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SECTION I | e ~
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OBJECTIVES CF HANFORD OPERATIONS Y

i
s
-

.;‘ Fméju_r il 43
_The.objectives of Hanford operationg’are the/merufecture—and-
delivery fo-the Corpg-of-Engineers—of-the Army sufficient quantities of
plutonium and secondary products in time to meet adequately military
requirements at the lowest cost of manpower, money, and materials com-
mensurate with the maximm degree of certeinty in attaining the ob-
jectives. ‘

A secondary acccuplishment will be to make sufflclent quanti-
ties of plutonium, together with accumulated operating knowledge, avail-
able to the Government for assuring futurs natlonal security and the
conservation of the limited supply of vital raw materiels.

All efforts of the responsible organizaticns have been well
coordinatad ard have been directed toward the full attainment of these
objectives and accomplishments. The responsible organizaticns are as
follows: The E. I. du Pont de Nemours & Co., the Prime Contractor;
the University of Chicago letallurgical Project, Consultanta; and the
Corps of Engineers of the Army directly representing the Government of
the United States, The O0ffice of Scientific Research and Development
hag furnished invaluable scientifie guidance in the precess development,
although it is not directly involved in plent operatiom.
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SECTIGN II A A
b
FACTS ABOUT PRODUCTION g SECQNDARY, PRODUCTS <

1 ot
1.

 The processes developed to produce plutonium, and practiced [
at Hanford, are described elsewhere in the historical, research, and de="
velopment documents of the Manhattan District. The following summary,
however, is included hers to make avallable readily the slementary facta
- which apply specifically to plant operations,

Pluteniym.~-Plutonium is the name given to a newly discovered

 chemical element of atomic mumber 94 which is obtained by transmutation

of wranium of atomic number 92. Uranium was the heavieat element kmowmn

and contimies to be the heavieat element kmown to occur in nature. .
- b

~~Uranim occurs naturally in three different forms !

called isctopes, In the Hanford process, advantage is taken of the l
propertiss of two of these isotopes possessing atomic masses of 235 and
238, Uranime235 possesses the properties which are desirable from a . ..
military standpoint or for the production of power, However, for these ;| |
purpcses, the uranium=235 must be separated from the other isotopes and :
this separation cannot be made by previously established mroductiom
methods, Uranimm=235 is vital to the Hanford procesa and its function |
is described below, Uranium=238, in the Hanford process, is transmuted .
to plutoniume239 which does possess the desirable military and power pro=
ducing properties of ursnium=235 and which, because it is a specific and ' .
distinct chemical element, can be separated from other chemical elementis . [.:-J
by difficult, though feasibls, chemical methcds, —

Bro =Briefly and very generally, the facts of
the Hanford process for the mamufacture of plutonium=239 are as follows:

(1) Metallic uranium is surrounded by graphite;

(2) Present at random in the system and emitted contimually
from the uranium are atomic particles called neutrons;

(3) The étructure is such that these neutrons must pass
through the graphite which reduces them to a velocity
which permits their absorption by both the uraniumw238
and uranium~235 producing:

(4) The new chemical element plutonimm=239,
(5) The destruction of the wranium=235 accompanied by the

formation of some 25 .highly radicactive by-product
chemical elements,

e ——
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(6) The emission of neutrons slightly greater in quantity
than those absorbed, and

(7) Large quantities of heat approximately equivalent to
the burning of 3,000,000 pounds (1500 tans) of coal "
for each pound of plutonium formed.

Chain Reactiog.=-The slight gain, or smltiplication, in neu-
trons which accoupanies the destruction of uranium=235 is the primary
factor whichk makes the Hanford process posaible, This procesa of
neutron multiplication and use is what iz commonly called a chain re-
action, The quantity of these neutrons present in the graphite-uranium

. structure at any instant must be controlled, If an excess of nemntroms
are absorbed other than in the wranium-235 such as the formation of an
exceas of plutonium, capture by any of the large mmber of chemical ela=
mnents present or leakage froa the structure, the chaln will be brokem
and the reactions will cease, If, on the other hand, the multiplication
of nsutrons is permitted %o procsed without limit, the heat relsased by
the destruction of an excess of uranium=235 could pot ba dissipated with
sufficient rapidity to prevent a condition of serious damage or hazard
and, perhaps catastrophe, The plle 1s so constructed that an excess of
neutrons are always available, This excess is regulated by neutron ab-
sorbing rods, called control rode, which are inserted into, or withdrawm
from, the pile so that the mumber of neutrons available are always pre-
cligely linmited to meet the requirem?nts.

v

Heat Removal,--Thus, it is seen that the graphite-uranium
structure, called a pile, is a heat producing mmit. The heat developed
determines the rate at which the reactions and, comsequently, the rata
of plutonium manufacture may proceed, This great amount of heat must '
be dissipated and, in the Hanford piles, this is sccomplished by a water-
cooling systam the capacity of which is the limiting factor in determin-
ing the rats of plutonium mammfacturse,

Pile Capacity.-~Since the rate of heat removal is propoertional
to the rate of plutanium menufacture, each of the three Hanford piles ia
rated in terms of heat removal or power units and the megawatt (one
thousand kilowatts) was chosen, The rated capacity of each pils is
250 megawatts which rate of operation is approcimately equivalent to the
buraing of 850 tams of coal per day.

i L toction.=-The radicactivity associated
with the operation of the Hanford piles and in subesequent processing is
great, The energy of radistion within each pile at rated capacity is
roughly equivalent to that which would emanate from 3,000,000 pounds of
radium, The total amount of radimm isolated pricr to the outbreak of
the war was less than ome millionth of this amowmt. It is of the utmost
importanca that these very penetrating radiations be confined adequately
30 that operating persocmnel may work safely. Thus, the piles and all
other processing apparatus in which these radiations are present are pro-

L
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vided with massive shielding of various materials such as special L !
masonite, iren, steel, concrete, weter, and lead depemnding upon the 'V
specific requirements to be met,

Datection of Radicactivity.--The magnitude of these radiations
and the serious consequences with respect to persons exposed to them
make it also of the utmost importance that adequate precsutions are ,
taken to determine the presence and to maintain recards of stray radi-- f
ations and the degree to which persons havae been exposed to them, This
is necessary for the protection of all personnel in the manufacturing
arsas as well as all inhabitants within a radius of some fifty miles,
Monitoring stations have been located at appropriate locations within
the required arsa to provide records of such stray radiations and which
recorda can be produced as evidence in any possible future legal actions
against the Govermment, These precautions require a staff of highly
trained techmicians equipped with special instruments for detacting,
measuring, and recording the intensitles of the various radiations,

Secondary Productg,==In addition to plutonium, a quantity of
radioactive polenium is manufactured at Hanford., This is accomplished
by exposing metallic bismuth to the neutrons in the pile, The polonium
resulting from this exposurs possesses properties which are required fer
other Manhattan District work, After the required period of irradiation,
the biamuth slugs enriched with polonium are discharged from the pile and

transferred to the Amy fﬁsﬁ‘!‘c@ﬂ-—mﬂthw-si&

S
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SZCTION IIl

SUMMARY OF MANUTACTURING OPZRATIONS

300 area

100 Area
200~ Area
200 Areas
Pinal Product

Mamufacturing Time
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SECTICN IIX
S } CTURIN TIORS »

The primary manufacturing facilities at Hanford are located
in the BW, 100, and 200 Areeas.

300 Argg.~ketallic uranium is received in the 300 Area - *'
where 1t is fabricated into-individual pleces, called slugs, and ;‘f{f;.f._
bonded into alumirmm cans. L "

100 Ares.=-The canned slugs are transferred %o the 100 Areas
where they are placed into the 2004 water cooling tubes which pierce
each of the three grauphite piles. The rate of plutonium manufactiaxe
varies within the piles and, at rated capacity, the most highly enriched
uranium will contain about 225 grams, or cme half pound, of plutonium
per ton of uranium at tbe end of about four months or about one querter
of a pound per ton at the end of two montha, After the deelred amoumt
of enrichment has been cbtained, those slugs containing this ancunt are
discharged from the pile and replaced by freshly canned slugs, It 1s
axpected that about 320 tons of slugs will be discharged by remote handling
methods and replaced each month at each pils.

200-N Area,=- Thas discharged slugs require about eixty days
of gtorage under water for decay of the radiocactive fission by-product
elements to a safe level for handling; thie is accomplished in the ‘
200=N storage arsa. This is required even though massive shislding is. -
mrovided for the subsequent processing, This time lag alzo permits
tha substentisl completiom of the formaticm of plutonium from the inter~
mediate element neptunium of atonic number 93,

200 Aresg.=—~The slugs are then reedy fcr shipment to the 200
Area Separaticn Flants in specially designed, lead-lined caska, In the
200 Areas, the aluminum jackets ars dissolved from the slugs after which
the plutonium iz separated from the uranium and same 25 fission by-product
elements. This is accomplished by a multiplicity of intricate chemical
processes most of which ars carried out behind massive concrete shielding
by methods of remote control, operation, and maintenance.

Final Product,=~The final product is in the form of a paste of
plutoniwm nitrate of about 98% purity and almost entirely free of radic=—
activity except that emanating from the plutonium, The radiations from
the plutonium, however, are so serious that sube-microscopic particles
taken internally are fatal, The plutonium nitrate is then placed in
specially designed containers and transferred to the Army for shipment
to another site for further processing.

: "“
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£ «=This sumary indicates the time require=
ments for plutoniim production, Mors than six months are consumed with

operations at rated capacity from the time uraniim is charged in a pile
before quantity production of isolated plutonium is available for trans-
fer to the Army for shipment t¢ another site for further processing.

e
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SECTICN IV

300 _ARFA CPERATIONS AND FACTILITIES

P1o1ual

‘Extrusion

Cutgessing
Straightening
Hechining

Canning Requirements
Canning Procass
Firal Machining
Welding

Ingpection and Tasting
Autoclave Tegting
Quantity Reguirements
Slug Recovery

Other 3CC~irea Facilitiee
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SECTICN IV

L3 ICNS AND FACTILITIES

Metallic uranium, in the form of billets about 4% inches
in diameter and 12 to 20 inches lomng, is received from suppliers e

wder the jurisdiction of the Madisan Square Area of the Manhattan / F
Diatrict,

«==The billets are heated in a furmace, in an inert
gas (argon) atmosphere, to a working temperature of about 1700 degrees
Fahrenheit, They are then extruded into rods about 1% inches in
diameter and an averags of about 12 feet in length by pressing, by
means of a high powered hydraulic press, through a die.

Outgegaing,—-The rcdas receive a preliminary straightening e
manually, are quenched in water, amnd are then outgsesed. The out=-
gassing is performed to remove hydrogem from the metal to prevent for-
mation of gas pockets or a bulky chemical compound of uranium and hydro-
gen oither of which might result in seriocus difficulties IiIn pile operaticnm,

Straightening.--After cutgassing, the rods receive a final
straightening in a mechanical device and are then ready for machining.

Maghiping,=-The rods are then machined in turret lathes into
pleces, called slugs, each 1,359 inches in diameter and 8 inches long,
After ilnspection to assure that there are no serious defects which would
adversely affect pile operaticns and to make certain that the slugs are
within the dimensional limits of tolerence, they are given an acid bath
for removal of scale and a treatment for removal of any grease which may
be on the surfaces.

T
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away by the cooling water with resulting ssriocus radicactive contamina=
tion of the pile area and the Columbia River,

+==Following canning, the ends are mechined to
marks made under a fluoroscope which assures an equal amount of aluminum
at sach and for heat transfer and a minimum of aluminum to prevent ex-
cess neutron absorpticm,

Weldipe,=-After degreasing, the top cap is then welded to the
can by means of an argon shielded arc to assure maximum freedam from
leakB.

Inspection and Tegting.=-The inspecticms and testing of sach
camned slug are performed to assure acceptence only of thoae which meet

the specificaticna for surface defects, dimensicnas and warpage, penetra-
tion of aluminume=silicon through the aluminum can, and banding of the
uranium slug to ths can.

+»==One final, drastic test is applied to each
slug. This consists of exposure to steam at a pressure of about 100
pourda per square inch for forty hours. Canning quality has besen such
that lezs than one failure occurs for sach 2000 slugs swviving previous
inapecticra end tests. As of 1, March 1945, a series of 25,000 slugs
have passed the above sutoclave test without a single failure.

Quantity Requirements.=-The magnitude of the wranium fabrica-
tion and canning processes is indicated by the following approximate
requirements: (1? more than 1250 toems of billets were required for the
initial charging of the three piles; (2) more than 130 tons of billets
ars required for normal replecement sach month after equilibrium condi-
tions have been reached in pile operation; (3) more than 210,000 canned
slugs were required for the three initial charges; (4) more than 23,000
canned slugs will be required each month after routine cperatioms have
been established. '

Sluz Recovarv,=-Slugs rejected from the canning process are )
sent to the Recovery Operations for reclaiming of the urasium for re- 'V,
canning. In this process the cans and bonding layers are removed by

A ——
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dissolving in a mixture of caustic scda and sodium nitrate followed
by immersion in hydroflvoric =acid,

ot g3 Fa eg.~~The 300 Area alsoc includes the
following facilitiess (1) offices, library, and laberataries for
scientific and technical persomnel angaged in furnishing necessary
assistance for all phases of Henford operations; (2) a teat pile far
determining the neutron abscrption or emlssion properties of oll
materials such as graphite and uranium used in the comstruction or
operation of the memufacturing piles; (3) semi-works for investigating
problems arising in the separstion and isclation of plutonivm from the
uranium and fission by=product elements; (4) special shops and facili=-
ties for mamufacturing, repairing, modifying, and calibrating the many
types of electronics and other instruments required in the mamifacturing
processss and safety surveys; (5) a standards building for storage and
use of the radim and radimm=beryllium sources required for calibration
of the special instruments and which also houses a small, special pile
for calibratioen purposes; and (6) miscellanecus service facilitiss such
as boiler plant and water supply.
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100 ARFEA FACILITIES 4D CPZRATIONS

General

Water

Helium

Auxilisry Facilitles
Size of Area

Pile Structures
Dischargiasg Overutions
Plutonium Accountability
Helium Systen

Coantrol and Safety Rods
Instrumentation znd Centrol Syétems
Removel of Heat

Water Supply

River Pumps =znd Zeservoir
Filter 2lant
Demineralization
Degeration
Refrigerstion

Process Water Storage
rrocess Water Puims
Zmergency Water Tanks

Power Supnly
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SECTIGN V

100 FACTY, AND OPERATICNS

Genergl.~-Thers are three pile areas for mpamufacturing plu=
tonimm designated respectively as 100-2, 100=D, and 100-F. In each of
these areas, the pile is the focal point toward which all other activi-
ties and auxiliary processes are directed., The awdliary manufacturing
facilitiea of thege areas include several main features the most im~
pertant of which is an unfailing supply of extremely pure and precisely
treatad water in large quantities, The three areas are identical in

design except for differences in the water purification amd refrigera-
tion systems.

Water,~-In each pile area, a river pump house supplies water
from the Columbia River to two storage reservoirs totalling 25,000,000
gallons capacity. It is then treated to meet the rigid requirements of
the process which demand almost complete freedom from corresicm apd-film
formation in the water cooling tubes and the canned urenium slugs in tha
pile, The facilities for water treatment include filtration plante, -
demineralization equipment (for 100=D- only) deaeratars-and-chemical addi-
tion, Refrigeration facilities for a part of the water are provided in -
the 100-D and 100-~F areas to increase the power capacity of the piles °
during the warm months when the river tewperature rises. Following this
trastment, the water is pumped to the piles, After passing through the
piles, the watar {s held up in retention basins to allow dscay of certain

short-lived radicactivity before the water is discharged back into the
river.

v

Heiivm,=~In addition to the water, helium is circulated ihrough

the pile. A helium storage, purification and circulating system.are
provided for each pile,

Auwdliery Facilitiea, -~Steam power, high voltage elsctrical
power, shopa, storerocoms, lsboratories, and offices are also included in
the facilities for each pile area.

Siza of .==Each of the 100 Areas occuples about 685 acres
of land,

With emphasis on operations, these facllities are described
in somewhat greater detail as follows:

Pile Structyreg.-=Zach pils 1s a heat producing unit designed
%o liberata the heat equivalent of 250 megawatts or approximately that
which would be roleased from the burning of 850 tone of coal per day.

11
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L1oiuans

The pile consista essentially of a block of axceptionally |
pure graphite about 36 feet by 36 feet by 28 feet, From front to rear (.«f
this block is plerced by 2004 boles in wihich are located aluminum water
cooling tubes, The canned uranium slugs are charged into the alumimm -
tubes and rest upon two ribs located at the bottom of the tubes, This
design permits the cooling water to pass through the annmular space be-
tween the slugs and the tubes,

, The graphite block rests upon a massive concrete founda-
tion and is surrounded on the four gides and the top by shielding approxi-
mately six feet in thiclmess comprising about one foot of water cooled
cast irom and five feet of steel and special masonite arranged in alter-
nate layers,

The shielding at the front and rear faces is pierced by
holes which match up with those in the graphite for the cooling tubes
which protrude through the szhields and are comnected to en intricate
system of piping which, in turn, is connected to the water supply amd
discharge systems. The connections are such that refrigerated water can
be passad through the central, or hottast, zone and unrefrigerated water
through the outer zone,

The sides and top of the graphite and shielding contain
edditional holes for insertion or withdrawal of the neutron absorbing
control and s§{ety reds and for specisl test purpcses, ol

4 i “",.\.
Digchargins Operationg,=-is previocusly deseribed, plutonium is
continuously manufactured snd the amount present is dependent upon the
amount of heat developed (the power level at which the pile is operated),
the length of time the uranium slugs are in the pile and, for any specific
slug, its location within the pile.

