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OBJECTIVES CF HANFORD OPERATIONS N
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_The.cbjectives of Hanford operationp’are the/merufecture—and-
g 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, monsy, and materials com-

mensurate with the maximum degree of certainty in attaining the ob-
jectives.

A seccndary accomplishment will be to make sufficient quanti-
ties of plutonium, together with accumulated operating knowledge, avail-
able to the Government for assuring future national security and the
conservation of the limited supply of vital raw materials..

All efforts of the responsible organizaticns have been well
coordinatsed and have been directed toward the full attainment of these
_ objectives and accomplishments, The responsible organizations are as
' follows: The E. I. du Pont de Nemours & Co., the Prime Contractor;
the University of Chicago Metallurgical Project, Consultants; and the
Corps of Engineers of the Army directly representing the Government of
the United States, The Office of Scientific Research and Development
has furnished invaluable scientific guidance in the process development,
although it is not directly involved in plant operation.
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SECTIGN II A
. ol
FACTS ABOUT PRODUCTION OF PLUTCH SECONDARY, PRODUCTS <

o
e

-

~ The processes developed to produce plutonium, and practiced P
at Hanford, are described elsewhere in the historical, research, and de~
velopment documents of the Manhattan District. The following summary,
however, is included here to make available readily the slementary facts

- which apply specifically to plant operations,

Plutonium.~-Plutonium is the name given to a newly discovered
 chemical element of atomic mmber 94 which is obtained by transmutation
of wranium of atomic number 92. Uranium was the heaviest element knowm
and contimies to be the heaviest element kmown to occur in nature.
- 3
Uranium,--Uranium occurs naturally in three different forms !
called isctopes. In the Hanford process, advantage is taken of the 1‘
properties of two of these isotopes possessing atomic masses of 235 and
238, Uranium=235 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 mroduction
methods, Uranim=235 is vital to the Hanford process and ite function |
i3 described below, Uranium=238, in the Hanford process, is tranamuted
to plutoniume239 which does possess the desirable military and power pro=
ducing properties of uranium=235 and which, because it is a specific and ' |
distinct chemical element, can be separated from other chemical elements . ),:j
by difficult, though feasible, chemical methcds, —_

Hanford Procesg.--Briefly arnd very generally, the facts of
the Hanford process for the manufacture of plutonium=239 are as follows:

e

A

(1) Metallic uranium is surrounded by graphits;

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

(3) The structure is such that these neutrons must pass
through the graphite which reduces them to a velocity
which permits their absorption by both the uranium=238
and uranium=235 producing:

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

formation of scme 25 .highly radiocactive by=product
chemical elements,

DECLASSIFIED WITH DELETIONS | 2
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(6) The emission of neutrons slightly greater in quantity
than those absorbed, and

(7) Large quantitises of heat approximately equivalent to
the burning of 3,000,000 pounds (1500 tons) of coal ~
for esach pound of plutonium formed,

Chain Reactiog.=-The slight gain, or multiplication, in neu-
trons which accompanies the destruction of uranium=235 is the primary
factor which makes the Hanford process possible. This process of
neutron multiplication and use is what is commonly called a chain re-
action, The gquantity of these neutrons present in the graphite-uranium
structure at any instant must be controlled, If an excess of nentrons
are absorbed other than in the uranium-235 such as the formation of an
excess of plutonium, capture by any of the large mumber of chemical ele-
ments present or leakage from the structure, the chain will be broken
and the reactions will cease, If, on the other hand, the multiplication
of neutrons is permitted to procsed without limit, the heat released by
the destruction of an excess of uranium=235 could not be dissipated with
sufficient rapidity to prevent a condition of serious damage or hazard
and, perhaps catastrophe, The pile is so comstructed that an excess of
neutrons ars always available, This excess is regulated by neutron ab-
sorbing rods, called control rods, which are inserted into, or withdram
from, the pile so that the mumber of neutrons available are always pre=
cisely limited to meet the requirem\ents.

Heat Removal.--Thus, it is séen that the graphite-uranium
structure, called a pile, is a heat producing unit, The heat developed
determines the rate at which the reactions and, comnsequently, the rata
of plutonium mamufacture may proceed, This great amount of heat must ‘
be dissipated and, in the Hanford piles, this is accomplished by a water -
cooling systam the capacity of which is the limiting factor in determin=-
ing the rate of plutonium marmufacture.

Bile Capecity.--Since the rate of heat removel is proportional
to the rate of plutonium manufacture, each of the three Hanford piles is
rated in terms of heat removal or power units and the megawatt (one
thousand kilowatts) was chesen. The rated capacity of each pile is
250 megawatts which rate of operation is approximately equivalent to the
burning of 850 tans of coal per day.

t tection.=-The radicactivity associated
with the operation of the Hanford piles and in subsequent processing is
great. The energy of radiation within each pile at rated capacity is
roughly equivalent to that which would emanats from 3,000,000 pounds of
radium, The total amount of radium isolated prior to the outbreak of
the war was less than onme millionth of this amownt. It is of the utmost
importance that these very penetrating radiations be confined adequately
30 that cperating personnel may work safely, Thua, 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
magonite, iren, steel, concrete, water, and lead depending upon the
specific requirements to be met,

o -
.

Detection of Radiocactivity.--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 precautiomns are )
taken to determine the presence and to maintain recards of stray radi-- /
ations and the degree to which persons have been exposed to them, This
is necessary for the protection of all personnel in the manufacturing
areas as well as all inhabitants within a radius of some fifty mileas,
Monitoring stations have been located at appropriate locations within
the required area to provide records of such stray radiations and which
records can be produced as evidence in any possible future legal actioms
against the Govermment, These precautions require a staff of highly
trained technicians equipped with special instruments for detecting,
measuring, and recording the intensities of the various radiations.

Secondary Productg.==In addition to plutonium, a quantity of
radiocactive polonium is manufactured at Hanford., This is accomplished
by exposing metallic bismuth to the neutrons in the pile, The polonium
resulting from this exposure possesses properties which are required fer
other Manhattan District work, After the required period of irradiationm,
the bismuth slugs enriched with polonium are discharged from the pile and
transxerred to the A:my W—wher—eﬁe

~

ty -
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SZCTION III

SUMMARY OF MANUZTACTURING OPZRATIONS

300 area

100 Area
200-X Area
200 Areas
Final Product

Mamifacturing Time
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SECTICN III
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The primary manufacturing facilities at Hanfard are located
in the 300, 100, and 200 Areas.

300 Areg,=—ietallic uranium is received in the 300 irea . HV
whers it is fabricated into-individual pieces, called slugs,\ and ¢ {
bonded into alumirum cans,

100 Area.—~The canned slugs ars trensferred to the 100 Areas
where they are placed into the 2004 water cooling tubes which pierce
each of the three gruphite piles, The rate of plutonium manufacture
varies within the piles and, at rated capacity, the most highly enriched
uranium will contain about 225 grams, or cne half pound, of plutonium
per ton of uranium at the end of about four months or about ons quarter
of a pound per ton at the end of two months, After the desired amount
of enrichment hae been cbtained, those slugs containing this amount are
discharged from the pile and replaced by freshly canned slugs, It 1s
exnected that about 30 tons of slugs will be discharged by remote handling
methods and replaced each month at each pils.

200=N Area,=- The discharged sluge require sbout sixty days
of storage under water for decay of the radicactive fission by=product
elements to a safe level for handling; thie is accamplished in the
200=} storage arsa. This is required even though massive shislding is: -
provided for the subsequent processing, This time lag alzo permits
the substantial completion of the formation of plutanium from the inter-
mediate element neptunium of atomic number 93.

200 Areag.—~The slugs are then ready fcr shipment to the 200
Area Separaticn Plants in specially designed, lead=lined casks. In the
200 Areas, the sluminum jeckets are dissclved from the slugs after which
the plutonium is 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
plutonium 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 subemicroscopic 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.

, L T
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t «==This summary indicates the time require-
ments for plutonium production, More than six months are consumed with

operaticns at rated capacity from the time uranium is charged in a pile
before quantity production of isolated plutonium is available for trans=-

fer to the Army for shipment to another site for further processing,

‘
DECLASSIFIED WITH DELETIONS
—

1101490



300 _ARFA OPERATICNS 4WD FACTLITIES

SECTICN IV

‘Extrusion

Cutgassing
Straightening
Machining

Canning Requirements
Canning Frocess
Firal Kachining
Welding

Inspection and Testing
Autoclave Testing
Quantity Requireuments
Slug Recovery

Other 3CC-irea Facilit
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SECTICN IV

(0.4 OPERATICNS AND FACJLITIES

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

under the jurisdiction of the Madisom Square Area of the Manhattan / o
District, .

«==The billets are heated In a furnace, in an inert
gas (argon) atmosphere, to a working temperature of about 1700 degrees
Fahrenheit, They are then extruded into rods about 13 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.

Qutgzassing.—-The rods receive a preliminary straightening Ce
manually, are quenched in water, and are then outgassed. The out~
gassing is performed to remove hydrogen from the metal to prevent for-
mation of gas pockets or a bulky chemical compound of uranium and hydro-
gen either of which might result in serious difficulties in pile operation.

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

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

.
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away by the cooling water with resulting serious radicactive contamina=-
tion of the pile area and the Columbia River.

+=~Following canning, the ends are machined to
marks made under a fluoroscope which assures an equal amount of aluminum
at each end for heat transfer and a minimum of alumimum to prevent ex—
cess neutron absorption.

Welding,=-After degreasing, the top cap is then welded to the
can by means cf an argon shielded arc to assure maximum freedam from
le&kao

Inspection and Tegting.~-The inspections and testing of each
camned slug are performed to assure acceptance only of those which meet

the specificaticns for surface defects, dimensions and warpage, penetra-
tion of aluminum=silicon through the aluminum can, and bonding of the
uranium slug to the can.

o~=One final, drastic test is applied to each
slog. This consists of exposure to steam at a pressure of about 100
pounds per square inch for forty hours. Canning quality has been such
that less than one failure occurs for each 2000 slugs swrviving previous
inspectiora and tests, As of 1, March 1945, a series of 25,000 slugs
have passed the above autoclave test without a single failure.

Quantity Requirements.=-The megnitude of the wranium fabrica-
tion and canning processes is indicated by the following approximate
requirements: (1) more than 1250 toms of billets were required for the
initial charging of the three piles; (2) more than 130 tonas of billets
are required for normal replacement each 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 operations have
been established, ’

Sluz Recoverv.=-Slugs rejected from the canning process are

sent to the Recovery Operations for reclaiming of the uranium for re= .
canning, In this process the cans and bonding layers are removed by

S ——
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dissolving in a mixture of caustic scda and sodium nitrate followed
by immersion in hydrofluoric acid,

ot 00=Area Facilities.=-The 300 Area also includes the
fellowing facilitiess %1; offices, library, and laborateries for
scientific and technical persormel angaged in furnishing necessary
assistance for all phases of Hanford operations; (2) a test pile far
determining the neutron absorption or emission properties of all
materials such as graphite and wranium used in the construction or
operatian of the manufacturing piles; (3) semi=-works for investigating
problems arising in the separation and isolation of plutonium from the
uranium and fission by=-product elements; (4) special shops and facili=
ties for manufacturing, repairing, modifying, and calibrating the many
types of electronics and other instruments required in the mamifacturing
processes and sefety surveys; (5) a standards building for storage and
use of the radium and radium=beryllium sources required for calibraticn
of the special instruments and which also houses a small, special pile
for calibration purposes; and (6) miscellanecus service facilities such
as boiler plant and water supply.
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100 ARZA FPACILITIZS 40D CPERATIONS

General

Water

Helium

Auxiliary Facilities
Size of Area

Pile Structures
Dischargiang Operations
Plutonium Accountadbility
Helium Systen

Coatrol ard SaZety Rods
Instrumentation znd Control Systems
Removal of Heat

Water Supply

River Pumps and Reservoir
Filter Plant
Deminerzlization
Deaeration

fefrigeration

Process Water Storage
Process Wwater Pumms
Zmergency Water Tanics

Power Supnly
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SECTIMN V

100 FACILITIES AND OPERATIONS

Genergl,~-Thers are three pile areas for manufacturing plu-
tonium designated respectively as 100-B, 100=D, and 100-F., 1In each of
these areas, the pile is the focal point toward which all other activi-
ties and awdliary processes are directed. The awxdiliary manufacturing
facilities of these areas include several main features the most im~
portant of which is an unfailing supply of extremely pure and precisely
treated 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 corrosion and film
formation in the water cooling tubes and the canned uranium slugs in the
piles The facilities for water treatment include filtration plante, -
demineralization equipment (for 100-D- only) deaerators-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 temperaturse rises, Following this
treatment, the water is pumped to the piles. After passing through the
piles, the water is held up in retention basins to allow decay of certain

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

v

Heliwm.=-~In addition to the water, helium is circulated through

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

. Auxilisry Facilities.-=Steam power, high voltage electrical
power, shops, storerooms, laboratories, and offices are also included in
the facilities for each pile area.

Size of Area.=-Each of the 100 Areas occuples about 685 acres
of larnd,

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

Pile Structures.==tach pils is a heat producing unit designed
to liberata the heat equivalent of 250 megawatts or approximately that
which would be released from the burning of 850 tons of coal per day.

11
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The pile consists essentially of a block of exceptionally il
pure graphite about 36 feet by 36 feet by 28 feet, From front to rear (../
this block is pierced by 2004 holes in which are located aluminum water
cooling tubes, The canned uranium slugs are charged into the aluminum .
tubes and rest upon two ribs located at the bottom of the tubes. This
design permits the cooling water to pass through the anmular space be=
tween the slugs and the tubes,

The graphite block rests upon a massive concrete founda-
tion and is surrounded on the four sides and the top by shielding approxi-
mately six feet in thickness comprising about one foot of water cooled
cast iron 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 shields and are comnected to an intricate
system of piping which, in turm, is connected to the water supply and
discharge systems, The connections are such that refrigerated water can
be passed through the central, or hottest, zone and unrefrigerated water
through the outer zone,

The sides and top of the graphite and shielding contain
additional holes for insertion or withdrawal of the neutron absorbing
control and safety rods and for special test purposes. s

c\ 4 I' .

Discharging Operations.=-As previocusly described, plutonium is
cantinuously mamufactured and 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 pils.

