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TSe objectives of Hanford o?eratimg/are the/-- 
~ - E n ; r f i r e a ~ o ~ - ~ - e - ~ - ~ f i c i e n t  quant i t ie  a of 

F -  

--- 
-ary products in time t o  meet adequately miri- 
requirements at the lowest cost of manpower, monsy, and materials COIC' 

mensurate with the m a x i m u m  degree of cer ta in ty  in a t ta in ing  the  ob- 
j ectives. 

A secondary accomplishment will be t o  make sufficient quanti- 
t i e s  of plutonium, together with accumulated aperating knovrledge, avail- 
able t o  the Government f o r  assuring f u h r e  na t iona l  securi ty  and t h e  
conservation of the Umited supply o f  v i t a l  raw materials.. 

' 

A l l  efforts o f  the responsible organizations have been well  
coordinatsd acd have been directed toward the fLd.1 attainment of these 
obj ectivea and accomr,lishments. The responsible organizations are as 
fol lows:  The E. I. du Pont de Nemaurs B Co., the Prime Contractor; 
the University of  Chicago Metallurgical Project, Cocsultanta; and the  
Corps o f  Ehgineers of the  Army directly representing t h e  Government of 
the U n i t e d  States.  The Office of Sc i en t i f i c  Research and Development 
?xis furnished invaluable sc ien t i f ic  guidance i n  the process development, 
although it is not d i r ec t ly  involvad in p lan t  operation. 

: , -  ' 
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ELBTENTARY FPCTS ABOUT PRODUCTION aF PLuTGUlJid RND SECONDARY PRODUCTS ' :i 
\ I {  

1 /(.* -" 
The processes developed to prcduee plutoni\nn, end practiced 

,I, I at Ranford, are described elsewhere in the historical, research, and de- 
velopment d m e n t s  of the U a n h a t t e n  District, 
however, is included here t o  d e  available readily the elementary facts 
which apply specifically to plant opsratlons. 

P l u t a n i u q , - - P l ~ u n i m  is the n a e  given to a newly discovered 
chemical element d atomic llupnber 94 whlch is obtained by lxansmutatian 
of trranium of & d c  number 92, 
aad continues t o  be the heavieef element hoan to occur in nature. 

The following s-, 

Uranium was the heaviest element knm 

Q 

Urax&m.--Uranitrm occurs naturally in three different fame 1 

cal led isotopes. In the Hanfod p x e a s ,  advantage LE taken of the I 
properties oftwo of these isotopes possessing atomic massea of 235 and 
238. 
mllltary standpoint ur far the production of power, 
purposes, the Ursniurn-235 mnet be eeparated from the other i80tOp88 a d  
t h i s  separation cannot be made by previously eetablished _moductlcar 
methods. Ureaitrm-235 is v i t a l  to the Hanford procesa end its functian 
i s  descrfbed bel=, Uranium-238, IZI the Hanfozd proceas, i s  tranxmted I 
t o  plutoniutw239 wbich doe8 posses8 the desirable m i l i t a r y  and F e r  p r ~ *  
ducing propertlea of uranium-235 and which, because it is  a apeciflc and 1 

distinct chemical elament, can be separated from other c h d d  elements, 1. , 
by difficult,  though feasible, chemical methcds. 

the Hanford procesa for t h e  m d a c t u r e  of plutonium-239 m e  as followst 

Uraniuxn-235 posseesea the properties which are desirable f r a  a ;,. 
Honever, for these , 

1 

- 
ord Rocea.--Briefly and very generally, t h e  facts of 

. 
L .' I 

Metallic uronim i s  surruunded by graphite; 

Present at randm in the Byatem and emitted continually 
fraan the uranium are atomlc particles c a l l e d  aeutmna; 

The structure is such that these neutrons m e t  pasS 
through t h e  graphite which reduces them to a velocity 
w h i c h  permits their absorption by both the uranium-238 
and llrmi-235 prcducing: 

The new chemical element pldonim-239,  

The destruction of the uranium-235 accompenied by the 
fornation of acme 25 ,highly radioactive 'oylproduct 
chemical elements , 

DECLASSIFIED WITH DELETIONS 2 
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(6) The ernisaion of neutrons 
than those absorbed, and 

(7) Large quant i t ies  of heat 
the burning of 3,OOO,oOO 

slightly greater i n  quantity 

approodmately equivalent t o  
p d s  (1500 t a n s )  of coal  i 

for each p&d of plutonirno Farmed. 

Chain R e a c t  iop,--The slight g&, or d t i p l i c a t i o n ,  in new 
trons a c h  acchnpaniee the  derrtruction of Ursnium-235 i s  the p r h r y  
factor which makea the IIanford process possible. 
netrtron multiplication apd use is  what is  commonly c a l l e d  a chain re= 
action. The quantity of these neutrons present in the graphlte-xranium 
structure at any instant  m e t  be controlled, 
are absorbed other than in t h e  uranitrm-235 such aa the formation of an 
BxDaaa of plutonim, captme by any of the large number of chemical ele- 
menta present or  leakage from the structure, the chaln w i l l  be broken 
end t h e  reecticms rill cease. 
of OSufr#lS is permitted to proceed without  u t ,  the heat r8haSed by 
the destruction of an e z e e s  of urani.mn-235 could nat be diasipated with 
sufficient rapidity t o  prevent a condition of serious damage ar hazard 
and, perhaps catastrophe. The p i l e  i s  so canstnrcted that an ~ x c e s s  of 
neutrons are d w a  available. T h i s  excess i s  regulated by neutron 
sorbing rods, c a l l e d  control rcds, which are inserted in to ,  o r  Prftldraxn 
&Om, the p U e  so that t h e  nmben,of neutrons available are a h a y s  pre- 
c i s e l y  Umited t o  meet the roquireaents. 

' 8  * \  

structure, called %ley is a heat producing unit. 
determiaea the rate a t  which the reactions and, consequently, t h e  r a t a  
of plutcpliuIp mamrfacture may proceed. TMs great  mount of heat mud 
be disaipatad and, in the Hanf'ord pi lea,  this i s  accomplished by a water' 
c00Ung systam the capacity of whlch is the limiting factor in d e t m F n 9  
ing the rate o f  plubni tm manufacture. 

This voces8 of 

If an excess of neutrons 

If, on the ather hand, the multipllcatforr 

Heat Rem .-4hua, it is' &en that the graphite-urtdm 
The heat develo_.ped 

Pile CamiQ .--Since the rate of heat ranoval is p r o p o r b l a d  
t o  the rate of plutaniura manufacture, each of the th ree  Hanford pi lea  is 
rated in terms of heat removal or pmer - i t a  and the megawatt (one 
thousand kilowatts) was choaan. 
250 megauatts which rate  of operatiun i a  a p p r a t e l y  equivalent t o  the 
burning of 850 tons of c o a l  per d a y .  

w i t h  t he  operation of the HanPord p i l e s  and in subeequeat processing is 
great.  
roughly equivalent to that which would emanate f rom 3,000,COO pounds of 
radium. 
the war was less than one millionth of t h i s  a m a t .  
Fmportanca tha t  these very penetrating radiations be confined adequ te ly  
so that operatiag personnel m a y  vork safely. 
other  processing apparatus Fn which t h e m  radiations are present are .F* 

The rated capacity o f  each p i l e  is 

-tv a& Pro t ec t i  on. -The radioactivity assoc i a t  ad 

The energy of radiation within each pile at rated capacity is 

The t o t a l  amount of radium isolated prior t o  the outbreak of 

Thua, the piles and a l l  

It is of the utmost 

3 
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I-- 5 vided with massive shielding of varLoua materiale such as s p e c i d  
w o n i t e ,  iron, steel ,  concrete, =tar, and lead de- ppon the 
specific requirements t o  be met. 

and the serlaus consequences with respect to peraons atposed t o  them 
, l  

make it also of the utmost impdance that adequate precauticola are 
taken to determiae the presence and t o  maintain records of stray radio- I-,, 
ations and the degree to which persons have beem -sed to them. T h i s  
is necessary far the protection of  all personnel in the manufacturing 
areas as w e l l  as all bhabitants witbin a radius of same fifty miles. 
Monitaring stations have been located at appropriate locations within 
the required area t o  provide records of such s t r a y  radiations and which 
recorda can be produced aa evidence in any poeaible future legal. a c t i a n a  
against the Government. These precautions require a staff of highly 
trained technicians equipped w i t h  specid inatrummu for detecting, 
measuring, and recording the intensities of the various radiations. 

i of R&iiwti~tx.-=The magnitude Of these radiations 

Second- Prod -.--In addition to  plutonium, a quantity of 
radioactive polonium i a  manufactured at Banford. 
by exposing metdllc b l d h  t o  the neutrons in the pile. The p o l d m  
r e d t i n g  from this expome possesses properties which are req*ed fcr 
other Manhattan District work. 
ths bismuth slugs enriched w i t h  polanim are diecharged from the p i l e  and 
transferred to the:8rmg 

T h i s  is accompU&d 

After the req- p e r i d  of imadiation, 

--- . 4 -  

* I  
'. 
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The primary manufacturing facilities at ‘danfard =e located 
3n the 3 0 ,  100, and 200 &am.  

300 Areq.4etalUc urdm is received in the 300 Area ?‘I 

where it i s  fabricated into- indiv idual  pieces, called slugsi@- ;-{ ( 
banded into  aludmm cans. 

UO Arsa.--/rhe canned dugs are trensferred 7 0  the 100 Areas 
where they are placed Fnto t h e  2004 water cooling tubes which pierce 
each of the three graphite p i l e s .  The rate of plutonium manufactwe 
varies w i t h i n  the p i l e s  and, at  rated capacity, the most highly enriched 
uranium w i l l  contain Ebuut 225 grams, or one half pound, af plutonium 
per t on  of  uranium at the end of about four months or about one qucrter 
of a pound per ton at the end o f  t w o  montha. mer the desired amouut 
of enrichment ha8 been obtained, those slugs containbg %hi8 BmQunt =e 
d i s c h q e d  from the p i l e  a d  replaced by freshly canned slugs. 
expected that about ,20 tons of slugs w i l l  b e  discharged by remote handling 
methods and replaced each month a t  each p i l e .  

I t  is 

200-I! Area .- The discharged slugs require &bout sixty day8 
o f  storage d e r  water for decay of the radioactive fiasion by-pvduct 
elements t o  a s a f e  level  for handling; 
200-1: storage area, 
provided for the subsequent prcceaaing. 
tha s u b s t a n t i d  completion of the  formation of  plutcmiun from the inter- 
mediate elament neptunium of atomic number 93. 

t h i a  is  accanplished in the 
T h i s  is required even though massive shielding is 

This time Lag a l e 0  permite 

-.--.The slugs are then ready fcr shipant t o  the 2GO 
Area Separatiun Plants in specially designed, lead-lined casks. In the 
200 Areas, the  alUIuinum jacket8 are diesolved Prom the slugs after which 
the plutonium is separated from the uraaium and sane 25 fission by-prodmt 
elements. T h i s  is accomplished by a mult ip l lc i ty  o f  intricate chemical 
procesaea moat of which are carried out behird massive concrete shielding 
by methods o f  renote control, operation, and maintenance. 

F i n d  Product.-The fiad product is in the form of a paate of 
plutonium nitrate of about 9856 purity azd almost entirely free of radio- 
activity except that emmating from the plutonium. The radiations from 
the plutonium, however, are 80 serious that ab-microscopic particlea 
Wen intern* are fatal,  The plutonium nitrate is then placed in 
specially designed containers and transferred to the Brary far sfipmmt 
t o  another site for further processing. 

DECLASSIFIED WITH D E L Z T I O N S  
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Manufa ctur5na Timq .+his mmunary Mfcates the Ume rea_uire- 
m a t s  for plutonium production. More than s f x  months are conaamed uith 
operations at rated capacity *om the tine uranium is charged in a pi l e  
before quantity production of isolated plutonium is available for trans- 
fer to the AFprg for shipent to another site for -her processing. \ 
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Metallic uranium, in the form of bi l l e t s  about 4* inches 
In diameter and L2 t o  XI inches long, ia received *om suppliers 
d e r  the jurisdiction of the Madism Square Area of the  Manhattan 
Mstrict. 

I 
1.. -* ' ' 

.-The billets are heated in a furnace, in an inert 
ere, to a working temperature of about 1700 degrees 

Fahrenheit. They are then extruded into rods about inches ia 
diamat- and an average of ab& 12 feet in length by pressing, by 
means of a high parrered hydraulic press, through a die. 