The pile is taken out of service when slugs enriched with
plutonium are to be discharged., ' Discharging and charging are performed
simultanecusly; =as the new canned uranium slugs ars charged, or pushed,
into an aluminum cooling tube, the enriched slugs are forced out at the
other end fallirg freely onto a neoprene mattress and, thence, into the
water of the discharge storags basin, The discharge face of the pile
is evacuated of all personnel during these operations becauss of the in-
tense radicactivity,

The water in the basin is sufficiently deep to shield the
working area above the surface from any radicactivity which emanates
from the discharged slugs. After discharging, the slugs are sorted
under water manuslly by the use of long tongs, placed in speclal buckets
suspended from an overhead monoreil system, and weighed. The buckets
are then placed, by means of specially designed apparstus, into a lead-
lined, water cooled cask mmd transferred to the 200-North Areaz on a
special railroad car,

13
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Plutoniym Agoountability.--It has been stated that the total
asmount of plutonium manufactured is determined by the power level, time

of irradiation, and locaticn within the pile. The history cf each of
the approximately 70,000 elugs in each pile relative to these statistics
is kept by means of automatic card indexing machines, This permits
ready selection for discharging of those tubes which contain the most
desirable amount of plutonium,

«=I%t 1s necessary that all voids within the pile
structure be filled with some gzs which will nelther affect the process
adversely nor rresent a serious health hazard in the event of leakage
from the pile. Air camnot be used because its nitrogen absorbs neutrons
effectively and its argon becomes intensely radicactive presenting a
potentially serious health hazard. Helium does meet these requirements
perfectly and, in addition, possesses the desirable quality of conduct-
ing heat to the cooling tubes at a satisfactery rate. Only the impuri-
ties which may be present in the helium present a sericus problem. Tims,
helium circulation and purification systems are provided so that lmpuri-
ties may be removed., Moisture is removed by circulation through silica
gel which is regenerated as required; other impwrities are removed by
compressing the helium to extrsmely high pressures and refrigerating to
extremely low temperatures followed by circulation through activated
carbon, The activated carbon ic regenerated by application of an ax=-
tremely high vacuum. All of these operaticns are caerried on behind
massiva ccrerets walls and By remote operation of the eguipment because
of the intense radiocactivity of the impuritlies. High pressure helium
storage tanks are provided to permit ready replacement of that helium
whicz ia norwally lost from the system,

Coptrol snd Safety Rods.==As previously menticned, the quantity
of nsutrons present in the pile at any instent must be preclsely con-
troiled and this is done by inserting, or withdrawing, rods which contain
the elament borom which possesses the property of absorbing neutrons ef-
fectively.

Nire horizontal hydraulically operated, water ccocled con=
trol rods are previded for each pile and enter the gzraphite from the .
side, These rods are used, in whatever guentity is required, for regu- -
lating the process from moment to moment, In the event of lose of
alectric power, reduction of process water pressure, cor a number of other
rredetermined conditicns, these rods are driven into the pile automatically
to stop the reactions, These rods are designed with sufficient capacity
to ebsorb excess neutrons resulting from any condition except loss of
water from the cocling tubes.

In additicn to the nine horizental control rods, 29 verti-
cal safety rods are provided which are not water coolad and which are
normally suspended above the top of the pile. The vertical rods ars
released automatically to drop by gravity into the pile upon the cccurrencs

e A hl . J
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of any of a number of predetermined events more seriocus than those
which insert the horizental rods only,

Instrumentatiop and Coptrol Sygtemg,—The pile process 1s \
of such naturs that operation would be impossible without instruments “.
which measure accurately conditions which exist at points within the .
pile and at other remote and inaccessible locations,

A1l pile conirol operations are conducted from a central jl,,f '
control room, The operator is seated in front of the main comiroel - b
panel where he may observe readily those instruments which keep him
constantly informed of power level, minute devlations from operating
power lavel, control rod positions, and the identification of any of
28 conditiona which have either automatically inserted the control or
safsty rods into the pile or which require investigation, The operater
alsc has immediately at hand the switches for adjustment of control rod
positions end for emergency manual insertion of the control and safety
roda, :

Four additional instrument parels are provided in each
pPile control room furnishing important informetion relative to some 5000
individual conditions of the pile or the contributing suxiliary pro-
cesses, TFor example, the water pressure at the inlet of each of the
2004 pile cooling tubes ias indicated on one peanel and theee instruments
are so ccnstructed and connected that & previcusly determined deviation
above or below the atandard pressure causes the nine control rods to be
driven instantaneously into the pile stopping the reaction. The exdt
water temperature of each of the 2004 tubes may te measured sutomatically
at sufficiently frequent intervals to zssure safe operation. Other
panels furnish informatiom relative to total water flow, water supply
pressures, the functioning of the hellwm system, radicectivity in verious
parts of the building, and many other important conditionms,

Other important instrument and control centers are loccated
within each 100 Area in the boiler houses, and at various points in the
water supply, distribution, and treatment systenms.

Removel of Heat.=-dcre than 90% of the heat developed is in
the uranium and is transferrsd through the slug jacket directly into the
cooling water raising its temperature, Most of the remainder of the
heat developed is frcm the bombardment of the graphite by neutrons; a
smell amount is developed in the shields. Normally, more heat 1s dew
veloped and more plutonium manufactured in the cemtral tube of the pile
than in any other; the centrel tube is approximately twice as effective
in heat and plutonium producticn as the average tube; the outer tubes
sTe less affective. If an abundence of neutrons are available, this
distribution of heat can be adjusted acmewhat by a process lnown as poison-
ing in which neutron absorbing slugs are interspersed within the pile so

ot
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as to reduce the heat developed in the central tubes and permit more

to be developed in the ocuter tubes, This is desirable because the

oxit water temperature of the hottest tube is limited to approximately ..
65° Centigrade for a number of ressons includirg a factor of safety ‘
below the boiling point of water and because sericus corrosion of the
alumimum surfaces takes place at higher temperatures. *

The cooling water system is so designed and operated
that 30,000 gallons per minute are pumped through the tubes and arcund
the uranium slugs of the pile, This quantity is more than would be
required if each tube of the pile generated the sams amount of heat
and 1f a higher exit water temperaturs could be tolerated. The total
amount of water pumped through the three menufacturing pllea ie more
than would normally be required for a c¢ity of 1,000,000 population.

Because ordinary water absorbs neutrona quite readily,
the total amount of water which may be present in the pile at any
instant is limited to that which will permit sufficient neutrons %o
avoid capture and contirue the chain reaction required by the process,
This amount of water, in twmn, limits the size of the annular passage
through which the water must flow in passing through the pile and this
annular passage is somewhat more than 1/16 inch in thiclmess. This
feet has resulted in the most severe heat transfer problem ever en-
coumtered and demands almost complete freedom from film formaticn on the
cooling surfaces; this is distinct from the requirement of freedom {rom
corrosion to prevent contact of water with the uranium.,

Water Supoly,~~The previously deseribed control and safely
rods function to stop the resction within the pile within approxdimately
24 geconds. However, the pile will contime to generats heat indefinite-
1y at a gradually reduced rate after shutdown due to the radiations
emanating from the fission by-product elements. At the end of the ap~
proximate 2% second pericd, the heat developed will have been reduced
to about 1/5 of the operating value and this amount will slowly diminish,
Thus, it is vital that the water supply be unfailing, Probably the “
worst conditicm resulting from stoppage of the water supply weuld be a {
gteam axplosion requiring complete abendonment of the pile area unless
it should be of such violencs that the radicactive uranium slugs were ¢
scattered over a wide area making & much larger amount of territcry un-
tenable.

The design, construction, operation, and maintenance of /''j
the water supply system have been predicated upon this requirement of
complete dependability. The requirements are reflected im water storage,
distribution, pumping, snd control systems and in the duplication of . :
electric and steam power in mamy instances. P

In addition %0 the primary process requirements, water is
required for condensing the steam exhausted from the meny steam turbines

16
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driving pumps and other equipment; for cooling water for the extremely
large refrigeration plants; for boiler feeding; for fire and sanitary
requirements; and other purposes. The magnitude of the operaticns is
indicated by the fact that the combined rated capacity of the 40 river
pumps ie 377,500 gellons per minute or approximately the amount required
for a city of 5,000,000 population, The following tabulation is a .
partial list of water pumping facilities for the three pile areas:

Approximats
Number Total Capacity
Servica  of Pumps
River Pumpa FAY 377,500
Reservoir Pumps 85 . 360,000
Filter Plant Pumps IV 175,000
Main Process Pumps 72 108,000

The water treating equipment differs slightly in the
three areas, Only l00=D has a demineralization system. Only 10C=D
and 100-F are provided with refrigeration equipment, In other respecis
the fecilities in each of the three 100 Areas are identical.

River Pumps and Reservoir.--Water is pumped from the river by
means of 10,000 gallon per minute motor driven vertical pumps. In
addition, ataam turbine driven pumps ars provided for stand-ty servics.
In each area the water is delivered from the river pumps to a 15,000,000
gallon reservoir from which 1t overflows into an adjacent 10,000,000
gallon raw water reservoir, From this reservoir it is pumped to a
filter plant, The 15,000,000 gallon reservoir 1s called the emergency
reservoir and is kept full at all times,

Filter Plapt.--The 36,000 gallon per minute filter plant for
each 100 Area cecnsists of chemical feeding equipment, mechanical mixing
and floceulating chambers, subsidence basins, gravity filters, and two
5,000,000 gallen clear waellas for storage of filtered water. In the
filter plant, the suspended material present in the water is removed by
freatment with suitable chemicals followed by a sedimentation period and
then filtration through a bed of specially treated anthracite coal, sand,
and gravel, Provision is also made for chlorination of water befcre and
after the filters and for individual chlorination of the sanitary water
supply. -

tion.=-A 30,000 gallon per mimute demineralization
plant is provided in 10C=D teo assure distilled water purity if neceasary
and space haz been left for similar installations in the other arsas.
The demineralization plant is designed %o remove disaolved calciwum, mag-
nesium, and sodium salte by passing the water through sulfonated cocal,
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In the process, these salts are converted to their corresponding
acldas. The aclds, except for the carbonic acid which is formed,
are removed by passing the acidic water through a speclal material
called De-Acidite,

Deaeration.=~Deaerating equipment is provided in each pile
area to remove dissolved gases from 30,000 gallona per minute of water.
The demands are especially great in 100~D where the demineralized
water contains large quantities of dissolved carbon dioxide, In all
areas, the deaerators can remove dissolved oxygen from the water,
Deseration (degassification) is obtained by passing the water in a
finally divided state through towers in which a vacuum is maintained
by means of steam jets, Acid feeding equipment is provided at thess
units for adjusting the acid content cof the exit water in contrelling
corrosion, Equipment for feeding other chemicals such as sodivm di-
chromate and sodium silicate are also provided for corrosion control.

Refriceration.=~Provision has been made in 10C=D and 100-F -- -
for supplying chllled water to the central portion of the piles., Ap-
proximately 14,000 tons of refrigeration has been provided in 100=D and
10,000 tons in 1l00-F. One ton of refrigeration represents the equiva-
lent amount of heat requirsd to freeze one ton of watar per day at 32
degrees Fahrenheit,

Brocgess Water Storage.--All process water is stored in speci-
ally designed tanks with floating roofs to prevent reabsorption of
oxygen. Thers are four such process water tanks in esach plle arsa.
Each tank has a capacity of 1,750,000 gallens and two tanks are normally
connected to the chilled water system and the other two to the unchilled
systenm,

Process Watsr Pumpns.--The process water tanks feed by gravity
to the suction of the Proceas Water Pumps which fores the 30,000 gal-
lons per minute of water through the cooling ftubes of sach pile. These
pamps are arrangsd in sets of two in series, Each set consists of one
3,900 zallon per mimute elsctric pump and ome 3,000 gallon per minute
stean turbine driven pump. The motor driven pumps are provided with
flywheels so that they will continue to pump for = mumber of seconds
after an elactric power failure. The time element provided by the fly-
wheels iz to assurs a positive flow of water through the pile while the
cantrol and safety rods are being inserted to step tho pile reaction and
to permit the automatic control systems for the boiler plamt and stsam
turbine driven process water pumps to act to accelerats steam gensration
and water pumping by the steam puups,

Emergency Water Tanke,-=Two 300,000 gallon emergency water
storage tanks are connected into the water system to the pile. 1In the
event of failure of both steam and electric power systema, the water pres-
sure to the pils will be reduced to the extent that water will flow from
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these emergency tanks through the pile, This assures an adequate
flow of water through the pile for a short geriod while steps are
beinz taken to reestablish the normal flow.

Power Supolvy

Electric,--The primary power requirements for water pumping
and other services are supplied by a 230,000 volt electrical transmis-
sion system connected to the Bonneville and Grand Coulee system, The
total conneeted load of the three 100 Areas is 84,350 kilowatts of which
more than 60,000 kilowatts result from motor driven water pumps,

Steam,--4 boiler plant is provided in each 100 irea to fur-
nish an inderencent source cf power in the event of failure of the main
electric supply., Hcwever, the amount of sieam generating capacity and
number of steam turbines do not duplicate the electric power capacity;
they are limited to those requirements where less than complete depend-
ability would be disastrous, The combined capacity cof the steam
gererating equipment of the three pile areas is 1,2C0,0C0 pounds ner
hour or about that requirsd tc produce eleciric power at the rate of
120,000 kilowatts,

Hote:--0f the above described facilitiss, the demineralizaticn
and deaeration plants are not being used, These facilities were in-
cerperated in design and construction on the basis of the best knowledge
and judgment available at the time, Subsequent research and develop-
ment relative te rilm formztion and corrosion provided more satisfactory
and lower cost methods for limiting these cornditions then do the de-
mineralization facilities, Subsequent knowledge with resvect to dis-
solved oxygen in the pile cooling water nas reversed the earlier beliefs
so That deaerzticn is now ccnsicdersd undesirable, I{ i possible that
accumulated operating knowledge will incdicate a future need for the de-
mineralization and cdeaerziion facilities,

e
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SECTICN VI
200 AREA FACTIITIES AWD OPERATIONS ' ) -

Decgy Storgce.~-After discharge from the plles, the uraniwm
sluge enriched with plutoniur are trunsferred to an intermediate
storage ares, the 200=1! 4rea, where they are held for forty-five to
sixty days of underwater storage. During this storage period much
of the intense radicactivity is reduced through decay, and formetion
of plutonium is substantially completed. The 200-¥ Area consists
of three separated storage basins equipped with mechanical facilitles
for handling the slugs while under water,

Separstiong Plants,~-After the necessary period in under-
water storage, the slugs are transferred in their origipal bucketls,
using specially constructed end shislded railroad cars, to one of the
three Separaticons Plants of the 200 Area. Bach of these plante,
designated as 200«T, 200-U, and 200~E, ic capable of processing wraniun
sluge at a normal rate of thirty tone a month, or a total of ninety tons
a month for the entire 200 Area. The major stepe in the separation and
concentration of plutonium are accomplished in these plants; final iso-
lation in the form of a pure preduct is carried out in a separate emell
building, the 231-W Building, which serves el1 three Separations Fleants.

ifficult [w tonium S tion.-~The fact that plutoniim
ieg a new and specific chemical elemant makes it possible to effect a
separetion from uranium, and from some twenty=five fission by-products
of the pile operation, by use of a chemical process. Operatlon of such
a process is complicated by (1) the extremely small amounts of p“oduc't
which must be isolated from gross guentities of the parent urenium, and
(2) the intense radicactivity of the by-products present. The relative
proportion of plutonjum is so amall that ir many steps of the process,
the amount present in the solutions is actually less than the normel
hardness of the water used in preparing these solutions. Because of
ihe ra.d:l.oactivity and its hazard to operating persomnel, a major part
of equipment must be operated and maintained by remote control behind ',
massive concrete shielding. Decause of these factore the separations
process, while not especially complex in principle, has presented a
number of unique problems which have had to be met by radical departures
from the ordinary standards of chemical plant practice.

ble Separations Procepsesg.~-A number of processes were R“a
developed for accomplishing plutonium separation; and when the above
mentioned difficulties are realized, together with the fact that a large
portion of the research and development work was conducted with amounts
of plutonium far below the power of the eye to see even when aided by

— o
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the most powerful nicroscopes, the results have beer iruly remsrkable,
The process chosen for Hanford Cperations i: called the Eicouth Fhos-
rhate Process and this, together with the other possible processes, is
described in deteil :Ln ‘the recorded history of Manbattan chtnct re=

seerch axnd developmant.{ulz. . >
Bisputh Phosphate Process.=~The Bismuth Phosphate Process |- -~

is & wet precipitation method in which the insolvble compound bisruth
prhosphete is used as a carrier medium in separating small quanti'tie., of
plutoniun fron large amounts of solution, The principle is analcgous

to that used in the isolation of radium from itz ores, where the amount

of key material is likewise so small that it cammot be precipitated
directly but must be throwm out of solution in combination with much
lorger emounts of a "carrier” substance. After the slugs have been
diesolved, & single precipitation is sufficient to separate plutonium
cleanly from the vranium, but an extensive series of further steps is
needed to eliminete the associsted fission by-products for reductlon of
the radiocactivity to one ten millionth of the starting velus, This

large reducticn in radioactivity is reguired befores the product cen be
handled safely without shieldirg, This series of steps comprises several
bismuth phosphate precipitations, with the plutonium alternately in its °
soluble and inscluble ferm, which is controlled by adjusting its valence
state through eppropriate chemical treatment. During this proceessing,.
the one=helf pownd of plutonium formed in & normal charge of 2000 pounds
of uraniun must be handled in as much acs 4000 gallons of solutiom,

These large volimes are reduced in the final steps of the process Yy
shiftine to & more efficient cerrier medium, lanthamm fluoride, The
use of this carrier in smaller amounts makes it possitle to dissolve the
finel, purified plutoniuwu-csrrier residue in about eight gelloms cof solu-
tion, In this form the materisl is subjected to e finul isclation tresi-
ment in which the plutonium is seperested from carrier, precipitated from
the solution as an essentially pure {over 98%) product, separsied, axd
prepered for sripment as & concentrated solution equivalent tc about eight
ounces for each sterting ton of enriched uranium siugs.