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 are charged, or pushed,
into an aluminum cooling tube, the enriched slugs are forced out at the
other end falling freely onto a neoprene mattress and, thence, into the
water of the discharge storage basin, The discharge facs of the pile
is evacuated of all personnel during these operations because 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 msnually by the use of long tongs, placed in special buckets
suspended from an overhead monorail system, and weighed. The buckets
are then placed, by means of specially designed apparatus, into a lead-
lined, water cooled cask =nd transferred to the 200=North Aree on a
special railroad car,

Dt a2
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géggggigm_Aggggggggiliﬁx ~--It has been stated that the total
amount of plutonium manufactured is determined by the power level, time
of irradiation, and location within the pile. The history cf each of
the approximately 70,000 slugs in each pile relative to these statistics
is kept by means of autcmatic 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 volds within the pile
structure be filled with some gas which will nelther affect the process
adversely nor present a serious health hazard in the event of leakage
from the plle. Air camot be used because its nitrogen absorbs neutrons
effectively and its argon becomes intensely radiocactive 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 satisfactory rate. Only the impuri-
ties which may be present in the helium present a serious problem, Thus,
helium circulation and purification systems are provided so that impuri-
ties may be removed. Moisture is removed by circulation through silica
gel which is regenerated as required; other impurities are removed by
compressing the helium to extremely high pressures and refrigerating to
extremely low temperatures followed by circulation through activated
carbon. The activated carbon is regenerated by application of an ex-
tremely high vacuum. All of these operations are carried on behind
massive ccncreta walls and by remote operation of the equipment becauss
of the intense radioactivity of the impurities, High pressure helium
storage tanks are provided to permit ready replacement of that helium
whicz is normally lost from the system.

Coptrol and Safety Reds.==As previously menticned, the quantity
of neutrons present in the pile at any instent must be precisely con-
troiled and this is done by inserting, or withdrawing, rods which contain
the element horon which possesses the property of absorbing neutrons ef-
fectively.,

i

Nine horizontal hydraulically operated, water cocoled con=
trol rods are provided for each pile and enter the graphite from the ,
side, These rods are used, in whatever gquentity is required, for regu- -
lating the process from moment to moment. In the event of loss of
electric powver, reduction of process water pressure, or a number of other
predetermined conditions, these rods are driven into the pile automatically
to stop the reactions, These rods are designed with sufficient capacity
to sbsorb excess neutrons resulting from any condition except loss of
water from the cocling tukes.

In addition to the nine horizontal control rods, 29 verti-
cal safety rods are provided which are not water cocled and which ars
normally suspended sbove the top of the pile. The vertical rods ers J
released automatically to drop by gravity into the pile upon the occurrecce

- A h) ~ |
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of any of a number of predetermined events more serious than those
which insert the horizomtal rods only.

Instrumentgtion and Coptrol ngtggg.-The pile process is |
of such nature that operaticn would be impossible without instruments *%,

which measure accurately conditions which exist at points within the
pile and at other remote and inaccessible locationsa.

A1l pile control operatione are conducted from a centralifﬂ
control room, The operator is seated in fronmt of the main centrol "ﬁ
paxel where he may observe reedily those instruments which keep him
constantly informed of power level, minute deviations from operating
power level, control rod positions, and the identification of any of
28 conditions which have either automatically inserted the control or
safety rods into the pile or which require investigation. The opsrator
also has immedistely at hand the switches for adjustment of control rod
positions end for emergency manual insertion of the contirol and safety
rods, :

Four additional instrument panels are provided in each
pile control rcom furnishing important informetion relative to scme 5000
individual conditions of the pile or the contributing euxiliary pro=
cesses, For example, the water pressure at the inlet of each of the
2004 pile cooling tubes is indicated on one panel and these instrumepts
are so constructed and connected that & previocusly determined deviation
above or below the standard pressure causes the nine control rods to be
driven instentaneously into the pile stopping the reaction. The exdt
water temperature of each of the 2004 tubes may be measured asutomatically
at sufficiently frequent intervals to assure safe operation. Other
penels furnish information relative to total water flow, water supply
pressures, the functioning of the helium system, radicectivity in various
parts of the building, and many other importent conditions.

Other important instrument and control centers are lccated
within each 1CO Area in the boiler houses, and at various points in the
water supply, distributicn, and treatment systems.

Removal of Heat.=-More than 90% of the heat developed is in
the uranium and is transferred through the slug jacket directly into the
cooling water raising its temperature, Most of the remainder of the
heat developed is from the bombardment of the graphite by neutrons; a
small amount is developed in the shields. Normally, more heat is de-
veloped and more plutonium manufactured in the cemtral tube of the pile
than in any other; the central tube is approximately twice as effective
in heat and plutonium production as the average tube; the outer tubes
are less effective. If an abundence of neutrons are available, this
distribution of heat can be adjusted somewhat by a process known as poiscm-
ing in which neutron absorbing slugs are interspersed within the pile so

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

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

exit water temperature of the hottest tube is limited to approximately ...
65° Centigrade for a number of reasons includirg a factor of safety \
below the boiling point of water and because seriocus corrosion of the
aluminum 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 arowd
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 if a higher exit water temperature could be tolerated. The total
amount of water pumped through the three menufacturing pilles is more
than would normally be required for a city of 1,000,000 population.

Because ordinary water absorbs neutrons 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 neutromns to
avoid capture and contimue the chain reaction required by the process.
This amount of water, in turm, limits the size of the annular passage
through which the water must flow in passing through the pile and this
annular passage is scmewhat more than 1/16 inch in thickmess. This
fact has resulted in the most severe heat transfer problem ever en-
coumtered and demands almost complete freedom from film forwation on the
cooling surfaces; this is distinct from the requirement of freedom from
corrosion to prevent contact of water with the uranium.

Water Supply.~-The previously described control and safety

rods function to stop the reasction within the pile within approximately
2} seconds. However, the pile will contimue to generate heat indefinite-
ly 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
%o 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 condition resulting from stoppage of the water supply would be a
steam explosion requiring complete abandonment of the pile area unless

- it should be of such violence that the radicactive uranium slugs were ¢
scattered over a wide area making a much larger amount of territcry un-
tenable,

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

In addition %o the primary process requirements, water is
required for condensing the steam exhausted from the many 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 operations is
indicated by the fact that the combined rated capacity of the 40 river
punps is 377,500 gellons per minute or approximately the amount required
for a city of 5,000,000 populaticn. The following tabulation is a .
partial list of water pumping facilities for the three pile areas:

dpproximate
Number Total Capacity
Service of Pupps = GQallons per Mipute
River Pumps L0 377,500
Reservoir Pumps 85 . 360,000
Filter Plant Pumps A 175,C00
Main Process Pumps 72 108,000

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

River Pumps and Reservoir.--tWater is pumped from the river by
means of 10,000 gallon per minute motor driven vertical pumps. In
addition, steam turbine driven pumps ars provided for stand-by servics.
In each area the water is delivered from the river pumps to a 15,000,CC0
gallon reservoir from which it overflows into an adjacent 10,0CC,C00
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 Plant,--The 36,000 gallcn per minute filter plant for
each 100 Area ccnsists of chemical feeding equipment, mechanical mixing
and flocculating chambers, subsidence basins, gravity filters, and two
5,000,000 gallon clear wells for storage of filtered water. 1In the
filter plant, the suspended material present in the water is removed by
treatment with suitable chemicals followed by a sedimentation periocd and
then filtration through a bed of specially treated anthracite coal, sand,
and gravel, Provision is also made for chlorination of water before and
af'ter the filters ard for individual chlorination of the sanitary water
supply. -

Reminerslization.--A 30,000 gallon per mimute demineralization
plant is provided in 10C-D to assure distilled water purity if neceassary
and space has been left for similar installations in the other areas.
The demineralization plant is designed to remove dissolved calclum, meg-
nesium, and sodium salts by passing ths water through sulfonated coal.
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In the process, these salts are converted to their corresponding
aclds. The aclds, except for the carbonic acid which is formed,
are removed by passing the acidic water through a special material
called De-Acidite.

Degeration,=-Deaerating equipment is provided in each pile =
area to remove dissolved gases from 30,000 gallons per mimute 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.
Deaeration (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 these
units for adjusting the acid content cof the exit water in controlling
corrosion. Equipment for feeding other chemicals such as sodiuvm di-
chromate and sodium silicate are alsc provided for corrosion conmtrol.

Refricseration.=~Provision has been made in 10C=D and 100=F -- -
for supplying chilled water to the central portion of the piles. Ap~
proximately 14,C00 tons of refrigeration has been provided in 100=D and
10,000 torns in 100-F. One ton of refrigeration represents the equiva-
lent amount of heat required to freeze one ton of watsr per day at 32
degrees Fahrenheit,

Brocess 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 each pile area,
Each tank has a capacity of 1,750,000 gallons and two tanks are normally
connected to the chilled water system and the other two to the unchilled
system,

Process Water Pumpng.--The process water tanks feed by gravity
to the suction of the Process ilater Pumps which forca the 30,000 zal-
lons per minute of water through the cooling tubes of each pile. These
pumps are arranged in sets of two in series, Each set consists of cne
3,900 zallon per mimute elsctric pump and cne 3,000 gallon per minute
steam turbine driven pump. The motor driven pumps ars provided with
flywheels so that they will continue to pump fcr = mumber of seconds
after an electric power failure. The time element provided by the fly=
wheels is to assure a positive flow of water through the pile while the
cantrol and safety rods are being inserted to stop the pile reaction and
to permit the automatic control systems for the boiler plant and steam
turbine driven process water pumps to act to accelerats steam generation
and water pumping by the steam puaps,

ncy Water Tanks,~-=Two 300,000 gallon emergency watar
storage tanks are connected into the water system to the pile. 1In the
event of failure of both steam and electric power systems, the watar pres-
sure to the pile will be reduced to the extent that water will flow from

DECLASSIFIED WITH DELETIONS

101504

—



1101505

these emergency 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.

Power Suvvlv

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 connected load of the three 100 Areas is 84,350 kilowatts of which
more than 60,000 kilowatts result from motor driven water pumps,

Steam,--A boiler plant is provided in esach 100 iArea to fur-
nish an inderencent source of power in the event of failure of the main
electric supply. Hewever, the amount of steam 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 te disastrous, The combined capacity of the steam
gererating ecuipment of the three pile areas is 1,200,000 pounds mer
hour or about that required to prcduce electric power at the rate of
120,000 kilowatzs,

Note:--Cf the abcve described facilities, the demineralizaticn
and deaeration plants are not being used, These facilities were in-
cerporated in desizn and construction on the basis of the best knowledgze
and judgment available at the time, Subseguent research and develop-
ment relative to rilm formation and corrosion provided more satisfactory
end lower cost rethods for limiting these conditions than 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 deaeraticn is now ccnsicered undesirable, It is possible that
accurulated operaiing knowledge will indicate a future need for the de-
mineralization and ceaeration fucilities,

N e———
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SECTICN VI

200 4RES FACITITIES AND OPERATIONS ‘ _ -

Decay Storsse.~-After discharge from the plles, the uranium
slugs enriched with plutonium are transferred to an intermediate.
storage area, the 200=} Area, where they ere held for forty-five to
sixty days of underwater storage. During this storage period much
of the intense radiocactivity is reduced through decay, and formetion
of plutonium is substantially completed. The 200-N Area consietis
of three separated storage basins equipped with mechanical facilities
for handling the slugs while under water,

Sepgrationg Plants.--After the necessary pericd in under-
water storage, the slugs are trensferred in their original buckets,
using specially constructed and shislded railroad cars, to one of the
three Separations Plante of the 200 Area. Each of these plante,
designated as 200~T, 200-U, and 200-E, it capeble of processing uranium
slugs at a normal rate of thirty tone a month, or a total of ninety tons
a month for the entire 200 Area. The major steps in the separation and
concentration of plutonium are accomplished in these plants; final iso-
lation in the form cf a pure product is carried out in a separate small
building, the 231-W Building, which serves =11 three Separatioms Flants,

iLLi % of Plutonium S tion.=-The fact that plutonium
is a new and specific chemical element makes it possible to effect a
separation from uranium, and from some twenty~five fission by-products
of the pile operatiom, by use of a chemical process. Operation of such
a process is complicated by (1) the extremely small amounts of product
which must be isolated from gross quentities of the parent uranium, and
(2) the intense radioactivity of the by-products present. The relative
proportion of plutonium is so emall that in many steps of the process,
the amount present in the soluticns is actually less than the normel
hardness of the water used in preparing these solutions. Because of
the radicactivity and its hazard to operating personnel, a major part
of equipment must be operated and maintained by remcte control behind ',
nmassive concrete shielding., Because of these factore the separations
process, while not especially complex in principle, has presented a
number of unigue problems which have had to be met by radical departures
from the ordinary stendards of chemical plant practice.

Possible Separations Processes.=-—-A number of processes were &b

developed for mccomplishing 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
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thc most powerful nicroscopes, the results have beer truly remarkable,
The process chosen for Hanford Cperations i: called the Elsmuth Fhos-
rhate Process and this, together with the other possible processes, is
described in deteil in the recorded history of hManbattan Dlstrlct re-

search sxd dEVEIOPMGEt.\&It« - >
Bisputh Phosphate Process.--The Bismuth Phosphate Process | - -«

is a wet precipitation method in which the insoluble compound bisrath
phosphate is used as a carrier medium in separating small qnantitieg of
plutoniun from large amounts of solution, The principle is analogous

to that used in the isolation of radijum from ite ores, where the amount

of key material is likewise go smzall that it cannot be precipitated
directly but must be thrown out of solution in combination with much
lorger amounts of a "carrier® substance., After the slugs have been
dissolved, a single precipitation is sufficient to separate plutonium
cleanly from the vranium, but an extensive series of further steps is
needed to eliminate the associated fission by=-products for reduction of
the radiocactivity to one ten millionth of the starting velue, This

large reduction in radioactivity is required befors the product cean be
handled safely without shielding, This series of steps comprises several
bismuth phosphate precipitations, with the plutonium alternately in its °
soluble and inscluble feorm, which is controlled by adjusting its valence
state through eppropriate chemical treatment. During this processing,.
the one=helf pound of plutonium formed in a normal charge of 2000 pounde
of uraniun must be handled in as much as 4000 gallons of solutiom.