Oukaaslng.-The rods receive a prelhdnary straightening I I -4 

manually, are  quenched in water, and are then outgassed. 
gassing is performed to remove Wrogan from the m e t a l  t o  prevent for -  
mation of gas pockets or a bulky chemical compound o f  uranium and Wro- 
gsn either of which might result in serious difficulties in pile operation. 

The out- 

Strairzhtening .--After outgassing, the rods receive a final 
strdghtdng in a mechanical device and are than ready far machinhg. 

-.-The rode are toen machined in turret la thes  i n t o  
pieces, cal led  slugs, each 1.359 inches in diameter and 8 inches long, 
mer laspectlon to asaure that there are no serious defects which would 
adversely affect p i l e  operations and to make c e r t a i n  that the slugs are 
within the dimensional limits of t o l e m c e ,  they are given an acid bath 
f o r  removal of scale and a treatment for removal of any grease which may 
be ~LI the d a c e s .  

- 
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amy by the cool ing water w i t h  result- serious radioactive contamina- 
tion of the pile area and the Columbia River. 

~ 1 ,  

a * - .  I 

.J . 

-.-FOU- C-, end8 -8 maChFned t0 
marks made under a fluoroscope which assures an equal amovnt of alurnjnum 
at each end for heat transfer axxi a minimum of aluninum to prevent ex= 
C B ~ B  neutron absorption, 

Weldinp.-Bfter degreaafng, t h e  top cap is then welded t o  the 
can by means of an argon shielded arc t o  assure mnyIrmrm freedm f r o m  
leaks 

JIlSDeCtiOIl and T eatiqg.--The inspectima and testing of each 
canned slug are4 perfanned to  assure acceptance only of  thoae uhich meet 
the specif~caticns far surface defec t s ,  dimensians and -e, penetra- 
tion of aluminum-gilicon through the aluminum can, and hading of the 
m u m  slug t o  the can. 

-.--One final, drastic t e s t  is appUed to each 
a h g .  
panda  per e q w e  inch far forty hours, 
t ha t  l e s s  than one failure occurs fur each 2000 slugs e u r p - i v i n g  perf-  

have paesd the above autochve t e a t  without a single  failure. 

This consist8 of exposure t o  ateam at a pressure of  about 100 
Canning q W t y  has been such 

h 8 N C t i m 8  d tests, AS Of Mmh 1945, 8 s e r i e s  Of 25,000 e l q 8  
- 

Qzmtitp Rqgjp~ne  n&.--The magnitude of the uranium fabrlca- 
tion and camlng rocesees i s  indicated by the foLloring approxbate 
requirements: (lp more than 1250 tans of bff le ta  were required for the 
h i t i a l  ckarglng of the three piles; (2) more than 130 tons of  b i l l e t s  
are required for narmal replacement each m o n t h  after equilibrium condi- 
tions have been reached in pi le  operation; 
slugs mere required for the three initial charges; 
caned slugs mrill be required each month after routine operatlons have 
been eatablished, 

(3) more than 210,000 canned 
(4) more than 23,000 

=.-Slugs rejected Frau t he  c m  process are 

In this procees the cans and bonding layers are removed by 
Ib')  sent t o  the Ehcovexy Operations f o r  reclaiming o f  the uranium fur re- ~ 

canning. 

~ 
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d i S S 0 l V i n g  in a mixture of caustic scda and sodiurn nitrate followed 
by bnersicra In hydrofluuric acid. 

Other 3 OO-Area F a c i l i t i e 8 , d h e  300 Area also include8 the 
f&owing facil it iest (1) offices, ~ b r a r y ,  and laboratories f o r  \ scientific and technical personnel engaged in ibniahing necessary 
assistance for a l l  phases of Hanford operatiana; 
deteFmining the neutron absorption or emission propertfea of d l  
materials auch aa graphite sed uranium used in the canetmction or 
operatfan of the mawraCturing pilee; (3) semi=works for investigating 
problems ariaing in the separation and isolation of  platoniupr fro= the 
urdum and fission by-product elements; (4)  special shops and fscU- 
ties  for manufacturhg, repairing, modirying, ard calibrating the 
types of  electronics and other  instnrmente required in the manufacturing 
processee and sefety surveys; ( 5 )  a standards for storage and 
uee of the radium and radium-beryllium sources required for callbrati= 
of the special i n a e e n t s  and h i c h  a l s o  houses a s m a l l ,  specid. p i l e  
f o r  cdi'bratim purposes; 
as b o i l e r  p b n t  and water supply, 

(2) a test p i l e  far 

and ( 6 )  miace~laneaus ssrvice f a c i l l t i e 8  %h 

. .  
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i, Generd_,4here art three p i ~ e  areas far manufacturing ph- 
tanium designatad respectively as UOS, 1oo-D, and lW+, In each of 
these areas, the pile is t h e  focal pofnt toward which all other activi- 
t i e s  and auxiliary processes are directed,  
f a c i l i t i e s  of these areas incluie several main featurea the  moat Fnr 
portant of which is an unfailing supply of extremely pure and precisely 
t reated water in la rge quantit ies,  
design except for differences in the water purification ard refrigera- 
t i o n  systems. 

The d a r y  manufact- 

The three areas are identical in 

Water,--In each pile area, a river pmp hause supplies water 
fram the Columbia River to two storage reservoirs totall ing 25,000,000 
gallons capacity, It is  then treated t o  meet the rigid requirement8 of 
the process which d d  almost camphte freedom f r o m  corrosion and-fiLn 
formation in the w a t e r  coo l ing  tubes and the  canned uranium slugs in the 
pile. The faciUti& for water treatment inclde f i l t r a t i o n  plants,  
deraineralization equipment (for 1oo-f)- only) deaeratara- and - chemical addlo 
tion, Refrigeratian f a c i l i t i e s  for a p a r t  of the  water are provided in 
the 100-D and 1OO-F areas t o  increase t h e  power capacity of the p i l e s  
durbq the  warn months when the river teaperatwe r1aes. FoUoffLng t h i s  
treatmeat, the  water l e  pumped to the piles ,  
pi l e s ,  the water i s  held up in retention basins to allow decay of celetain 
short-lived radioactivity before t he  water is discharged back in to  the 
river, 

,' 
, 

I 

After p 3 s h g  through the 

HeUm.-In addition t o  t h e  water, heUum i s  circulated t-l-ough 
A helium storage, purification and circuht ing Bystam -y?.W the  p i l e ,  

provided fo r  each p i l e .  

B U  1bpv Fa C W  e ,-Steam power, high voltage e l e c t r i c a l  
power, shopa, storerooms, Isboratoriea, and office8 are a lso included b 
the  facilities for each pile area. 

Size of a . - - E k c h  of the 330 Areas occupies about 685 am08 
of Land. 

. - - - -  
W i t h  emphasis on operations, these facilities are described 

Fn somewhat greater deta i l  as follows: 

pile'  Structure g,-=&ch p i l e  is a heat producing u n i t  designed 
to liberati3 the heat equivalent of 250 megawatts or apprdmately that 
which w o u l d  be raleased from t h e  burning of 850 tone of c o a l  per d 4 .  
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The p i l e  consista essent ia l ly  of e block of exceptionaUy . : i r  -., 
pure graphite about 36 f e e t  by 36 feet by 28 feet. 
this block is pierced by 2004 holes in which are located d d u m  water 
coollng tubes. 
tubes and rest upon two r i b s  located at  the  bottom of the tubes. This 
design pernits the cooling water t o  pasa through the & space b e  
tween the slugs and the tubes. 

From front t o  raar ~ p t ~  

The canned uranium s lugs  .sre charged in to  t h e  aluminum a 

The p q h i t e  block rests upon a massive concrete fotmda- 
t i a n  and i s  sumounded on t he  four Bides and t h e  top  by shielding appmd- 
mately six feet in thickness c m p r i a h g  about one foot of water cooled 
cast  i rm and five f e e t  of steel and spec ia l  masonite arranged i n  altar- 
nata lajrers. 

The shielding a t  the  *ant and rear faces is pierced by 
holes which match up with those in the graphi te  for the c o o b g  tubes 
which protrude through the  shields and are  connected t o  an i n t r i c a t e  
system of piping which, in turn, is connectad t o  the water supply ard 
discharge €iySte~n€S. 
be passed through the  c a n t r a l ,  or hot tas t ,  zone and unrefrigereted water 
through the  outar zone. 

The connections a r e  such that refr igerated prater can 

The sides and top of t h e  graphite and shielding c 0 n h - b  
addi t ional  holes for inser t ion  o r  withdrawal of the neutron absorbing 

, , ' 1 ,  
control and safety rods and f o r  special tes t  purposes. 

7 I ,.- 
D l  0 ODeratioqg.-As previmsly described, plutonium is 

cakltinuously manufactured and the  amount present is dependent upon the 
amount of heat developed (the power level a t  which the  p i l e  is operated), 
the length of time the  uranium slugs are Fn the p i l e  and, f o r  any spec i f ic  
slug, i t a  location w i t h i n  t he  p i l e .  

The p i l e  i s  taken out of  s e r r i ce  when slugs enriched with 
plutoniu+n are to be discharged. Discharging and charging are prfomed 
eimultaneaslyj as the a.ew canned uranium slugs are charged, or pwhed, 
into an aluminum cooling tube, t h e  enriched slugs a re  forced out a t  the 
other end f a l a g  freely onto a neoprene mattress a d ,  thence, i n to  the 
watar of t h e  discharge storage basin. 
i a  evacuated of a l l  personnel during thess  operations because of the Fn- 
tense radioactivity, 

The discharge face of the p i l e  

The watar Fn the  basin is a f f i c i e n t l y  deep t o  shield the 
working area above the surface frum any radioactivity ubich emanates 
f'rom the  discharged slugs. After discharging, the  slugs a re  s o r t a d  
under water manuilly by the use of long tongs, placed i n  special bucketa 
suspended from an overhead monorail system, and weighed, 
are then placed, by means of specially designed apgaratus, into a lead- 
lined, watar cooled caak and transferred t o  the  200-Xorth Aree on a 
spec ia l  railroad car, 

The buckets 

1 3  



Plutonium -\ccounta b i- -.--It has been stated that t he  total 

The history cf S h  of 
sxucnmt of plutonium manufactured is detarmined by t he  pmer level, t ime 
of i r radiat ion,  and location within t h e  pile. 
the  approximately 70,000 slugs in each p i l e  relative t o  these s ta t is t ics ,  
is kept by means of automatic card Fndexlng rnachirres. 
ready selection for discharging of those tubes which canlxin the most 
desirable amount of plutoniznn. 

T h i s  permits 

&drum Svsfeq,-It i s  neceisary that all PoldB d t h h  t he  p i l e  
s t ructure  be f i l l ed  a i t h  some gas which w i l l  neither affect t h e  process 
adversely nor F e s e n t  a serious health hazard ia t h e  event of leakage 
Porn the  pi le .  
effect ively and i t s  argon becomes intensely radioactive presenting a 
potentially serious hea l th  hazard. Helium does meet these requirements 
perfect ly  and, in addition, possesses the  deabab le  quality o f  conduct- 
ing heat to the cooling tubes a t  a satisfactory rate. Only t he  impuri- 
t i e s  which m a y  be present i n  the hellum preaent a serious problem. 
helium circulation and purif icat ion systems are proWed so t h a t  bpuri- 
t i e s  may be removed. Moisture I s  removed by circulat ion through s i l ica  
ge l  which i s  regenerated as required; 
compressing the helium t o  extremely high pressures and refr igerat ing t o  
extremely low temperatures followed by c i rcu la t ion  though  activated 
carbon. 
tremely high vacuum. All of these operations are carried on behind 
massive cmcreta  w a l l s  and 6y remote operation of the eqtlipment bbcaust3 
of the intense radioact ivi ty  of the  impurities. 
storage tanks are provided t o  permit ratidy replacement o f  that helium 
which is normally lost from t h e  ~ystem. 

fir cannot be used because its nitrogem absorbs neutrons 

Thus ,  

other impurities are removed by 

The activated carbon is regenerated by application of an ex- 

High pressure helium 

Cont ro l  p d  Safetv RCdg,--Cs p r e v l o u s v  mentlcned, the qumti ty  
of neutrvns present in the  p i l e  a t  any i n s t m t  rnrst be precisel3 cm- 
t ro l led  end t h i s  i s  done by inserting, or withdrawing, rods which contain 
the elsrnent boron wMch possesses the property o f  absorbiq  mutrons ef- 
Fectivaly. 

> 

IJhe horizontal  hydraulically operated, water cooled con- 
t r o l  rods e r e  prcvidsd f o r  each p i l e  and enter the  g a p h i t e  from the 
side. 
lating the  process from moment t o  moment. 
e lec t r i c  power, reduction o f  procoss water pressure, o r  a number of other 
  re deter mind conditions, these rods a r e  driven into t h e  p i l e  a u t o n a t i c d y  
t o  stop the reactions. Theee rods are dea*ed wi+& sufficient capacity 
t o  ebsorb excess neutrons reaul t ing from any condition except l o s s  o f  
water from the  cooling tubes. 