Basic Operatiops.=~From the standpoint of equipment reguire=-
ments and operating techniques, the separations process may be considered
es made up of six basic operastions which are perfcrmed consecutively.

(1) 8lug Dispolvipe.—In this operation the elumimm cans
and bonding coatinge which envelope the slugs are
first dissolved and separatad, after which the uranium
with its fractional per cent of plutonium and fiesion
by=products is diesclved in a stromg ecid,

(2) Extrascticp.—Ir this operation, the plutonium is pre-
cipitated (with bismuth phosphate carrier) from the
solution of uresnium slugs and is tlms separated from
the uranium and also from a large proportion of the
fission by=product elements.
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(3)

opteminetion,~-This is 2 seriees of steps which is
carried out to reduce the fission by-rroduct slements
by & factor of 100,000 fold end thus permit Durther
rrocessing to be carried on without the use of massive
shieldinz, This is accomplizhed by feur successive '
bisputh phosphate precipitations, with the plutonizm ™
alternataly in the soluble and insoluble stutes, and
from which the plutonium emerges in combinatlon with

approxinately one hundrad times its weight of bismuth
phosphate cerrier.

Concentration.=~This overation serves a double purpose
of firther decontamination (by 100 feld) and reductiem
in bulk by substituting ern inscluble lanthanunm canpr.rund
for bismuth phosphate as a carrier medium.

J=olation.--In thie step plutonium is separated from
lapthanum by precipitation as the inseoluble plutonium
peroxide. This compound is converted to plutonium
nitrate, the solution of this purs selt dried to e peste
and the concentrets transferred to the army for shipment
tc another site for further processing.

Wacte Diaspossl,.=-In the several steps above, largs
volumes of licuid waste are zccumuleted which, becauss
of the velue or health hazard of the constituents,
cannot be disposed of by ordinary means. During dis=-

solving of the slugs a large amount of gas also is evelved

which must be vented to the outside air, These wasie
produets ere enumerated as follows:

a. UOrzpiup.=-Ths uranium hes been parilally depleted
of its power producing Lsotope of atomic mass 235.
However, national security and economy demand that
the uranium be stored for future recovery and reuse
when time can be devoted tc the work,

t.e Tissiopn brwproduct slemepts.=~Many of the radioactive
fission by-product elements are sc long=lived and so
hazardous that disposal into the sandy soil of Hanford
or into the Columbia River is imprecticable because
of ite possible effect on weater supply and fishing
industries.

ce Gageoue by=oroducts.~-Certain of the flesion by-
product elements are in the form of gas so radioective
tkat dilution with atmospheric air of the order of
one cubic feot of the gas to cme cublic mile of alr
is required for safety. These gunses are partlally
diluted before relsase and are then di scua.rged frem
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tall stacks to assure edeguate dispersal.

-
Quentity of Weste Products.—~To meet these reguirements, -
the liquid waste products, which amowmt to about 15,000 gallens per
one=balf powmnd of plutonium, are pleced in lerge underground storage
tanks which will permit appropriate actior to be taken at a later date.
There are a2 total forty—eight of these tanks for the three Separaticns
Plentsz of the 200 irea.

Separations Plant Paciiities.~The 6 basic operations described
above are performed in each of the Separations Areas, namely, 200-2,

200-T, and 200~U, ©Each of these areas containg the following process
buildings: 221 - Cell Building; 224 - Concentration Building; 241 -
Waste Disposel Tanks; 291 - Ventilation Building and Stack, The
follcwing process service buildings are also provided for easch Separa=
tions Area: 211 « Tank Farm; 271 - Chemical Preparation and Services;
222 - Control Laberatories, In addiiiom, building 231 - Isclations
is provided to handle the ouiput from the three Separations Areas,
Awdliery facilities are provided for the Separations Areas and include:
Area Shops, Laundry, Boiler Houses, Water Reservolrs, Filter Plarnts,
First Aid, Administration Building, Pire Department, and large scale
Heat Treating facilities. The most important of the facilltles are
described as follows with emphesis on operaticn and maintemance:

221 = Cell Buildine.--The basic operations of Slug Dissolving, |,
Extraction, and the major part of Decontamination are carried out in T
Building 221, frequently called the canyocn.

The building is a conerete structure approximately 3CC
feet long by 60 feet wide by 80 feet nigh, TFour essential operating
considerations are incorporated in its design: (a) adeguate protectiocn
of operating persoannel from intense radicactivity; (b) remote opere-
tion of the process equipment; (c) maintenance of process eguipment
in the presence of intense radicactivity; and (d) flexibility of ar-
rangenent to permit a wide range of process cperaticps without major
alieretions,

Protection of persomnel from the radicectivity is ob-
tained by the use of massive concrete walls which confine the process
equipment within cells and separate the cells from operating perscnnel.

Remote control of the process equipment is obtained by
the uss of panel board instruments, swiiches, and operating devices
wnich keep the operators informed of process conditions and permit ed-
justment of the conditions from the operating gellery,

The meny process vessels and ccnnecting piping are de~
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signed for removal and replacement by means of & specially develcped
crane, The crane operator is located in a heavily shielded ceb ‘
and vliews the crane cperstions through a periscope and a television
screen. The pine connections and the muts whiekh held down the eguip-
ment are specially designed for removal and replacement by means of en
electricel impact wrench opergted from within the crane cab. The
piping is made up in standurd prefabricated units which can be dropped
in place by the crane and then made up with the special automatic
connectors, The erane 1s also required for remote bhandling of the
uranium slugs in transferring them from the epecisl railroad car and
cask into the dissolving equipment,

An important consideration in the design of the Cell
Building is the flexdbility of arrangement., At the time design was
begun, the process was largely undeveloped.. This required the in-
corporation of sufficient flexibility to permit minor changes and elso
fundamental alierations in the equipment arrangement and process flow,
To accomplish this, the Cell building was designed, as far as possible,
as & group of standard units in which different types of process vessels,
pipe connections, snd instrument connections can be instellied without
requiring structural modification.

-

4 group of standard units consists of four pieces of
equipment: (a) precipitator; (b) catch tank; (c) centrifuge; amd
(d) solutien tank, Most of the Cell Building operations cen be car-
ried ocut in this standard grouping. For exeample, in an cxddation
and by-product step, the fission by-product elements are formed as
golids in the precipitator while the plutonium remains in solution,
The plutenium solution and by-product solids are then transferrsd io
the centrifuge where the solids are separsted and sent to the solutiom
tank, The plutonium solution is sent to the catch tank for transfer
to the next operation,

The Cell Building contains 40 cells arranged side by
side for the 800«foot length of the bullding, In addition to the
above mentioned standard cells, the following requirements are served:
(a) storage of discarded radiocactive equipment; (b} railroad tunnel
for receiving slugs from the 200~ Area; (c) underwater storage of
slugs with fractured coatings; (d) jacket removel and slug dissolving;
(e) storage of emriched uranium solutions prior to extraction; (f)
sewage disposel; (g) neutralization of wastes prior to transfer to
waste disposal tanks; and (h} unequipped spare cells. The cells are
provided with massive concrete covers for shielding, Process solu-
tions are transferred from one cell and from one vessal %o anocther by
neans of steam jets which have no moving parts,

224 = Concemtration Buildines,~-As scon as the decontamination
steps have reduced the radicactivity to a reasonsbly safe level, it is

e ¥
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- ing operations, once started, may be carried to completion without
creating hagzardous conditions,

Climatic conditions at the Hanford site were not known -
adeguately but it was believed tc be possible that this basin, almost
entirely surrounded by renges of mountains, might conceivably present
dead caims or slow wind drifts during some seassons reswiting in entirely
inadequate diluticn., It was believed possible tmat slow drifts follow-
ing the Columbiz River could create hazardous conaitions glong its course,

¥eteorological research was started early in 1943 to
provide informstion relative to ztmospheric conditions a2t the Henford
site, The preliminary work consisted of insvections of the site and
cerefil znelysis of existing Veatlier Bureau stiztisties from those stations
closest to Hanford, This work indiczted that an elabecrute resezrch Tro-
graw wzs reguired., This program woas undertzken and z vast amount of data
ccllected anc analyzed at the 200 Lreas at Hanford by = force of expert
metecorologists, By November 19.4, stetistics had been prepared for a
full year and subseguent worl has been devoted largely to verificaticn of
inforpation obtzined to that time znd to routine forecasting of stmosnheric
conditions for conirol of plant operations.

The entire meteorological research progran has been
directe¢ toward the end that the knowledsze obtzined will he correlated
so that expert meteorological personnel will be requireé only for a limitecd
- time, It is expectad thut routine weather observations will be mucde by
regulzr operations personnel ancé that the schedwling of plant operations
will be accomplished from Lhese observations.
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SECTION VII
SELECTICN OF OPERATTONS CONTRACTOR

From the foregoing description of primery and auxiliary
operations at Hanford, it 1s seen that they present imnumerable
hazardous and previocusly umexplorsd elements in combination with a
wide variety of other work requiring high standards of industrial
practices,

It may be said further that no possible coniracter, or
group of contractors, possessed adequate kmowledge and experience to
assure beyond doubt the complete fulfillment of the objesctives of
the Hanford Engineer Works.

An wmprecedented high standard of industrial organizatiom
was required to assure the close cooperation of every individual
associsted with design, comstruction, and operation. This undevi-
ating requirement, coupled with the extreme demands of military
security, indicated the selection of a single contractor in preference
to a group of contracteors,

It was demanded that the contractor be able to adapt his -
organization to the unknown fields of applied nuclear physics and
radiations chemistry without sacrifice of the other requirements and
to do so without loss of time, the most important factor.

It was believed, and subsequent events have proved, that
the selection of the T, I. du Pont de Nemours and Company aas the
Operations Contractor was well concelived.
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SECTION VIII

DISCUSSION CF CONTRACT

The United States Goverrment, represented by the War Depart=
ment, Corps of Engineers, has entered into a Cost~Plus-Fixed-Fee Con—
tract with the E. I. du Pont de Nemours and Company, Wilmingten,
Delaware for the design, engineering, construction, equipping, training
personnel and operation of the plant designated as the Hanford Engineer

Works umder Contract No. W=7412 eng-l. The fixed-fse for the work is
$1.00.

The Contract provisions, in general, follow the pattern of
the standard Cost=Plus~Fixed-Fee Consztruction Contract, medified to em~
brace the training of persomnel and plant operations. The work coversd
under design, enginsering, construction, ecuipping the plant is covered

alsewhere and this discussion will deal only with the operations phase
of the work.

The reasons the Contractor was selected to perform this work
are coverad wmder Section VII,

The esgential provisions in the operation of the plant clauses
are oriefly summerized as follows:

(1) Centractor is to notify Contracting Officer as each wnit
is completed for cperationm. :

(2) Comtractor is to make every reasonatls affort to produce

product but meke no guarantee that any product will be
produced,

(3) First pericd of .operation is one year from the time that

first unit is completad for operation, Second period
of operation begins at the end of the first period of
operation, after notifying the Contracter in writing cne
half year after the first wnit is completed for operation
that such continued operation is desired, The seccrd
pariod of operation continues for such period as may be

- desired by the Government, but not to exceed the duratiocn
of hostilities with the ixls Powers plus nine montha,

(4) Contractor is to be in position to transfer plant to
another contractor after the second pericd of operatiocn
or to place the plant in stand-by condition.

B -
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(5) Specification of final product is to be as mutually
sgreed upon between the Contractor and the Government

but Contractor mskes no guarantee that said specifi-
cations will be met. Tentative specification ie

covered under Ssction X. ~
. .
(6) The Government takes delivery and title to product at
the FTlant. T
(7) The Govermment furnishes the Comtractor with the
prineipal raw material.

- ‘ (8) Patents covering inventions made by the Contractor will
i lie solely in the United States.

In additicon to and part of the Contract, there exist several
other documents, which explain the reasons and circumstances lying be-
hind the coniract and must be considered for a thorough appreciation
of the problems, hazards, and feasibility of the process. These docu=
ments are enumerated belew and no further comments therson will be made.

(1) The secret letter dated 6 November 1943 end Supplement
No. 1 dated 31 March 1944,

{2) Preliminary Negotiations.
(3) Administrative Negotiations.

(4) Hemorandum Covering Technical Basis for Work under the
Contract.
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SECTICH IX.

DEPART-ENTAL ORGANIZATION OF OPFRATIONS CONTRACTCR

The verious departaents of the operating organizaticn together fg-
present the usnal coverage of production, technical, engineering, services,
and accounting, The unusual nature and size of the plant facilities, and
the inclusion of Richland Village have necessitated special coverage in
some departments such as Technical, Medical, Instrument, iaintenance, Pro-
tection, and Village Administration., The duties of each of the present de
partuments are summarized briefly below:

? Devartuent.--The P Department is one of the two prinmary produc-
tion departments and is directly responsible for cperation of the piles
and pile awxiliaries in all three 100 4reas, Specifically, this direct
responsibility involves metal storage, pile building, retention basin, anc
helium purification., The P department also supervises directly all opera-
tions in the 3CO irea; namely, metal fabrication and canning zand the Test
Pile in Building 305. This department also has an over-all responsibilitvy
for all operations within the 100 Areas, insofar as they relate to opera-
tion of the pilés, and has a similar responsibility for the receipt of
aetal and its handling through fzbrication and pile processing to the point
of final delivery to the metal storage basins in the <00-d irea,

S Department,--This departument has direct responsibility for the
receipt of vrocessed metal from the P Department into storage at the 200-4 .
. irea; and for 21l subsequent processing and seperation of pluteniwn =__w.r-""
through the 200 irea buildings {motaebly Bldgs. 221, 22/, and 231).<e—the™
voint of final isolaticn and delivery to the Army at suilding 231, This
involves all the 200 Area production facilivies”as well as the very 8x-
tensive crovisions for safe disposal of the netal wastes. Paralleling the
? Department position in the 100 areas, the S Depertment nus the over-all
respensinility for all operaticns in the 20C Areas, The department also
operates directly the very special meteorclogical Frcilities instazlled at
Buildi?g 622, adjacent to the 200-7 irea (200-T and 2C0~U Separaticns
Plants),

Technical Densrtment,--This department has the responsibility for
all process *technelegy. Adeguate coverngze of unususlly extensive techno-
logical requirements of oreraticns at the Hanflord EZngineer Viorks has re-
quired sub-divisicn of cepartmental respensibility along the following
lines:

{1) 100 4rea Techniezl, covering the physics, water and corro-
sion, and other technicsl engineering chases of the work in
all 1CC sareas,

. ~e
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(2) Separations Engineering, respensible for 200 Area process
technolegy as well as the use of the seumi-works process in-
vestigation facilities in the head end addition of Building
221-T and the similar facility for lew activity solutions
in Building 321 (300 Airea).

(3) Latoratories Division, which operates all of the cecntrol
and general laboratories in the 100, 2C0, and 20C areas;
a special Statistical Secticn is included in this division.

(4) etallurgical Secticn, which is responsible for all metal
fabricaticen technology and the orocesses employed.

As part of its over-all process resnponsibility, this department
maintains the Hanford Technical 'anual, the Cperating Standards, and is-
sues regular reporis of technicel progrsess.

Power Depsrtment.--This depertment is responsgible for all steam
and water facilities in the 100, 200, 300 Areas and Richland Village.
This responsibility is partiecularly great in the 100 Areas where both de=-
pendability and guality of water supplied the piles is vital, The facili-
ties involved are river pumps, reservoirs and reservoir pumps, filter
plant and ounps, orocess watsr storage, and final prcecess puaps, The re-
frigeraticn, deaerztion, and demineralization facilities are also power de~
partment responsibilities. Flant water responsibility ineludes the supply
to the 200 4reas azs well as the highly important inter-ccnnecticns between
the 100 areas, Steam facilities operated include the 18 and 284 Power
Houses and the heating plants at the 300 irea and Richland Village (Build-
ings 384 and 784). This department also operates the water supply systen
and the sewazge disnosal facilities at Eichland,

Maintenance Denartment.--This Gepartment handles all maintenance
of Plant and Village facilities except zutomotive and railircad eguipment.
This invelves the required shop fzeilitiss in esach of the olant azreas, and
includes all of t..e special facilities for the remote mainténance reguired
in the 200 iress, 4lso included is the Central Skeps in Building 272 of
the 200-% Area. The departient has a Project Lngineerinz Seciicn which
handles the design and supervision of equipment revisions and additions
as well as the projects and ancrozriztion requests involved.