These large volumes are reduced in the final steps of the process by
shifting to & more efficient cerrier medium, lanthammn fluoride., The
use of this carrier in smaller amounts makes it possitle to dissolve the
final, purified plutoniuu-czrrier residue in about eight gallons of solu-
tion, In this form the materisl is subjected to 2 final isolation treai-
ment in which the plutonium is separated from carrier, precipitated from
the sclution as an essentizlly pure {over 98%) product, separsted, and
prepered for shipment as a concentrated solution equivalent te about eight
ounces for each sterting ton of enriched uranium siugs.

gic Ope ops.=-From the standpoint of equipment reguire=-
ments and operating techniques, the separations process may be considered
es made up of six basic operations which are perfcrmed consecutively.

(1) glug Dissolvipg.—In this operation the aluminum cans
and bonding coatings which envelope the slugs are
first dissolved and separated, after which the uranium
with its fractional per cent of plutonium and fiesion
by=products is diesolved in a strong acid.

(2) Extractiop.—Ir this operation, the plutonium is pre-
cipitated (with bismuth phosphate carrier) from the
solution of uranium 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)

Deconteminetion.—-This is e seriee of steps which 1s
carried out to reduce the fission by=-rroduct elements

by & factor ¢f 100,000 fold and thus permit fxrtaoer
frocessing to be carried on without the use of messive
shielding, This is accomplished by four successive '
bisgemuth phosphate precipitations, with the plutoniwm %
alternately in the soluble and insoluble states, and
from which the plutonium emerges in combination with

approximately one hundrsd times its weight of bismuth
pvhosphats cerrier.

Concentration,=-This operation serves a double purrtose
of firther decontamination (by 100 fold) ané reduction
in bulk by substituting ar insoluble lanthanum compound
for bismuth phosphate as a carrier medium. ‘

Isolation.~-In thie step plutonium is separated from
lanthanum by precipitation as the inscluble plutonium
peroxide. This compound iz converted to plutonium
nitrate, the solution of this pure seli dried to e peste
and the concentrets transferred to the Army for shipment
tc another site for further processing.

Waste Disposal.~~In the several steps above, large
volumes of licuid waste are asccumuleted which, becauss

of the value or health hazard of the constituents,

cermot 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 ocutside air, These waste
produets are emumerated as follows:

a8 Uraniyp.--The uranium hes been partially depleted
of its power producing isctope 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, Fission bwerroduct elements.=-Many of the radiocactive
fission by-product elements are sc long=lived and so
nazerdous that disposal into the sendy soil of Hanford
or intc the Columbia River is imprecticable because
of its possible effect on weter supply and fishing
industries.

c. Gageoug by=mroducts.=-Certain of the filssiom by=-
product elements are in the form of gas so radiocactive
that dilution with atmospheric air of the order of
one cubic feot of the gas to one cublc mile of air
ig¢ required for safety., These gases are partially
diluted before relsase and are then discharged frecm
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tall stacks to assure edeguate dispersel.

-
Quentity cf Waste Producis.=-To meet these requirements, -
the liquid waste producte, which amownt to about 15,000 gellons per
one=half pound of plutonium, are placed in large underground storage
tanks which will permit appropriate actior to be taken at a later date.
There are a total foriy—eight of these tanks for the three Separations
Plante of the 200 Area,

Sepergtions Plant Facilities.=-The & basic operations described
above are performed in each of the Separations Areas, namely, 200-2,

200-T, and 200~C, ©Eeach _of these areas contains the following process
buildings: 221 - Cell Building; 22, - Concentration Building; 241 =
Waste Disposel Tanks; 291 - Ventilation Building and Stack. The
following process service buildings are also provided for each Separa-
tions Area: 211 - Tank Farm; 271 - Chemical Preparstior and Services;
222 - Control Laboratories. In additior, building 231 - Isclations
is provided to handle the output from the three Separations Areas,
Auxiliary facilities are provided for the Separations Areas and include:
Area Shops, Laundry, Boiler Houses, Water Reservoirs, Filter Plants,
First Aid, Admiristration Building, Fire Departmernt, and large scale
Heat Treating facilities. The most important of the facilitles are
described as follows with emphesis on opersticn and maintenance:

22] = Cell Buildinec,~-The basic operations of Slug Dissolving, |,
Extraction, and the major part of Decontamination are carried out in -
Building 221, frequently called the canyon.

The building is a concrete structure approximately 300
feet long by 60 feet wide by 80 feet nigh., Tour essential operating
considerations are incorporated in its design: (a) adequate protection
of operasting persomnnel from intense racioactivity; (b) remote opere-
tion of the process equipment; (c) maintenance of process equipment
in the presence of intense radicactiviiy; and (d) flexibility of ar-
rangement to permit a wide range of process operatiocrns without major
alteretions,

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
“he use of panel board instruments, switches, and operating devices
wnich keep the operators informed of process conditions end permit ade-
justment of the conditions from the operating gallery.

The meny process vessels and ccnnecting piping are de-
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signed for removal and replacement by means of a specially developed
crane, The crane operater is located in a heavily shielded ceb ‘
and views the crane operstions through a periscope and a televisicn
screen, The pine connections and the nmuts which hold down the eguip-
ment are specially designed for removal and replacement by means of an
electrical impact wrench operated from within the crane cab. The
piping is made up in standard prefabricated units which can be dropped
in place by the crane and then made up with the special automatic
connectors. The crane 1s also required for remote handling of the
uranium slugs in transferring them from the special railroad car and
cask into the dissolving equipment.

An important consideration in the design of the Cell
Building is the flexibility of arrangement., At the time design was
begun, the process was largely undeveloped.. This reguired the in=-
corporation of sufficient flexibility to permit minor changes and elso
fundamental alterations in the equipment arrangement and process flow,
To accomplish this, the Cell building was designed, as far as possible,
as a group of standard units in which different types of process vessels,
pipe connections, and instrument connections can be installed vithout
requiring structural modification.

A group of stenderd units consists of four pieces of
equipment: (a) precipitator; (b) catch tank; (c) centrifuge; amd
(d8) solution tank., Most of the Cell Building operations can be car-
ried out in this standard grouping. For example, in an oxidation
and by-product step, the fission by=-product elements are formed es
solids in the precipitator while the plutonium remsins in solution,
The plutcnium solution and by=product solids are then transferrsd to
the centrifuge where the solids are separsted and cent to the solution
tank, Ths plutonium solution is sent to the cateh tank for transfer
to the next operation,

The Cell Building contains 40 cells arranged side by
side for the 800-foot length of the building, In addition to the
above mentioned standard cells, the following requirements are served:
(a) storage of discarded radioactive equipment; (b) railroad tunnel
for receiving slugs from the 200~N 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 disposal; (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 vessel to anocther by
means of steam jets which have no moving parts,

224 = Concemtration Bujldins,~-As soon as the decontamination
steps have reduced the radiocactivity to a reasonably safe level, it is

Y
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ing operations, once started, may be carried to completlon without
creating hazardous conditions,

Climatic conditions at the Henford site were not known
adeguately but it was believed to be possible that this basin, almost
entirely surrounded by ranges of mountains, might conceivably present
dead calms or slow wind drifts during some seasons resuliing in entirely
inadequate dilutiocn. It was believed possible that sliow drifts follow-
inz the Columbia River could create hazardous conuitions glong its course

Meteorological research was started early in 1943 to
provide information relative to aztmospheric conditions a2t the Hanford
site. The preliminary work consisted of insvections of the site and

cerefl anelysis of existing Veatlisr Bureau stztistics from those stations

closest to Hanford, This worl: indiczted that an elabcrzte resezrch rro-

gram was required, This program was undertzken and & vast amount of data

collected ané analyzed at the 200 Areas at Hanford by a2 force of expert
meteorologists. By November 19.4, stetistics had been prepared for a
full year end subseguent worl: has been devoted largely to verification of

conditions for control of plant operations.

The entire metecrological research progranz has been
directec toward the end that the knowledze obtzined will be correlated

.
r
-

inTormation obtzined to that time and to rcutine forecasting of stmosnheri

so that expert mweteorological personnel will be requirecd only for a limited

. time, It is expected thut routine weather observations will be made by

regular operations personnel and that the scheduling of plant operations
will be accomplished from these observations,
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SECTION VII

SELEXCTION OF OPERATTONS CCNTRACTCR

From the foregoing description of primasry and auxiliary
operations at Hanford, it is seen that they present innumerable
hazardous and previcusly umexplored elements in combination with a
wide variety of other work requiring high standards of industrial
practices.,

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

An unprecedented high standard of industrial organization
was required to assure the close cooperation of every individual
associated 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 contractors,

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 svents have proved, that

the selection of the T, I. du Pont de Nemours and Company as the
Operations Contractor was well conceived.

B s e )
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SECTION VIII

DISCUSSION CF CCNTRACT
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SECTION VIII

DISCUSSION QF CONTRACT

The United States Govermment, 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 ard operation of the plant designated as the Hanford Engineer

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

The Contract provisiona, in general, follow the pattern of
the standard Cost-Plus-Fixed-Fee Construction Contract, modified to em=
brace the training of persomnel and plant operations. The work covered
under design, engineering, comstruction, equipping 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 covered umder Section VIT,

The essential provisiona in the operation of the plant clauses
are oriefly summarized as follows:

(1) Cecntractor is to notify Contracting Cfficer as each unit
is completed for operatiom.

(2) Contractor is to make every reasonatls effort to produce

product but make no guarantee that any product will be
produced.

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

first unit is ccmpletad for operation, Second periocd
of operation begins at the end of the first period of
operaticn, after notifying the Contractor in writing cne
half year after the first unit is completed for operation
that such continued operation is desired., The seccrd
period of operation continues for such periocd as may be

- desired by the Government, but not to exceed the duraticn
of hostilities with the Axis Powers plus nine months.

(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.

DECLASSIFIED WITH DELETIONS



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

but Contractor makes no guarantee that said specifi-
cations will be met. Tentative specification is

covered under Section X. =
. .
(6) The Government takes delivary and titles to product at
the ‘Pla-nto A
(7) The Govermment furnishes the Contractor with the
principal raw material.
- ' (8) Patents covering inventions made by the Contractor will

lie solely in the United States.

In addition to and part of ths Contract, there exist several
other documents, which explain the reasons and circumstances lying be=~
hind the contract and must be considered for a thorough eppreciation
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 and Supplement
No. 1 dated 31 March 1944,

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

(4) Memorandum Covering Technical Basis for Work under the
Contract,
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SECTION IX

DEPARTICNTAL ORGANIZATION OF OPZRATIONS CONWTRACTOR

P Departmezt

S Depertment

Technical Department
Power Departiment
Maintenance Depariment
Zlectrical Devartrent
Instrument Depertment
Protection Department
Service Devariment
Village Administrztion
Transportation Devartment
Traffic Jepartment
Medical Department
Accounting Zepartzent

Torce Zeport
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SECTICHN IX.

DEPASRTENTAL ORGANIZATIOW OF OPERATIONS CONTRACTCR

-

The various departzents of the operating organization together re-
present the usual 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, ledical, Instrument, iaintenance, Fro-
tection, and Village Administration, The duties of each of the present de-
partients are summarized briefly below:

? Devartment.--The P Department is one of the two primary procuc-
tion devartments and is directly responsible for cperation of the piles
and pile auxiliaries in all three 100 ireas., Specifically, this direct
responsibility involves metal storage, p»ile building, retention basin, anc
helium purificetion, The P department also supervises directly all opera-
tions in the 3C0 irea; nemely, metal fabrication and canning a2nd the Test
Pile in Building 305. This department also has an over-all responsibility
for all operations within the 100 Areas, insofar as they relate to ogera-
tion of the piles, and has a similar responsibility for the receipt of
metal and its handling through fzbrication and pile processing to the point
of final delivery to the metal storage basins in the 200-d Area,

S _Department,--This departument has direct responsibility for the
receipt of processed metal from the P Department into storage at the 200-d
irea; and for all subsequent processing and separation of plutoniun ““Ar”f
through the 200 irea buildings (notably Eldgs. 221, 224, and 231)-te—the™
voint of final isoclaticn and delivery to the irmy at suilding 231. This
involves all the 200 Area production facilities”as well as the very ex-
tensive crovisicns for safe disposal of the netal wastes. Paralleling the

? Department pesition in the 100 areas, the S Department nus the over-all
resoonsibility Jfecr all operations in the 200 ireas, The department also
operstes directly the very special umeteoroclogical fccilities installed at
Building #22, adiacent to the 200-% :irea (2C0-T and 2C0-U Separaticns

Plants),

Technical Denartment,--This department has the responsibility for
all process *technology. Adeguate coverazge of unususlly extensive techno-
logical requirements of oreraticns at the Hanford Zngineer Vorks has re-
quired sub-division of cepartmentel respensibility along the following
lines:

(1) 100 Area Technical, covering the physics, water and corro-
sion, and other techniczl engiaeering chases of the work in
all 1C0O sirees,

. ~e
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(2) Separations Engineering, responsible for 200 Area process
technology as well as the use of the semi-works process in-
vestigetion facilities in the head end addition of Building
221-T and the similar facility for low activity solutions
in Building 321 (300 irea),

(3) Laboratories Division, which operates all of the control
and general laboratories in the 100, 2C0, and 300 aireas;
a special Statistical Section is included in this division.

(4) Metallurgical Sectiocn, which is responsible for all metal
fabrication technology and the orocesses employed.

As part of its over-all process responsibility, this departrent
maintains the Hanford Technical !fanual, the Operating Standards, and is-
sues regular reports of technical progress.

Power Department.--This depertment is responsible for all stea:
and water facilities in the 100, 200, 300 Areas and Richland Village.
This responsibility is particularly great in the 100 Aireas where both de-
pendacility and quality of water supplied the piles is vital., The facili-
ties inveolved are river pumps, reservoirs and reservoir punps, filter
plant and punps, process water storage, and final prccess pumps, The re-
frigeration, deaerztion, and demineralization facilities are also power de-
partment responsibilities. Plant water responsibility ineludes the supply
to the 200 Areas as well as the highly important inter-ccnnections bteilween
the 100 areas, Steam facilities operated include the 184 and 284 Power
Houses and the heating plants at the 300 irea and Ricnland Village (Euild-
ings 384 and 784). This department also operates the water supply system
and the sewage disposal facilities at Kichland.

laintenznce Devartment.--This deo:rtment handles 21l maintenzance
of Plant and Village facilities except automotive and railrcad eguipment.
This involves the required shop facilitiss in each of the olant areas, and
includes all of t..e special facilities for the remote mainténance reguired
in the 200 4reas. Also included is the Central Shops in Building 272 of
the 2C0-W area. The depa-timent has a Project ingineering Sectiiocn which
handles the design and supervision of equipment revisions and additions
as well as the projects and apcrosriation recuests involved.