I 

These r d s  are used, in whatever quentity i s  required, f o r  re@- 
In the event of loss of 

In addition t o  the nine hor i zon td  cont ro l  rods, 29 verti- , , 

J 

c a l  safety rods are  provided which are  not w a t e r  c o o l d  and vhich m e  
n m a I 3 y  mapended above the  top of  the pi le .  The v e r t i c a l  rods e r r 3  

released automatically t o  drop by gravity into t he  p i l e  upon the  o c c u ~ ~ e c ~ o  



of any of  a nuniber of predetermined events more serious than tho68 
which i n s e r t  the horizontal  rods only. 

Instrument R t i  a ~ p n  d Control Svstma.-The p i l e  Focess  i s  , , 
of such nature t h a t  operation w o u l d  be impossible without; instruments l + i .  *. 
which measure accurately conditions which exist at p o h t s  within the 
pi le  and at other remote and inaccessible locations, 

AU pi le  control  operatione are conducted from a c e n t r a l  I !!, 

G control room. 
m e 1  where he may observe radi ly  those in~tnunents which keep 
constant ly  informed of  power level, minute deviations from operat- 
power level, control rod poaitions, and the ident i f ica t ion  of any of 
28 conditions which have e i ther  automatically inserted the cont ro l  o r  
safety rods into t he  p i l e  o r  whlch require investigation. 
d s o  ha8 immediately a t  hand the d t c h e s  for adjustment o f  control rod 
positions end f o r  emergency manual F n s e r t i o n  of the control and s d e t y  
rods. 

The operator is  seat& in front of the  main control 

The opera tor  

Four additional instrument panele ere providid in each 
p i l e  control m o m  fcrnishing important information r e l a t ive  t o  some 5ooo 
individual conditions of the p i l e  o r  the contributing awdliary pro- 
cesses. 
2004 p i l e  coollng tubes is  indicatad on one penel  md these instruments 
are so c o n s t m t e d  and connected tha t  8 previously determined deviation 
above o r  below the s t a d d  pressure causes the nine control rods t o  be 
driven Fnstantaneoualy into t he  p i l e  stopping the reaction, 
w a t e r  temperature of each of the 2004 tubes ;nap be measured automatically 
a t  sufficiently frequent internah t o  zs8ure safe operation. 
panels i'uznish information r e l a t ive  t o  total water flow, water mppw 
preSsUTo8, t he  functianing of  t h e  helium systen,  rad ioac t iv i ty  in VerfOUS 
parts  of the building, and many other  impofient conditionb. 

For example, t he  watar pressure at the i n l e t  o f  each of the 

The d t  

Other 

Other important instrunerat and control centers ars located 
within each 1CQ Area in the boi le r  houses, and at various points h the 
water ~ u p p l p ,  dist r ibut ion,  snd treatment systems, 

Removal of  Heat.--Eore than 9 6  o f  the heat developed is in 
t h e  uranium and i s  transferred through the slug jacket directly i n t o  t h e  
cooling water raising its temperature. 
heat developed is -CUI the bombardment of the  grapbits  by neutrons; 
small amount i s  developed i n  the shiaus. 
veloped end more plutonium mmdactured in the central tube of the p i l e  
than in any other; 
in heat and plutonium production a s  the average t&e; 
are less effective. 
distribution of heat can be adjusted somewhat by a process h o r n  as pofsm= 
ing Fn which neutron absorbing s l q e  are Fnterspersed xithin the pile 80 

Most of t h e  remainder of the 
a 

Normally, more heat i s  de- 

the  central  tube is approxhate ly  twice as effect ive 
the outer tubes 

If an abtabdence of neutron6 are  available, t h i e  
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as to reduce the heat developed in the contral tubes atd p e d t  more 
t o  be developed in t h e  outer tubes. T h f s  is desirable because the 
esdt  water twpera ture  of the hot tes t  tube is limited t o  appro-teb 
65' Centigrade f o r  a number of reasons inc ldbg a factor of safety 
below the boiling pofnt of water and because serious corrosion of the 
aluminum =faces takes place at higher temperatures. 

, . , I  

a 

The cooling water system i a  so designed and operated 
t h a t  30,000 gal lons per minute are  pumped through t h e  tubes and a r d  
the uranium slugs of the pile. 
required if each tube of t he  p i l e  generated t h e  same amount of beat 
and if a higher eldt water temperature could be tolerated,  The total 
amount of water pumped through the  three mm~facturing p i l e a  is more 
than w o u l d  normally be required f o r  a city of 1,ooO,OOO population. 

This quant i ty  is more than would be 

Because ordinary water absorbs neutrons qui te  readily, 
the t o t a l  amount of water which may be present in t h e  p i l e  at aay 
instant is limited t o  t ha t  w h i &  w i l l  permit suf f ic ien t  neutrons t o  
avoid capture and continue the chain react ion required by t h e  procesa. 
This amount of water, in turn, limits t h e  size of the annular passage 
through which the  water must flow i n  passing through t he  p i l e  and this 

fact has resulted in the most severe heat transfer problem ever en- 
countered and d d s  almost complete freedom from f i lm foxmation on the 
cooling surfaces; this is d ia t inc t  f ron  the requhement or' freedom fron 
corrosion t o  prevent contact of water with the urrtnim. 

rcds function to stop the reaction within the pile within appro-ateky 
# s e c ~ s .  
l y  a t  a gradually reduced r a t e  after shutdown due t o  the radiat ions 
emanating frcm the fission by-product elements. A t  t he  end of the a p  
proximate 23 second pricd, the beat developed w i l l  have been reduced 
t o  about 1/5 of the  operating value and t h i s  amount will slowlJ d h i n i s h .  

? 
wurst c a d i t i o n  resulting fron stoppage of the watar supply would be a : 
steam explosion requirbg complete abandanmsnt of t he  pile area d e s s  
it should be of such violence that the radioactive uranium slugs were \ 

scattered over a w i d e  a r e a  making a much larger mount o f  t e r r i t c r y  UU- 
tenable . 

annular passage is samewhat more than 1/16 inch in t h i c h e s s ,  T h i s  

Water SuaDly.-The previously described control and Safety 

However, t h e  p i l e  vsill cont.lrme t o  generate heat indefinite- 

Thus, it is v i t a l  that the mter supply be unfailing. Probably the 

The  design, construction, operation, and maintenance of /;'i 
The requirsmer?ts are reflected in  uater storage, 

the water supply system have been predicated upon this requirement or" 
complete dependability, 
dis t r ibut ion,  p p i n g ,  and control system8 and i n  the duplication of : 
e lec t r i c  and ateam power in many instances. 

required for condenskg t he  Bteam exhausted from t h e  many steam turbines 

1 -  

In addition t0 the  primary process requirements, water is 
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-- d r i v i n g  p\.rmps and other equipment; for cooling water for the extremely 
large refrigeration plants; far bo i l e r  feeding; fur fire and s d t q  
requirements; and other purposes. The magnitude of the operations i s  
hdicated by the fact that the cmbFned rated capacity of t h e  40 r ive r  
p p s  is 377,500 gallans per minute or approximately t h e  amount required 
f o r  a c i t y  of 5J000J000 population. *- 
p a r t i a l  l i s t  of water pumping f a c i l i t i e s  f o r  the three p i l e  meas: 

The following tabulation is a 

Approximate 
Number T o w  Capacity 

Service L2faanU 

River P u m p  40 
Reservoir b p i 3  85 
F i l t e r  Plant Fumpa 44 
Main Process Pumps 72 

377,500 
360,000 
175,COO 
108,Ooo 

The water t rea t ing  equipment di f fe rs  alightly in the  
three areas. m y  W D  has a damlr.eral1zation system. Ody 
and 1oo-F are  provided with re f r igera t ion  equipment. 
the f a c i u t l e s  Fn each of the three 100 Areas 828 identical. 

In other respect8 

MVW PlDlID s a n d R  830TT ok.--Yi'ater is pumped r'rm the  r ive r  by 
means of  l O , W  gallon per minute motor driven vert ical .  -pa. 
addition, ateam turbine driven pumps are provided f o r  stard-by service. 
I n  each area the water i s  delivered from the river pump to a 15,000,m 
gallon reservoir from mhich it overflows i n t o  an adjacent 10,000,ooO 
gallon raw water reservoir. 
f i l t e r  plant. 
reservoir and i s  kept ?Ml a t  a l l  times. 

Fi l ter  Plmt,-JThe 36,coo gallon per minute f i l t e r  plant  for 
each u30 Area crynsists of chemical feeding equipment, mechanical mixlng 
and f l o c c u l e t h g  chambers, subsidence b a s u s ,  gravi ty  f i l t e r s ,  and two 
5,000,CGO gallon c lea r  wells f o r  storage of  f i l t e r e d  water. 
filter plant,  t h e  suspended material present in the water is rmovd by 
treatment with suitable chemicals followed by a sedimentation p e r i d  and 
then f i l t r a t i o n  through a bed of special ly  t rea ted  anthraci te  c o d ,  sand, 
and gravel. Provision i s  a l so  made for chlorinatian of water before and 
af'tar the filters and f o r  Individual chlorination of  t he  s d t q  rater 

In 

From this reservoir it is  pumped t o  a 
The 15,000,000 gallon reservoir is cal led the emergency 

In t h e  

supply. - 

Q@ n e r w  tiop.--ii 30,OOO gallon per minute demineralization 
p b t  i s  provlded in 100-0 t o  a8aure d i s t i l l e d  water pUriQ if neceesary 
and space has been left f o r  similar i n s t a l l a t ions  in the other axeas. 
The deminerallzation plant is designed t o  remove d i s e o l v d  calcim,;aeg- 
nesium, and sodium sa l t a  by passing the water through sulr"onated coalo 

"r._ 
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'U In the proceaa, these salts are convertod to the i r  corresponding 
acids, 
a r e  removed by passing the acidic w a t a r  through a special nabr ia l  
cal led De-hcidite. 

The acids,  except for the carbonic acid which i s  formed, 

Baera tloq.-Deasrating equipment i s  provlded in each p i l e  a. 

area t o  remove dis so lved  gases frcm ?O,OGO gallons per mirrute of rrater. 
The dnmnnds a m  especiaJJy great i n  100-D where the demineral lzd 
water contains large quant i t ies  o f  dissolved carbon d i o ~ e .  
areas, the  deaerators can remove dissolved oxygen from the  water. 
Deaeration (degass i f ica t im)  is obtained by passing the water in a 
finally divided atate  through towers in which a vaccun is maintained 
by means of steam jets, Acid feeding equipment is provided at these 
units f o r  adjusting the acid content cf  the  e l d t  water i n  control l ing 
corrosion. Equipment far feeding other chemicals such as sodium d i -  
chromate and sodium s i l i c a t e  a r e  a lso  provided f o r  corrosion control. 

In a l l  

R r a t i q , - P r o v i s i o n  has been made in 1oc-O and 100-F - -  * 
for supplmg chi l led water t o  the cen t r a l  portion of  the piles.  
proximately U,COO tons o f  refrigeration has been provided in 102-D and 
10,000 tons Fn 100-F. One ton o f  reiXigerztLon represents t h s  equiva- 
lent amount of heat required t o  freeze one ton of water per day at  32 
degress Fahrenheit 

A p  

Process !"later StorsP.s . - -U process water i s  stored in speci- 

There are four such process arater tanks in each p i l e  arc% 
ally designed t a n k s  with floating roofs t o  prevent reabsorption of 
oxygen, 
Each tank has a capacity or' 1,750,000 gallons and t w o  t a n k s  are n m d l y  
connected t o  the chi l lad water system and t he  other two t o  tha  '!!xhilled 
system. 

process Xater =.--ih process water tanks feed by v a v i t y  

These 
Each se t  consists or' ~ n t i  

t o  the suction or' the Process nater hrmps which f o x 3  the  30,000 .gel= 
lona per &Ute or' watar through the cooling tubes of each p i l e ,  
pump a r e  arrangd i n  se t s  of two  in series. 
3,mO g d o n  per minuta elactric ;lump and one 3,000 gallon per minute 
steam turbine driven p p .  The motor driven punps are  p o v i d e d  with 
flywheels so that they w i l l  continue t o  pump f c r  s smbw of seconds 
a f te r  an elactrlc power failure. The t h e  element pr&-ded by t h e  fly- 
wneels is t o  aasure R posi t ive flow of water throy7h the p i l e  while tho 
cantrol and safety rods are  being inserted t o  stop tho p i l e  react ion and 
t o  permit the automatic control systems for the b o i l e r  p- and steam 
turbine driven prccass water pumps t o  ac t  t o  accelerate steam generat ion 
and water pumping by the s t a m  purnps. 