Electrical Degsriment.--The electrical depzrtment has the follow-
ing twofold resvonsibility: (1) operaticn ana maintenance of all electri-
cal distrizution facilities for the plant areas and the Richland Village
including the 230,C0C-volt loor originating zt lidway cub-station; and
(2) the maintenance of all plant elegtirical equipment. The department
also handles certain contazcts with{3P: and performs liaison work with the
Signal Corps for all telephone maintenance.
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Instrument Departoert,--This departzent is resvonsible Tor the
mzintenance of all instruments sand crocess contrel eguipment in the plant
areas and Richlznd Village. In addition to normal intercretation of these
duties, the devartment services all zralytical leboratory test equipment,
much of which is of snecial electronic nature (counters, scalers, ete.,).
Also, considerzble new febrication of special instruments peculisr to thig
project is performed. The departaent necessarily conducts engineering am
improvement of these instruments and currently is concluding the instru- -
ment development work formerly done by a specicl section of the Technical
Tepartnent.

Protection Department.-~-This denartment combines threse rprotective
activities which have svecial importance at the Hanford Znginecer Yorks;
namely, Investigations, Securitv, and Fatrol. The highly classified na-
ture of the nlant work has necessitated careful checking and sovecial clear-
ance nrocedures for all personnel. The Security 3ection administers the
rass and bzdge system for controlling access to restricted ureus and is
responsible for over-zll sefeguarding clussified informnetisn, Potirel
linits operations urea antry to zuthorized personnel, guards all vital
clant areas, controls road trarfic, and polices the Richland Village,

Service Denurtment,.--The duties of this depar-tment may be delined

by its srincipal sub-divisions:

(1) Zmployment, which is responsible for orocurszent of non-2x-
empt personnel as well zs their transfer hetween depart-
ments, A4l1 terminations clzar throvgh this secticn for szl
intarviews, securiity csutioning, and the preccessing of ter-
ainztion papers.

(2} Industrial Relaticns and Trainiag, 2ffording a zeneral en-
oioyee ssrvice with respect to fisld consulistion, Counany
vlzns, income tax, occupational zasoline, ete, The Train-
irg Group assists the ctner departments with develorment of
supervision, operator iraining programns, safety weeting con-
duction, etc.

(3) Selactive Service, administering the deferuent progrem so e -
sential to the Harnford Engineer Yorks,

14y

ire

[ N

(4) Safety and Fire Protecticn, ozerating the nzid foree of

. rrotection personnel in Ihs plant sreas and the Xichlanc
Village with coordinaticn of awrilicry Iire brisfduces in the
plant areas. . rewuler fire inspection service is mazintained,
The safety azctivity centers in inspection with coonerztion
and 2dvice to omerating supervisicn to the snd. that the usual
high Company standards zre meintzined,

.
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(5) General Division, which operates the Plant Laundry in the
200-W Area, the dormitory and Administration irea laundry
at Richland (Building 723) and is responsible for all jani-
tor service in the plant areas and Richland Village except
these assumed by comnercial operators, scheols, and churches.

() Centrel Files, located in the 3C0 and 700 Aireas which in- «
~ clude the centralized Classified Files with respensibility
for control of all classified yritten information.

Village Administraticn.--This desartaent is responsible for 211
phases of village operztion. The Housing Secticn administers all of the
new residencss clus the few remaining original village kouses and the cui-
lying trzct houses, In additicn, rocm rentals for the dormitories =zre
hendled. Village zdministraticn alsec has procured the comcsrcial facility
operators znd is responsible for the contracts and reiztionships with
these concerns. The latter iavolves orincizeally structural maintenance,
price control, and saniteticn (in the case of food handling establishments),
The department also administers the church leases, and clears all structur-
al maintenance of these and other community facilities. Community aciivi-
ties are afforded the necessary assistance and coordinaticn.

Iransvortation Depertuent.--This department operates and main-

tains all autcmstive squipment in the plant areas and the Aichland Vil-
lage. This includes all passenger buses, motor freight services, and car
peols as wall as motor fuel distributicn. In addition, this department
operates tze nain Lubor Divisicn, zome nrimary duties of which are: (1)
Village services, such as coal handling, zarbage coll=ction, and cround
maintenance; (2) 211 unlcading of aaterials on the vlant and in Richland;
(3) operation of burning grouncs and disposal pits; and {4) all nainte-
nance of rozds and streets on the nlaznt and in Richlarnd.

Traffic Uepartument.--This desartanent operztss and maintains the
Plant railrozd systesn including Riverland Yard and handles all nermal traf-
Tic matters such zs pre-zudit of freight bills, tracing and expediting,
conversion fo Government bills of lading, passenger reservations and tickst
orders. This department also handles all movements of housencld effects
%o and frem Richland Village including sacking, leeding, and erating for
snipping.

Jedical Tenartment.--The lledical Iepartasnt operates all facili-
ties orovided for meeting the normal and special mediczl needs of bLoth
plant anc-village., The normal reguirezents are met by standard Industirial
and Village nedicel fucilities and staff ineluding field First aid 3ta-
tions and fuwll slant and village hospital fucilitiss centered at Richland.,
ircluded ulso is coperation of the iiedical und Dental Suiléing adjacent to
the fadlec Hospital, and a full Public Health Section. A4lso under !fedical
is the Health Instrumsnt Secticn which is resgeonsible for control of the
special process hazards peculiar to Hanford operations. This work in-

N
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volves hazard survey staffs in all plant areas working very closely with
oroduction and maintenance supervision. The Health Instrumenis group also
handles the pencil and badge meters for monitoring expcsure of personnel
to radicactivity and maintains Site Survey and Special Studies branches,
Accountine Department.--This department is responsible for all -

accounting and related activities essential to the operation of the Hanford
Engineer Works and Richland Village under the terms of the prime contrazet.
The principel sub-divisions of the degartment are: {1) Accounts Payable;
(2) Accounts Receivable; (3) Cashier; (4) Froverty; (5) Purchasing;

(6) Stores and Receiving; (7) 3illing; (8) Insurance and War Bonds;

(9) Costs and Essential feterials; (10) Time Office (non-exempt weekly
salary roll; and (11) Salary Unit (exempt monthly salary roll). In ad-
"dition, this department administers the llain Office Building, all office
equipment, and all clerical personnel in the plant arees and Richland.

It also operates the telephone switchboards, mail rocmws, and corresponG-
ence reproduction facilities,

- — S o -

Force Repert.--On the follewing page is the Hanford Znginser
Horks Force Revort showing the growth of the various departaenis by
zonths. The peak of anticipated empvlcyaent has been reached as of 28 Feb-
ruary 1945, In subsequent months, it is exupected thet reducticns will be
"made in the Technical, Power, igintenance, Frotection, and Accounting Se-
cartaents,

The successful accomplishment of Hanford objectives requires the
best talent availacls. This apolies to the exempt and non-exenst person-
nel. Even in normally miner pesitions, the skill and ability of the em-
ployee nas an important beuring on the success of the work.

Because of the sscret nature of the work undertoken, each person
selected for quality and ability was subjectaed to a rigid zersonal investi-
gation before employment. This investisation was made by established
agencies and entered into every phase of the applicant's past history. -

Positive influences such as satisfactory industrial relations
policies had to be emphasized to held labor turnover to a minimua., Be-
cause of the importznce of the project aund because of the security regu-
lations with which it is surrounded, satisfied employees on the aroject
are a vital necessity.
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The operation of the various processes present any exceptional
and unusual hazards. In addition to those already known, there are indice-
tions of others about which informaticn will be obtained only by trial and
experience, These hazards carry the potentizlities of occupational disease
and permanent disabilities and will endanger all those whe work in cr arcund
the manufacturing areas. -,

The plant is located in a desert section of the country away from
towns and cities, Those who work on the plant have had %o be imported
from other regions and have had to sacrifice normal economic and social
standerds in accepting emplcyment.

Despite all of the above real cbstucles, the contracior managed

to man adequately the work; to train the personnel; and %o get into fal
scale operation in a remarkably short time.
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PICIFICATICS FCR YT FACOITT
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Contract Aecnirensnts.--Tie prime contruct stutes this the o,
Sentracter shall use 2ll reasensble el?orts to rroduce lutoniwm which/v.,
conforme %3 gpscifi ::;cns mutually agreed ugon by the Listrict Ingineer
{zs representative o the Consuzer) and tze Contracter, The extreme

difficulties and uncertaintiss rel:ating %0 the wanufzeture und uce
platonivm wrsnibitsd the incornoration of o rizid specification in
contract or 2 gucrantee that a specification, after | peing esteblished,

could he met lnplicitly,

Té“ﬁ;tjv* srhecifiegtion.--The I'irst fentstive snecificuiion was
. furnished by the Listrict kEnzimesr in 2 lettex duted 26 Decexber L1944,
This wes ¢one oo o mide to astablish Zeneszilly the requicenenis of plus-
toniun for the srocsssiag staps ol the fenlied conswm.is oid to crovide
garly iptormticn digpected towirt eliuaination af celoyr wollen wishb re-
sult frem the nzed oeesses or ¢julnpment,

Irnction Lo rlercﬂv_,--fhe NGV

L R PR | - - ;: n - " - . .. [ K . ke, B 4.
'EO PLalOnNAR 3 caTiong wne el 4% Noodord Aurirs , ; v
o
o I - . . . -
'C-JY"" ol ol J.--\..L.lﬂ C‘:.a._ce-l VBLE e sressntais e k;Ol" gr,

e Contractor, Turgical -4udvcu, the oistrict anginesr, Lt the

danford areg Jn i Lt wan rep ot the firot slutoniun received
cy the Conswasy solven ﬂea**Wy ant had been ¢:saw~m at zb LD ;94
P "."J..t L 'v.Ll "

-
AL = It
uopsuxﬁ" tn~t slateniuwa auailisy £5 thiz tise hud been
3 ) :

2. Susmezd have crc 3
Tiltering diflIsulties in ucsenuent chenical
oceraticns 4t the niant oI oot 2 research
stugy wculd te conincted a :z;Aaulcn el whe
crisin or thr susvended ool jectionable due
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purities or their effects, The precess step in which the nost diffi-

culty :as been experisncad by the consumar was established prinzrily

to remove zirconium ané columbiun, Since these elements, togsther

with wranium, are almost ccapletely removed at Haonfora, it was sug-

gested that this step might possibly be eliminated without arfecting

the final processing ané uvese of the plutonium. -
3. Batch Size for Shivment,--1t was agreed thet the

bateh size Cor shipment from danforé would be increased from 20 to 1¢0

gruoms of plutonium per shipping container, This change was effected

early in lay,

4. Fluitonium issav.--rFor accounting purposes, it was
agreed that the plutonium assay would be determined by radiations count-
ing methocs for the time being., It is the Qonsenswus, however, thal a
chemiesl method offers the most reliuble determination Wltimately and
werls on the development of such 2 method Las been progressing and will
coatinue at Hanford and at the niant corf the Consumer,

5. Patoniun Murity,--It was zzreed that »luteoniuwe ol
surity less %han 954 would not be shipned,

-

6., Specific Impurities,--If was agreed thel no formal

specifications for specific impuwrities wewld Le zstabiiched zt rresent
although a tabulztion of the ncrumel exrectancy of 27 elements vas pre-
pared to serve as i guicde. It was 2lso agreed tihot no changes would be

made in danford processing which uight reswli in deviation from this
tebulation without nctifying the Consumer. The tabulation of expecied
specific impurities will be reviewed from tizme to time as additionsal in-

formation ig cbtaired.

. ZSaten Wistorliss,=-IT w
izi:ed perfinent histerical
rlutonium receives. This ILnforwstion
iaticnt to winich tThe uran

amount of racia
cf viutorium in the ur

coneentrotion ¢ a
the nercentage of distribution of the verisus pile discharges in each
batch shipped,

8, Anplviienl Methods,--It was agréed fo interchange in-

2Gio cnemical ascuy methods, to establich standard methofs at ithe

Fal

Scorma

particulerly spectegravhic methods for specific impurities and chemical
r2

el

ot
©
2]
.

Tature,--z5 knowledge is accuml.uted, the subject of plutonium
specifications will be reviewsd from ftime to tine, Thic secticn of the
iiistory of Cperaticns will be reviced us freguently =s significant

developmenis oceur,

77
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The tolsrances as st forth above were arbitrary as the cone-
sumer had not tested the effect of all the elements present in the pro-
cess nor did they have the final metallurgical specifications at that

writing.

in early meeting was arrenged with the comsumer to discuss .,
and to determine a final specification to be mutually agreed upon.
Toward this end a meeting was held at Hanford Engineer Works on 19
February 1945 to cbtain the consumer’s preliminary report on the first
can shipped and to reach csrtain conclusions with respect to purity
end tolerance levels of the impurities., In general, the meeiing bore
out that the first material substantially met the original specificae
tion and was satisfactory with the exception of an objectionable featurs
of high silica content. Metal was prepared from the first shipment
and its properties in general were analagous to those of metal obtained
from the product from Clinton Laboratories, It was agreed that in
futurs shipments the consumer would advise the Hanford Engineer Works
at ance of any unusual characteristics of the product so that proper
adjustment of its processing operatiocns at Hanford can be made to
correct objactionable characteristics of product if at all posaible.
It was further agreed that the final specifications of the preduct
would not be established until about five shipments had been made to
the consumer, Cperaticns here will have reached a stable state by
that time and a meeting of the same group was set tentatively for
early in April for the drafting of final specifications.
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SECTICH XI

OPZRATIQWS RICCRD

A, Preparations for Placing Plant in Operation

3, Zarly Operating Problems and Solutions
Canring of metallic uranium slugs
Tormation of Xeron=135
Film Tormation znd Cerrosion

C. Chronology of Significant Developments
Significant Dates

Chronological History

————UNN
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SECTICN XX

QPERATTONS AFCCRD

o t at

The Manufacturing Division has been angaged in all phases
of the Hanford Engineer Works and those activitles, prior to the
start of preduction operations, are enumerated as follows:

1.

2.

3.

ba

5

bl

) [
Liaison work between the University of Chicago . I°3
Metallurgical Project and the Engineering Design
Division at Wilmington, Delaware.

Consulting service to the Engineering Division
followed by review and approvel of plans, specifil-
cations, and procurement of all primary and auxil-
lary mamfacturing facilities.

Consulting, testing, and statistical service to

the Conmstruction Division relative to all field
construction requiring knowledge of the mamufactur-
ing proceases including the 300=-Area Test Pile
servics for assuring adequate purity of the pile
construction materials such as graphite.

Conducting, partly with the aid of the Construction
Divisiaon, the final preparaticns for placing each
nanufacturing area in operation. This work in-
cluded the following: checking, testing, calibrat-
ing, and edjusting all instruments and squipment;
flushing apd cleaning piping, tanks, and cooling
tubes; charging the piles with uranium slugs;

and final system tests to assure ths adequacy of
all design and comstructioen.

Establishing personnel requireaments for preliminary
preparatione and for all aspects of plant operation
and maintenance,

Developing and establishing the plant organization
and standard procedures, methods, and limits for
all phases of plant operaticn and maintenancs.

Proparation of the Hanford Technical Manual as a
guide to all manufacturing proceasses.

Conducting the necessary ftraining courses for em-
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ployees, particularly in those branchesa of the work
representing new art.

9, Developing and establishing procedures for account-
ability of all money and materials.

10, Developing and designing printed forms for assuring
appropriate records of all phases of the work,

B. ) obl . elutions

The problems encountered during the pericds when each manu-
facturing arsa was placed in operation were fewer than would normally
have been expected in any large industrial plant,

This exceptional degree of success may be attributed almost
entirely to the high calibre and closa cooperatlon of those persons
representing the several responsible organizations in management,
scientific advencements, and engineering. The operating problems
have been few because the potentially sericus possibilities were fore-

seen and adequate provisions incorporated in the plant design to counter-
act them, -

Three important problems, however, are worthy of mention, L
These are the canning of metallic uranium; the formation of xenon of LY
atomic mass 135 as a figssion by-product of the pila reaction (xenon=135
1s by far the most effective neutron sbsorber yet discovered); and _
the development cf methods for controlling film formetion and corrcsiaq{,h
of the ccoling surfaces of the pile tubes.

of metall : <,~~Tke sarly reseasrch and
development work rslative to a jacket or coating which would unfailingly
withstand the severe conditicns of exposure within an operating plle is
recorded elsewhers in the Manhattan District literature, This work ef-
fectively determined the approximate conditicns and cheice cf materiasls -
for the Hanford process end for substitute processes. However, enly
the application of mass production methods could establish precisely the
permissible limits to which the numercus conditions must be held to assure
the minimm possibility of an operating failure, The Hanford process

for caming is described briefly under the heading 300=-jAres Processes and’_
Facilities. A I

The fellowing conditions each have e material affect upon
the quality of the camned slug and it was of the utmost importance that
the optimum for each be determined and established on a mass production
basis:

(1) The dimensions and surfece condition of the uranimm
slugs and aluminum cans;

DF:CLA SSTm ‘ ‘ L
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(2) The dimensions, surface conditions, and shape of the
alumimm top cap;

(3) The temperaturs and purity of the bronze, tin, and
aluminume-2ilicon bathe;

(4) The time of immersion of the slug in each of the
three baths and in the centrifuge;

(5) The time element in transferring the slug from one
step in the process to the next; arnd

(6) The dimensions, surface conditicn, and design of the
_ steel slseve in which the aluminum can is held while
the slug is inserted.