Electrical Dev=rtment.--The electrical department has the follow-
ing twofold responsibility: (1) overaticn zna maintenance of zll electri-
cal distriovution facilities for the plant areas and the Richland Village
including the 230,C00-volt loop originating at lidway cub-station; and
(2) the maintenance of all plant electrical equipment. The department
also handles certain contacts with(3PL and performs liaison work with the
Signal Corps for all telephone maintenance.
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Instrument Denartmert,--This department is responsible for the
maintenance of all instruments snd crocess control ejquizment in the plant
areas and Richland Village. 1In addition to normal intercretation of these
duties, the department services all zralytical leboratory test egquipment,
much of which is of snecial electronic nature (ecounters, scalers, ete.,).
Also, considerzble new fabrication cof special instruments peculiar 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 special sectioa of the Technical
Departneat.

Protection Departnent,--This department combines three protectiive
activities which have special importance uat the llanford Lngireer orks;
namely, Investigations, Securitwv, and Patrcl. The highly classified na-
ture of the nlant work has necessitated careful checking and svecial clear-
ance nrocedures for all personnel. The Security Section administers the
pass and bzdge systam for controlling access to restricted areus and is
responsible for over-zll safeguarding clussified inforuatiosn., Potrol
linits operations urea entry to zuthorized personnel, guards all vital
clant areas, controls road traffic, and rpolices the Richland Village.

Service Uenurtiment.--The duties of this degzrtment may te defined
by its principal sub-divisions:

(1) Z=oloyment, which is responsible for orocursnent of non-sx-
emnt personnel as well as their transfer between depart-
ments, 411 terminations clsar through this section for =xi
interviews, security cautioning, and the orccessing of ter-
aination papers.

(2) Industrisl Relations and Trainiag, 2ffording a seneral enm-
vloyee service with respect to fisld consuliaticn, Coumany

clzns, income tax, occupstional gzasoline, etc., The Train-

ing Group assists the cther depsartments with develorvment of
sucervision, operator training programs, safety ueeting con-
cduction, ete,

(3) Selactive Service, administering the deferuent prozram so e -
sential to the Hanford Zngineer Works,

(4) Safety and Fire Frotecticn, oserating the
orotection personnel in the plant ereses
Village with coordinaticn of mwiiliury fire br

c

[

ispudes in the
clant areas. 4 revulsr fire inspection service is nzintained.
The saflety zctivity centers in inspection with cooperation
and 2dvice to onerating supervision to the snd- that the usual
5

su
high Coxpany standards zre meintzined,

_—
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_ (5) General Division, which operates the Plant Laundry in the
200~V Area, the dormitory and administration irsa laundry
at Richland (Building 723) and is responsible for all jani-
tor service in the plant areas and Richland Village except
those assumed by commercial operators, schcols, and churches.

(6) Central Files, located in the 300 and 7C0 Areas which in- o
~ clude the centralized Classified Files with responsibility
for control of all classified written information.

Village Administration.--This desartaent is responsitle for zll
phases of village operaztion. The Housing Secticn acdministers all of the
new residences clus the few remaining original village houses and the cut-
lying tract houses. In additicn, rcom rentels for the dormitories =zre
hendled., Village idministration also has procured the comisrcial facility
ocerators znd is responsible for the contracts and relztionships with
these concerns. The latter iavolves orincisally structural maintenance,
price control, and sanitation (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 activi-
ties are afforded the necessary assistance and coordination,

Transoortation Denartuent.--This department operatss and main-
tains all autcmctive equipment in the plant areas and the fichland Vil-
lage, This includes all passenger buses, motor {reight services, and car
poocls as well as motor fuel distrizuticn., In addition, this department
operates the main Labor Divisien, some orimary duties of which are: (1)
Village services, such as coal handling, sarbage collzction, and sround
maintenance; (2) all unloading of materials on the plant and in Richland;
(3) operation of burning grounds and disposal pits; and (4) all mainte-
nance of roads and streets on the plant and in Richland.

Traffic Uevartment.--This desartuent operaztss and maintains the
Plant railroazd system including Riverland Yard and handles all normal traf-
Tic natters such as pre-zudit of freight bills, tracing and expediting,
conversion to Government bills of lading, passenger reservations and ticket
orders. This department also handles all movements of household effects
to and frem Richland Village including nacking, loading, and crating for
shipving.

ic
=
s

edical Tenariment.--The lledical Lepartment operates all fuci
ties provided for meeting the normal and special mediczl needs of Loth
»lant ancd-village. The normal requirenents are met by standard Industrial
and Village nedical fucilities and staff including field First 4id Sta-
tions and full slant and village hospital fucilities centered at Richland.
Included also is operation of the !isdical and Dental Building adjacent to
the radlec Hospital, and a full Public Health Section. Also under ifedical
is the Health Instrument Secticn which is respcnsible feor control of the
special process hazards peculiar to Hanford operations. This work in-

. &
WTTH NDRELETTONS 60

IR



volves hazard survey staffs in all plant areas working very closely with
oroduction and maintenance supervision. The Health Instruments group also
Lhandles the pencil and badge meters for monitoring exposure of personnel
to radicactivity and maintains Site Survey and Special Studies branches.,
Accounting 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 contract.
The principal sub-divisions of the department are: (1) Accounts Payable;
(2) Accounts Receivable; (3) Cashier; (4) Proverty; (5) Purchasing;

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

(9) Costs and Essential faterials; (10) Time Office (non-exempt weekly
salary roll; and (11) Salary Unit (exeupt monthly salary roll). In aé-
“dition, this department administers the 'lain Office Building, all office
equipment, and all clerical personnel in the plant areas und Richland.

It also operates the telephore switchboards, mail rocms, and corresponG-
ence rerrcduction facilities.

Force Report.--Cn the following page is the Hanford Engineer
Works Force Report showing the growth of the various Gepartaents by
months. The peak of anticipated employuent has been reached as of 28 reb-
ruary 1945. In subsequent months, it is expected that reductions will e
‘made in the Technical, Power, iaintenance, Protection, and Accounting Ze-
partaents.

The successful accomplishment of Hanford objectives regquires the
vest talent availabls. This applies to the exeanpt and non-sxemnplt person-
nel, Even in normally miner positions, the skill and ability of the em-
ployee nas an important beuring on the success of the work.

Because of the secret nature of the work undertaken, each person
selected for quality and ability was subjected to a rigid zersonal investi-
gation before euployment. This investization 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 hold labor turnover to a minimum. Be-
cause of the importznce of the nroject and because of the security regu-
lations with which it is surrounded, satisried employees on the arcject
are a vital necessity.

DECLASSIFIED WITH DELETIONS
"

1101550

:6

)

7



)

LSSI011 o
79 |l |esg  |9%n | olon €96¢ | LTS 9991 | 96T gLt lql - T¥30%
|0z 22 ‘ 2 2 61 @ - = e P R LI R LT
q Hh6é Gfot 1011 Lu1T G0 T 216 - - - - _:oﬁaomﬂoga
- - - - 19 Oh 61 - - - - IS EER] Skt -ERR AT
- - - - - - ¢ G 9 9 h QuiuyRLy
'3 3¢l g1l nil col 929 QLS 93t ¢6¢ 92% 192 21174UN00T
¢ 141 gl2 692 the 131 2nt ¢l 87 RT 9 13213
t I S ¢ 41 9 n f i f i 1 oT3FRAg
1 009 ogh g2¢ 1191 49 91 11 1T L 2 w013y 1odsunyy
2 Gz Glt G 821 101 13 06 gl 19 ol 5074193

2 1¢2 lez g2 Gee 612 (51 9% 1 69 16 G AuanInIy S1]
2 | 96t Gl 661 Lo 021 23 14 2% L2 91 1201119313
13 193 69L 999 23h 6eh 126 061 €21 26 14 2 oUMUIUT
9 294 #3h Tith 96¢ 26¢ w62 {12 G 16 0%, 1210g
| 66 2l¢ L9t 69¢ 62t Ghe 161 €91 nat 99 R EIUMCEM
7 %2 wlt Lt let 86 3l 6L ol "9 L2 S
< Gqt e Lo% 92¢ 2he L5¢ 9G¢ 92¢ 162 651 d

L L L L L L L 9 9 - (AELEERERY
%2/ n/1E/T ;;\5& 1/0€ JTT| /1 foT /ot /6 | tn/TE(8 k16 /L] /o€ /9 | /e /Ty i

THOLM @oMod i "X H

DECLASSIFIED WITH DELETIONS



The operation of the various processes present many exX cept*onal
and uwnusual 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 vermanent disabilities and will endanger all those who work in cr arcund

the manufacturing areas. Y

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

Despite all of the above real cbsiucles, the contractor managed
to man adequately the work; to train the personnel; and to get into full
scale operation in a remarkably short time.
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purities or their eff . es3 step in which the nost diffi-
cultiy kas been experisznced by the consum2r was established priazrily
to remove zirconium and columbiun, Since these elements, togsther
vwith uranium, are alnosc ceapletely removed at Eonford, it was sug-
gested that this step might possibly be eliminated without affecting

(]

the final processing ané uvse of the plutoniun. oy

3. Batch Size for Shivment,--It wa -Q-eea that the
batch size for shipment from Hanford would be increased f{rom 20 to 1£G
grems of plutonium per shipning conteainer, This change was effected
garly in May,

4o Elutonium issay,~--For accounting purpcses, it was
agreed thet the plutoniwn assay would be determined by radiations count=-
ing methods for the time being It i=s the consensus, lowever, thal a
chemical method offers the most r8114ble deternmination ultimutely and
work on the development ol such a methaod lias been progressing and will
coatinue at Hanforc and at the piant crf t 1e Conswumer,

5. IDutoniun Turity,--It was azreed that nlutoniwa ol
7 ~ -

turity less than 05, wrould nct be shipned.

6, Snecific Impurities,--It was agreed that no formal
svecifications Lor specifiic impurities weouwld ue astabliched at zresent
although a tabulztion of the nermal exrectancy of 27 elements vas pre-
pared to serve as a guicde, It was 2lso agreed that no changes would e

made in dunford processing which unight reswli in ceviation from this
tabulation without nctifying the Consuuer The tabulation of expected
specific inmpurities will be reviewed from tizme to time as additional in-

formation is cbtaired,

7. EBateh Historiss -1t
pould be furnisisd nertinent histerical Za
nlutoniun receive This inforwstion will
amount of T'ac.l’-‘icn to unicnh the uraniwn wo
ceacentration of vlutornium in the wraniua &
the nercentaze of distribution of the varis
batceh shipred,

Lh (&N

chzrzed from the niles, wud
. : ;

pile cisgchargec in eacia

B €
0w

-

. 8., anplviicnl Methods,--It was agreed to interchange in-
formation between Aﬂnzorn and the Consuuer on matiers cr mutual concern,
particularly specicoravhic me thoGe for specific impurities und cnemical
and radio chemical ascay mwethods, to estaplich standard methocs at thne
two gites,

Toture,--25 knowledge is accunuluted, the subject of plutonium
specifications will be reviewed from ftime to tine, Thic seecticn of the
tiistory of Cperaticns will be reviced us Irequently =s siznificant
developments occur,
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The tolerances as set forth above were arbitrary as the con=
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.

An early meeting was arranged 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 obtain the consumer's preliminary report on the first
can shipped and to reach certain conclusions with respect to purity
and tolerance lesvels of the impurities. In general, the meeting bore
out that the first material substantially met the original specifica~
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 agresed that in
future shipments the consumer would advise the Hanford Engineer Works
at cnce of any unusual characteristics of the product so that proper
adjustment of its processing operaticns at Hanford can be made to
correct objactionable characteristics of product if at all possible.

It was further agreed that the final specifications of the product
would not be established until about five shipments had been made to
the consumer. Operations 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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A. rat

SECTION XI

OPERATTONS RECORD

0 t ati

The Manufacturing Division has been engaged in all phases
of the Hanford Engineer Works and those activities, prior to thse
start of production operations, are enumerated as follows:

1.

2.

3.

ba

Se

bl

Liaison work between the University of Chicago . |* 3
Metallurgical Project and the Engineering Design
Division at Wilmington, Delaware.

Consulting service to the Engineering Divigion
followed by review and approval of plans, specifl-
cations, and procurement of all primary and auxil-
lary mamifacturing facilities.

Consulting, testing, and statistical service to

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

Conducting, partly with the aid of the Construction
Division, the final preparations for placing each
nanufecturing area in operatiom, This work in-
cluded the following: checking, testing, calibrat-
ing, and adjusting all instruments and equipment;
flushing and cleaning piping, tanks, and cooling
tubes; charging the piles with uranium slugs;

and final system tests to assure the adequacy of
all design and constructicn.

Establishing personnel requirements for preliminary
preparations 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 operation and maintenance.

Preparation of ths Hanford Technical Manual as a
guide to all manufacturing processes.

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

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

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

B. 1 e obl . olutions

The problems encountered during the periads when each manu-
facturing area was placed in operation were fewer than would normally
have been expected in any large indusirial plant.

This excepticnal degree of success may be attributed almost
entirely to the high calibre and close cooperation of those persons
representing the several responsible organizations in management,
scientific advancements, and engineering. The operating problems
have been few because the potentially serious possibilities were fore-

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

Three important problems, however, are worthy of mention, L
These are the canning of metallic uranium; the formation of xenon of Y
atomic mass 135 as a fission by-product of the pils reaction (xenon=-135
is by far the most effective neutron absorber yet discovered); and ‘
the development of methods for comtrolling film formation and corresion i,
of the cooling surfaces of the pile tubes.