) 

m e n m  Water Tsnks.--T;vo 300,000 gellon emergency watar 
storage tanka are connected iato the  water system to the  p i l e ,  
event of failure of both steam uld electric power systems, t he  xatar pres- 
sure t o  the pile will be reduced t o  t h e  extent t h a t  water will f l o w  from 

I n  the 
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t h e s e  emergerqr tanks through t h e  p i l e ,  
f l o v  or' 7,vater through t h e  p i l e  f o r  a s h o r t  pe r iod  -iinile s t e p s  =e 
being taken  t o  r e e s t a b l i s h  t h e  normil  f l o v .  

?''is assures an adequate  

Power SuDulv 

EYectr'Lc. --The primaqf 2ower r equ i r enen t s  f o r  v a t e r  pumping 
end o t h e r  s e r v i c e s  a r e  supp l i ed  by a 230,OGO v o l t  e l e c t r i c a l  t rznsmis-  
s i o n  system connected t o  t h e  Bormeville and Grand Coulee system. ITne 
total connectez load  or' t h e  three 100 h e z s  is  84,350 k i l o w a t t s  of vrkic:? 
r2orc3 t h a n  60,GOO k i l o w a t t s  result from motor dr iven  water punps. 

Stem.--A b o i l e r  p l a n t  i s  provided i n  each 100 ;?rea t o  fur- 
n i s h  an indesencent  source or" power Lr t he  even t  or' r'ailure of t h e  =in 
e l e c t r i c  supply. However, t h e  m o u n t  of  s team gene ra t ing  c a p a c i t y  and 
number or' steam tu rb ines  do not  d u p l i c a t e  t h e  e l e c t r f c  power c a p a c i t y ;  
t hey  are U n i t e d  t o  those  r e q u 3 e n e n t s  ;.lhere l ess  t h m  completa d.epeRd- 
a b l l i t y  !j.ould be d i s a s t r o u s .  The cornbined cc?acit ;r  or' t he  steam 
g e c e r a t i n g  equipment or" t h e  t h e e  p i l e  areas is 1,2CO,COO ? o u d s  Fer 
hour o r  about  thas r e q u i r e d  t o  prcduce e l e c t r i c  power a t  t h e  r s t e  or' 
120,GGO kfloviatzs. 

s 

- >!ate: --Of t h e  abcve descr ibed  S a c i l i t i z s  , t h e  demine ra l i zz t ion  
2nd d e a e r a t i o n  $.ants a r e  not  S e i c g  ilsed. 
cc rpora t ed  i n  c?esi,jn m d  c o n s t r u c t i o n  on t h e  basis or' t h e  b e s t  h o d e d g e  
and j u d p o n t  Ervailable a t  t h e  t b e .  
mens r e l c t i v e  t o  fiilin for!nztion ana cor ros ion  provided more s a t i s l a c t o q  
end. lower c o s t  meThods f o r  limiting t h e s e  c o c d i t i o n s  then  do t h e  de- 
m i n e r a l i z a t i o n  f a c i i l i t i e s  . 
s o l ~ d  oxygen Ln :?,e p i l e  coo l ing  a a t e r  has r eve r sed  t h e  e u l i e r  be l ie f ' s  
s o  t h a t  deccT3ticr.  is ,107; ccns idered  ur.desirable. I t  i s  noss lb le  thkf  
zcc-mulatea o g c ~ z t i n g  knosvleiigc h ill inc:-catp a f u t u r e  neeC l o r  t h e  de- 
c i n e r a l i z a t i o n  2nd. d e a e r s t i o n  f a c i l i t i e s .  

These f a c i l i t i e s  were in- 

Subseauent r e s e u c h  and d e v e l o p  

Subsec;uer.t %no::lecge ~ i t h  resrjc-ct t o  dis- 
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Ddccr~ Stompe.-=_fter discharge frw the  p i les ,  the  uraniur 
slugs enriched vdth plutoniun are  transferred t o  ZE b t s n z e d i a t e  
s t o r q e  areti ,  the 200-1? Area, where they ere held for forty-five t o  
s~h$y days of underwater storage. h r h g  t h i s  storage period much 
of the intense rrrdioacti\dty is  reduced through decay, and f o m t i o n  
02 plutonim is  m b s t m t i a l l y  completed. 
of t h e e  s e p r a t e d  storage basins eqEipped with mecharicd f a c i l i t i e s  
f o r  handling the  slxgs while under water. 

The 2OE.E Area consiets 

Se~arat.Sank?lants.-itfter the  necessary period Fn under- 
water storage, t he  S ~ U ~ S  ere  trensferred i n  t h e i r  o r ig ina l  buckets, 
using specially constructed and shialded r a i k o a d  cars,  t o  one of  the 
three Separotlms P l a t s  of the 200 kren, Each of these p h t s ,  
designated at3 2ocjJl?, ZOO-V, and 200-E, is capable of processing uranium 
slugs 8t  a normal r a t e  of thirty tons a month, or  a total of ninety tons 
a month far the en t i r e  200 k e a .  The major steps i n  the separation and 
concentration of plutonium & r e  accomplished in these plants; fbd. b o -  
l a t i o n  in the form cf a pure product i s  carried out in a separate 8 m d . l  
building, t he  23147 Building, which Benes  all three Separations P l a t s .  

p iff 5 culti e 6 of ~ Plutoni im ~ S e D m  tion.--The f a c t  that p lu tonhn  
i s  a new and specific chemical e lman t  makes it possible t o  effect  a 
separation fro5 uraniun, and fl-m s m e  twenty-five f i s s ion  by-prducts 
of t h e  p i l e  operation, by use of a chemical process. 
a process is couiplicated by (1) the extremely small amounts of product 
which must be isolated frorr. gross quent i t ies  of  t he  parent uranium, and 
(2) t h e  intense radioact ivi ty  of t he  by-Frodccts present. 
proportion of plutuniurn is s o  w e l l  t h a t  ir. many steps of t he  process, 
the  aqomt present in the  solutions is actual ly  l e s s  than the normal 
hardness of the water used in preparing these solutions,  Because of 
the radioact ivi ty  and i t a  hazard t o  operating personnel, a major part 
of equipment must be operated and maintained by remote control behird ' .  I 
massive concrete shielding. 
process, while not  eapecially complex i n  principle,  hae presented a 
number of unique problems which have had t o  be met by radical departures 
fY05 the o r d i n a r y .  s t e n d a d s  of checiical p lan t  practice.  

Operation of such 

The r e l a t ive  

Because of these fac tors  the sepera t ims  

Possible Semrat ions ProceRses.+ numb= of processes were ILh 
and when the  above developed f o r  accomplishing phtonium separation; 

mentioned d i f f i c u l t i e s  are realizad, together with t he  fact t h a t  a hrge 
portion of the  research and development work was conducted with amounts 
of plutonium far belovr the  power of t h e  eye t o  see even when aided by 
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tho most powerful uicroscopes, the r e su l t s  have beer: M y  renarkable. 
The process chosen for Hanford Operatior-s i s  c d 6 d  t h e  Eimuth Fhos- 
Fhnte Process md this, together with t h e  other  possible proCess6s, is 
described in d e t e i l  in t he  recorded bistoxy of Psl.;Duttan D i s t r i c t  re= 
s e e r c ~  old developem. 'j i 

id-.'. "-+ 
3 ispluth Phosnhate frocess.--The Bismth  Phosphate frocesz I ..- 

i s  a wet p-ecipi ta t ion method in b7hich the insoluble canpound bisrmth ' 
phosphate i s  used as a c a r r i e r  medium in separating srrlsll q w t i t i z s  of 
plutonim  fro^ large amounts of solution. The pf inciple  is andogous 
t o  t ha t  used in the i so l a t ion  of radiurn f ra  Tte ores, A c r e  t he  m o u k  
of key materid is likewise E O  s d l  that it ctrlulot be precipitated 
d i r ec t ly  but must be t h r m  out cf solution in combination with much 
1 q e r  mounts of a * lcwr ier"  substance. Mter tho slugs have bean 
d i s s o l v d ,  a single precipi ta t ion i s  suff ic ient  t o  sepzrate plutonium 
cleanly from the vrauliur~, but an extmsive ser ies  of f i r t k e r  steps i s  
needed t o  eliminate t he  associated f i s s ion  by-products ,'or r d u c t i o n  02 
the radioact ivi ty  t o  one t e n  mill ionth of the startb.5 vdue .  
large rcduct im in radioact ivi ty  i n  required before t h e  p r d u c t  CEJL he 
handled safely vithout shieUir?g. 
bismuth phosphate precipi ta t ions,  with the plutoniun alternately in its 
s o h b l e  and inscluble form, which is controlled by adjusting i t 3  valence 
s t a b  t h c u g h  eppropr5ste checiical treatment. 
the one-hdf p m d  of phtonium formcd in a nornal charge of 2000  pound^ 
of uraniwl m u s t  be handled in as nuch aE GOO g d o n s  of 8ohtimAa 
These large volunes a re  reduced in the final Aeps of  the process by 
shif t ing t o  E. more e f f i c i en t  cerrier 'nediun, lan tkmum fluoride. 
use of  this ca r r i e r  in smaller amounts makes it possible t o  dissolve the 
final, purified plutoniuru-czrriar residue in aboct e ight  gal lons of s o h -  
tion. 
ment i f i  which the  plutonium i s  separated frm car r ie r ,  precipitated frm 
th;e s o l c t i u n  as an e s s e n t i d l y  pure (over 985) product, sspareted, and 
prepwed for shipment as a concentrated solution equivalent t o  about eight 
ounces for each sterting ton of enriched uranium slugs. 

T n i s  

This series of s teps  coffiprises s e v e r d  

D u r h i i  t h i e  processing, 

The 

I n  this  form t h e  m a t e r i d  i s  subjected t o  e f i n d  i so l a t ion  t r e a t -  

Basic. b e r a  ~ . - - f r o r n  the st&ndpoirit of equipment require- 
ments and operating techniques, the separations process may be considered 
es made up of six basic operations which me performed consecutively. 

(1) slup D i ~ 0 0 l ~ ~ . - I n  this operation t h e  alminun cans 
and bondlng coating& which envelope the  slugs are 
first dissolved and separated, after which t h e  uranium 
with i ts  f r ac t iona l  per cent of plutonium and fitzsion 
by-products is  dissolved i n  a strong acid. 

ctiop.-In t h i s  operEtion, L\e plutonium i s  pre- 
c ip i ta ted  ( w i t h  bisniuth phosphate ce r r i e r )  fran t h e  
solution of urtmium slugs and is thus separated from 
the  uranium and a l s o  from a large proportion of the 
f i s s i o n  bpproduct elements. 

(2) w a  
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Decantts?i%&.tio~,-TEs is e seriee o f  steps wUch is 
crrrriet! out t o  r&uce the  fission by-_rrcduct elements 
by a fac tor  of IM3,OOO f o l d  and thcs  permit *her 
processing t o  be c7sried on without the ' . e  of  massive 
shielding. This is accomplished bj fcur euccessive 
b i s m t h  phosphate precipi ta t ions,  with the  plutmim 
altarnately in the soluble and insoluble states, and 
from which the plutcmiun~ emerges in combination h i t i  
appro-trly me hundred t h e 8  I t s  weight of bismuth 
Fnosphatc carr ier .  

a 

Cw-centratioy.<his operation serves a double m o s e  
of f b - t h e r  decontzdnation (by 100 fold) an6 rductiun 
i n  bulk by substituting en insoluble lanthanum compound 
for bismuth phos@acYe as a c a r r i e r  mdim. 

Jsolat iq . - - In  t h i &  s tep  F i u t o n i u  is separated from 
lanthanun by -precfpitatiun as tne hso luh le  p1utor.iu.n 
peroxide. 
nitrate,  the solcrtion of this pura a d t  d r i e d  t o  e S s t e  
and t h e  concentreta transferred t o  t h e  &my far Ehipment 
t c  another s i t e  for , h r the r  process-. 

?!;iste Disposal.--In t n e  several  steps abo-Je, lsrge 
volmes of l i q u i d  waste a r e  eccurmrlated xhich, becaxse 
of t h e  value or  health hazard. of  the  consti tuents,  
c m o t  be disposed of by o r d i n e r y  means. W-ZL dis- 
so1a .g  of the slugs a l s rge  mount of gas also is evclved 
which must 5e vented t o  t h e  outs ide  a h .  These waste 
prcdccta e r e  enumerated as fol lows:  

This cmpound i R  converted t o  plutoniuru 

a. 

b. 