Although no delaye were aencountered in placing the manufactur-
ing piles in operation due to a shortage of camned uranium slugs for
charging, several factors ccmbined to create delay in placing the camning
cperation on a production basis and these factors wers as follows:

(1) The late date on which the elements of a suitable cenning
process were formulated caused considerable lost time
in completing design, procurement, construction, and in
getting canning production operaticns atarteds

(2) The hydraulic presses used to drive the uranium slug
into the aluminum can after the final dip in aluminum—
silicen were unsatisfactory arnd interruptlons %o pro-
ductian caused by press maintenance prevented early
kmowledge of the limits of the various other conditlons;
and

(3) The lack of a positive method of testing the canned
slugs teo agsure conformity with the requirements pre-
vented early lncwledge of the quality of those carned,

Effort was concentrated on improvement of the presses with
the result that sufficiently continuous performance was obtained to
permit the optimum limita for the many conditions to be established.
For example, it was learned that a reduction of 50 degrees Fahrenheit
in the bath temperatures resulted in an increase of the cans classed
in the highest grade from 5% to 75%. The cause for this remarkable
improvement could not be determined with assurance wntil it was possi-
ble to hold all other conditions constant., Thia improvement was
made on 14 Auvgust 1944 and resulted in the decision to reject all
prior canning production. On 27 September 1944, the canning presses
wers abandoned entirely and a modification to the process substitut-
od, In this modification, the slug, can, and cap are assembled

DECLASSIFIED w-"
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manually below the surface of the alumimme-silicon bath with the
following advantages:

(1) Assembly of the parts under closer temperature
control;

(2) Improved seating of the top cap;

(3) Simplification of the operation assuring improved
operator performance;

(4) A production rate approximately three times that
of a production line using the presses;

(5) Elimination of press maintenance; and
(6) Reduction in the cost of canning,

With this and other gradual improvements to the proceés , almost 90%
of the total number of slugs camed are classed in the highest grade
which is the cnly grade accepted for use.

It was decided thet the importance of eliminating the possi-
bility of any slug failure within an operating pile required a positive
method of testing every slug., The autoclave method of exposing each

slug, after camning, to steam at about 100 pounds per square inch pres-

1101501

sure for 40 hours was decided upon. The steam penetrates through the
nost minute hole and reacts with the uranium resulting in a burst can.
Camparative tests have proved that exposure to the steam is much more
gevere than exposure to hot water at a much higher pressure., In July
1944 the autoclave equipment was ready and the first tests indicated
over 2% slug fajlures., With the production improvements previously
enumerated, autoclave failures are now about 1/?0 of the earlier amcumt.

f
B

ormat 0 or=135,=-=Production operations wers started
in the 1C0-B pile at 10:48 p.m. on 26 September 1944 with 901 of ths
200/ tubes of the pile charged with uranium slugs. After making the
necessary preliminary measurements at practically zero power lsvel, the
pile power was increased to 9 megawatts or 3.6% of rated power level,
Shortly thereafter, it became apparent that neutrons were baing absorbed
somewbere in the pile at a rate greater than they were being created by
the fissicn of uranium-235, After about 18 hours of operaticn at the
9 megawatt power level, the reactions had diminished to the extent that
operations could not proceed and the pile was taken out of service.

After being out of service for six hours, the measure-
ments indicated that neutrons were again beginning to multiply slowly
and the pile power was again raised to 9 megawatts after which it be-
came apparent again that the neutrons were being absorbed at a greater

76
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rate than they were being created and the eavrlier events were sub-
stantially repeated,

There were numerous possible causes of the parasitic
neutron absorption but there was no immedizte concrete evidence which
adequately explained any of the possibilities, In order fo evaluate
the various pessibilities, the pile was again started and the power
held at about 2,5 megawatts for 6 hours followed by a longer run at
1.7 negawatts, It was determined that continuous operation could be
maintained at a power of about 3 megawatis with the pile charged with
9C1 tubes, From the date collected at this time, and during opera-
tions at S0 megawalis in Nevember, the physicists made substantially the
following analysis and predictions which have proved fto be remarkably
accurate:

(1) The parasitiec neutron absorption resulted from the
formation of xenon-135 as 2 fission by-product ele-
ment, With the time expressed as half-lives (ke
time required for one half of the amount present to
decay to the next element), this is part of the decay
chain of: tellurium (15 minutes) to iodine (6.6 hcur)
to xenon (9.4 hour) to cesium (25 year) to stable
tarium, In this chain, only xenon capaciiy is zbout
50 times greztsr ithan that of any rrevicusly known
a2lement,

(2) It was predicted that the pile would be 3zble to cperate
at the fellowing nower lcvels when the indicated number
of tubes were charged with uranium siungs: 14 megawalttis
at 1000 tubes; £9 megawatts at 1300 tubes; 94 mega-
watts at 1500 tubes; and 216 megawatis at 2004 tubes,

(3) It was predicted that higher power levels than those
. above would gratually be attained as boron and other im-
purities with high neutron ebsorpiicn churecteristics
were gracdually transmuted during pile operation to less
. cbjectionable elements; and as plutenium formed in the
pile and some of it fissicned te produce additional neu-
trons, This predicticn was based on knowledze of some
other fission by-product elements which would absorb
neutrops and thus retard the pile rezetion,

(L) It was also pointed out thut additional power could be
cbtained oy placing up to 38 instead of the pianned
mumber of 32 uranium slugs in each tube of the pile;
by making certain that z minimum of wluminum is present
at the ends of the slugs to be charged into the other
Wwo piles; by carefully zoning sliugs in the piles so
that the heavier slugs are in the central pertion,
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In the Parniyses of the possibilities or the Banferd
process for the manufacture of plutoniun, i% was recognized that sericus
neutron abscrpticn might occur among the fission by=-product elements,

In 21l subsequent studies, effort was concentrated on evaluating the
varicus possibilities with the greatest accuracy permissible with the
then undeveloped state of knowledge. ~ Thus, even though the eifect of
«enon-135 was unknown, the possibility of the formation of some element
of similaer properties was foreseen, 1f the neutren absorvtion capacity
of xencn-135 were greater than it is, it appears reasonable <o believe
+hat it would have been discovered during the operation of the experi-
mental piles at Argenne and the Clinton Laboratecries, In that event,
adequate provisions would have been made in the Hanferd piles to counter-
act it on the basis of accurate knowledge,

Tnrough what has subsequently proved to have been gocd
judgment, two very important factors were incorperated in the original
design of tue Hanford piles which have permitted- the charging of suf-
ficient uranium slugs to provide a scurce of neutrons acequate for
saturation of the xenon poisoning and operztion of tke piles at, or
above, rated power level, The first is the fact that the piles are
constructed with 2004 cooling tubes rather than the 15C0 which were
indicated thecretically as being adequate, The second is the fact
that 9 control rocs were designed into each pile instead of about thres
which were indicated as being required.

The additions]l control rod capacity is essential in ab-
sorbing sufficient neutrons to hold the pile safely when starting for
the first time or after a shutdown when the Xenon has decayed to less
absorptive elenents, On these ccecasions, the piles have a far greater
ability to accelerate in power than was ever convenmplated and are conse-
quently rmueh more hazardous, However, during normal operaiion the ex-
cess neutren producing capacisy is absorbed by the xenon and cperations
are much less hazardcus than had been rrecdicted,

. Film Formation and Cerrosion,--Concurrently with the design
and construction of the Hanford EZngineer ‘Works a great deal of work
was done in developing a nmeans of limiting ©ilm formation and cerrosion
with resgect to the pile cooling surfaces znd for pericdically remeving
any film which might form, 4 part of these investigations were con-
ducted by the letallurgical Froject and the remainder by the Technical
Division zt Hanford, Without the successful attainment of these ob-
jectives, the Hanferd piles could not operate, The test laboratery at
Hanford, called CiX, wes tuilt criginally to invesiigate corrosion only
under simulated pile cperating conaitions,  However, the fermation of
f£ilm was disccvered promptly and became the dominuting condition to e
controlied,

A= a result of this work, practicable operating standards
were establiched prior to the beginning cf operutions for the perfcrmance
of the various water treatment processes and for the fin2l chemical con-
ditiening of the rrocess water through the cadition of sodium dichromate
and sodium silicate, Pogitive methods were also sstublished for re-
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moving the very thin £ilm which does form on the cocling surfaces
through the addition of diatomacecus earth as a scouring agent to the
procass water flowing through the pile,

During the early operations of the 100-B pile, film
formation was kept within the limits which had been established, Affer
/ months of operatiom, film had gradually formed to the extent that the
pressure drop through the cooling tubes had increased by about 20 to
25 pounds per equare inch, The first operating demonstration of the
effectiveneas of the distomaceous earth purge was made on 26 January
at which time film was removed successfully from approximately cme half
of the pile tubes. At that time the purge was limited to those tubes
cannected to the chilled water systenm. '

c. olo Develo
Sisnificant Dates
13 September 1944 -~ Charging of 100=3 pile started.
26 September 1944 =- 100-B pile placed in operation followed
immediately by discovery of xenen
poiacning.,

28 November 1944 === First discharge of enriched uranium
slugs from 100-B pile completed.

4 December 1944 --+- First enriched slugs received in 200-N
Ar'aa.

5 December 1944 =-= Charging of 1l00-D pils started.
17 December 1944 ==~ 100=D pile placed in operaticn.

26 December 1944 --= First Hanford enriched slugs dissolved
in Building 221-T.

17 January 1945 w=== Isclation of first Hanford plutonium
started in Building 231,

2 February 1945 —=-- First plutonium resulting from Hanford
operations transferred to irmy, thus
establishing Hanford process from raw
material to finished preduct.

4 Febtruary 1945 -=-- 100-B pile reached rated power level of
250 megawatts

YEE .
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5 February 1945 ~== First Hanford plutenium transferred to
reprasentative of Hanford custcmer

11 February 1945 =-- 100-D pile reached rated power level of
250 megawatta,

15 February 1945 === Charging of 100-F pile started.

25 Fevruary 1945 === 100=F pile placed in operation,

8 March 1945 =-==== 100=F pile reached rated power of 250
megawatts for sbout 24 hours after which
it was reduced to 240 mogawatts,

15 March 1945 =ee=e~ First discharge of enriched uranimm
slugs from 100-D pile,

The following chromological history describes briefly the
most important developments in the operaticns history of the Hanford

EIngineer Works beginning with the first quarter of 194/ and ending on
20 March 1945:

19/ == " 1

General.--For the first quarter of 1944, the work of the
Mamufacturing Division was devoted to:

(1) Organization;

(2) Preparation of personnel specifications;

(3) Perscnnel procurement;

(4) Treining of perscmnel at Hanford and elsewhere;

- (5) Consulting service to the Construction Divisian for
- the 100 and 200 Aresas;

(6) Machining ursnium slugs from extruded rods in the
300=Area;

(7) Testing graphite and other pile comstruction
materials in the 300-Area Test Pile;

(8) Investigating methods of water treatment in pre-

BEG; aie;h‘iii}?‘ WTTH DRLETTONS
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venting corrosion and £ilm formation on the surfaces
of the slug coatings and pile cooling tubes;

{9) Development of procedures for protective security;

.,

{10) Development of procedures for accounting;

(11) Procurement of essential materials; and

(12) oOperation of the Richland Village.

Most of these activities have continued and no further
mention of them will be made in this chronology except where
special significance is involved.

> c g.,~=In March, it was believed

that a practicable process had been made available for the mass
production of camned slugs although it was expected that continuad
research and practice would be required to produce ultimate im-
provements, Sufficient equipment was on band to initiate a train-
ing and development program and some production, The froest test
was made available for determining the areas on the surface of the
canned slug which are not ¢ompletely bonded.

1944 == April

Carming of Metallic Uranium Slugg.--By April it wes realized
that the problem of fully developing a suitable process for canning
slugs was extremely complex; that the time element for converging
design, procurement, construction, and operator training had beem
reduced to the minimum which it was expected would meet production
requirements. Extensive changes were made in the persannel organi-~
zation to the end that the most experienced talsnt available was
assigned to a relatively narrow field.

Tasting of Pile Construction Materigls.--The testing of
graphite which had been contaminated with boron during manufacture
received special emphasis in the Test Pile and 1t was generally
established that thers would be no delays in the camstruction of
the manufacturing piles because of the contamination.

1944 == May

t101512

Orgapization.=~With one or two excepticns, all key persommel
of the Manufacturing Division had arrived on the project.

oa,~3 test of 2,000 canned slugs in the

Capned Uraniym Slugs
Test Pile indicated that the neutron production and absorptien
properties were about as predicted.

S
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Exhaustive studieas were started to evaluate all of the
numerocua factors influencing the quality of canned slugs, All
canned slugs were subjected to examination with respect to
dimensions, surface defecta, penetiration of altminumesilicon
through the can wall, and for bonding as determined by the frost
test, The first methed for statistically classifying individval™
slugs for quelity was initlated,

ed +«==A method of dissolving
the alumimum can apd aluminum=silicon bond of rejected slugs as
a meang of reclaiming the ursnium for recanning was developed.
The method employs a caustic soda bath followed by a nitric acid
b&tho ) '

A4 == Jung

Cannad Uranfum Slugg.~-The first heavy bottomed cans were re-
ceived toward the end of the momth, This type of can eliminates
the need for inserting an aluminum cap in the botiom to provide
the reguired thicknesa and which was a source of trouble In the
canning procass,

100-8 Pila.~~The following work was performed in preparation
for operatiocns:

(1) Group training for pile operations consisting of
lectures, study of written infermation, observa=-
tion of construction, and review of varicus de~
partmental functions;

(2) Started regular weekly meetings of top supervisory
personnel assigned to thae variocus departmenta within
the area;

(3) Preparation of test procedures for acteptance of
plent and equipment;

(4) Concentrated study of pils cperation relative to a
P
possible accelerated schedule of plutcnimm delivery;

- (5) The Power Department conducted preliminary testa
of boilers;

(6) Preliminary operation of the river pumps and filling
of the regervoirs,

DECLASSIFIED WITH DELETIONS 8
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1944 == July

Scientific and Specialized Perscnnel.—-During the month a
number of sclentists and specialists arrived from the Metallurgi-
¢al Project and from the Contractor?s Wilmington office to be

present during all preliminary preparations and for the start of *
100-3 pile operations.

spe¢ial Plutonium Production Study.=-A study was substanti-
ally complsted to determine the earliest date on which 2 kilo-
gramg of plutcnium could be manufactired and delivered and to
evaluate the effect of such a program on future produstiomn, It
wes Iindicated that this amount could have been delivered by the
first of January 1945 at the sacrifice of later producticm.

e==During the month the Manufacturing Division
accspted responsibility for all facilitlies in the area except the
Pile Building, Chemical Building for special water conditioning,
Belium Pwrification System, Deaerators, Process Water Pumps, and
the Emergency Water Tanks,

Performance and capacity tests wers completed on all
elactric and steam pumps except the Process Water Pumpa. Testing
and flushing of the water systems including the supply line to the

200~¥ (comprising 200-T and 200~U) Area were substantially com-
plated,

The following auxiliary facilities were placed in con=
timuous operaticn: River Pump House, Reservoirs and Reservolr

House, Filter Plant and Pump House, and the Boiler Plant and Steam
Distribution System.

20=argag.--In additien t¢ the continued furnishing of con-
sulting servica to the Construction Division, the work of the
¥anufacturing Divieion was accelerated to some extent preparatery
to the start of operations, Some 27 men had arrived and were en=
gaged in study of the ssparations plant design and operation and
in observing the work of comstruction,

300=-Area,--

*  Canped Uranium Slyes,=-With gradual improvement in the quality
of canned slugs, a sufficient quantity had been completed by July
1944 to charge the 100-B pils. For 80C0 slugs autoclaved 160
fallures were repcrted,

9 - 3

Abandonment of Accelerated Production.=-At the direction of

g
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the Distrlct Zngineer, the accelerated schedule for producing an
eaxrly 2 kilograms of plutconium was abandoned in favor of the

original lenger range plan which assures a greater quaniity over
an extended period,

100-8 Area, | .

Acceptance by the Manufacturing Division.--The 100-3
Area was accepted by the Manufacturing Division In August except
for certain work remaining to be deme by the Construction Divie-
sion and scheduled for the pericd from 28 August to 4 September
and about 15 September to 22 September.

Testing, Ipspections, and Prevarations.—all testing,
. inspecticms, and preparations were completed in the pile except
for that which conld only be done after charging the pile.

Querating Standapdg.—Substantially all operating standards
were completed during the month covering the work from charging of
the pile with canned uranium slugs to discharging and including the
water and helium systems.

200=3reg.

.~=0n 1, August the temperaturss cf
the camning baths were reduced about 50 degrees Fahrenheit. This
resulted in such a marked improvement in the quality of cammed slugs
that it was decided to charge into the 100~B pile only slugs camned
after this date and to hold prior productiom until the required num-
ber wers assured from current preduction,

Testing of Pile Congtruction Materialsr-3y the end of
August, the tasting of pile graphite in the Test Pile was completed.
20Q=irea.~-Manmufacturing Bivision personnel assisted the
Construction Division in the supervision of the following work:
ingpection, teating, flushing, and cleaning of process and waste
lines; inspection, testing, and identification of process vessels,
equipment, and instruments. In addition, studies and preparations

were carried out for testing all facilities in Building 221-T under
simulated operating conditions.,

1944 = Septepbar
100-B Ares.