Canping of metallic wranium slugs.-~The early research and
development work relative to a jacket or coating which would unfailingly
withstand the severe conditicns of expcsure within an operating pile is
recorded elsewhere in the Manhattan District literature, This work ef- -
fectively determined the approximate conditions and cheice cf materials -
for the Hanford process and for substitute processes. However, enly
the application of mass production methods could establish precisely the
permissible limits to which the numercus conditicns mist be held to assure
the minimum possibility of an operating failure. '~ The Hanford process

for camming is described briefly under the heading 300-Ares Processes and .
Pacilities. } n

The following conditions each have a material aeffect upon
the quality of the canned 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 uranium
slugs and aluminum cansj

PROL A - ' .
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(2) The dimensions, surface conditions, and shape of the
aluminum top cap;

(3) The temperature and purity of the bronze, tin, and
aluninumesilicon baths;

(4) The time of immersion of the slug in seach 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; and

(6) The dimensions, surface condition, and design of the
gteel sleeve in which the aluminum can is held while
the slug is inserted.

Although no delays were encountered in placing the manufactur-
ing piles in operation due to a shortage of cammed urenium slugs for
charging, several factors ccmbined to create delay in placing the ceanning
operation on a production basis and these factors were as follows:

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

(2) The hydraulic presses used to drive the uranium slug
into the aluminum can after the final dip in aluminum=
silicen were unsatisfactory and interruptions to pro-
duction caused by press maintenance prevented early
knowledge of the limits of the various other conditions;
ard

(3) The lack of a positive method of testing the canned
slugs to assure conformity with the requirements pre-
vented early knowledge of the quality of those carned.

Effort was concentrated on improvement of the presses with
the result that sufficiently continuocus performance was obtained to
permit the optimum limits 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 until it was possi=-
ble to hold all other conditions constant. This improvement was
made on 14 August 1944 and resulted in the decision to reject all
prior camning production. On 27 September 1944, the canning presses
were abandoned entirely and a modification to the process substitut-
ed, In this modification, the slug, can, and cap ars assembled
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manually below the surface of the aluminum=silicon bath with the
following advantages:

(1)

(2)
(3)

(4)

(5)
(6)

Assembly of the parts under closer temperature
control;

Improved seating of the top cap;

Simplification of the operation assuring improved
operater performance;

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

Elimination of press maintenance; and

Reduction in the cost of canning.

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

It was decided that 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 canning, to steam at about 100 pounds per square inch pres-
sure for 40 hours was decided upon. The steam penetrates through the
most minute hole and reacts with the uranium resulting in a burst can,
Comparative tests have proved that exposure to the steam is much more
severe 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 failures, With the production i7prOVements previously

5

enumerated, autoclave failures are now about 1

o]

0 of the earlier amcunt.

'
3

t ) on=135,=-=Production operations were started

in the 1CO-B pile at 10:48 p.m. on 26 September 1944 with 901 of the
200/ tubes of the pile charged with uranium slugs. After making the
necessary preliminary measurements at practically zero power level, ths
pile power was increased to 9 megawatts or 3.6% of rated power level,
Shortly thereafter, it became apparent that neutrons were being absorbed
somewhere in the pile at a rate greater than they were being created by
the fission of uranium-235. After about 18 hours of operation 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 wers again beginning to multiply glowly
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 earlier events were sub-
stantially repeated,

There were numerous possible causes of the parasitic

neutron abscrption but there was no immedizte concrete evidence which
adequately explzined any of the possibilities, In order to evaluate
the various possibilities, the pile was again started and the pover
held at about 2,5 megawatts for 6 hours followed by a longer run at

1,7 megawatts,

It was determined that continuous operation could be

maintained at a power of about 3 megawatts with the pile charged with

901 tubes,

From the data collected at this time, and during opera-

tions at 90 megawaits in Ncvember, the physicists made substantially the
following anelysis and predictions which have proved to be remarkably

accurate:

1101568

1)

~—~
18]
S

(3)

(4)

The parasitic neutron absorption resulted from the
- IS
formation of xencn-=-135 as 2 fission by-product ele-
ment, Nith the time expressed as half-lives (ihe
time reguired for one half of the amount present to
decay to the next element), this is part of the decay
. -~ . M \ s 1z p 2
chain of: tellurium (15 minutes) to iccine (6.6 hour)
to xenon (9.4 hour) to cesium (25 year) to stable
tarium, In this chain, only xenon capaciiy is zbout
50 times greztsr than that of any previously known
element,

It was predicted that the pile would be zble to operate
at the fcllowing nower lcvels when the indicated number
of tubes were chargzed with uranium siugs: 1/ megawatis
-

at 1C00 tubes; 59 megawatts at 1300 tubes; 94 mega-
vatts at 1500 tubes; and 216 megawatts at 2004 tubes,

It was predicted that higher power levels than those
above would gracually be attained as boron and other im-
purities with high neutron sbsorption churacteristics
were gradually transmuted during pile operation fo less
cbjectionable elements; and as plutcnium formed in the
pile and some of it fissioned to produce additional neu-
trons, This predicticn was based on knowledge of some
other fission by~-product elements which would absorb
neutrons and thus retard the pile reaction,

It was also pointed out that additional rower could be
cbtained by oplucing up to 38 instead of the planned
number of 32 uranium slugs in each tube of the pile;

by makinz certain that a minimum of zluminum is precsent
at the ends of the slugs to be charged into the other
two piles; by carefully zoning slugs in the piles so
that the heavier slugs are in the central certion,
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In the oG arilyses of the possibilities or the Hanford
process for the manufacture of rlutoniun, it was recognized that seriocus
neutron ebsorption might occur among the fission by=-product elements,

In 211 subsequent studies, effort was concentrated on evaluating the
various possibilities with the greatest accuracy permissible with the
then undeveloped state of knowledge.  Thus, even though the effect of
xenon-135 was unknown, the possibility of the formation of some elexent =
of similar properties was foreseen, If the neutron absorotion capacity
of xenon-135 were greater than it is, it appears reasonable to believe
that it would have been discovered during the operation of the experi-
mental piles at irgeonne and the Clinton Laboratories. In that event,
adequate provisions would have been mace in the Hanford piles to counter-
act it cn 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 the Hanford piles which have permitted the charging of suf-
ficient uranium sluzs to provide a source of neutrons acequate for
saturation of the xenon poisoning and operation of the piles at, or
above, ratsd pover level, The Tirst is the fact that the piles are
constructed with 2004 cooling tubes rather than the 15C0 which were
indicated theoretically as being adequate, The second is the fact
that 9 control rods were designed into each pile instead of about thres
which were indicated as being required.

The additionzl 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 decayedi to less
absorptive elements, On these occasions, tiie piles have a far greater
abiliy to accelerate in power than was ever contemplated and are couse-
quently nmuch more hazardous, However, during normal operation the ex-
cess neutron vroducing cupacity is absorbed by the xenon and cperations
are much less hazardous than had been predicted,

vaj

- ilm Formation and Corrosion,--Concurrently with the design
and construction of the Hanford Zngineer ‘Works a zreat deal of work
was done in developing a means of limiting film formation and corrosion
with rescect to the pile cooling surfaces and for pericdically removing
any film which might form, A part of these investigaticns were con-
ducted by the lMetallurgical Project and the remainder by the Technical
Division at Hanford, Without the successful attainment of these ob-
jectives, the Hanford piles could not operate, The test laboratory at
Hanford, called CiX, was built criginally to investigate corrcsion only
under simulated pile operating conaitions. However, the fcrmation of
film was disccvered promptly and became the dominuting condition to t
controlled,

As a result of this work, practicable operating standards
were establiched prior to the beginning cf operations for the performance
of the various water treatment prccesses and for the finz2l chemical con-
ditioning of the rnrocess water through the cédition of socium dicrromate

and sodium silicate, Deeitive methods were also sstublished for re-
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moving the very thin £ilm which does form on the cooling surfaces
through the addition of diatomacecus earth as a scouring agent to the
process water flowing through the pile,

During the sarly operations of the 100-B pile, film -
formation was kept within the limits which had been sstablished, After
 months of operaticn, film had gradually formed to the extent that the
preasure drop through the cooling tubes had increased by about 20 to
25 pounde per square inch., = The first operating demonstration of the
effectiveness of the diatomaceous 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
connected to the chilled water system, '

Ce onolo S Develo

Significant Dates

13 September 1944 == Charging of 100-B pile started.

26 September 1944 =- 100-B pile placed in cperation followed
immediately by discovery of xenon
polsoning.

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

4 December 1944 =--- First enriched slugs received in 200=§
Area.

5 December 1944 === Charging of 100-D pils started.
17 December 1944 =--- 100=D pile placed in operation.

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

17 January 1945 ===-= Isolation of first Hanford plutonium
started in Building 231.

2 February 1945 --- First plutonium resulting from Hanford
operations transferred to Army, thus
establishing Hanford process from raw
material to finished product.

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

o .

NWATARKSTRTRN WTTH NET.ETTONS

11015710



5 February 1945 == First Hanford plutonium transferred to

reprasentative of Hanford custamer

1]l February 1945 =-- 100-D pile reached rated power level of

250 megawatts,

15 February 1945 ~~= Charging of 100-F pile started.
25 Tebruary 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 megawatts,

15 March 1945 =e=w-= First discbarge of enriched uranium

slugs from 100-D pile.

The following chromological history describes briefly the
most important developments in the operations history of the Hanford
Engineer Works beginning with the first quarter of 1944 and ending on

20 March 1945:

19L) ==

T 1

Qenergl.~-For the first quarter of 1944, the work of the
Manufacturing Division was devoted to:

(1)
(2)
(3)
(4)
(5)

(é)
(7)

(8)

L1015 T

Crganization;

Preparation of persomnel specificaticms;

- Personnel procurement;

Training of perscnmnel at Hanford and elsewhere;

Consulting service to the Construction Division for
the 100 and 200 Arsas;

Machining uranium slugs from extruded rods in the
300=Area;

‘Testing graphite and other pile construction

materials in the 300-Area Teat Pile;

Investigating methods of water treatment in pre-

W‘ WTTH DRLRTTONS
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venting corrosion and f£ilm formation on the surfaces
of the slug coatings and pile cooling tubes;

(9) Devslopment of procedures for protective security;
(10) Development of procedures for accounting;

(11) Procurement of essential materials; and

(12) Operation of the Richland Villege.

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

0 c g.,-=In March, it was believed
that a practicable process had been made available for the mass
production of cammed slugs although it was expected that continued
research and practice would be required to produce ultimate im-
provements, Sufficient equipment was on hand to initiate a train-
ing and development program and some production. The frost test
was made available for determining the areas on the surface of the
canned slug which are not completely bonded.

1944 == April

Carning of Metallic Uranium Slugg.--By April it was 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 minimm which it was expected would meet production
requirements. Extensive changes were made in the personnel organi-
zation to the end that the most experienced talent aveilabls was
assigned to a relatively narrow field,

Testing of Pile Gongtruction Materialgs.--The testing of
graphite which had been contaminated with boron during manufacturs
received special emphasis in the Test Pile and it was generally
established that there would be no delays in the construction of
the manufacturing piles because of the contamination,

1944 == May

11015712

Organization.=--With one or two exceptions, all key persomnel
of the Manufacturing Division had arrived on the project.

Cammed Urapium Slugs.-—i test of 2,000 canned slugs in the

Test Pile indicated that the neutron production and absorption
properties wers about as predicted.

SN
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Exhaustive studies were started to evaluate 2ll of the

numerous factors influencing the quality of canned slugs., All
canned slugs were subjected to examination with respect to
dimensions, surface defects, penetration of aluminumesilicon
through the can wall, and for bonding as determined by the frost

test,

The first method for statistically classifying individual™

slugs for quality was initiated.

0 ed +«~=A method of dissolving

the aluminum can and aluminum=silicon bond of rejected slugs as
a meana of reclaiming the uranium for recanning was developed.
The method employs a caustlc soda bath followed by a nitric acid

b&tho

1944 == Jyma

13

lygg.~=The first heavy bottomed cans were re-

Cannad Uranium Slugg
ceived toward the end of the month, This type of can eliminates
the need for inserting an aluminum cap in the bottom to provide
the requirsed thickneas and which was a source of trouble in the

canning process,

100-8 Pile.=-=The following work was performed in preparation
for operations:

(1)

(2)

(3)

(4)

(5)

(6)

Group training for pile operations consisting of
lectures, study of written infcrmation, observa-
tion of construction, and review of various de-
partmental functions;

Started regular weekly meetings of top supervisory:

personnel assigned to the various departments within
the area;

Preparation of test procedures for acceptance of
plent and eguipment;

Concentrated study of pils cperation relative to a
possible accelerated schedule of plutcnium delivery;

The Power Department conducted preliminary tests
of boilers;

Preliminary operation of the river pumps and filling
of the reservoirs.
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1944 == July

wedentific and Specialized Persopnel.=-During the month a
number of scientists and specialists arrived from the Metallurgi- -
cal Project and from the Contractor!s Wilmington office to be ‘
present during all preliminary preparations and for the start of
100-B pile operatioms,

T +«==A study was substanti-
ally completed to determine the earliest date on which 2 kilo-
gramng of plutcnium could be manufactirred and delivered and to
evaluate the effect of such a program on future production, It
was indicated that this amount could have been delivered by the
first of January 1945 at the sacrifice of later production,

«==During the month the Manufacturing Division
accepted responsibility for all facilities in the area except the
Pile Building, Chemical Building for special water conditioning,
Helium Purification System, Deaerators, Process Water Pumps, and
the Emergency Water Tanks,

Performance and capacity tests wers completed on all
electric and steam pumps except the Procees Water Pumps. Testing
and flushing of the water systems including the supply line to the

20C-¥ (comprising 200-T and 200-U) Area were substantially com-
plated,

The following awdliary facilities were placed in con-
timuous operaticn: River Pump House, Reservoirs and Reservoir Pump
House, Filter Plant and Pump Housse, and the Boiler Plant and Steam
Distribution System.

20=3rgag.~=In addition to the continued furnishing of con=-
sulting service to the Construction Division, the work of the
Manufacturing Division was accelerated to some extent preparatcry
to the start of cperations, Some 27 men had arrived and were en=
gaged in study of the separations plant design and operation and
in observing the work of comstruction,

300=Area,~-

© Ganned Uranium Slues,=-With gradual improvement in the quality
of canned slugs, a sufficient quantity had been completed by July
1944 to charge the 100-B pile., For 8000 slugs autoclaved 160
failures were reported,

b o of jcceleratad Production.=-At the direction of

pum————r
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the District Engineer, the accelerated schedule for producing an
early 2 kilograms of plutonium was abandoned in favor of the

original longer range plan which assures a greater quantity over
an extended period,

1003 Area, -

Acceptance by the Menufacturing Division.--The 100-3
Area was accepted by the Manufacturing Divisicn in August except
for certain work remaining toc be dome by the Construction Divi-
sion and scheduled for the period from 28 August to 4 Seplember
and about 15 September to 22 September.