C. 

QrP,niiQ.-?he urenlui hw been pazz ia l ly  depleted 
of i t s  power p r d u c b g  isotope of atomic mass 235. 
However, national security and e c m q  demand that 
t h e  uranim be s to red  for i h k n e  recovery and. reuse 
when t h e  can be devotd tc the work. 

rissiun ' b h v v b : c t  glementg.-Ew.y of the radioactive 
fisoion by-p-xduct elements are 80 lmg-l ivd and s o  
hazerdous t ha t  disposal h t o  t h e  sendy s o i l  of Hmford  
or i n t o  the Columbia River is b p r w t i c a b l e  became 
of i t s  possible e f fec t  on weter mipply 
Fndustr iea . f i s b A g  

b e o u e  h r c d u c t s  .-Certain of the fission by- 
product elernents are  in t he  form of gae 80 radioactive 
tht dilukion with atmospheric air of the  d e r  of 
m a  cubic f o o t  of the  gas t o  one cubic mile of a i r  
is  requi-eci .far safety.  These p s e a  are pizzriiolly 
d i l u t a  belore r e l e e e a  end are  then diecharged frcm 
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t a l l  stacks t o  a s m e  adequate d i q e r o a l ,  
k 

GuantitV cf Y:aste P ~ c d u c t s . 4 0  meet these requirements, - 
the l i q u i d  waste products, which mount t o  about 15,000 gallons per 
m e - W  pound of plutonim,  are  placed 3 3  l a z e  underground storage 
tanks which w l T 1  permit appropriate s c t i a ~  t o  be taken a t  a later date. 
There are a total forty-eight of these t a n k s  f o r  t he  three Separations 
P l a t s  of t h e  200 &ea. 

I 

L CeDcnt  i ons  Plant Pacilitiea.-The 6 basic operations descr',bed 
above a r e  p e r f m e t i  In each of the  Separations U e e s ,  namely, 2W+, 
2004, and 2 W .  Each.of these areas contains the f o l l o d n g  process 
buildings: 22 l  - Cell Building; 224 - Concentration Building; u1 - 
Yaste Disposel Tanlrsj 291 0 Ventilation 9uilding and Stack. The 
following process service buildings are  a l s o  p r m d  for each %para- 
t i o n s  k e a :  
222 - Control Leburatories. In d d i t i o o ,  building 231 - Isolations 
i a  -01.0vFd.d t o  handle the output ,+om the  t h e e  Sepazations Areas. 
Auxiliary f a c i l i t i e s  are pravided for the Seprat ions Areas d i n c l d e :  
Area Shops, Laundry, Boiler Houses, Water Beservoira, F i l t e r  P l a t s ,  
F k s t  Aid, hdmbistrat ion Euilding, F i x e  Department, and 1 q e  scale 
Heat Treating f a c i l i t i e s .  ?he m o E t  important of t he  f a c i l i t i e s  e r e  
described a6 f o l l o w  with emphasis on operatim and maintaance: 

. 

211 - Tank Farm; 271 - Chemical ? repara t im and Services; 

- C e l l  BuiM inP.--T=he basic operations of  Slug D ~ ~ S O ~ F & ,  , 
%traction, and t h e  mjor park of Decontnminatior- a r e  carried Out Fn 
BuildirG 221, frequentiy called the canyon, 

T5e bui ld ing  is a concrete s t ructure  approximately 800 
Four essen t i a l  ope ra tug  f e e t  long by 60 faet  xide by 80 feet high. 

consideratior;s a r e  Thcorporated h L t a  design: (a) adequate protectim. 
of opereting personnel from interxe radioact ivi ty;  (b) =mote o p e r e  ! 

t i o n  of  the process equipment; (c) maLntenance o f  process equipment 
' 

a the presence of  intecse radioacti*-ty; 
rangement t o  Fernit  a wiide range of process operations without major 
a l terct im-s .  

end (d) f l e e b i l i t y  of ar- 

Protection of personnel from t h e  rad iaac t iv i ty  is ob- 
tained by the use of maasive concrete galls wnich corfine the process 
equipment within ce l l s  and. separaze the c e l l s  from operating personnel. 

Remote control of the process equipmer.t is obtained by 
the  use of panel board instruments, switches, anri operating dev5ces 
whick; keep t he  operators informed of 2rocess c o d i t i o n s  and permit ad- 
jcstmect o f  t he  conditions fron the opersting gallery.  

The n a y  process vassels =-a ccnnecthq piping are  de- 

- 
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signed for  removal and r ep lacmen tby  means of e. special ly  developd 
crane, 
and views the  crane operations through a periscope A& a t e l e v i s i o n  
screen. The pi?e connections and the nuts  vinich hold down the  quip 
m a t  a r e  specially designed for removal and replacement by means of en 
e l e c t r i c a l  impact uranch operated fran wi%'nin the crane cab. 
p i p a  i s  made up i n  standurd prefabricated uni t8  w h i c h  can be dropped 
in place by the  crane and then made up w i t h  the special automatic 
connectors. 
uranium slugs in transferring them from the special r a i l r o a d  car and 
cask i n t o  the dissolving equipment, 

- 
The c rme  operatcr is located i n  a heavily shielded c& , 

The 

The crane i s  a l s o  required far remote handling of the 

An important consideration in the design of the CeU 
A t  t h e  t i n e  design was 
T h i s  required the in- 

3uiUing i s  the f l e x k i l i t y  of arrangement. 
be,-, the  process was largely undeveloped. 
corporation of  suff ic iant  flexibility to permit minor changes and elso 
fundamental alterations in the equipment arrangement and process flow. 
To accomplish t,%s, the Cell building mas designed, as  far as possible, 
as a group of standard units in which different %es of process v e s s s h ,  
pipe connections, end i n s t m e n t  connections co1? be i n s t d l l d  v,ti*hartt 
requiring s t ruc tura l  mdi f ica t ion .  

equipment: (a) precipi ta tor ;  (b) catch td.; (c) centrifcge; ard 
(d) solution tank. 
ried out in t h i s  standard grouping. For  example, in an oxidation 
and by-product &e?, t h e  fission by-product elemects are  forme3 as 
solids i n  the precipi ta tor  while t he  plutonium reashs in Eolution, 
The plutcnium so lu t ion  and by-product s o l i d s  me tnen transferred t o  
t he  centrifuge where t n e  solids are separated and eent t o  t h e  solution 
tank. 
to the  next operation, 

3 

, 

A group of s t d a r d  units consists of fow piaces of 

hqost of the Cell Building operations cm be CBI'- 

?he plutonium solution is sest t o  t h e  catch tank f o r  transfer 

The Cell Building contains L+O ce l l s  arranged side by 
side for the 800=,toot length of the building. 
above mentioned standard cells, the  following requirenents are eerved: 
(a) storage of discarded radioactive equipment; 
for r e c e i a g  s l u g s  from the 200-31 k e a ;  
slugs with fractured coatings; (d) jacket removal and slug d i s s o l v a ;  
(e) storage  of enriched uraniun solutions prior to extraction; (f) 
sewage -disposel; 
waste disposal t a n k s ;  
p r o v i d d  with massive concrete covers f o r  shielding. 
t i o n s  a r e  transferred from one c e l l  and from one vessel t o  another by 
means of steam j e t s  which have no movFng ports. 

In addition t o  the 

(b) railroad tunnel. 
(c) undernater storwe of 

(g) neutral izat ion of wastes prior t o  transfer t o  
and (h) unequipped spare cells. ?he c e l l s  are 

Process s o h -  

1 - 'Id .--As Boon as t he  decontanination 
staps have reduced tine radioact ivi ty  t o  a reosonsbly safe level, it is 
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i n g  opert i t ions,  once s t a r t e d ,  m y  be c G r i e d  t o  comclet ion wi thout  
c r e a t i q  hazardous condi t ions .  

Cl im2t ic  c o n d i t i o n s  a t  t h e  bnr"ord s i t e  were n o t  known + 
aciequately b u t  it was bel ieved  t o  be p o s s i b l e  t h a t  t h i s  bas in ,  d x o s t  
e n t i r e l y  suzrounaea by rcnzes of s o u n t a i n s ,  might conceivably p r e s e n t  
iiead cdms o r  s l o ~  mind d r i f t s  ciuring some seasons r e s d t i n g  i n  e n t - k e l y  
irnaequate c i l u t i o c .  It was be l i eved  goss ib l e  that slom drifts f o l l o w  
ing t h e  Columbia River  coulci create hnziirdous conci i t iom d o n g '  i t s  course.  

Xeteoro logicz l  r e s e a r c h  was s t a r t e d  e a r l y  i n  1943 t o  
nrovide  i L F o r m t i o a  r e l a t i v e  t o  ctmos?hcric condi t ions  et  t h e  Hmf'ord 
site. The p r e l i n i n a r y  vork cons i s t ed  of  i n spec t ions  of t h e  s i t e  end 
c e r e f d  t i m l y s i s  of e x i s t i 2 2  \?eqtll_cr bureau s t z t i s z i c s  fron those  s t z t i o n s  
c l o s e s t  t o  H d o r d .  This  vJorlr i n d i c z t e d  t h a t  e l a b c z r t e  r e s e a c ' l  pro- 
- ~'ra w2s requi red .  This  pogrzrn ms undeI-t&en ar.d e vast amount of  ciata 
c o l l e c t e d  
meteoro logis t s .  
fal 
h Y o r r u t i o z  ob t r ine6  t o  thz t  t ize  ana t o  r c u t i n e  f o r e c z s t i n g  of btmos?heric 
c o d i t i o n s  f o r  c o n t r o l  of  p l z n t  ope ra t ions .  

analyzed a t  t h e  200 &eas a t  Sanford by 9 f o r c e  o f  e x p e r t  
Ey Novenber 193, s t e + , i s t i c s  !is0 been prepared f o r  a 

m d  silbsequent zorl: has been devoted largely t o  v e r i f i c a t i o n  o f  

Xi?e e n t i r e  me tec ro log ica l  r e s e z c n  pro-?m hzs been 
d i r e c t e c  to ; Jud  t h e  end t:kyt t h e  kno;:,le62e obts ined  ill he c o r r e l a t e d  
s o  t h a t  expe r t  icgteorologiczl  personnel w i l l  be requ7ired on ly  f o r  8 l i m i t &  
t ime. It i s  exDected tkt  r o u t i n e  v e z t h e r  observ::tionn ; f i l l  be m d e  by 
regtiLC opera t ions  personnel  a i6  that t h e  sc! ieading of p l a n t  operh t ions  
v i i l l  be accomplished froi., t h e s e  observz t ione  . 
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S E E T I G N  OF OPERA22IONS CCNTEIACTOR 

From the foregoing description of primary and euxiliary 
operations at Hanford, it i s  Been that they present innunerable 
hazardous and preeously unexplored elements i n  combination with a 
wide variety of  other work requirbg high s t d a r d s  of i ndus t r i a l  
pract i c  es 

It map be said *her that no possible contractor, or  
group of cantractors, poasesaed adequate hawledge and experience t o  
assure beyond daubt the complete fulf i l lment  of t h e  objectives o f  
the Hanford Engineer ;Yorka. 

A n  unprecedented high standard of indus t r ia l  organization 

Thia undevf- 
was required t o  assure the  cloee cooperation o f  every individual 
associated with design, construction, and operation. 
ating mquiremant, coupled with t he  extreme demands of  military 
security, indicated the  selection of a single contractor In preference 
t o  a group of contractors. 

It waa d s m d e d  tha t  the contractor be able t o  adapt h i s  
organlaation t o  the unknown fields of  applied nuclear physics and 
radiations cheuistry %ithat sacrif ice  of the other requirements and 
t o  do so wi thou t  loss of  time, the most important f a c t o r .  

It was believed, and subsequent events have prwd, that 
the selection of the 3, I. du Pont  de Nemours and Company aa the  
Operations Contractor was well conceived. 

- D WITH DELETIONS 
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SECTION VI11 

DISCUSSION CF COKTUCT 

i The U n i t e d  Sta tea  Goverrunent, represented by the War Depart- 
ment, Corps of  Lhgineers, has entered i n t o  a Coet=Plua-F4hed-Fee Con- 
tract with the  E. I, du Pont de Nemours and Company, Wilningtm, 
Delaware f o r  the design, engineering, construction, eqUipphg, t rddng  
personnel azzd operatioa of t k e  plan% desi,wted aa the  Hanford -beer 
Works under Contract No. V-74l2 -1. The fixed-fee for t h e  work is 
$1.00. 