Charzing of the Pile.~<The charging of cammed uranium
slugs was started at 5350 p.m. on 13 September,

Drv Critical.—The dry critical condition is obtained
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when a sufficient amount of uranium has been charged into the
pile to start a mltiplication of neutrons, called a chain re-
action, when the cooling tubes are free of water, This cordi-
tion was rsached with 400 tubes charged with 32 uranium slugs
each at 2:30 a.m. on 15 September.,
»

t +==The wet critical condition is cbtained
when sufficient uranium has been chargsed into the pile to create
a chain reaction with water flowing through the coocling tubes.
This condition was obtained with about 834 tubes charged on 18

September, The exact condition was passed and the mumber 834
determined by calculation, :

Charzins for Qveratjong.--Charging was continued until
5300 a.,m, on 19 September when a total of $03 tubes of 32 slugs
sach was reached, Subsequently, two tubes were unloaded because
of excessively high water pressure loss, This left 901 tubes
charged at the start of operations,

tg.~=At intervals during, and after, the
charging of the pile, the necessary measurements were taken to
determine operating characteristics including the following:
effectiveness and calibration of the control amd safety rods;
effect of the graphite reflector (this is 2-foot border of graphite
which surrounds the main body of graphite in the pile); ratio of
fast to slow neutrons; traverse of neutron flux; pile temperature
coafficient; water flow and praessure.

Svgtem Testg.=-Following the charging of the pile, and
concurrently with scme of the measurements, final tests were con-
ducted on the steam and electric power, pumping, and emergency
water tank systems together with the zimilation of various faults,
This work determined the speed of response of the several inter-
connected control systems and equipment., In general, the resuits
proved that the installations fulfill satisfactorily the conditioms
imposed by the rigid operating and safety requirements of the pro-
cess.

Production Operationg,—~Producticn opersticms for the
mamufacture of plutonium were startad at 10:48 p.m. on 25 September.
The early history of the problems sncountered due to the formation
of xenon-135 as a fission product is briefly recorded under Eaxly

Cperating Problemg and Solutions.
300-ATeqn.

Canned Uraniun §luzg,--In September 1944, the canning
procass was mcdified to eliminate the hydraulic presses with sube
stantizl improvements in the quality of the canned slugs. This

e
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is briefly described under WMW.

Quigassing apd Straightening.--During September, the
Menufacturing Division accepted reesponsibility for the outgassing” -
and straightening equipment in the 300-Arsa, The processes are/ ./
described briefly wader Description of 3CO-Area Processes and {

200 Areag.

Tracer Slugs.~~96 irradiated wranium elugs from the
Clinton Laboratories pile were received at Hanford and placed in.:
the 200~} Storage Area., These slugs were cbtained for enrich-
mant of fresh uranium slugs in checking the performence of 221-T
Building precessing equipment,

1044, == Cotobep
100=E Area.

Pile Cperatieps,~During Cctober, pile cperatlons were
conducted at the following power levels with the indicuted number
of tubes charged with uraonivm slugs: 1.6 megawatis at G0l tubes;
17 megawatts at 1003 tubes; 30 megawatts at 1128 tubes; 60 mega-
watts at 1300 tubes; and 90 megawatts at 1500 tubee.

Pile Studieg.~-The discovery of the xenon poisoning re=-
sulted in a great concentration of sffort at Hanford, the Metallurgis
cal Project, and at the Clinton Laboratories to determine tke re-
cuirements for attaining full pila power capacity in the shortest
possible time and assurance of adequate control and safety rod ‘
capacity to hold the pile safely at times when the xenon polsoning
had decayed. 4 great deal of this work was dore during Cctober.

10O Arca,
aucliery Facilities.~During Cctober, ths Manmufacturing

Division accepted from the Congtruction Division the following 1C0-D
_ Area facilities: Boiler House; River Pump House; Reservoirs and
Reservoir Pump House.
200-1 Area.
Acceptance.=~The Manufacturinrg Division accepted full
reeponsibility for the 200-T Area on 9 October,
194 == ¥ovember

Geperal
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Production Schedulg.=~Cn 21 November a formal schedule
of production was submitted for approvel covering the peried from
1 December 1944 to 1 January 19.46.

Co-=2 2, -

Pile Operstiopg.--The pile power, during the major
portion of November, was held at 90 megawatis with 1500 tubes
charged with wranium slugs, Toward the end of the month charging
wasg continued to 1595 tubes and the power level attained a new
high of 125 megawatts on 30 November.

& aticng.~-The first enriched slugs were
discharged from the 100-E pile, this work being completed on 28
November,

Ellm Formation and Corrosjon.=-Cereful examination of
slugs which had bean exposed to the most severe conditions in the

pile indicated that film formation and corrcsion on the aluminum
surfaces had been held to limits appresciably less than hed been
estimatad,

100 Ares

. Pile Building,=The Manufacturing Division accepted full
responsibility for the pile building ecn 27 November and immediately
began final inspectiors, testing, and preparation cf all facilities
for initial charging of the pila.

200-H Areg,~~The Manufacturing Division accepted full re-
sponsi'bnlity for this sares which was made resady for the a.r"iva_
of the first enricked uranium from the 1C0-B Area,

200-T Area.
Qoeratipe Preparations.--Tke work of tkhe Manufacturing

Division in the 200-T Aresa was devoted to the final testing, cali-
traticon, and adjusting of processing facilities., Trial operatiors
included the checking of the performance of processing equipment
with water in preparaticn for chemical runse.

1044 == December
General
Proguction Studieg.--Cn 11 December, an independent study

of plutonium manufacturs was prepared by the office of the Area

. N
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Engineer to illustrate the effect of the quantity of uranium
used con the time and cost of delivering specific quantities of
‘plutonium, On 23 Decermber, a similar study waas prepared by
the Contractor. The two studies were in substantial agreement.

-
300-2_irea.

EBile Operations,—~With 1595 tubes charged with uranium
siugs, the pile power was varied between 115 and 130 megawatts
during the first 20 days of the month, During this period, the
plle waa cut of service for a total of 36 hours fer varicus
reesons including an attempt at film removal by an oxalic acid
purge of the cooling tubes and for prearrancged tests on the
Bonnevilla electrical trensmission system, After 20 December,
the pile was taken out of service to complete charging to the
full 2004 tubes and & power level of 150 megawatts was attained
cn 29 December,

PRischarzine Cperatjons.=-Cn 28 December the second dis-
charge of enriched uranium slugs wes accoamplished.

100=D ires.

dcceptapce,=~The 100-D Area was accepted by the Manu=-
facturing Division on 5 December and charging of the pile started
immediately.

Gharzine of the g&lg.--The full 2004 tubes of the pile
were charged with 35 uranifim slugs each by 10 December., Four
tubes were subgequently discharged and replaced with polsoned
slugs to supplement the holding capacity of the centrol rods.

Eroduction Operationg,—After completion of all re=

quired preparatory work, production operations were started at
11:11 a.m. on 17 December, On 21 December, the pile power had
reached 150 megawatis and by 27 December it had reached 180 mega-
watts. 14 hours of production time were lost on 23 December to
permit discharging 2 of 4 poisoned tubes previously charged to

assure holding the pile prior to formeticn of the xenon poisoning,

200=N Are

gtorage of Rnpiched Slygs.--The first enriched slugs

from 100-B Area operaticns wers received in the 200N Area for
decay storage on 4 December.

200-~T irem,
t t +.==The 200~T Aree was placed in

operating condition during the month of December with the completion

. Y
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of chemical and inactive uranium rums through the process steps.

Tracer runs using enriched slugs from the Clinton pile were
started.

Production Operatiops.=-The first enmriched uranium
slugs from 100~B Areas operatiocns were diseclved in the 221-T
Building on 26 December.

Stand «=~i completa set of Operating
Standards for the 221, 224, and 231 Buildings have been prepared

and were approved by Metallurgical Project representatives on
15 December,

300U _Ares.

+==(n 18 December, the entire 200=Wast Area

including 200-U and the 231 Building were accepted by the Manu-
facturing Divisioen,

Qoeretine Preparations.-~The work of testing and cali-
brating processing equipment in the 2C0-U Area was in progress
during December,

231 Buildine,

Agcevtance apd Alteratjons.--This building was taken
over by the Manufacturing Division on 18 December, Two major
jobs remained to be dene by the Maintenance Department, This
waork consisted of covering and venting the process vessels and
installation of emergency ventilating equipment in case of faeilure
of electric power. This work necessitated extensive piping and
assemnbly,

— \|

General.

tablishment of e Procesg,=-«By the end of January
1945, the entire Hanford precess for the manufacturs of plutonium
had been proved from raw material to finished product. Although
a -conaiderable number of improvements and refinementas remained to
be made in the many process steps and in the sampling and analyti-
cal procedures, the results to this time were notewortihy.

Bila Overationg.=The power lavel of the pile was gradu-

ally raised during the month reaching a new high of 240 megawatts
on 27 Jamary.
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Pile Power Capacitv,~-The gains in pile power produc-
ing capacity predicted for continued operation and mentioned in
Zarly Operatipe Problems apd Solutions were especially esvident
during the month of January.

-,

Eiln Formation and Corrogion.—~During 100-E pile opera=-
tions, the pressure drop across tha cooling tubes gradually in-
creased to significaent smounts due to formation of film, Om 26
January, a trial purge of the film was conducted using diatoma-
ceous earth added to the water supply to about one half of the
tubes of the pile. This purge was successful and established the
fact that a satisfactory method of removing film 1s available,

Pischarginc Overationg.=-The third discharge of enriched
uranium slugs from the 100=B pils was accomplished on 18 January.

IS!;-D ﬂlﬁﬂ-

Bile Oparations.=-The power level of the 100-D pile was
gradually increased during the manth reaching a new high of 230
megawatts cn 27 January,

200-T Areg.

Procesging Capacity.——Processing of the first enriched
uranium slugs from the 100=-R Area has established the fact that,
with only minor alterations, the production capacity of the 221
and 22/, Buildings is at least equal to the rated capacity.

Plutopiim Yieldg.--Incomplete data from the variocus pro-
cessing operations indicated that the loss of plutanium was well
within the limits established bty the cperating standards,

Decontaminstion Factors.~-Incomplete data from the
variocus processing operaticna also indicated that the reduction

of radicactivity better than the requirements of the operating
standards,

g00= Area.

Onerstine Preparations.--The final checking of instru-
ments and equipment was completed during January so that the water,

chemical, and other preparatory process runs could begin in Febru-
a:'yo'

tio rations.==The first concentrated plutenium

D .
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wag received from the 224-T Building on 16 January and Isola-
- tions processing started an the following day.
(e 2emp snbinst”

ict.~~Arrangements were made during
January for the Armyyto accept delivery of plutonium in the *
shipping contain at the Isolaticns Building, 231, and relieve
the contractor of all subsequent responsibility for security,
handling, storage, and shipment.

Extrusion Operatiops.--The Manufacturing Division ac-
cepted from the Construction Division the facilities for extrud=
ing uranium billeta into rods. Production operations were on a
development basis until the latter part of the menth due to dif-
ficulties with the furnace, sxtrusion press, and appurtenances.
This work was done previocusly by the Revere Copper and Brass
Company at Detroit until 26 November at which time operatious
at that location were discontinued.

Genersl.

Broduction Scheduleg.-~0n 19 and 20 Februery, confar—
ences relative to possible schedulss for delivery of specifie
guantities of plutonium by the sarliest possible dates were held.
These conferences wers attended by representatives of the District
Engineer, Metallurzical Projact, Operations Contractor, and the
Area Engineer,

Iutond: liverv.=--0n 2 February, the first plutonium
resulting from Hanford operaticns was transferred to the Area
Engineer by the Contractor. Omn 5 February, it wmas transferred
by ths Ares Engineer to the representative of the site at which
further processing will be dene, No mention will be made in this
history of subsequent shipments,

gy i tiong,~=Conferences relative to
plutonium specifications were held during the period 18 to 20
Fehruary with representatives of the receiving site where furthsr
processing will be performed. It was reported that the first
batch of material was satiefactory and within the tentatively
established limits for impurities except for silicon in the form
of suspended solids, chromium, sand nickel. Silicon will be
materially reduced as Hanford operztlons proceed. Since the
amgunts of chromium and nickel ars not bharmful, the limits for
these impuritiss were increased.

A—————
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Secqondary Product Manufacture.--Conferences wers also
held during the pericd 18 to 20 February relative to schedules
for manufacturing the secandary Hanford product, polonium.

Rlle Oporationg,--The policy was formulated of operat- .
ing the pilses at the rated capacity of 250 megawatts for an in-
definite pericd until early manufacturing requirements have been
met, A discussion of this policy is included as paragraph 8.,
page 3 of the Monthly Operations Report for February 1945.

10C-B Aree,

8 at «~=The 100-3 pile attained the rated
power level of 250 megawatts on 4 February,

Qischaroinz Operstions.=--The fourth dischergze of en=
riched uranium slugs from the 100=B pile was accomplished on 22

Fgbruary.
100=D Ares,

pila Operations.~=The 100-D pile reached the rated power
lavel of 250 megawatts on 11 Februery,

Bl a™y azgg.

Acceptancg,-~The 100~F Area was accepted by the Hanu-
fagturing Division on 10 February and [inal preparations started
imediately.

Charsing of the Pile,-~Charging of the pile was staried
on 15 February and the full 2004 tubes had been charged with 35
slugs each on 19 February, Subsequently, 10 tubes were discharged
of which 7 were recharged with nolsoned slugs for improved power
distribution and 3 were recharged tewporarily with poisoned alugs
to supplement the control rods until the formation of sufficient
xenom=135 in the pile permitted replacing again with uranium slugs.

Production Qperations.--After completion of all required
preparatory work, production operations were started at 12:47 p.m.
on 25 Pebruary. By the end of the month the pile power level had
reached 175 megawatts,

200«3 Araa,
Acceptancg.==Tha 200=B Area of the 200~East Area was

P N
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accepted by the Marufacturing Division on 1l February., With the
acceptance of this area, all marufacturing facilities at the Han~
ford Engineer Werks have been completed by the Construction Divi-
sion, The Waste Storage Tanks of the abandoned 200~C Arsa, how-
ever, are not yet connected to the 200~B gystem. Because of the
additional waste storage capacity it was planned to use the 200=B™
Area as the second Separations Unit rather than the 200-U Area,

200=T Area.

Y .~=liore complete figures made available
during February indicate that the overall yield through 200-T
was 74.4%., The memsured loss of plutonium through the processing
was about 12% leaving an umaccounted for balance of about 13%,
Part of this discrepancy was dua to sampling and analytical diffi-
culties and part due to holdup of plutoniwm in the mamy parts of
the system. Incomplets data for additional processing indicates
that the actual yileld is increasing and should approach 90%.

Sepgratious Plapt Capacitv.--Studies of time cycles for
the 221 and 22/ Buildings processing steps indicates that all can
be performed in less than 24 hours except one operation which re-
quires 26 hours. The Production and Technical Departments were
concentrating on means to reduce the time for this one operation
so that full rated separations capacity can be reached and which
requires thet all operations be performed within 24 hours.

fHaste Storage,--Calculations of 200-T wasts storage
capacity during February indicate that approximately 11 months
storage remains available at full rated plant production capacity,

1945 == Harch
10C~B_Ares.

Discharzing Overations.~-The fifth discharge of enriched
uranium slugs from the 100=B pile was accomplished cn 8 March.

AQ=D Ares,

Discharging Operstions.=-The first discherge of enriched
uraniim slugs from the 100-D pile was accomplished on 1§ March.