Testing, Inspections. and Preparatiops.--All testing,
. inspections, and preparations were completed in the pile except
for that which could only be done after charging the pile.

Qpergting Standardg.——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=3req.

Canned Uranium Slugs.--On 14 August the temperaturss of
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 canned
after this date and to hold prior production until the required num=
ber wers assured from current production.

Testing of Pile Construction Mgterialgv-3y the end of
August, the testing of pile graphite in the Test Pile was completed.
200=-Areg.=--Manufacturing Division personnel assisted the
Construction Division in the supervision of the following work:
inspection, testing, 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 == Septerber
100-3 Ares.

Chargzing of the Pile.=~The charging of camned uranium
slugs was started at 5:50 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 multiplication of neutrons, called a chain re-
action, when the cooling tubes are free of water., This caordi-
tion was reached with 400 tubes charged with 32 uranium slugs
each at 2:30 a.m. on 15 September,

Hat Critical.-=The wet critical condition is obtained
when sufficient uranium has been charged into the pile to create
a chain reaction with water flowing through the cooling 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. :

Charg tiong.~=Charging was continued until
5300 a.m, on 19 Septamber when a total of 903 tubes of 32 slugs
each was reached, Subsequently, two tubes were unloaded because
of excessively high water pressure loss. This left 901 tubes
charged at the start of operations, .

Yeasuremantg.~-=At intervals during, and after, the
charging of the pile, the necessary measurements were taken to
determine operating characteristics including the following:
effectivenass and calibration of the control and 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 teumperature
coafficient; water flow and pressure,

Svstem Teshg.=--Following the charging of the pile, and
concurrently with some of the measurements, final tests were comn-
ducted on the steam and electric power, pumping, and emergency
water tank systems together with the sirulation of various faults.
This work determined the speed of response of the several inter-
connected control systems and equipment., In general, the results
proved that the installations fulfill satisfactorily the conditions
imposed by the rigid operating and safety requirements of the pro-
cess.

Production Operationg.--Production operatioms for the
mamufacture of plutonium were started at 10:48 p.m. on 26 September.

The early history of the problems ancountered due to the formation
of xenon-135 as a fission product is briefly recorded wnder Early

Qperating Problems and Solutions.
300=ATeq,

Canned Uranium Slugs,=-In September 1944, the canning
procass was modified to eliminate the hydraulic presses with sub=

stantizl improvements in the quality of the canned slugs. This

enatuRASER
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is briefly described under Early Qverating Problems apd Solutions.

Qutgassinz and Straightening.--During September, the ‘
Manufacturing Division accepted reeponsibility for the outgassing”
and straightening equipment in the 300-irsa. The processes are’ /.|
described btriefly wnder Daseription of 300-Ares Procssses and (>
w- :

w gzeag.

Tracer Slugs.-~C€ irradiated uranium slugs from the
Clinton Laboratories pile were received at Hanford and placed in,.:
the 200~ Storage Area. These slugs wers obtained for enrich- ‘
ment of fresh wuranium slugs in checking the performence of 221-T
Building processing equipment,

1944 == Cctober
10C=~B _Area.

Pile Operatiops.~-During Cctober, pile cperatlons were
conducted at the following power levels with the indicated number
of tubes charged with uranium slugs: 1.6 megawatts at G0l tubes;
17 megawatts at 1003 tubes; 30 msgawatts at 1128 tubes; 60 mega-=
watts at 1200 tubes; and 90 megawatts at 1500 tubee.

Pile Studieg.~-~The discovery of the xenon poiscning re-
sulted in a great concentration of effort at Hanford, the Metallurgi~
cal Projeck, and at the Clinton Laboratories %o determine tke re=
quirements 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 poisoning
had decayed. A great deal of this work was dcre during October.

1CO=2 Arwa,
Auxiliary Facilitieg.=During October, ths Manufacturing
Division accepted from the Construction Division the following 1C0-D

_ Area facilities: Boiler House; River Pump House; - Reservoirs and
Reserveir Pump House.

2007 Area.

Acceptance.=~The Manufacturing Division accepted full
responsibility for the 200-T Area on 9 October,

192 == November

Genaral
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Production Schedule.=~Cn 21 November a formal schedule
of preduction was submitted for approvael covering the peried from
1 December 1944 to 1 January 19.46.

100-E Ares, -

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

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

Film Formation and Corrosion.=-Cersful examination of
slugs which had bean exposed to the most severe conditions in the
pile indicated that film formation and corrosion on the aluminum
surfaces had been held to limits appreciably less then hed been
estimated.

Ol ea

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

200-F Areg.~--The Manufacturing Division accepted full re-
sponsibllity for this area which was made rsady for the ar"iva.
of the first enriched uranium from the 100-B Area,

gs ! !-:z: e:eﬁ -
Qperatipne Preparationg.--Tke work of tke Manufacturing

Division in the 200-T Area was devoted to the final testirng, cali-
btration, and adjusting of processing facilities, Trial operatiors
included the checking of the performances of processing egquipment
with water in preparation for chemical runs,

1944 == December
General
Production Studjeg.~~Cn 11 December, an independent study

of plutonium manufacture was prepared by the office of the Area

s T —
DECLASSIFIED WITH DELETIONS -
BTGy

87



1101519

Engineer to illustrate the effect of the quantity of ursnium
used on the time and cost of dslivering specific quantities of
‘plutonivm, On 23 December, a similar study was prepared by
the Contractor. The two studies were in substantial agreement.

-
100=-B Ares,
E£ile Overations,—With 1595 tubes charged with uranium

slugs, the pile power was varied between 115 and 130 megawatts
during the first 20 days of the month, During this period, the
pile was out of service for a total of 36 hours for various
reesons including an attempt at film removal by an oxalic acid
purge of the cooling tubes and for prearranged tests on the
Bonneville electrical transmission system, After 20 December,
the pile was teken out of service to complete charging to the
full 2004 tubes and e power level of 150 megawatts was attained
on 29 December,

Pischarzine Cpergtjions.=--Cn 28 December the secaond dis=-
charge of enriched uranium slugs wes acccaplished.

Q0=D Ares.

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

Charzins of ths gﬁlg.--The full 2004 tubes of the pile
wers charged with 35 uranitim slugs each by 10 December. Four
tubes were subsequently discharged and replaced with poisoned
slugs to supplement the holding capacity of the control rods,

Eroduction Operstiong,--After completicn of all re-

quired preparatory work, production operaticns 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 poisored tubes previously cherged to

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

200=N Area,

gtorage of Wnriched Slugg.-=The first enriched slugs

from 100-B Area operations were received in the 200«N Area for
decay storage on 4 December.

200-T Area,
Cperating Prepargtiong.--The 200-T Area was placed in

operating condition during the month of December with the completion

seerveatEN
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of chemical and inactive uranium rums through the process steps.
Tracer runs using enriched slugs from the Clinton pile wers
started.

Broduction Qperatiops.=-The first emriched uranium
slugs from 1l00«B Area operations were dissolved in the 221-T
Building on 26 December.

Stand o=~4 complete set of Operating
Standards for the 221, 224, and 231 Buildings have been prepared

and were approved by Metallurgical Project representatives on
15 December,

200=C_Ares.

Acceptance.=-Cn 18 December, the entire 200~West Area
including 200-U and the 231 Building were accepted by the Manu=
facturing Division,

Qperetines Preparations.-~The work of testing and cali-
brating processing equipment in the 200-U Area was in progress
during December.

Acceptance apd Alterations.--This building was taken
over by the Manufacturing Division on 18 December., TIwo major
Jobs remained to be done by the Maintenance Department. This
work consisted of covering and venting the process vessels and
installation of emergency ventilating equipment in case of failure
of electric power. This work necessitated extensive piping and
assembly,

— \

General.

Egtablishment of e Proc «==By the end of January
1945, the entire Hanford process for the manufacturs of plutonium
had been proved from raw material to finished product. Although
a -coneiderable number of improvements and refinements remained to
be made in the meny process steps and in the sampling and analyti-
cal procedures, the results to this time were noteworthy.

Bils Overstiong.=—The power level of the pile was gradu-

ally raised during the month reaching a new high of 240 megawatts
on 27 Jarmary.

DECLASSIFIED WITH DELETIONS
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Dile Power Capacitv.--The gains in pile power produc-
ing capacity predicted for continued operation and mentioned in

Zarly Operatipe Problems apd Solutions were especially evident
during the month of January.

.
Film Formation and Corrogion.=-During lO0=B pile opera=-
tions, the pressure drop across ths cooling tubes graduslly ine

creagsed to significent amounts 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 methad of removing film is availablse,

Discharginc Overations.--The third discharge of enriched
uranium slugs from the 100=R pile was accomplished on 18 January.

I!!!-D a:ﬁﬁO

Pile Operaticng.=-The power level of the 100-D pile was
graduslly increased during the zanth reaching a new high of 230
megawatts cn 27 January.

200-T Arpes.
2rocesging Capacity.-—-Processing of the first enriched

uranium slugs from the 1C0-R Area has established the fact that,
with only minor alteratioms, the production capacity of the 221
and 22/ Buildings is at least egqual to the rated capacity.

Plutondum Yieldg.--Incomplete data from the various pro-
cessing orerations indicated that the loss of plutanium was well
within the limits established by the cper=ting standards.

Decoptami jon FPactorg.~-Incomplete data from the
various processing operaticns also indicated that the reduction
of radiocactivity better than the requirements of the operating
standards,

0=U Area.

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

chemical, and other preparatory process runsg could begin in Febru-
mo'

tio rations.=-=The first concentrated plutonium

D
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was received from the 224-T Building on 16 Japuary and Isola-

- tions processing started on the following day.

(s 2ovg anbzsnt
égggp}gnggﬁgﬁ_zzgghgx.-Ar*angements were made during
January for the¢ to accept delivery of plutonium in the >
shipping containers/;t the Isolaticns Building, 231, and relieve
the contractor of all subsequent responsibility for security,
hardling, storage, and shipment,

Ixtrusiopn Operations.--The Manufacturing Division ac-
cepted from the Construction Division the facilities for extrud-
ing uranium billete into rods. Production operations were on a
development basis until the latter part of the month due to dif-
ficulties with the furnace, extrusion press, and appurtenances.
This work was done previcusly by the Revere Copper and Brass
Company at Detroit until 26 November at which time operaticns
at that location were discontinued.

Genergl.

Broduction Schedules.~~On 19 and 20 February, confor-
ences relative to possible schedulsz for delivery of specific
quantities of plutonium by the sarliest possible dates were held.
These conferences wers attended by representatives of the District
Engineer, Metallurgical Projsect, Operations Contractor, and the
Area Zngineer.

Plutoninm Deliverv.--Cn 2 February, the first plutonium
resulting from Hanford operaticns was transferred to the Area
Engineer by the Contractor, On 5 February, it was transferred
by the Areas Engineer to the representative of the site at which
further processing will be dene, No mention will be made in this
history cf subsequent shipments.

Pluterium Specifications,--Conferences relative to
plutonium specifications were held during the period 18 to 20

February with representatives of the receiving sits where further
processing will be performed. It was reported that the first
batch of material was satisfactory and within the tentatively
established limits for impurities except for silicon in the form
of suspended solids, chromium, and nickel. Silicon will be
materially reduced as Hanford operztliors proceed, Since the
amounts of chromium and nickel ars not harmful, the limits for
these impuritises were increased.

SR,
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Secondary Product Manufacture.--Conferences were also
held during the period 18 to 20 February relative to schedules
for manufacturing the secondary Hanford product, polonium,

EiggLnggggggng ~--The policy was formulated of operat- .
ing the piles at the rated capacity of 250 megawattis for an in- >
definite period 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 Axee.

8 st ~=The 100-3 pile attained the rated
power level of 250 megawatts on 4 February.

Discharsinz Operations.=-The fourth discherze of en=
riched uranium slugs from the 100-3 pile was acccmplished on 22
February.

100=D irea.

2ile Operations,=-=The 100-D pile reached the rated power
lavel of 250 megawatts on 11 February.

100=F Area.

Acceptancg.=-~-The 100-F Area was accepted by the ianu-
facturing Pivision on 10 February and final preparations started
immediately.

Charging of the Pile,-~Charging of the pile was started
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 poisoned slugs for improved powsr
disgtribution and 3 were recharged temporarily with poisoned slugs
to supplement the control rods until the formation of sufficient
xenon=135 in the pile permitted replacing agair with uranium slugs.

Broduction Overstions.-~-After completion of all required
prepvaratory work, production operations were started at 12:47 p.m.
on 25 February. By the end of the month the pile power level had
reached 175 megawatts,

200-3 Area.
aAcceptancg.==The 200=B Area of the 200~East Area was

i .
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accepted by the Marufacturing Division on 11 February, 'With the
acceptance of this area, all manufacturing facilities at the Han-
ford Engineer Works 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 system. Because of the
additional waste storage capacity it was planned to use the 200-8™
Area as the second Separations Unit rather than the 200-U Area.

200-T Ares.

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

Separations Plapt Capacitv,--Studies of time cycles for
the 221 and 224 Buildings processing steps indicates that all can
be performed in less than 24 hours except one operation which re-
guires 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 resched and which
requires that all operations be performed within 24 hours.

Jaste Storage,=-Calculations of 200~T waste storage
capacity during February indicate that approximately 1l months
storage remains available at full rated plant production capacity.

1CC=8 Aresn.

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

I EE-D ATes.

Discharging Overationg.--The first discharge of enriched
urenium slugs from the 100-D pile was accomplished on /5 March.