The Cuntract provisions, in general, follow the pat tern o f  
the  standard Coat-Plus-Fixed-Fee Construction Contract, modified t o  em- 
brace the t r d n i n g  of personnel and plant operations. 
under design, engineering, amstruct ion,  equippin& the plant is covered 
alsewnere and this discussion will d e a l  o n l y  with the  operations phase 
of the work. 

The work covered 

The reasons the Contractor was selected t o  perform this work 
are covered ur-der Section V I I ,  

The essent ia l  provisions k-~ t h e  operation of  t h e  plant  clause8 
are  'oriefly summarized as follows: 

Ccntractor i s  t o  not i fy  Contracting Officer as each u n i t  
is conpleted for operation. 

Contractor is  t o  nake every reasor,sUe e f f o r t  t o  produce 
prcduct but make no guarantee t h a t  
produced, 

product w i l l  be 

F i r s t  period of-operation i s  one year from t i e  time tha t  
firzt unit is csnpletad f o r  operation. 
of operation begins a t  t!!e end of  the f i r s t  period of 
operation, aftar notifying the Contractor in writing cne 
half year a f t a r  the first uni t  is com?leted for operation 
that such continued operation is desired, 
pariod of operation continues for such period as may be 
desired by the Government, but not t o  exzeed the duration 
o f  h o s t i l i t i e s  with the WAS Powers plus  nine months. 

Second period 

The s e c c d  

Contractoz is t o  be in posit ion to transfer plant  t o  
anotner contractor after the second pericd o f  operation 
o r  t o  place  the  plant  i n  stsnd-by conditioc. 
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Specification of E W  prcduct is t o  be as mutually 
agreed upon between the Contractor and the Government 
but Contractor makes no guarantee t h a t  said specifi-  
cations will be met. 
covered under Section X. 7 

The Governxent takes delivery and t i t l e  t o  product at 
the  plant. 

Tentative specflication is 

* ri 

-. -.- 

The Goverrment furnishes the Contractor with the 
pr incipal  raw matmid. 

Patents cover- &ventions made by the  Contractor w i l l  
Ue solely in the U n i t e d  States. 

I n  addition t o  and paxt of tha  Contract, there ex i s t  several 
other documents, d d c h  explain the reasons and circumstances m g  be- 
hind the  contract and must be considered for a thorough appreciation 
05 t he  problems, hazards, and feasibility of the process. 
menta a re  enumerated belcx and no f ix ther  comments thereon w i l l  be d e .  

These doc=- 

(1) The secret  l e t t e r  dated 6 November 1943 end Supp1ener;t 
No. 1 deted 31 5arch 1944. 

(2) Preliminary ~ e g o t i a t i o n s .  

(3) Aiiainiatrative Negotiations, 

(4) ldemorandum CoverFng Technical Basis for Work under the  
Contract, 
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SECTIClJ IX. 

+L 

The vkr ious  d e p u t z i e n t s  of t h e  operating organ iza t ion  t o g e t h e r  re -  
p r e s e n t  t h e  usual coverage of product ion ,  t e c h n i c a l ,  engineer ing ,  services, 
2nd accounting. The unusual nature 
t h e  i n c l u s i o n  or' ' i ichland Village have n e c e s s i t a t e d  s p e c i a l  coverage i n  %. 

sone departments such 8s Technica l ,  Yedical,  Ins t rument ,  ::"!internice, ;TO- 
t e c t i o n ,  ynd V i l l a g e  i h n i n i s t r a t i o n .  
?artiaents are sumnarized b r i e f t j  below: 

t i o n  departments and is d i r e c t l y  res- ,onsible  f o r  c p e r a t i o n  of  the p i l e s  
and p i l e  a u x i l i a i e s  i n  all three 100 Areas. S p e c i f i c z l l y ,  this a b e c t  
r e s p o n s i b i l i t y  involves  -.eta1 s torage,  ?ile b u i l d i n g ,  r e t e n t i o n  basin, cnc! 
!ielium purTficztion. The ? d e p z t m e n t  a l s o  s u p e r v i s e s  Q i r e c t P j  all opera- 
t i o n s  i n  che 3CO . kea ;  n t n e l y ,  n e t &  Tabr icac ion  a.A canning 2nd t h e  Tes t  
Ti le  i n  3 u i l d i n g  305. This d e p a r t z e n t  21so has over-ai l  r e s p o n s i b i l i t y  
f o r  a l l  ope rz t ions  m i t n i n  t h e  100 Are9s, i n s o f a r  as they  r e l z t e  t o  opera- 
t i o n  or' t h e  p i l s s ,  snd hhs a s in i la r  r e s p o n s i b i l i t y  f o r  t h e  r o c e i p t  or' 
n e t d  and its handl ing  t h o u g h  f z b r i c a t i o n  ana ? i l e  ?recessing 50 tne ?oir , t  
or' f i n a l  a e l i v e r y  t o  t h e  metal s t o r a g e  bzsins i n  t h e  200-1.J ? rea .  

s i z e  of t h e  p l a n t  f s c i l i t i e s ,  and 

The d u t i e s  of  e sch  of  t h e  ? r e s e n t  de- 

? Demrtnent.--The P Department is  one of the  two p r k m y  r;rocuc- 

S Deazrtxent,--This d e p a r t i e n t  has d i r e c t  r s s p c n s i b i l i t y  f o r  t h e  
r e c e i p t  of processed. n e t a l  from t h e  ? Eepartznent i n t o  scorzge a t  t h e  200-id -,- 

'i. ' ; hrea; 
th rough t h e  200 ,:,rea bu i ld ings  (notably Eldgs ..Zl, 224, a n d . - ? 3 1 b e - e ' '  
p o i n t  of f i n d  i s o l a t i s n  and d e l i v e r y  co t he  ,Ar:ny i r t  ?ai lding 231. 
involves a l l  t he  200 Area ? roauc t ion  f a c i l i t i e s ' c s  v e l 1  as t h e  very  3:~- 
t e n s i v e  ;revisions f o r  s d e  d i s r ; o s d  or' t h e  :netai xzstes. 
? Cepar t sen t  g o s i t i o n  i n  t h e  100 .-ireas, the  5 L e p r t m e n t  hus t h e  o v e r - a l l  
r e s p o n s i b i l i t y  ;'or d l  oper;ltions in iAe 200 .Lrezs. 
opera t e s  d i r e c t l y  t h e  v e r y  s p e c i a l  a e t e o r o l o g i c d  I ' x i l i t i e s  i n s t d l e d  at 
Zui ld ing  622, c d j a c e n t  to t h e  200-i5 k e a  (220-T mu 2C9-L' Separa t i cns  

ant i  f o r  dl subsequent  ?rocessiz ,g  a ~ a  s e T m a t i o n  o f  Dlutoniur,  ,..,,, 

'%is 

P s z l l e l i n g  t h e  

The deynr txen t  a l so  

?lmts), 

Technical Demrtmsnz.--This d e T a t r , e n t  has t h e  r e s p o n s i b i l i t y  Tor 
a l l  process  tscknology. 
l o z i c a l  r e q u i r e m e n t s  of o p e r a t i c n s  BT, t h e  -"anr'ord Znglneer i'iorks has rc;-  

quired sub-a iv is  i o n  or' d e p a r t a e n t e l  r e s  p c n s i b i l i t y  d o n g  t h e  f o l l o n i n g  
l i n e s  : 

Adequate coverrige of unusuzlly ex tens ive  techno- 

(1) 100 Arga Technicz l ,  cover ing  the  ?hys i c s ,  x a t e r  and coryc- 
s i o n ,  2nd o t h e r  technic22  ecg inee r ing  +uses of t h e  aork  i n  
a l l  1CO L r e z s .  
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(2) Separa t ions  Engineer ing,  r e s p o n s i b l e  f o r  200 Area process  
technology as well 2s t h e  use or' t h e  seai-works process  in- 
v e s t i g z t i o n  f ac i l i t i e s  i n  t h e  head end a d d i t i o n  of a u i l d i n g  
221-T and t h e  siztilzc facFlit-j Tor low accivi ty  s o l u t i o n s  
i n  Bui ld ing  321 (30G Area). 

Lzbora to r i e s  D iv i s ion ,  which ope ra t e s  a l l  o f  the c o n t r o l  
and g e n e r a l  l a b o r a t o r i e s  i n  the 100, 2C0, a d  300 Areas; 
a s p e c i a l  S t a t i s t i c a l  S e c t i o n  i s  inc luded  i n  t h i s  d i v i s i o n .  

?a!e ta l lurg ica l  Sec t ion ,  which is  re spons ib l e  f o r  all metal 
f a b r i c a t i o n  technology and t h e  processes  e x d o y e c .  

i 

( 3 )  

( L )  
' 

As g a t  of i ts  o v e r - d l  process  r e s p o n s i b i l i t y ,  t h i s  depa r txen t  
main ta ins  t h e  Hanr'ord Technical  Xanual, t he  Operat ing S tandards ,  and is- 
sues  r e g u l a  r e p o r t s  or' t e c h n i c d  progress .  

?oaer 9eDertsent.--This depe r tnen t  is r e spons ib l e  f o r  d l  stea:n 
and water  f ac i l i t i e s  i n  t h e  100, 200, 300 iireas ana 3ic2ilznd V i l l a g e .  
This  r e s p o n s i b i l i t y  is pz r t i cu l l l r Jy  g r e a t  i n  t h e  100 .keas . h e r e  both de- 
p e n d a b i l i t y  ana q u a l i t y  of x z t e r  suFp l i ed  t h e  p i l e s  i s  v i t a l .  
t i e s  involved aze r i v e r  p u p s ,  r e s e r v o i r s  and r e s e r v o i r  ?umps, f i l t e r  
p l a t  and - p n p s ,  process  mzter s t o r a g e ,  2nd final process  punps. The re -  
f r i g e r a t i o n ,  d e a e r z t i o n ,  and demine rz l i za t ion  f a c i l i t i e s  s r e  d s o  power de- 
par t r tent  r e s p o n s i b i l i t i e s .  ,"lznt water  r e s p o n s i b i l i t y  i nc ludes  t h e  supply 
t o  t h e  200 k e a s  2s - , y e l l  as t h e  h i g h l y  i c q o r t a n t  in te r -connec t ions  5e;aeen 
t h e  1CO b e a s .  
Youses .zxi t h e  h e a t i n g  p l a n t s  G t  t h e  300 .i.ea ana 3ichLzna V i l l e q e  ( E c i l d -  
ings 384 lslld 7 8 L ) .  
mc t h e  seaage disy;osal  f d c i l i t i e s  a t  k i c h l m d .  

The f a c i l i -  

S t e a  f a c i l i t i e s  operz ted  inc lude  t h e  le4 m d  214 ?o:.:er 

This  d e p a t x e n t  a l s o  opera t e s  t h e  wster  s app ly  s y s t e n  

h i n r e n m c e  Denartment. --This deo.=rt:,xnt ; i u .dbs  all m i n t s c r n c e  
or" ?list ma Vi l l zge  f a c i l i t i e s  except  iu tomot ive  ana r s i l r c a d  equi!?nent. 
This  involves  t h e  r equ i r ed  shop T ' sc i l i t i2 . s  i n  sacn  or' zhe ?lmt u e a s ,  s c  
i nc ludes  a i l  or' t .?e s p e c i a l  facilities for t h e  -re=ote aiaintenance requLi-ed 
i n  t h e  200 Areas. 
t h e  2CO-Y; d e a .  The depa:t;sent has a F r o j e c t  engineer in?  Secz ion  :vhici? 
har-ales t h e  des ign  znd supe rv i s ion  of e q u i p e n r ;  r e v i s i o n s  and d o i t i o n s  
as :vel1 as t h e  p r o j e c t s  znd a n c r o x i z t i o n  r e q u e s t s  involved. 

Also included is  t h e  C e n t r a l  Shops i n  3uiiciing 272 or' .. 