100-F Aren.
Pile Cperations.~-On 1 March, the pils power level was

raised frem 175 to 190 megawatts. On 6 March, the pile was taken
out of service for rearrangement of poiscned tubes to permit at-
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DECLASSIFIED WITH DELETIONS

11015814

83



iy

1101989

taimment of higher power levels., OCn 7 March the power was raised
to 225 megawatts, O(n & March the power was raised to the rated
capacity of 250 megawatts at 2:00 p.m. This level could not be
sustained, however, ard st 1:30 p.m, on 9 March it was reduced to,
240 megawatts. There has been no changs to 16 Werch.
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ESSENTTAL LATERT/
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SECTION XITI

ECSENTIAL »ATERTAIS

The following peres of tabulations of essential materials
for Hanford Eansineer Werks cperaticns indicate the marnitude 2nd
diversificaticn of the nrimary and auxiliary processes in the 300,

100 and 200 Areas.
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, Parrv-.-tlor (cerraazine Salwenmt) (G220 230 3,000
aapenzl (e veozine 2alveat) _ CAD 0
Svopsilusric feoid &0 378 10,500
¥iaric Lci

1 17,000 208,000

Phosnhoris icid 3z 1,360 16,320
Saaiun Hrarasing 13,000 130,000
Tin air B aratat seg A
; o
»stassim Thlsvine ann T,
Iteel dlesaves 1,00 1a 30
Barime Thioriza 1,500 13,500
Satim fEtrate 3,20C L2,0mn
aluriram 2,000 M L200
b ?
Soeium Chleride o 7,00
Tetre Seculum Phosshria £ 750
Hearnfinorasilisic fedd 0 750
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ESTINATED COUSULPTION OF ES3ZINTIAL KATERIALS

PCULR DEPARTYINT 100 AREA

LCITHLY TEARLY TOTAL
HATERIAL ARTA  CONSUMPTICGH  COMSULBTICN  COWSULPTION
-
Sodium Hexametaphosphate
{Calgon) . 100 3 ig 1,300
100 D 150 1,800
100 ¥ 150 1, 800 5,400
Chlzrine (Unit - toms) 100 B8 12,000 144,000
100 D 12,000 144,000
100 F 12,000 144,000 432,000
Disedivm Phosphate 100 B 300 g,000
100 D 500 5,00
100 T 500 5,000 18, 000
Ferric Sulphate 100 3 300,000 3,500,000
100 D 300, 000 3,600,000
100 ¥ 30C, C00 3, £CC, J0C 10, 80, COC
Lime 1C0 B 80,000 360,000
100 D 30,000 360,000
100 T 30, 000 360, 000 2,880,000
Sodium Sulphite 100 3 500 €, 000
100 3 500 5,000
100 7 500 5,000 18,000
Salt (Bulk) 100 3 30,000 380,000
1C0 D 30,000 360, 000 :
1CC 7 30, G0 380, 000 1,080,000
3edium 3ilicate 100 = 300, 000 3,800,000
100 D 3C0, 000 3, 300, 000
100 7 30C, 00 3,300,000 10, 300, C00
Coal {unit - tong) 100 3 8,450 77,400
100 & 5,750 21, 0co
100 7 5,400 75,800 234,200
Sodium Dichromate 10 = 30,000 360,000
e o 5,000 1C0,000
160 7 25,000 300,000 260,000

1

s

RRARER

wits unlsss otherwise snecified are in nounds
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= Arhydrous Hydrowzn Fluoride 26,550 612,600
Hitric icid (tons) 409 5
Phosthoric Aeid 222,640 5

Seaium Cerbonute Q560 L 795 200

Sodium Hyararide 1,021 ,10

Q
1=
\ad
~
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»
i
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Sulpharie iLcid 24,120 1,069,800

Ammonium Silicaflucride 39,720 177,260

3 u,!
Annndum Cul-tare Qo 1198
.
Sigmuth 3ubnitrote 20,976 251,548
Cerie immcnium witrate 720 2,0L0
Ferrous Lmmiain. Tulollle 77,200 L2 L0
Fraroszan Peroviie VAR 32,505
Lunthomun somonin, jigrets , 350 3L RN
Cyzlis Lcia 12,930 230,760
Zotaznium Czrbeonrte Procass #lar-nion elininnted use,
Potassinn Zrareviac 30,360 436,329
Potassiim Perrsnronats 2,300 24,560

Gadium Tisnuthace L, 10 57,20

Miium Mo esmata 2,430 h;,liw
ve - ~ -~ -~ -~
Sodiws Uitrzte 30,00 60,720
S s . <
Zodiwn itrita 13,920 191,170

Super Cel Ovilo GQ 1,020
Sirceoniun Cerbonsts G2l 1,530 173,280

411 items unless ctherwisze snreecified are in nounsie,
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DIFUTE COUSTRERTAN OF SOSEITTAT 1ITWRTLTS

L

F

PTimE JEPT. LTT. 4RFaS

LORTHTY VEARTY TOral,
PTRRTAT iR o0 Y."-h,.x’l‘f‘fﬂl'T - COLSTR:PETION COUSIEPTTON
. " -
Sotium Hewnmetarhosohete 1008 150 : 1,800

1000 150 1,200
16CF 150 1,800 5

Chlorine $15C¥ Cyls.) 300 150 1,800 1,800

700 150 1,800 1,800

1100 8,700 104,200 104,800
Chlorine (1 Ton) . 1005 12,000 122,060
100L 12,000 124,000

. loay 12,000 144,000 £32,000
disadivm Phosphste 1008 5¢0 5,000
1000 500 &,000

100F 200 6,000 13,700

200 200 &,000 &,000
Terric Sulrh-te 1003 570,000 3,500,000
180U 30,070 3,600,000

o0 300,000 3,070,000 10,300,050
Lime ess 0,000 CED, 000
100 20,200 NEConn

10T 30,000 SEC,CQ0 2,330,000
Soaium 3ulnhite hidas 500 £L,000
e 3G o, OO

100 e 6,000 13,000
Talt (Ful:} 1008 30,000 3¢, 000
100 25,000 360,000

1CCT 3G, 000 260,000 1,000,000
200, 10,00 170,000

- 200 1%, cuo 180,000 200, Aen

5e1t (Baze) v 4500 72,000 73,000

300 3,000 24,000 34,000

Scaimn 3ilicnte 100R HAINEEy 3.470,00

1000 0a,on 2,500,000

1007 300,000 3,470,000 10,200,000

DECLASSIFIED WITH DELET
111 wmite unless othe d STIONS 1“0
ATE AN nounde

1101562 _



LOPITY

Sy AR =l T T
HCHRSE.Y] 2 G in 2T TCH
i nelal.
LRSS

TONLT

en )
B ?"T(-‘_f

411 upits

—

DECLASSIFIED WILH DELETIONS
S

&,LED
5,750
6,400
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GMSULPTICH CF ZS3ENTTAL IATEITALS
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FCUZR DEPART EUT 200 AREA

HCUTHLY YEARLY TOTAL
LATERIAL : AREA  CONSULPTION CCHSULPTICHN  COMNSUMBTICON
Disodium Phoschate 200 ¥ 500 8,000 8,000
Salt (Bulk) 200 2 10,000 120,000
200 W 15,000 180,000 180, 000
Coal 2002 . 1,000 12,000 S e
200 W 2,750 23,000 145,000
POWER DEPATIENT 300 ARR
Chlorine 150 1,300 1,800
Salt (aags)_ 3,0C0 36,000 38,000
Coal 460 4,300 4,800
RUITHLAND ADTITSTRATIVE ASA
POGER DEPARTIENT 700 AREA
Chlorine 150 1,300 1,8C0
3alt (%ags) §, 000 72,000 72,000
coal 1,000 12,000 12,cco
PO/ZR DEPARTVENT 1100 4R™A - RICYLAND VILLAGE
Chlorine a8, 700 104,300 104,800
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SECTION XIII

RICHLAND VILLAGE

Genersl,--The conditions leadinr to the selection, design, and
conctruction of the Richland Villzge and the facilitiec included to care ; ,
for operating personnel and families are described in the historical ac-.-.- s
counts of the design and construction of the Hanforéd Engineer ilorks, In
general, adequate facilities have been furnished to provide for the essen-
tiel minimun requirements of a population of about 16,000 with reswpect to
food, housing, clothing, health, schools, churches, recreation, transporta=-
tion, and police and fire protection, '

Poowlation,-=~The most recent census indicates that the popula-~

tion of Richland as of 31 March 1245 is 15,401, This iz distributed as

follows:
Total number of women in dormitories 672
Total number of men in dermitories 377
- Other adults over age 13 82883
Total chiléren ages 14 to 18 576
Total children ages 4 to 14 2020
Total caildren under age & 2773

Village Manarement,--Zvaluation of all the factors entering
into the management of the Richland Village indicated the desirability of
placing this responsibility with the Contractor., This has proved advan-
tageous to the Government through the eliminaticn of duplication of effort
in many instances by combining a considerable number of village operations
Tequirements with existinz plant asnogement and services,  4s with plant
ceperaticn, the Richland Village is under the gereral administrative and
supervisory control of the Government =8 reoresented by the Corps of Zngi-
neers of the United States Army.

NMorupl Services,--ilormal services for the entire village are
performed by the departmental organization of the Contracter. Incluced
in such nermal services are the following: maintenance of buildings,
houses, facilities, roads, and walks; furnishing of electricity, water, fuel
and heat; collection and disposal of sewage, garbage, and ashes; Dfurnish-
ing of police, fire, and sanitary protection; bvilling, collecting, leasing,
ard accounting relative to rentals for housing and commercial establishments.
The cost of all such normal services is included in the rental agrsements
establicshed,

Housing,-~41) houses in Richland huve been used to capacity as
rapidly as they were ccmplatad, Present incications are that the peuk
population will be reached in the spring of 1945 with a consicderable drop
in population during the sumner resulting Irom completion of the last phases
of construction and iroa a reduction in operzting forces as operations are
gradually stabilized,

e——— .}
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. A total of 4304 houses were built comprising 25C0 permanent and
1804 prefabricated temporary dwellings., Of the latter, 500 were included
Lo assure adequate housirg of key personnel during the unusually prolcnged
peak period when both construction and operations forces created extremely
heavy demands, 35 existing houses frem the original Richland Village are
cccupied, LB e et e ) -

Health,--The ifedical Department is organized to provide a close

check on business establishments and schools to assure the highest possible
sanitary standards, Periodic inspections of all food dispensing establish-
ments are made in schools and business houses with reports forwarded to
those Departmert Heads who are responsible fer the mainterance of sanitery
facilities, Copies of the reports are also sent to the respective schools
and business operators, Rechecks are mace to determine that recommendations
of health inspectors are carried out.’

Hedicsl, Hosnital, and Dental Service.-~iedical, hospital, and
dental services are available tc all residents of the villege at reasocnable
cost at the hospital located iz Jichland. While this hospital and medical
center was provided to tale czre of the industriasl regquirements of the plant,
adequate facilities were included to serve the esszentizl nesds of the village,
It is indicated that the revenue from these mublic services, as ol larch
1945, will be approximately $380,0C0 per yeor,

Schools,--The schools are operated entirely under the laws of the
State of Washington and under the jurisdiction of the County Superintendent
of Schools, Because of the gzreat expansion of school peorulation, however,
it has been necessury to rely heavily on Federal funds made available under
the Lanhanm ict.

For the school year 1944-45, State and County funds in the
amount of 390,000 were available to the Richland Scheols, In adéition, 2
¥¥as necessary to use 278,292 of Lanham ict funds for schoel facilities and
$47,224 of Lanham Act funds for the Hursery. The Nursery was establizhed
Lo care Ior ¢* ldren of mothers wno are uwerking for the Government or for the
Contracter.

Representautives of the Covernment and the Contractor atiend
gach meeting of the schocl beard in crder to kzep in close touch with the
operation of the szchocls,

Chvrches ,--Yecrly all relizious denominutions are represented in
Richland. = Fifteen of the Protestant groups are combined in the Council of
Churches and Christizn Zducation for Washington and Herthern Idaho,

Two church buildings were constructed: one Catholic and th
other Tor the United Protestant Zranch »f the Council of Churches, Two ce-
nouminations of the Frotestant groups, Episcopalian and Lutheran, are making
use of olc church buildings which were in the original town of hichland,
School auditoriurms are also mude availabls for certain denominaticns which
are not rempresentad in the Council of Churches,

—“—
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Recrauzticn,--With the completion of the Recreaticn Hall, and with
numerous groups organized for varicus special setivities, facilities for
adult recrsation in Richland are believed to be adequate,  Recreatien Ifor
teen age children, however, has presented a serious problem., Federal funds
under the Lapham act have not been available for a recreation program, It
has been necessary, there*ore, that various Richland civie crﬂanlzanlons-t
and the schools cembine and coordinate their efforts to provide essential
recreztion for the teen age groups,

Transvortation.--Scireduled, routed, and Government owned bus
transportation is provided under the direciticn of the Transportation Officer
throughout the village and to the plant aress only for the essential reguire-
nents of rroject enployees, Bus fare is five cents per ricde with free
transfers to cornecting lecal buses, This fare vas estabiished on the bvasis
of that charged in other communities of similar size in the State of lashing-

ton. Projecting the btus service for Murch 1945 indicates that approximately

+,OOO 000 passengers will use the buses wer year providing a total revenue
of about $2C0, CCO

Folice and IFire Protection,--Folice and Fire Le vartments are a
part of the departmental organizatiocn of the Contractor. - The police ars
deputized by the lheriff and are also auwxilicry Hilitery Police,

Specisl attention has teen given to Iire protection apnéd the record
to date has been excellent.

Compereinl Lstzblishments,--411 normol essentisl living reguire-
ments such as focd, drugs, cletiiing, miscellanecus supplies, entertainrent,
ard similcr needs are *“ov ided by comercial estzblishments selected threough
competitive ticding, Thie arraagement has zroved to ve very satisfactery
s indicuted by the Ireedom frou complaints by the resicenis of the villazs,
The commerciul operators maintain =2s complote stocks of qu ullu merchfrazse

J-.

as cengiticns pernit, rrices mre checked and msintained obt the osrevail
levels of those in the nezresi towns, 0.F.A, regulaticns are the controll-
ing factor in all crices where they apply.

In evaluating the bids of crospective commercial operaters,

consideration 2as been ziven to past svecessful experience, financial re-
spensi Dll’t?, and urocureﬂ nt cusacity under existing difficult cenditicns,
Only two of the criginal Richlaznd business operators were considered gs meet-

ing these requirements und teth deeclined to enter bids

3

wentals,~--Censicerable thousut was given to the
PSt‘blwshment of 4 basis for rental of facilitiss to the variocus comuercial
operators. Uncertainties in the volw:ie of business. and the duration of
operaticn introduced aifficulties in srriving at eguitable arrangezents.
Consequently, it wws decided that rental would ve datermined us a percentuge
of zrcss *rcome from the busirsss and thut cuch proscective commercinl sper-
ater vrould ineluds his percentare as a nurt of nis bid to ke evaluated in
cozbinzficon with the other ccnsiderations in selecting the successiul tidder.
This methcd has teen followed in the great majority of cases and has sroved
to be zdvantageocus to the Goverﬂnent. rresent rental revenues indicate a
probably rantal return of about 2 250,C00 per yesr,

Cormereinl
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Housing Rentals,--Cn the following page is a tabulation of ike
S types of housing provided for residents of the village, the unit costs of
construction, and the established rental prices furnished and unfurnished,

Sxisting Buildings,--in existinzg building was mude aveilable o
. the County iuditor for the issue or venhicle licenses to village resicenis
and for the corducting of other lccal business of the office. Othes
existing buildinze have Leen made availuble to the local Ration Boerd, the
United States Employzent Service, and to Villagers, Inc, The latter body
is a civie non-profit orzanization which spensors a weekly newspaper, a
circulating library, and a wide variety of recreation znd sccial activities,

-
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Monthly Rent

Yumber IMumber ' {Inciudes Utilities)
Upnits  Eedrcoms Tvyre Unit Cost*® Unfurnished Furni®hed
Regular
A 816 3. 2 Story - Duplex  $3,950.C0 $37.50 $47.C0
B 1C40 2 1 Story - Duplex 3,770.C0 - 33.2C 42,00
D 8 4 2 Story - Single £,025.00 67.50 34.50
E 84, 3 1 Story - Single 5,325.CC £2.50 78,C0
F 250 3 2 Story - Single 4,820.C0 50,00 62,50
G 8 A 2 Story - Single 6,030.CC 67,50 24.50
H 250 3 1 Story - Single 4,700,00 50,00 62,20
L s Z 2 Stery - Single 6,580,C0 62.50 80,C0
Sub-
Totel 25C0
Frefsbs
A 402 i 1 Story - Single 2,1992.C0 27.50
B 8cR w2 1 Story -~ Single 3,088.,C0 25,00
— C &C0 3 1 Stery -~ Single 3,395.C0 42,50
Sub-

Total 1204 =

Grand

Total 4304 &

ifications and revisions which have been approved cznd
7 Varch 1645, These unit costs nrobably will be re-
few dollars when final costs sre determined,

processad as of

* Ineludes cnly iod
2
vised upward by o

#* Tneludes one house which was destroyed by fire after acceptance for pay-
ment, but before scceptance for occupancy,

DECLAS T DELETIONS 104 -~-<
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SECTION XIII
RICHLAND VILIAGE

‘ ~
At the time the town of Richlend was taken over by the govern-
ment, in April 1943, it was a small farm community of sbout 350 popula-

tion, It had the uwsual small mercantile facilitias nesded to serve such
a commumnity,

In order to house the thousands of families required for con-
gtruction and operation of the Hanford plant, it was necessary to build
an entire new town from the ground up. Acting under an Order of Posses~
sion granted by the Federal Court, under the War Powers Act, the govern~
ment required that residents vacate an area of approxdmately twec square
miles, including the town of Richland. Variocus houses and a few buelness
buildings thus made available were occupled temporarily by construction
personnel, who paid rent to the govermment for all dwellings.

Construction of houses started on April 29, 1943. The first
house was occupiad on July 28, 1943, A total of 4300 housing umits were
constructad, Tkis includes 1800 prefabricated one, two and three bed-
room houses, All of the prefabricated houses were completely furmished,
and about one~half of the remaining wnits were furnished., As of 28
Februaery 1945, all houses are occupled or in process of assignment.

To supply the needs cf the community, the minimum mercantile
requirements were determined, end facility buildings were constructed to
meet these nceds, Thess facilities are listed on the following page.

As theee buildings were cowpletad, invitations to bid for
operation of each facility were circulated to potentizl operators. Care-
ful financial investigations were maede cn sach bidder, and the business
experience of the bidder and his proposed key perscnnel was checked.

Bids were submitted on a basis of payment of a percentage of
monthly grcss income as the rental payment. The methed followed for
selection of operators resulted in bringing excellent merchandising
organizations to the town, with rentals from the business buildings
totalling approximately $250,000 per year.