1Q0-F Ares.
Pile Cperations.--On 1 March, the pile power level wes

raised frem 175 to 190 megawatts. On 6 March, the pile was talken
out of service for rearrangement of polsoned tubes to permit at-

"*
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taiment of higher power levels., On 7 March the power was raised
to 225 megawatts., On 8 March the power was raised to the rated
capacity of 250 megawatts at 2:00 p.me This level could not be
sustained, however, ard et 1:30 p.m. an 9 iMarch it was reduced to,
240 megawatts, There has been no change to 16 ¥arch,
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IZSSENTTAL MATERTA
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SECTICON XTI

FSSENTIAL WATERTLLS

The following pares of tabulations of essentizl materials

for Hanford Zn~ineer VWorks cperatiocns indicate the maznitude and

t

diversificaticn of the nrimary and auxiliary processes in the 300,

100 and 200 Areas.
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Llumicwa Cans 20,000 230,000
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Zluminum Cane (Boss) (ee)) 30,000 260,000

" 00,2 (3yl,) 50 o
Alupinmm 3ilicon 33,000 306,000
Couner 2,500 20,000
. Perr-.-lsr  (lerreasine Salvent) (Gs1)) 250 3,000
mponzl (e ve sine Salvent) A0 70
“rersilucric noid 600 s 10,300

Winpie d
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Phosnhoric Leid 35% 1,360 10,325
Soniun Hrarmsine 15,000 130, ren

“atansit Chisrinas aen 1 o
sl torin plsia 0
Steel slseves 1,A00 160 300

- . - . - 4

Eariur Thlorize 1,500 13,000
Sazium Brorate 27.200 A AAA
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PR RIYS e

D COUSTLPTION OF HES3ZNTIAL KATERIALS

POUER DEPARTEIIT 100 AREA

MCIHTHLY TRARLY TOTAL
HATERIAL ARTA  CONMSUMPTICHN  COMSULPTICN  COWSUMPTION
.,
Sodium Hexametaphosphate

(Calgon) 100 3 1s 1,8C0
100 D 150 1,800

100 7 150 1, 800 5,400
Chlorine (Unit - toms) 100 B 12,000 144,000
100 D 12,00C 144,000

100 F 12,000 144,000 432,000
Disecdiwm Phosphate 100 B 500 g, 000
100 D 500 5, 000

100 F 500 6,000 18, 000
Ferric Sulphate 100 3 300,000 3,500,000
100 D 300, 000 3,600,000

100 ¥ 30C, 000 3, 8CC, 200 10, 8C0, 000
Lime 100 3B 80, 0C0 $60,000
100 D 30,000 560,000

100 7 30, 000 560, 000 2,880,000
Sodium Sulphite 100 3 500 g, 000
100 D 500 5,000

160 7 500 5,000 18,000
Salt (Bulk) 100 3 30,000 380,000
1CO0 D 30, 000 360,000

1CC T 30,000 380, 000 1,080, CC0
Sodium Silicate 100 = 200, 000 3,600,000
100 D 300, 000 3,300,000

100 7 300, C00 3,500,000 10, 300, C0O
Coal (wnit - tong) 100 3 6,450 77,400
100 D 8,750 81, 000

100 F 6,400 76,800 234,200
Sodium Dichremate 1C0 3 30,000 360,000
1CC D 25,00C 3CQ,000

wco e 25,000 300,000 960,000

411 wnits unless otherwise cnecified are in pounds

L1013589
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FST Ik TEyY CONSILPTTIAM N7 ISSENTTAT FATZRTLTS
10N LRph
* L OTHTY w YTARIY ¥ TONAT )
FATERTAT PREL OONSUL PYTION COMSUR PLTOM G OWSIT P TON
wab Rl s oLhdy . -
Carben Dioxide (504 crl.) 1nc R 50 6(;0
| 100D L0 LBO
1 7 L0 LRO 1,760
: 20,000
- v { an A e 3 115,000 l,glﬂ, :
Teliun _cv.»ft.. 00 2 557000 260" 000
o F 55,000 660,000 2,700,000
5 000
sluninum summies (ea.) A1l 8,500 102,000 102,
Lreas

: 0 29 . -~ » i
* 111 units unless otherwize specilisn #¥a in nourais,
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LORIELY TEAmTY
LATERTAT CONSIPrTON CCHOTL PITCN,

Arhvdrous Hydrosen Fluoride 26,550 612,60

2 F)
Seaium Carbonste 30Q,6C0 4,795,200
Sodium Hyarowide 1,121,200 13,36A,500

Sulphuric icid 24,120 1,009,800

b4
Ammonium Silicafiuoride 39,720 277,260
~pnonium Zulshare a0 1,198

BEismuth 2ubnifrate 20,270 257 ALC

. . .. . - -
Ceric Lmmeniun itrate 720 3,0L0
Terrous Armomia. Tl llae 77,200 22,400

Hrarszen Perovide 4,410 22,50

2,500
Lanthomun aomonin, idcrets 2,380 2,00
Cornlin | cia 19,920 23% 740
PcerLasznium Carberste Procass =2lterenion elimincted us

Potassiun Zyarexiae 30,39 £36G,320
Potzssiwa Permanranate 2,300 3L,880

L,770 37,2L0
2,220 29,1606
Sodium litrate 30,060 7(’:"‘*, 750
Sodlws litrita 15,930 191,170
Super Zel Hyilo 1o 1,020
Jirecniun Jerbonate Gel 1,230 172,380

411 items unless ctherwise snecified are in nounde,
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TEY CONSILPTTON OF

TOSEITTAL 2 ITIRTLTS

Sotium Hewametarhosphate

Chlorine #15C#

Chlorine (1 Ton)

Ulsnadivm Phosnhate

soaium Sulsnhite

Salt (Full}

Sclt (Baze)
Scaium Silicate

111 wnits wiles e

1101562

Cyls.)

VEARTY
COUSTLPL TION

TOTAT,
COUSTE P TON

PTUER JEPT. 4TI A7EaS
LOITHTY

SRef, COTRIL PRI
10C8 150
1000 150

1CCF
300
7CQ
1100
10CB
1000
1C0F
100k

10y
100w

1O0F,
1005
1

Ctherd
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00

370, 000
300, 000
30N, 000

’.‘f\ r\(‘n
;,,:cn
30,000

300, 000
00,00
300,000

1,300
1,200
1,800
1,800

1

g}
)

]

0

©3

102,200

122,000
174,000
144,000

I Waals
,C
4,000
6,000

c,M00

3,600,000
3 .r(‘(‘ ixele!
3,00 0,000

aTSTaNEeals)!

cO, 000
Teo, o0
Q50,00

3,470,000
3,(.rxo con
3 1”@ oo

2

-

5,L00
1,300
1,300

104,200

13,000

1,090,000
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1000 &,756
10CF 6,400
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KMCJTHLY — YZARLY TQTaL
LNATERTAL . ARPA CONSULPTION CCHSUMETICN  CCNSUMSTION
Disodium Phoschate 200 W 500 8,000 8,000
Salt (3Bulk) 200 & 10,000 120,000
200 W 15,000 180,C0C0 180, 000
Coal 200 2 . 1,000 12,000 S e
200 W 2,750 23,000 45,000

S o

POiWER DEPADTIMNT 300 AREA

Chlorine 150 1,3C0 1,8C0
Salt (3ags) 3,0C0 36,000 38,000
Coal 4G0 4,300 4,800

RICHLAND ADCTVISTRATIVI ARTA
POSER DEPARTIENT 700 AREA

Chlorine 150 1,300 1,8¢C0
Salt (lags) 8, 000 72,000 72,000
coal 1,000 12,000 12,000
PCiZR DEFARTIENT 1100 ARZA - RACHLAND VILLAGE
Chlorine 8,700 104,300 104,800
DECLASSIFIED WITH DELETICNS -
all units unlec- ctheme If}g

-Ec1lied are in meunie
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SECTION XIII

RICHLAND VILLAGE

General,--The conditions leading to the selection, design, and

conctruction of the Richland Village and the facilities included to care
for operating personnel and families are described in the historical ac-. .+
counts of the design and construction of the Hanfeord Engineer fWorks,

b

Lt

In

general, adequate facilities have been furnished to provide for the essen-
tial minimum requirements of a population of about 16,000 with respect to
food, housing, clothing, health, schools, churches, recreation, transporta-

tion, and police and fire protection.

Poouleztion,-~-The most recent census indicates that the popula-

tion of Richland as of 31 March 1945 is 15,401,

follows:

This is distributed as

Total number of women in dormitories 672
Total number of men in dormitories 377
. Other udults over age 18 8883
Total chilcdren ages 14 to 18 576
Total children ages & to 14 2020
Total children under age © 2773

Villaze Manapement,--Evaluation of

all the factors entering

into the management of the Richland Village indicated the desirability of

placing this responsibility with the Contractoer,

This has proved asdvan-

tageous to the Government through the elimination of duplication of effort

considerable

b3l

23

in many instzances by combining
requirerents

with existinz plant aanagement and services,

number of village operations
4s with plant

operation, the Richlznd Village is under the general administrative and
supervisory conirol of the Government zs revresented by the Corps of Zngi-

neers of the United States Army.

Normal Services,--ilormal services for the entire village are

performed by the denartmental organization of
in such normal services are the following:
houses, facilities, roads, and walks;
and heat; collection and disposal of sewage,
ing of police, Iire, and sanitary protection;

the Contractor. Incluced

maintenance of buildings,
furnishing of electricity, water, fuel

garbage, and ashes; furnish-
billing, collecting, leasing,

and accounting relative to rentals for housing and commercial establishments.
The cost of all such normal services is included in the rental agreements

established,

Housing,=--411 houses in Richland he:

rapidly as they were ccmpleted,

have been used to capacity as
fresent incications are that the peak

population will be reached in the spring of 1945 with a consideruble drop
in population during the summer resulting from completion of the last phases
of construction and froa a reduction in operating forces as operations are

gracually stabilized,

e
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. A total of 4304 houses were built comprising 25C0O permanent and
1804 prefabricated temporary dwellings, Cf the latter, 5C0 were included
to assure adequate housing of key personnel during the unusually prolcnged
peak period when both construction and operations forces created extremely
heavy demands, 35 existing houses from the original Richland Village are

NI

occupied, e e s e e e i -

Health,--The ifedical Department is organized to provide a clese
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 Departmernt Heads who are responsible fcr the maintsnance of sanitery
Tacilities, Copies of the reports are also sent to the respective schools
and business operators, Rechecks are made to determine that recommendations
of health inspectors are carriesd out,

iedical, Hosnital, and Dental Service,--iledical, nospital, and
dental services are available to all residents of the village at reascnable
cost at the hoscital located in Richland, ithile this hospital and medical
center was provided ito take czre of the industrial requirements of the plant,
adequate facilities were included to serve the escentizl needs of the village.
It is indicated that the revenue from these nublic services, as of March
1945,. will be approxinately $38C,CCO per yenr,

Schools,--The schools are operataed entirely under the laws of the
State of Washington and under the Juriscdiction of tne County Surerintendent
of Schools, Because of the great expznsicn of school population, however,
it has been necessury to rely heavily on Federsl funds made available under
the Lanhan ict.

For the school year lol/—/ 5, State and Count oy funds in the
amount of $90,0CC were uvailable to the Richlard Scnools, In addition, 1
vias necessary to use 278,292 of Lanhuam et funds for school facilities and
47,224 of Lanham Act furnds for the Mursery., The MNursery was established
to care Ior c*“ldren of mothers whno are uerking for the Government or for
Contractor.

s
u

+h
the

Reprssentatives of the Covernment and the Contractor aiiend
gach meeting of the school bcard in order to kzep in close touch with the
operation of the schocls,

Churches,--Necrly all religious denominations are represented in
Richland, | Fifteen of thre PTOLESuant groups are combined in t
.

Churches and Christizn “ducation for {ast wington and Horthern

Two church buildings were constructed: one Catholic and %
other for the United rrotestant Eruncx ~f the Council of Churches Two ce-
nominations of the Frotestant groups, Episcopalian and Lutheran, are making
use of old church buildings "h ch were in the original town of richland,
School auditoriusms are also made availabls for certain denominations which
are not renresentsd in the Council of Churches,

DECLASSIFIED WITH DELETIONS
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Recresticn.--With the completion of the Recreation Hall, and with
numerous groups crganized for various special activities, facilities for
adult recreation in Richland are believed to be adeguate,  Recreation for
teen age children, however, has presented a serious problem, Federal funds
under the Lanham act have not been available for a recreation program, t
has been necessary, therefore, that various Richland civic organizations
and the schools combine and coordinate their efforts to provide essential
recreztion for the teen zge groups,

Transvortation,--Sciieduled, routad, and Government owned bus
transportaticn is provided under the direction of the Transportation Cfficer
throughout the village and to the plant areas only for the essential require-
rments of rroject employees, Bus fare is five cents psr ride witi free
transfers to connecting local buses, This fare was established on the basis
of that charged in other communities of similar size in the State of liashing-
ton. Projecting the bus service for March 1925 indicates that approximately
4,000,000 passenzers will use the buses ner year vroviding a ftotel revenue
of about #200,CCO, '

Police and Iire Protection.--Police and Fire Uepartments are a
part of the departmental organizaticn of the Contractor, - The police are
deputized by the Zheriff and are also auwxiliory iilitery Police,

hd 1

Special attention has peen given to fire protection and the record
toc date has been excellent,

- Commercial Zsteblishmerts,--All normal essentizl living require=-
ments such as foocd, drugs, clothing, miscellaneous supplies, entertainuent,
and similsr needs are rnrovided by commercial esizblishments selescted through
competitive ticding. This arrzagenment has rroved to te very satisfactery

g indicated by %the Ifreedom frem complaints by the resicents of the villagz,
The commerciul operutors maintain 2s complete stocks of guality merchandise

as. conditicns wcernit, rrices zre checked and maintained ub the zrevailing
levels cf those in the nearest tovwns, 0.F.4, regulaticns are the controll-
ing factor in all orices where they apply.

In evalucting the bids of crospective commercial operaters,
consiceration has been ziven to past successful experience, financial re-
sponsibility, and crocurement cuvacity under existing difficult cenditicns.,
Only two of the criginal INichland business operators were consicdered as meet=-
ing these regquirements und oeoth declined to enter bids.

. Commereinl Aentnls,--Consicerable theusht was given to the
estezblishument of 2 tasis for rental of Facilities to the various commercial
ties in %he velwie of business and the duration of

operators. Uncertaintie
operation introduced aifficultiss in arriving at equitable arrangerents.
Consequently, it wus decided that rental would be determined 15 a percentaye
of zrecss income from the busiress and thut euch proscective commercinl oper-
ater would include his percentase as a nurt of nis bid to ke evaluated in
combinzticn with the other ccnsiderations in selecting the successful tidder,
This methed nas teen followed in tne great majority of cases and has croved
to be cavantagecus to the Government, rresent rental revenues indicate a
Prooably rental reiwrn of about $250,C00 per vear,

S :
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Honsine Rentals,--On the fellowing page is a tabulation of tke
types of housing provided for residents of tue village, the unit costs of
construction, and the established rental prices furnished and unfurnished,

Sxisting Buildings,.--an existing building was mede available to

ne County iuditor for the issue or vehicle licenses to village resicdents
and for the conducting of other lccal tusiness of the office, Othes

existing buildinss have Leen made availuble to the local Ration Boerd, tne

United States Employnent Service, and to Villagers, Inc. The latter body

is a civic non-profit orzanization which sponsors a weekly newspaper, a

circulating library, and a wide variety of recreation and sccial activities.