" a l e c t r i c s l  D e w r t x e n t  . --The e l e c  t:.ical deprr tsenl ;  has t h e  follovr- 
i ng  tno fo ic  r e s p a c s i b i l i t g :  (1) o c e r a t i o n  m a  ::aintenance or' F.U e i e c t r i -  
cd.  d i s t r i b u t i o n  f a c i l i t i e s  f o r  t he  plant  s e 3 s  and t h e  Fiichlana V i l l i g e  
i n c l c d i n g  the 230,COO-volt looc o r i g i n a t i n g  st -.!icky sub-s t sc ion;  
(2 )  t h e  maintenance of EU g l i n t  e l e - c s r i c d  e q u i p e n t .  
a l s o  h a a l e s  c e r t a f n  conczc ts  !:'ith (3"- acd perr"orns l i a i s o n  work wi th  The 
S igna l  Corps f o r  all telephofic riaillcer!!nce. 

end 
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Instrument  3en.?.rt-.er>t. - - T h i s  d e p l r t z e n t  i s  r e spons ib l e  f o r  t h e  
rnaintznance or' d.1 ins t ruments  snd crocess  c o n t r o l  e q u i p e n t  i n  t h e  p l a n t  
w e c s  ana I i i c h l a d  Vi l lage .  
d u t i e s  , t h e  d e p z t m e n t  s e r v i c e s  d.1 ~r.al;.ticd. l e b o r a t o r y  t e s t  e q u i p m n t :  
much of  xhich  is  of s F e c i d  e l e c t r o n i c  na tu re  ( coun te r s ,  s c d e r s ,  e t c . , ) .  
Also, cons ide rzb le  new r ' d x i c r t i o n  o f  s p e c i a l  i n s t r m e n t s  peculicir  t o  thi .  I 
p r o j e c t  i s  perr"ormed. The depcY.t.:ierit : i e c e s s m i l y  conducts  engineer ing  
Fiqrovement o f  t h e s e  ins t ruments  2nd ct l ryent ly  is  c o n c l u i i ~ g  t h e  i n s t n -  
nent  development sPork f o r n e r l y  done by a s?eciel s e c t l o n  o f  t h e  Technicpd 
5 e p 2.r tze n t  . 

- I n  a d d i t i o n  t o  n o r n d  i n t e r p r e t a t i o n  of these 

- 
' 

P r o t e c t i o n  D e x r t x c t .  --This d e p s r t s e n t  conbines  tl?z;ree g - o t e c f i v e  - z c t i v i t i e s  xh ich  have s g e c i d  irnportnnce r r t  t h e  I k d o r d  a n g i m e r  ::'arks; 
ameLy,  I n v e s t i g s t i o n s  , Securi t rz ,  and 5 t r o l .  Tke h i zh i j r  c l a s s i f i e d  na- 
ture o< t he  ?1mt nor:: has w c e u s i t a z s d  c s z e f u l  chacking 2nd s o e c i a l  c i e s -  
ance g r o c s d u e s  f o r  all p e r s o m e l .  'Pe S e c u r i t y  Sec t ion  d n i n i s t e r s  t h e  
pass ana bzdge systetn i'm c o n t x l l i n g  Lccess t o  ;.estTicted a e z s  and i s  
r e spons ib l e  f o r  o v e r - d l  s a i ' e ~ u ~ x i i n g  c l s s i f  ied i n f o r m t i m .  ?ctrol 
1i:nits o g e r 2 t i o n s  :=ea e n t r y  t o  Luthorlzed g e r s o m e l ,  p=ds  fi1 v i t a l  
p l m t  areas, cont r .o l s  rosd  . t ~ ~ Y i c ,  ma F o l i c s s  t h e  Richland Vil3.age. 

- 

Serv ice  De:::>ztnezt. --The d u t i e s  or' this de3s- tzent  m y  be der'i:ied 
S j r  i t s  ? r i n c i ? e l  sub-d iv is ions  : 

7 Lz?loy!xer:t, xh icn  i s  r t=spocs ib le  for y o c u r e x e n t  of  non-ax- 
enn t  persoimt?l as well 1 s  t h e i r  trznsr'sr be taeen  depa r t -  
dzents.  LLl . terain:i t iclna C ? ~ X  throcgli  ;:?is s e c t i c n  f o r  e x i t  
i z t t r v i e w s  , s e c l x i t j j  czu t ion ing ,  2nd t h e  prccess ing  or' t e r -  
n i n r t i o n  pzpers.  

S e l s c t i v e  Se rv ice ,  admin i s t e r ing  t h e  def'er:::ent y o g r z q  s o  e - 
s e n t i i i l  t o  t h e  iiiecr'ord s@-m+r 'iiorks. -7 
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Ganeral  G iv i s ion ,  which opera tes  t h e  ? l s n t  Laundry i n  t h e  
2CO-i'i k e z ,  the d o r n i t o r y  and Adminis t ra t ion  b ? a  laundry  
a t  Richlv ld  ( a u i l d i n g  723)  ar?d is r e s p o n s i b l e  r'or all j z n i -  
t o r  s e r v i c e  i n  t h e  p l a n t  ireas md Richlsnd V i l l a g e  except  
those  a s s m e d  by con::.ercial ope ra to r s ,  schools  , and c h w c k t s .  

C e n t r a l  F i l e s ,  l o c a t e d  i n  t h e  jC0 and 700 h a a s  !7hich in -  
d u d e  t h e  c e n t r a l i z e d  C l a s s i f i e d  P i l e s  x i t h  r e s p o n s i b i l i t y  
r'or c o n t r o l  of a l l  c l a s s i f i e d  v r i t t e n  i n f o m a t i a n .  

i 

Vi l lwe  Administration.--This d e 9 z r t J e n t  i s  r e spons ib l a  f o r  d.1 
The Yousing S z c t i s n  a 6 x i n i s t e r s  all of  t h e  phases 02 v i l l a g e  operLtion.  

r.ew r e s i c e n c s s  plus the  few r e m i n i n g  o r i z i n a l  v i l l a g e  houses 2nd t h e  CUT- 
l y i n g  t r s c t  houses. I n  a i a i t i c n ,  r c o a  zer.tzl-s f o r  t h e  d o r a i t o r i e s  z r e  
hard led .  Vi l lege  - - -d .~ in i s t rn t ion  also hzs 9rocured t h e  co.n:.orcial f a c i l i t j r  
ope ra to r s  a d  is  re spons ib l a  f o r  t h e  ccnz;.zcts and r e k t i o n s h i p s  a i t h  
t h e s e  concer rs .  Tne l a t t e r  involves  orir.ci-xl2.y s t r u c z u r a l  : a in tenar .ce ,  
p r i c e  c o n t r o l ,  ar.a s a i i t e t i o n  (LZ t h e  case  of food :xinal icg e s t a b l i s h n e n t s )  . 
The depz r txen t  z l s o  adra in is te rs  t h e  c h w c h  l e a s e s ,  end c l e a r s  a l l  s t r u c t u r -  
a1 m a i n t e n a x e  or' t h e s e  :?nd o t h e r  co;Y:iunit;. f z c i l i t i c s .  C O . -  1 1 ~ 1  unity a c t i v i -  
t i e s  a r e  ar ' r 'or~ed t h e  necessuly- a s s i s t a n c e  ana coord ina t ion .  

rn l r z n s 3 o r w t i a n  De?xrt.:rent. --This 2er ,zr txent  o n e r s t e s  and x i n -  
t a i n s  all autcil;;r;ive equipnent  i n  the  ?laat areas ami t i e  Z c h l m c  jil- 
lage .  This i nc ludes  all passecger  bcses, a o t o r  i ' r e ight  s e r v i c e s ,  ana cz- 
p o o l s  as ::.211 .si n o t x  f u e l  d i s t r i b u t i c n .  Ln d a i t i o n ,  th is  d e n a t r e n t  
ooe ra t e s  t h e  m l n  Labor Z i v i s i o n ,  solie Zri.,.dry d u t i e s  of .;;nich a r e :  
v i l l s g e  s e r v i c e s ,  such as c o i l  hzndl ing ,  zarbage co l l . c t i on ,  m d  pmnri .  
a i n t e n a n c e ;  
( 3 )  o?era t ion  02 b w n i n g  grouncs ana ~ i s p o s a ~  ?its;  
n a c e  02 rosds  2nd s t r e e t s  on t h e  ?lmz mi i n  2 ich land .  

- 
(I) 
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(2 )  d1 unloading or' .natsrids on t h e  p l a n t  2nd i n  a i c h l a a ;  
ana ( 4 )  :nainte- 

Trsi'fic Ze?,-t:aeiit. --This de ::art:aent o p e m t e s  ma anain-caino t h e  
P l a n t  ;.zilrozc sys te!n iccl iJuing ?.ii.~erl?.nd 'Iiird ana hzndles  a l l  ! I G X ~  :;.;if- 
r'ic z a t t e r s  such 9s pre - sud i t  02 f r e i g h t  b i l l s ,  t r a c i n g  a-nd exped i t ing ,  
conversion t o  Government bills 32 l z b i n g ,  Fzssenger r e s e r v z t i o n s  t i c k e t  
o rde r s .  This  d e p z r t m n t  a l s o  handles  211 noveinents or' housenola e f f e c t s  
t o  and f r c n  3ichland V i l i a g e  inc3Jcl.ng ?sclcizg, loadirlg,  and c r a t i n g  f o r  
ship?ing. 

. .  . . -. 
: . e a i ca l  Lebar taent  . --The : . ?ed icd  L 'epar tsent  ope rz t e s  all f u c i l i -  

t i e s  proviueci f o r  x e e t i n g  t h e  norinal a d  speci2-l m e d i c d  needs or' 5 0 t h  
13lznt afic -v i l l ag? .  The n o r : d  reqnirc.: ients are ;net by s t a a a r d  i n d u s r r i a l  
ana  Vi l l age  a e d i c d  f x i l i t l e s  ma st ,df inc luding  f i e l a  P k s t  -45 Sta- 
t i o m  u d  Fill ?lcLnt and v i l l a g e  : i o s o i t d  f r : . c i l i t i e s  cen te red  at Iiichiand. 
Icc ludea  d s o  is opera t ion  or' t h e  i k c i c a l  bnd S e n t d  Sui lding a d j r c e n t  to 
t h e  IIzalec Sospi tc i l ,  ana a f u l l  3 u b l i c  3 e d t h  Sec t ion .  Also under IJedical 
i s  t h e  Xealth I n s t r u n e n t  S e c t i c n  wnich i-s r e spons ib i e  f c r  c o n t r o l  or' the  
s ; sec ia l  process  hazards  p e c u l i a r  t o  i i d o r d  ope rz t ions .  This vork in- 

- 
G G  



- 
vo lves  hazard survey stai'fs i n  d l  9 l m . t  a r e a s  working very  c l o s e l y  x i t h  
product ion  and w i n t e r n - c e  superv is ion .  
hacd le s  t h e  p e n c i l  and bzage :netgrs f o r  monitor ing exposure or' personnel  
t o  r a d i o a c t i v i t y  ami inaictains  Site Survey and S p s c i a l  S tud ie s  branches.  

The Eiealth Instruments  s o u p  a l so  

i, Lccounti.?E DeDartnen&.--This G e p u t x e n t  i s  r e spons ib l e  f o r  211 
acccun t ing  end r e l a t e d  a c t i v i t i e s  e s s e n t i d .  t o  t h e  o p e r a t i o n  or' t h e  Eanr'ord 
Engineer  ?iorks m d  Richland Village unrier t h e  terms of t h e  prLne c o n t r z c t .  
The p r i n c i p a l  sub-d iv is ions  of t n e  depzrtment are: 
(2) Accounts Receivable;  (3)  Czshier ;  ( 4 )  ?rooerty;  (5) R x c h a s i n g ;  
( 6 )  S t o r e s  and Receiving; 
(9)  Costs  ma E s s e n t i a l  Iktorials; (10) T h e  Off ice  (non-exemot weekly 
s a l a r y  r o l l ;  I n  ad- 
d i t i o n ,  this de-,srtment edzninlsters t h e  %in Office Bui ld ing ,  all o f f i c e  
equipment, and a i l  c l e r i c a l  personnel  i n  t h e  ; k n t  z rees  ana i i i c h l m d .  
It z l s o  opera t e s  t h e  t e l ephore  switchbollras , . x i 1  r o o m ,  ana correspond- 
ence reFroduct ion  f : , .c i l i t ies .  

(1) Accounts layable; 

(7)  3illing; (8) Insurance  and Y k r  Bonds; 

znd (11) S a l a r y  Unit  (exenpt xonth ly  salary r o l l ) .  

?orce ?.eoort . --On tha  fa1lor:ling ?age is  t h e  Zani'ord Sngineer  

The ?e:& of  a n t i c i 3 a t e d  emp1oy;Aent has been reached as or' 28 "b- 
'dorks Torce a e p o r t  snowin2 t h e  growth of t h e  v a r i o u s  depa r t aen t s  by 
zonths .  
r u a r y  1945. In subsequent aonchs , it i s  ex9ected t h e t  rea.uctions w i l l  be 
zaae i n  the Technica l ,  ?over,  : .k intznznce,  F r o t e c t i o n ,  m a  Accccuntinz ;e- 
sa.rt.i:ents. 

The s u c c e s s f u l  sccoapi ishment  or' Hanlord o b j e c t i v e s  r e q u i r e s  sne 
b e s t  t a l e n t  ava i l ab la .  
ne l .  Even i n  zorx;lally ;nlAor ?osit , ions,  the  s k i l l  a d  Z b i l i t y  of t!ie e:;.- 

T h i s  s p p l i e s  t o  che exe:npt cmd non-e:<e!zx person- 

9loyee'iias m important  b e u i n g  op, t he  success  or' t h e  -,Tork. 

