
large ones bein* built™at Hanford Engineer Works, was mads available
and successfully used In connection with the Chicago training program*
This mock-up unit had, Insofar as was practical, ths same type of
equipment as was expectéa to be used at Hanford*

7-3. Personnel Trained*

a. University of Chicago* Program. - One group of 183
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trainees, new employees of the du Pont Company, received training in
the particular part of the work in which they would be engaged at ths
Hanford Engineer Works. Th* training was complsted and the transfer
of these new employees effected well in advance of Hanford start-up.
A second group, 183 senior da Pont employees, also received training
at Cliityton Laboratories in this new type of work for several months.
The§g:employees wer* trained primarily in the supervision of certain
phsses of the process iIn order to gain experience before eventual
trail*f*r to the Hanford Kngin**r Work*. In addition to the du Pont
employees, s group of 29 Clinton Laboratories employees wer* trained
in specialised phases of the work and transfsrred to Hanford prior to
its start-up. Most of the members of this group received special
training in the design and construction of special measuring iInstru-
ments and their application to monitoring in connection with health
hasards.

b. Monsanto Chemical Company Program. - In thi* phase of
the program, a school for training a nucleus of technical personnel in
field* of Nuclear Science was established in August 19U6, to run for s

s9/>5/7S6)

period ending in Jon* 19U7»A Upon th* termination of this period of
training at Clinton Laboratories, the trainee* wer* to return to their

concept of this seminar was that it
would be at post-doetorate level and limited to 25 or 30 peoplej how-
ever, the school in practice included the following guest group* along
with 37 assigned, scientifically noted, trainees*

(1) 205 employees of,Clinton Laboratories.

(2) 21 Government employees (including Navy and Air
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Fore# Officer™).

(3) 7 Tennessee Eastman employees.

(U) U Carbide and Carbon employees.

(5) 3 NRPA employee*.
Far the direction of this activity, Clinton Laboratoriee obtained the
partJtime service# of Or. Frederick Seita.

™4, Disposal of Equipment. - Following completion of th# train-

ing program, the equipment installed in the mock-up unit was removed
from the building for use at other locations and the building was

turned over to Clinton Laboratories for us* as a general shop.



SECTION 8 - ORGANIZATION AND PERSONNEL

8-1. Design and Construction (Ses App. B $)« - The design and
construction of the Clinton Laboratories were performed by the du Pont
Company. E. G. Ackart was the Chief Engineer, in charge of the Design
and Construction Divisions. Ths Assistant Chief Engineer was G. M.
Readii If. F. TTood was the General Manager of the Construction Division
while the Manager for War Construction (TNI) was F. H. Mackie. Ths
District Superintendent for Clinton Laboratories was W, lrwin and J. D.
Wilson was the Field Project Manager. For the Design Division, T. C.
Gary was Manager, reporting to the Assistant Chief Engineer of ths
Design and Construction Divisions. J. P. Martel was ths Assistant
Manager of this division, while the Supervising Engineer for Clinton
and Hanford Design was F. W. Pardee, Jr. The Design Project Manager
for the TNX Section was H. T. Daniels.

8-2. Operation. - The operation of the Clinton Laboratories was
the responsibility of the Metallurgical Laboratory (Sss Ssc. 3). Ths
first group of operating personnel moved fro* Chicago, Illinois, to Oak
Ridge, Tennessee, in April 193. This group consisted of eleven men,
key scientific personnel who had been engaged in similar work at ths
Metallurgical Laborato” before their transfer to the Clinton Labora-
tories. The original group was augmented each month in accordance with
the availability of living quarters and the completion of office space
and laboratory facilities. 0y August 19h3t a sufficient number of
operating personnel had arrived on the plant site to serve as a frame-

work for a well-rounded organisation!

»
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tirk16-4
a. Organisation (See App, B 6".

(1) Under direction of the University of Chicago, the
Clinton Laboratoriee was operated ae a part of the Metallurgical
Project with Dr. A. H. Compton as Director. As of February 19UU, the
Director of Clinton Laboratories was Dr. m. D. Whitaker, to whom th*
Associate Director of Research, the Director of the Health Division,
and Iﬁé Plant Manager reported. The Associate Director for Research
was R. L. Doan. This group was further divided into three divisions,
Chemistry, Separations Development, and Analytical, headed by W. C.
Johnson, 0. H. Oreager, and D. M. Smith, respectively. The Director
of the Health Divisionwas S. T. Cantril, m. D., and S. W. Pratt
was Plant Manager. Reporting to S. W. Pratt were th* Production
Superintendent, W. C. Kayj the Works Engineer, A. J. Schwertfegerj the
Service Superintendent, R. A. Wentworth) and the Chief Accountant,

S. C. Weber.

(2) Upon assumption of operating responsibility by
the Monsanto Chemical Company, Dr. m. D. Whitaker remained as Director
of the Laboratories until 1 June I?b6, at which time he resigned to
assume new duties as President of Lehigh University. To replace Dr.
Whitaker, a co-directorship was adopted with Dr. J. H. Lam as the new
Executive Director and™Sr. E. P. Wigner as Director of Research. Ae
Monsanto began operating the Laboratories, the du Pont Company recalled
or terminated their Chicggo University loaned employees as rapidly as
possible.

b. Personnel (See App. B”7). - In August 1?U3, at the time

of the formation of an operating organisation, Clinton Laboratories



employed a total of 236 person*. Th* number of employe** wa* gradually
increased thereafter until June 1%Uii. At that time the maximum number
of employee*, 1$13, wer* engaged in plant operation, including thos*
undergoing training for th* operation of th* Hanford Sngine*r Work**
Th* transfer of thi* traine* group wa* well underway by July 19UU, at
which time th* total number of employees started decreasing until, by
th* {att*r part of 19Ui, a more or less stabilized organisation of
approximately 1300 person* wa* reached. Becaus* of the urgency of th*
work and the scarcity of well-trained and qualified technical civilian
personnel, arrangements wer* mad* to have technically trained men of
th* Special Engineer Detachment transferred to Clinton Laboratories
for duty. Th* first group consisted of ten men who reported during
th* month of January 1?2Ui. As qualified men becam* available, addi-
tional enlisted men were assigned to Clinton Laboratories, until th*
numb*r finally reached a maximum of 113* S*v*ral of thi* group war*
giv*n specialiséd training in certain phase* of the work and wer* then
transferred to other locations on the Project where th* necessary
training facilities wer* not available.

8-3. Corps of Engineers. - Sine* Clinton Laboratories wa*
located only a few miles from the District Engineer ®* Offic*, wh*r*
al] Corp* of Engineer*xmdmini*trativ* and service faciliti** such as
th* S*I*ctiv* Servic* Section, Priorities Section, and Contract
Section were located, i1t was not necessary to maintain a larg* staff
at the plant site. Th* organisation at Clinton Laboratories con*i*ted
of thro* officers, Major E. J. Murphy, Operation* Offic*r, Captain

J. F. Grafton and Captain.F. A. Yalont*, Assistants! two civilian
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employees} three stenographers} and five enlisted men of the Special
Engineer Detachment who rendered technical assistance* Pour mors
enlisted men were added in June 19h$, when it was found necessary to
assume the responsibility of the transfer of certain classified special

radioactive materials from Oak Ridge to other sites by truck convoy*

n>
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