. There were inquiries and applications by operators of various
other types of businesses, tut these were turmed down, These businesses
included bakeries, jewsllers, gift shops and others that are desirable in
a community of this size, hut the fact remained that they Wera not ee-
sential, Therefore, no buildings were provided fer them.

The volume of business done by each of the facilities in the
tovm bas been ample evidence of the necessity for their being set up in
Richland. - The towm is isolated from largs marketing centers, Pasce and
Kennewick being thaz closest, The populaticn of Richland, however, is
graater than Pasco and Xennewick combined.

‘ SIS D ate
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MERRRR



17

these emergency tanks through the pile. This assures an adequate
flow of water through the pile for a short period while stepe ars
being taken to reestablish the normal flow,

Bower Supply

Electric.~~The primary power requirements for water pumping
and cther services are supplied by a 230,000 volt electrical transmis-
sion system cornected to the Bomneville and Crand Coulee system., The
total connected load of the three 100 Areas is 84,850 kilowatts of which
more than 60,000 kilcwatts result from motor driven water pumps,

S4eam.=-A boiler plant is provided in each 100 Area %o fur-
nish an independent scurce of power in the event of failurs of the main
electric supply, However, the amount of steam generating capacity and
mmber of stesm turbines do not duplicates the electric power capacity;
they are limited to those requirements where less than complete depend-
ability would be disastrocus. The combined capecity of the steam
generating equipment of the three pile arsas is 1,200,000 pounds per
hour or ahout that required to produce slectric power at the rate of

1t DELET
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advantagecus to transfer operations from the massive shielding of
Building 221 into a more normal type of structure,

There are six working areas, or cells, in the Concen-
tration Building, Four of the cells are identical and contain the
same standard units as in the Cell Building, No provisions are made
fer remote maintenance although operation and ccntrol of process steps
is accomplished from the central operating panels, A fifth ¢ell con~
tains equipment and vessels for transferring process solutions between
buildings 221 and 224, The sixth cell contains the equipment for the
firnal plutonium concentration befors transfer to Bullding 231.

23] == Iaclation Building.-~Upon arrival at the Isolations
Building, the plutonium which was originally associated with a ton of
uraniwm in the form of slugs has been concentrated to &n 8~-gallonm solu=
tion., Consequently, the equipment for final preparation is greatly
reduced in size from that required in earlier processing. .

Vaults are provided in the Isolations Building for re=-
ceiving process solution from the 224 Building and for storing finished
plutonium until transferred to the Army. Five cells are provided in
which the processing steps ars performed in stainless steel veseels be-
hind glass, The remainder of the building houses laboratories, offices,
ventilation equipment, stockrooms, and cther necessary facilities.

Throughout the Isclations Building cleanliness and safety
are emphasized because of the extreme toxicity of plutonium. Every
rahle acantion {s taken to avoid vnersonal contact with the pro-
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rate than they were being created and the earlier events were sub-
stantially repeated.

There wers numercus possible causes of the parasitic
neutron absorption but there was no immediate concrete evidence which *
sdequately explained any of the possibilities, 1In order teo evaluate
the various possibilities, the pile was again started and the power
held at about 2,5 megawatts for & hours followed by a longer run at
1,7 megawatts., It was determined that continucus operaticn could be
maintained at a power of about 3 megawatts with the pile charged with
901 tubes, Fram the data collected at this time, the physicists made
substantially the following analysis and predicticma before 2 October
and all of which have proved to be remarkably accurate:

(1) The parasitic neutron sbsorption resulted from the
formation of xzenon=135 as a fission by-preduct ele-
ment., With the time expressed as half-lives (the
time required for one half of the amount preasant to
decay to the next element), this ig part of the decay
chain of: tellurium (15 minutes) to iodine (4.6 hour)
to xenon (S.4 howr) to cesium (25 year) to stable
bariwm, In this chain, only xenon has a high capacity
for absorbing neutrons and the xenon capacity is about
50 times greater than that of any previcusly known element.

(2) It was predicted that the pile would be able to operate
at the following power levels when the imdicated number
of tubes were charged with uraniim slugs: 1. megawattis
at 1000 tubes; 59 megawatts at 1300 tubes; 94 mega-
watts at 1500 tubes; and 216 megawatts at 2004 tubes.

(3) It was predicted that higher power lsvels than those
above would gradually be attained as boron apd other im=
purities with high neutron absorption characteristics
were gradually transmuted during pile operation to less
objectionable elements; and as plutonium formed in tke
pile and some of it fissioned to produce asdditional neu=-
trons. This prediction was based on knowledge of some
other fission by=-product elements which would abscrb
neutrons and thug retard the pile reactiamn.

(4) It was also pointed out that additional power could be
obtained by placing up to 38 instead of the planned
number of 32 uranium slugs in each tube of the pile;
by making certain that a minimum of alumimum is present
at the ends of the slugs to be charged into the other
two piles; by carefully zcning slugs in the piles so
that the heavier slugs are in the central portiom.

)
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In the sarly analyses of the possibilities of the Han-
ford process for ths manufacture of plutonium, it was recognized that
sariocus neutron absorption might occur among the fission by=product
elements, In all subsequent studies, effort was concentrated on
evaluating the various possibilities with the groeatest accuracy per=-
missible with the then undeveloped state of imowledge, Thus, even
though the effect of xenon=135 was unknown, the possibility of the for-
mation of some element of similar propertiss was foreseea, 1If the
neutron abscrption capacity of xenon=135 were greater than it is, it
appears reascnable to believe that it would have been discovered during
tha operation of the experimentel piles at Argonne and the Clinton
Laboratories, In that event, adequatse provisions would have teen
made in the Hanford piles to counteract it on ths basis of accurate
knowledge. :

Through what has subsequently proved to have been good
judgment, two very important factors were incorporated in the original
deaign of the Hanford piles which have permitted the charging of suf-
ficient uranium slugs to provide a scurce of neutrons adequate for
saturation of the xenon poisoning and operation of the piles at, or
above, rated power level, The first is the fact that the piles are
constructed with 2004 cooling tubes rather than the 1500 which wers
indicated theoretically as being asdequate., The second is the fact
that 9 contrel rods were designed into each pile instead of about threa
which were irndicated as being required,

The additional control rod capacity is essential in ab=
sorbing sufficiant neutrens te hold the plle safely when starting for
the first time or after a shutdown when the xsnon has decayed to less
absorptive elements, On these occasions, the pileas have a far greater
ability to accelerate in power than was ever contemplated and are comse—
quently much mors hazardous, However, during normal operaticn the ex-
cess neutron producing capacity is absorbed by the xenon and operations
are much less hazardous than had been rredictad.

Im Fermatio orrosion.==Concwrrently with the desigm
and construction of the Hanford Enginaer Vorks a great deal of work
was done in develeping a means of limiting £ilm formation and corrosion
with respect to ths pile cooling surfaces and for pericdically removing
any £ilm which might form. A part of these investigations were con=
ducted by the Metallurgical Project and the remainder by the Technical
Division at Hanford., Without the succesaful attainment of these ob-
jectives, the Hanford piles could not operate.

4s a result of this work, practicable operating standards
were established prior to the beginning of operations for the performance
of the various water treatment processes and for the final chemical con-
ditioning of the process water through the addition of sodium dichromate
and sodium silicate., Positive methods were also established for re-
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C LAGE

SERVICES AND FACILITIZS

Iten

High School

Grade Schools

Churches

Grocery Steres

Drug Stores

Hotel (Transient Guarters)
Theatars

Red Cross Heedquerters
Bus Depot

Service Stationa (Automotive)
Bank .

Post Office

Garage (Automotive Nepairs)
Fire Stations

Recreation Building
Hanford Zngineer Works Administration Arsa
Cafateria

Hardware Store

Optical Shop

Westarn Union

Railway Exprass

Barber Shog

Beauty Shop

General Merchandise

Men's Furnishings

Women! 3 Apparel

Shoe Store

Shoe Hepalr Shop

Hoepital and Medical Center
Laundry

Millk Store

Nursery (Ckildren)-
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SECTION XIII
RICHLAND VILIAGE

' -
At the time the town of Richland was teker over by the govern-
ment, in April 1943, it was a small farm commnmity of about 350 popula-
tion., It had the usual small mercaptile facilities needed to serve such
a commmity.

In order to house the thousands of families required for con-
struction and operation of the Hanford plent, it was necessary to build
en entire new town from the growed up., Acting under an Order of Pogses=-
sion granted by the Federal Ccurt, under the War Powers Act, the govern=-
ment required that residents vacate an area of approximately two square
miles, including the town of Richland, Various houses and a few business
buildings thus made availabla wers occupied temporarily by construction
personnel, who paid rent to the govermmeni for 2ll dwellings,

Construction of houses started on aipril 29, 1943, The first
house was occupied on July 28, 1943. A total of 4300 housing units wers
constructed. This includes 1800 prefabricated one, two and thres bed-
room housea, All of the prefabricated houses were completely fNunished,
and about one~half of the remaiping wmits were furnished. As of 28
Fabruary 1945, all houses are occupied or in process of assignment.

To supply the needs ¢f the community, the minimum mercantile
rsquirements were determined, =nd facility buildings were constructed to
meet these needs, These facilities are listed cn the following page.

As these btuildings were completed, invitations to bid for
operation of each facility were circulated to potential operators. Care-
ful financial investigations were made on sach bidder, and the business
experisnce of the bidder and his proposed key perscnnel was checked,

Bids were submitted on a basis of payment of a percentage of
monthly zross income as the rental payment., The methed followed for
selection of operators resulted in bringing excellent merchandising
organizatiors to the town, with rentals frem the business buildings
totalling approximately $250,000 per year.

. There were inquiries and applications by operators of various
other types of businesses, but these were turned dom, These businesses
included bakeries, jewellers, gif't shops and others that are deeirable in
2 commpnity of this size, but the fact remained that they weras not es-
sential, Therefore, no buildings were provided fcr them.

Tha volume of business done by each of the facilities in the
tovn has been ample evidence of the necesasity for their being get up in
Richland., The town is isolated from large marketing centers, Pasco and
Kennswick being tha closest. The populaticn of Richland, however, is
greater than Pasco and Xennewick combined.

: D RANt
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thosge emargency tanks through the pile. This assures an adequate
flow of water through the pile for a short period while steps are

being taken to reestablish the normal flow, a

Power Supply

Blectric.=-The primary power requirements for water pumping
and other services are supplied by a 230,000 volt electrical transmis-
aion system connected to the Bomneville and Grand Coulee system. The
total compected load of the thrse 100 Areas is 84,850 kilowatts of which
more than 60,000 kilewatts result from motor driven water pumps.

Stean.==A boiler plant is provided in each 100 irea to fur-

pish an indeperdent scurce of power iIn the svent of failure of the main-

electric supply, However, the amount of steam generating capacity and
mmber of steam turbines do not duplicate the electric power capacity;
they ars limited to those requirements where less than complate depend=-
ebility would be disastrous. The combined capecity of the steam
generating equipment of the three pile areas is 1,200,000 pounda per
hour or about that required %o producs slectric power at the rate of
120,000 kilowatta.
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advantageous to transfer operationa from the massive shielding of
Building 221 into a more normal type of structure.

There are six working areas, or cells, in the Concen-
tration Building, Tour of the cells are identical and contain the
same standard wnits as in the Cell Building, No provisions ars nade
for remote maintenance although operation and ccntrol of process steps
is accomplished from the central operating panels, A fifth cell con-
taina equipment and vessels for transferring process solutions between
buildings 221 and 224, The sixthk cell contains the equipment for the
final plutonium concentration before transfar to Building 231.

3] == Isolat .~=Upon arrival at the Isolations
Building, the plutoniwm which was originally associsted with a tom of
uraniwm in the form of slugs has been concantrated to en 8-gallen solu-
tion. Consequently, the squipment for final preparation is greatly
reducaed in size from that required in earlisr processing.

Vaults are provided in the Isolationas Building for re-
ceiving process solution from the 22, Building and for storing finished
plutoniitm until transferred to the Army. TFive cells are provided in
which the processing steps are performed in stainless stesl vessels be-
hind glass, The remainder of the building houses laboratories, offices,
ventilation equipment, stockrooms, and other necessary facilities,

Throughout the Isolations Bullding clsanliness and safety
are emphasized becausa of tha extreme toxlcity of plutenium, Every
conceivable precaution is taken to avoid personal contact with the pro-
duct.
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rate than they were baing created and the earlier events were sub-
stantially repeated.

There wers numerous possible causes of the parasitic
neutron absorption but there was no immediate concrete evidence which ™
adequately explained any of the possibilities. In order %0 evaluate
the various possibilities, the plle was again started and the power
held at about 2,5 megawatis for 6 hours followed by a longer run at
1.7 megawatts, It was determined that continucus opersticm could be
maintained at a power of about 3 megawatts with the pile charged with
901 tubesa, From the data collected at this time, the physicists made
substantially the following analysis and predictions before 2 October
and all of which hava proved to be remarkably accurate:

(1) The parasitic neutren absorption resulted from the
formation of xenan=135 as a fission by-prcduct sle-
ment, With the time expressed as half-lives (the
time required for one half of the amount preasent to
decay to the next element), this is part of the decay
chain of: tellurium (15 minutes} to iodine (6.6 hour)
to xenon (9.4 hour) to cesium (25 year) to stable
bariwm, In this chain, only xenon has a high capacity
for abeorbing neutrons and the xenon capacity is about
50 times greater than that of any previcusly kmown element,

(2) It was predicted that the pile would be able to operate
at the following power levels when the indicated mumber
of %tubes were charged with uranium slugs: 1, megawatis
at 1000 tubes; 59 megawatts at 1300 tubes; 94 mega=-
watts at 1500 tubes; and 216 megawatts at 2004 tubes.

(3) It was predicted that higher power lavels than those -
above would gradually be attained as horon and other im=-
purities with high neutron absorption characteristics
were gradually transmuted during pile operation to less
objectionable elements; and as plutonium formed in the
pile apd some of i1t fissioned to produce additional neuw
trons, This prediction was based on knowledge of some
other fission by=-product elements which would abserb
neutrons and thus retard the piles reactiom.

(4) It was also pointed out that additional power could be
obtained by placing up to 38 instead of the planmed
mmber of 32 uranium sliugs in each tube of the pile;
by making certain that a minimum of alumimum is present
at the ends of the slugs to be charged into the other
two piles; by carefully zoning sluge in the piles so
that the heavier slugs are in the central portiom.
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In the early analyses cf the possibilities of the Han-
ford procsss for the manufacture of plutonium, it was recognized that
sericus neutron absorption might occur among the fission by=product
elements, In all subsequent studies, effort was concentrated on
evaluating the various possibilities with the greatest accuracy per-
missible with the then undeveloped state of lmowlsedge. Thus, even
though the effect of xenon-135 was unknown, the possibility of the for-
mation of some element of similar propertiss was foresean, If the
neutron absorption capacity of xenon-l35 were greater than it is, it
appears reasonabla to believe that it would have been discovered during
the operation of the experimental piles at Argonne and the Clinton
Laboratoriss. In that event, adequate provisions would have been
mede in the Hanford piles to counteract it on the basia of accurate
Imowledge.

Through what has subsequently proved to have been good
juigment, two very important factors were incorporated in the originsl
design of the Hanford piles which have permitied the charging of suf-
ficient uranium slugs to provids a source of neutrons adequate for
saturation of the xenon poisoning and operation of the piles at, or
above, rated power level. The first is the fact that the piles are
constructed with 2004 cooling tubes rather than the 1500 which were
indicated thecretically as being adequate. The sacond is the fact
that 9 control rods were designed into each pile inatead of about three
which were irdicated as being required.

The additional control rod capacity is sssential in ab~
sorbing sufficient neutrons to hold the pile safely when starting for
the first time or after a shutdown when the xenon has decayed to less
absorptive elements, On these occasions, the piles have a far greater
abllity to accelerate in power than was ever coniemplated and are conse-
quently much more hazardous. However, during normal operation the ex~
cess neutroa producing capacity is abscrbed by the xenon and operatlons
are much less hazardous than had been predicted.

Fermation orrosion.==Concurrently with the design
and construction of the Hanford Engineer Works a great deal of work
was done in developing a meams of limiting £ilm formation and corrosicn
with respect to the pile cooling surfaces and for periodically removing
any film which might form. A part of these investigations were con-
ducted by tha Metallurgical Project and the remainder by the Technical
Division at Hanford. Without the succeseful attailmment of thess ob-
jectives, the Hanford pilea could not oparate.

As a Tesult of this work, practicable operating standards
wers ostablished priocr to the beginning of operationa for the performance
of the various water treatment processes and for the final chemical con~
ditioning of the process water through the addition of sodium dichromate
and sodimm silicate, Positive methods were also established for re=
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(o [AGE

SERVICES AND FACTLITIES

[tem Duantity

High School

Grade Schools

Churches

Grocery Stcrea

Crugz Stores

Hotel (Transient Quarters)
Theaters

Red Crosa Headquerters

Bus Depot

Service Stations (Automotive)
Bank ,
Poat 0ffice

Garage (Automotive Repairs)
Pire Stations

Recreation Building
Hanford Engineer Works Administraticn Area
Cafeteria

Hardware Store

Optical Shop

Western Union

Railway Exprass

Barber Shop

Beauty Shop

General Marchandise

Men's Furnishings

Women!s Apparel

Shoe Store

Shoe Repair Shop

Hoepital and Medical Center
Lawndry

Milk Store

Nursery {(Children)-
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