DECLASSIFLED WLLlH DELETIONS
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Number MNumber

Monthly Rent

(Includes Utilities)

Units_ Bedrooms Tvype Unit Cost® Unfurnished ZFurni¥shed
Regular
A 816 3. 2 Story - Duplex  $3,950.C0 $37 50 $47.CO
B 1C40 2 1 Story - Duplex 3,770.C0 33.2C 42,C0
D 8 4 2 Story - Single 6,025.CC 67.50 84.50
E 84 3 1 Story - Single 5,325.C0 €2,50 78.C0
r 250 3 2 Story = Single 4,820,C0 50,C0 £2,50
G 8 4 2 Stery - Single 6,030.C0 67.5 €4.50
H 25C 3 1 Story - Single 4,7C0,C0 50.C0 62,20
L 1L Z 2 Story - Single 6,580.C0 62.50 80,CO
Sub-
Totel 25C0
Frefabs
i 402 1 1 Story - Single 2,199.C0 27.50
B 8c2 #= 2 1 Story - Single ),C80 [ole 35.C0
— c 6C0 3 1 Story - Single 3,895.C0 42,50
Sub-

Total 12CL =%

Grand
Total 4304 ==

%  Includes only mod
processed as of 2
vised upiiard by a

ifications and revisions which have been approved and
7 March 1G45. These unit costs nrobably will be re=-
few dollars when final costs are determined,

#~ Includes one nouse which was destroyed by fire after acceptance Ior pay-

ment, but befcre acceptance for occupancy,

SEEEEE—
DECLASSIPFIED WITH DELETIONS
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RICHLAND VILLAGE
Typical Dormitory
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SECTION XIII

RICHLAND VILIAGE

: -

At the time the town of Richland was taken over by the govern-
ment, in April 1943, it was a small farm community of about 350 popula=

tion, It had the usual small mercantile facilitles nesded to serve such
a commmity,

In order to house the thousands of families required for con-
struction and operation of the Hanford plant, it was necessary to build
an entire new town from the ground up. Acting under an Order of Poeses-
sion granted by the Federal Court, 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 bueiness
buildings thus made available were occupled temporarily by construction
personnel, who paid rent to the govermnment for all dwellings.

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

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

As theee buildings were complsted, invitations to bid for
operation of each facility were circulated to potentiel operators. Care-
ful financial investigations were made on 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 gross income as the rental payment., The method followed for
selection of operators resulted in bringing excellent merchandising
organizatiorns to the town, with rentals frcm the business buildings
totalling approximately $250,000 per year.

B There were inquiries end applications by operators of various
other types of businesses, but these were turned domn. These businesses
included bakeries, jewellers, gift shops snd others that are deeirable in
a community of this size, hut the fact rumained that they wers not ee-
sential, Therefore, no buildings were provided fer them.

The volume of business done by each of the facilities in the
tovn has been ample evidence of the necessity for their being set up in
Richland. The town is isolated from larza marketing centers, Pasco and
Kennewick being tha closest, The populaticn of Richland, however, is
greater than Pasco and Kennewick combined.

. ' RO
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these emergency tanks thrcugh the pile. This assures an adequate
flow of water through the pile for a short periocd while steps are

being taken to reestablish the normal flow, .

Bower Supply

Electric.~=-The primary power requirements for water pumping
and other services are supplied by a 230,000 volt electrical transmis-
gsion system connected to the Bomneville and Grand Coulee system. The
total connaected load of the three 100 Areas is 84,850 kilowattis of which
more than £0,000 kilowatts result from motor driven water pumps,

Steam.=-A boiler plant is provided in each 100 Area to fur-
nish an independent source of power in the event of failure of the main
electric supply, However, the amount of steam 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 of the steam
generating squipment of the three pile areas is 1,200,000 pounds per
hour or about that required to produce electric power at the rats of

120,000 kilowatts.

\ DECLASSIFIED‘
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rate than they were being created and the earlier events were sub-
stantially repeated.

There were numerous possible causes of the parasitic
neutron absorption but there was no immediate concrete evidence which *
adequately explained any of thse poesibilities, In order to evaluate
the various possibilities, 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 megawatts. It was determined that contimuous operaticn could be
maintained at a power of about 3 megawatts with the pile charged with
901 tubes., From the data collected at this time, the physicists made
substantially the following analysis and predictions before 2 October
and all of which have proved to be remarkably accurate:

(1) The parasitic neutron absorption resulted from the
formation of xencn=135 as a fission by-prcduct ele-
ment. With the time expressed as half-lives (the
time required for ome 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 hour)
to xenon (9.4 howr) to cesium (25 year) to stable
barium, 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 previously known element.

(2) It was predicted that the pile would be able to operate
at the following power levels when the indicated number
of tubes were charged with uranium slugs: 1/ megawatts
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 levels than those
above would gradually be attained as boron 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 and some of it fissioned to produce additional neu-
trons, This prediction was based on knowledge of some
other fission by=product elements which would absorb
neutrons and thus retard the pile reaction.

(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 meking certain that a minimum of aluminum 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 portion.

Y
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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
serious neutron absorption might occur among the fission by=product
elements, In all subsequent studies, sffort was concentrated on
evaluating the various possibilities with the greatest accuracy per-
missible with the then undeveloped state of kmowledge. Thus, even
though the effect of xenon-135 was uninown, the possibility of the for-
mation of some element of similar propertiss was foreseen, If the
neutron absorption capacity of xenon=135 were greater than it is, it
appears reascnable to believe that it would have been discovered during
the operation of the experimental piles at Argonne and the Clinton
Laboratories., In that event, adequate provisions would have teen
made in the Hanford piles to counteract it on the basis of accurate
knowledge. :

Through what has subsequently proved to have been good
juigment, two very important factors were incorporated in the original
design of the Hanford piles which have permitted the charging of suf=-
ficient uranium slugs to provide a source of neutrons adequate for
saturation of the xenon poiscning 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 adequate, The second is the fact
that 9 control rods were designed into each pile instead of about threa
which were indicated as being required,

The additional 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 xesnon has decayed to less
absorptive elements, On these occasions, the piles have a far greater
ability to accelerate in power than was ever contemplated and are comse-
quently much more hazardous. However, during normal operation the ex-
cess neutron producing capacity is absorbed by the xenon and operations
are much less hazardous than had been predicted.

Film Fermation and Corrosion.-=Concurrently with the design
and construction of the Hanford Engineer VWorks a great deal of work
was done in developing a means of limiting £ilm formation and corrosion
with respect to ths pile cooling surfaces and for pericdically removing
any film which might form. 4 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
wers 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-

I
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SERVICES AND FACILITIES

Ilten

High School

Grade Schools

Churches

Grecery Steres

Drug Stores

Hotal (Transient Quarters)
Theatars

Red Cross Heedquerters

Bus Depot

Service Stations (Automotive)
Bank

Post Office

Garage (Automotive Repairs)
Fire Stations

Recreation Building
Hanford Engineer Works Administration Area
Cafetaria

Hardware Store

Optical Shop

Western Union

Railway Exprass

Barber Shop

Beauty Shop

General Merchandise

Men's Furnishings

Women! 3 Apparel

Shoe Store

Shee Repair Shop

Hoepital and Medical Center
Laumdry

Milk Store

1101blb

Nursery (Ckhildren)
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SECTION XIII
RICELAND VILIAGE

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

In order to house the thousands of families required for con-
struction and operation of the Hanford plant, it was necessary to build
an entire new town from the grourd up. A4cting under an Order of Poeses-
sion granted by the Federal Court, 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 mede availabls were occupied temporarily by constructian
personnel, who paid rent to the govermment for all dwellings.

Construction of houses started on April 29, 1943, The first
house was occupied on July 28, 1943, A total of 4300 housing units were
constructed., This includes 18C0 prefabricated one, two and three bed-
room houses., All of the prefabricated houses were completely furmished,
and about one~half of the remaining wmits were furnished. As of 28
Fabruary 1945, all houses are occupied 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., These facilities ars listed cn the following page.

As these buildings 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
experience of the bidder and his proposed key perscnnel was checked,

Bids were submitted on a basis of payment of a percentage of
monthly gross income as the rental payment, The methed followed for
selection of operators resultad in bringing excellent merchandising
organizations to the town, with rentals frcm 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, gift shops and others that are deegiratle in
a2 community of this size, but the fact remained that they wers not ee-
sential, Therefore, no buildings were provided fcr them,

The volume of business done by each of the facilities in the
tovn has been ample evidence of the necessity for their being set up in
Richland., The town is isolated from large marketing centers, Pasco end
Kennewick being thz closest., The populaticn of Richland, however, is
greater than Pasco and Xennewick combined.
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these emergency 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, -

Bower Supply

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

Stesm.==A boiler plant is provided in each 100 Area to fur—

nish an independent source of power in the event of failure of the main:

electric supply, However, the amount of steam generating capacity and
number of steam turbines do not duplicate the electric power capacity;
they are limited to those requirements where less than complste depend-
ability would be disastrous. The combined capecity of the steam
generating equipment of the three pile areas is 1,200,000 pounds per
hour or about that required to produce slectric power at the rate of

120,000 kilowatta.
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advantageous to transfer operations from the massive shislding of
Building 221 into a more normal type of structure.

There are six working areas, or cells, in the Concen-
tration Building, TFour of the cells are identical and contain the
same standard wnits as in the Cell Building. No provisions ars made
for remots maintenance although operation and ccntrol of process steps
is accomplished from the central operating panels. A fifth cell con-
tains equipment and vezsels for transferring process solutions between
buildings 221 and 224, The sixth cell contains the equipment for the
finel plutonium concentration befcre transfer to Building 231.

23) - Isoclation Building.~-Upon arrival at the Isolations
Building, the plutonium which was origzinally associated with a tom of
uraniwm in the form of slugs has been concentrated to en 8-gallon solu-
tion, Consequently, the equipment for final preparation is gresatly
reduced in size from that required in earlier processing.

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

Throughout the Isolations Building cleanliness and safety
ars emphasized because of the extreme toxicity of plutonium. Every
conceivable precaution is taken to avoid personal contact with the pro-
duct '

...
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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 ™
adequately explained any of the possibilities. In order to 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 continuous operatiocn could be
maintained at a power of about 3 megawatts with the pile charged with
901 tubes., From the data collected at this time, the physicists made
substantially the following analysis and predicticns before 2 October
and all of which have proved to be remarkably accurate:

(1) The parasitic neutron absorption resulted from the
formation of xenan=135 as a fission by-prcduct ele-
ment., With the time expressed as half-lives (the
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 hour)
to xenon (9.4 hour) to cesium (25 year) to stable
barium, 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 previocusly known element.

(2) It was predicted that the pile would be able to operate
at the following power levels when the indicated number
of tubes wsre charged with uranium slugs: 1/ megawatts
at 1000 tubes; 59 megawatts at 1200 tubes; 94 mega-
watts at 1500 tubes; and 216 megawatts at 2004 tubes.

(3) It was predicted that higher power levels than those
above would gradually be attained as boron 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 and some of it fissioned to produce additional neu-
trons, This prediction was based on knowledge of some
other fission by=product elements which would absorb
neutrons and thus retard the pile reactiom.

(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 aluminum 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 portion.

DECLASi iRl
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ST In the early analyses cf the posaibilities of the Han-
ford process for the manufacture of plutonium, it was recognized that
sericus neutron absorption might occur emong the fission by-product
elements, In all subsequent studies, effort was concentrated on
evaluating the various possibilities with the groatest accuracy per=-
missible with the then undeveloped state of lmowledge. Thus, even
though the effect of xenon=-135 was unknown, the possibility of the for-
mation of some element of similar properties was foreseen, If the
neutron absorption capacity of xenon-135 were greater than it is, it
appears reascnable to believe that it would have been discovered during
the operation of the experimental piles at Argonne and the Clinton
Laboratories. In that event, adequate provisions would have been
made in the Hanford piles to counteract it on the basis of accurate
Imowledge.

Through what has subsequently proved to have beea good
juigment, two very important factors were incorporated in the original
design of the Hanford piles which have permitted the charging of suf-
ficient uranium slugs to provide a source of neutrons adequate for
saturation of the xenon poiscning and operation of the piles at, or
above, rated power level. The first is the fact that the piles are
canstructed with 2004 cooling tubes rather than the 1500 which wers
indicated theorstically as being adequate. The second is the fact
that 9 control rods were designed into sach pile instead of about three
which were irdicated as being required.

The additional 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 elements, On these occasions, the piles have a far greater
ability to accelerate in power than was ever conitemplated and are conse-
quently much more hazardous. Howevar, during normal operation the ex-
cess neutron producing capacity is absorbed by the xenon and operations
are much less hazardous than had been predicted.

Film Fermation and Corrosjon.=-=Concurrently with the design
and construction of the Hanford Engineer Works a great deal of work
was done in developing & means of limiting £ilm formation and corrosion
with respect to tha pile cooling surfaces and for periodically removing
any film 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 successful attainment of thess ob-
jectives, the Hanford piles could not operate.

As a result of this work, practicable operating standards
were established prior 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 sodium silicate, Positive methods were also established for re=
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RICHLAND VILIAGE
SERVICES AND FACTILITIS

Iten

High School

Grade Schools

Churches

Grocery Stcres

Drug Stores

Hotel (Transient Quarters)
Theatars

Red Cross Headquerters

Bus Depot

Service Stations (Automotive)
Bank

Post Office

Garage (Automotive Repairs)
Fire Stations

Recreation Building
Hanford Engineer Works Administration Area
Cafataria

Hardware Stors

Optical Shop

Western Union

Railway Exprass

Barber Shop

Beauty Shop

General Merchandise

Men's Furnishings

Women's Apparel

Shoe Store

Shoe Repair Shop

Hospital and Medical Center
Laundry

Milk Store

Nursery (Children)
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