3ecacse of t h e  s e c r e t  x t u r e  o f  t h e  ivork undertclkcn, each person 
s e l e c t e d  f o r  q u a l i t y  and A b i l i t y  ;.;as sub jec t ed  t o  a r i g i d  s e r s o n a l  i n v e s t i -  
g a t i o n  be fo re  srnployvient. 'This i n v e s t i z a t i o n  was mae by e s t a b l i s h e d  
age rx ie s  ana en tered  i n t o  every Fhase or' t h e  s p p l i c a n t ' s  Fast h i s t o r y .  

? o s i t i v e  in;"luences such as s a t i s f a c t o r y  i n d u s t r i a l  r e l a t i o n s  
? o l i c i e s  had t o  be e:::?hasizea t o  !lola l a b o r  tu rnove r  t o  a n i n i n m .  Be- 
cause  or' t h e  ixsortLnce of t b  n r o j e c t  2nd because of the  s e c l l r i t y  regu- 
l a t i o n s  ivith v;nich it is surroxnded,  sz t i s i ' i e t i  a~nployees on t h e  x o j e c t  
=e ;?. v i t a  n e c e s s i t y .  - 
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The ope ra t ion  or' t he  va r ious  ?recesses ? r e s e n t  :aany except iondl  
and unusual hazards. 
tions of o t h e r s  about which i n f c r x a t i c n  m i i l l  be obta ined  only by trial Ezd 
experience.  
end perLaanent d i s a b i l i t i e s  and w i l l  endanger all t hose  who work i n  c r  around 
t h e  manufacturing areas. 

I n  a d d i t i o n  t o  those already known, t h e r e  a r e  irdie- 

These hazards c a r r y  t h e  p o t e n t f a l i t i e s  of  occupat iona l  d i sease  

The ?lant i s  l o c a t e d  i n  a d e s e r t  s e c t i o n  or' t h e  country amy f r o s  
towns and c i t i e s .  Those mho work on t h e  p l a n t  have hzd t o  be i apor t ed  
from o t h e r  reg ions  and have hzd t o  secr i f ice  normil econozic  and s o c i a l  
s t a n d a d s  i n  accept ing  emplcyment. 

t o  3an adequate ly  the  crork; 
s c a l e  ope ra t ion  i n  a remarkably s h o r t  t h e .  

S e s p i t e  all or' t h e  above r e d  o'Ost:Lcles, t h e  c o n t r a c t o r  Tarzged 
t o  t r s i n  t h e  2ersonnel ;  a d  t o  g e t  i n t o  f y f i  

6 5  
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-- p u r i t i e s  o r  t h e i r  er"r"ects. 
c u l t p  has Seen e:qerisw;d ty the  c o n s v i x r  cras e s t & l i s h &  p r i , ~ a i L y  
t o  Zezove zircaniun cokmbim, Sii-ce these e l ezec t s ,  together  
v;ith uraniuii, =e dnos7; ccapletely reEoved at E x d o m i ,  it xas sug- 
gested t h s t  tkis s t e p  :night possibly be eliiainztsd ?:tithout dfec t i -ng  
the  T i i d  processing an6 use of  t he  plutoniun. 

The ??;.~cess s t e p  i n  xhich t h e  most di.f ,"G 

i 



The tolerances 
saer had not tested the 

as s e t  forth above were arbitrary as the can- 
effect of  all the dementa present in the pro- 

cess nor did they have the fi;?al metallurgical specffications at t&t 
writing, 

An early meeting waa arranged w i t h  the copsaner to discuss A- 
and to determine a fkral specification to be nn&- agreed upon, 
T m d  t h i a  end a meeting was held at Banford Engineer Works 00 19 
February 1945 to obtain the consumer's prellminsry report on the fbst 
c8n shipped and to reach ce r ta in  conclusions with respect to _purity 
and tolerance levels of the impurities, In g e n e d ,  the meeting bore 
cntt that the first material substant ia l ly  met the Origm specifica- 
t i on  and was satisfactory with the exception af an objectionable featurs 
of high ail ica content, 
and its properties in general were analagous t o  those of m e t a l  obtained 
from the product from C l i n t o n  Laboratmias, 
future shipents the consumer wousd advise the H a n f d  Engineer Vorks 
at once of any unusual charactert,stics of the product so that proper 
adjustnent of its  processing operations at Banford cau be made to 
correct objactionable characteristics of product if at all possible,  
It was f b t h e r  agreed that the final specifications of the product 
would not be established u n t i l  abaut five shipments had 'been made t o  
the consumer, 
that time and a meeting of the same group was aet tentatively for 
e a r l y  in April  f o r  the drafting of f'aal specifications, 

Metal was prepared frcna the first shipment 

It wz19 agreed that in 

Operations here w i l l  have reached a stable state by 

- 
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SECTION XI 

A. preDL -ations f o r  Placing P h  t 3n Oser a t i Q  
* 

The ManufacturFng Division has been angaged kr d l  phases 
of the Hanford Engineer Works and those activities, prior t o  the 
start of production operations, are enumerated as  follows: 

) ! /  
1. Liaison work between the University o f  Chlcago / :-'\ 

Metallurgical A o j e c t  and the &@neering Design 
D i v i s i o n  a t  Wilmington, Delaware, 

2. Consulting service t o  the Engineering Division 
f o ~ m e d  by review and approvd o f  p h s ,  specifi- 
cations, and procurement of all primary and auxil- 
isry manufacturing fac i l i t i es .  

Consulting, testing, and s t a t i s t i ca l  aemice t o  
the Construction Division relat ive t o  all field 
construction requiring knowledge of the marrufactur 
Ing processes includbg the 300-Area Test pile 
semice for assuring adequate purity o f  the p i l e  
construction materials such as graDhite. 

3. 

4. Conducting, partly with the aid of the Construction 
Division, the final preparations for placll lg each 
manufacturing area in operatian. 
cluded the following: checking, tasting, calibrat- 
ing, and adjust ing all instruments and equipment; 
Iludling arad 
tubes; 
and final system t e s t s  t o  assure t h 4  adequacy of 
all design and construction. 

3atabllshIng 2ersonel  requirements for i~reliminar7 
preparations and f o r  all aspects of plant operatian 
axxi maintenance. 

This work in- 

piping, tanks, and coo- 
charging the p i l e 8  mith uranium slugs; 

5. 

6 .  Developing and establishing the plant organization 
and etarvlard procedures, methods, and limits for 
all phaaes of plant operation and maintenance. 

7, Preparation of the Hanford Technical. Manual. as a 
guide t o  a l l  rnanufacturThg processes. 

Conductlng the necessarJ training courses for ea- 8. 
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ployeea, par t icu lar ly  i n  those branchee of  the work 
representing new a r t .  

Developing and establishing procedures far account- 
a b i l i t y  of all money and materials. 

Developing and designing printed forms for assuring 
appropriate records' of  all phases of the  wrk.  

9. 
i. 

10, 

B. Ear IT 0 perat- Pr OblQQg and s o l u t i  ons 

The problems encountered during the  period8 when each manu- 
facturing area  was placed i n  operation were fewer than mould normally 
have been expected in any large i ndus t r i a l  plant. . 

T h i s  exceptional degree of success may be a t t r ibu ted  almost 
entirely t o  the high ca l ibre  and close cooperation of those persons 
representing the  several responsible organizations in management, 
s c i en t i f i c  advancements, and engineerling. 
have been few because the  potant ia l ly  ser ious p o s s i b i l i t i e s  were fore-  
seen and adequate provisions incorporated Fn t h e  plant  design t o  counter- 
act them. 

The operating problems 

I 
0 : \I 

Three important problems, however, are northy of mention. 

and 

I 

' i  These are  the canning of metallic uranium; 
ztomic mass 135 a s  a fission by-product of the pile reaction (xenon-135. 
is by far the most effective neutron absorber ye t  discovered); 
the  development of nethods fo r  controll ing f i lm formation and ccrrcsi?  ,', , 
of t h e  cooling surfaces o f  the p i l e  tubes. 

development work r e l a t ive  t o  a jacket  or coatlng which n d d  Unfa-lY 
withstand the severe conditicns of expcsure w i t h i n  an o p e r a t a  p i l e  is 
recorded elsewhere Fn the Manhattun Dis t r i c t  l i t e r a tu re .  T h i s  work 6f' 

f ac t ive ly  determbed the  approAmate conditions and choice c f  meter ids  ~ 

fo r  the  H a n f o r d  process and f o r  subs t i tu te  processes. 
the application of mass production methods could establ ish precisely +he 
p a r d s s i b l e  limits t o  which the  numerous conditions must be held t o  a s w e  
the minimum poss ib i l i ty  of an operating failure. 
f o r  canning is dsscribed briefly under the  heading 3Obf;res Pr o c e s e s  and 
F s c i l i t l  es . 

t he  formation of  xenon of , 

r n e t . i L l i c ~ l u r n  slup 5.--Tke early resaerch  and 

, 

However, ~nbJ 

The Hanford process 

I ; "  1 

The following conditions 6wh  Lave 8 a a t e r i d  effect  uTon 
the qua l i t y  of  t h e  canned slug and it was of the utmost Laportame t h a t  
the  optimum f o r  eech be deternined and establ ish& on a mass production 
basis: 

(1) The diulsnsions and surfsce condition of  the uranium 
s l ~ c s  ana aluminum c a s ;  



(2) The dimensions, eupface coriditima, and shape of the 

(3) The temperature and purity of the  bronze, tin, and 
aluminun-aiUcon baths; 

d a m  top cap; 

( 4 )  

( 5 )  

(6 )  

The time of iRlmerafan of the  slug in each of the 
t h e e  baths and in the centr i fuge; 

The time element in transferring the slug from m e  
step in the  process t o  t h e  next; 

The dimensions, surface condftion, ard design of the 
s t e e l  sleeve in which the aluminum can i s  held while 
the  slug i s  inserted. 

and 

Although no delays were encountered in placing the manufactur- 
ing p i l e s  Fn operation due to  a shortage of canned uranium d u g s  for 
charging, several f ac to r s  ccmbined t o  create  delay in placing the c d g  
operation on a production basis and these fac tors  were a s  fol lma: 

(1) The late date  on which the elements of a sui table  canning 
process were fonrmlated caused considerable lost time 
in completing design, yocuroment, c o n s t m t i o n ,  and in 
get t ing tannins production operations started: 

Tke hydraulic presses used t o  dr ive the  uranium slug 
i n to  the aluminm can tlr+,er the f inal  d ip  in aluminum- 
s i l icm.  were unsatisfactory end interruptions to pro-  
duction caused by press maintenance pevented early 
knowledge of the l M t s  of the various other conditions; 
a d  

(2) 

(3)  The lack of a posi t ive method o f  t e 8 t i n g  the  canned 
slugs t o  assure cordorodty with the  requirements pre- 
vented ear ly knowledge of the q u a l i t y  of those tamed. 

Effort w a s  concentrsted on improvement of the presses with 
the r e s u l t  that suf f ic ien t ly  cant inwus pezfornance was obtained t o  
psrmit t he  optbum limits for t he  mny conditions t o  be aatablished. 
For example, it vas learned that R reduction of 50 degrees Fahrerhoi t  
in the  bath tampemtues resulted i n  an increase of the cans classed 
Fn the  highest grade from 5% t o  755. The c a m  f o r  t h i s  remarkable 
improvemant could not be determined with assurance u n t i l  it was possi- 
ble  t o  hold all other conditions constant. This improvement was 
made on U A u g u s t  194.4 and resulted in the  decision t o  r e j e c t  a l l  
pr ior  c m g  production. 
were abandoned entirely and a modification to the  process subst i tut-  
ed. 

* 

On 27 September 1944, the  canning presses 

In this modification, t he  slug, can, and cap are assembled 



- 
manually below t he  M a c e  of the aluminum-silicon bath with the 

' followjag advantages: 

Assembly of the parts under c loser  tenperature 
control; 

Improved seat- o f  t he  top cap; 

Simplification of the  operation assuring improved 
operator perfonaance; 

A production rate approximately three tines that 
o f  a production line using the presses; 

Eliminatiun of  press maintenance; and 

Reduction i n  the cost of canning. 

Yfith this and other padud improvenents t o  t he  process, alrnost 90% 
of t he  t o t a l  number of slugs canned are classed 3s the highest ped8  
which is the  on ly  grade accepted for use. 

It was decided that the importance of el.rminating the  poesl- 
b i l i t y  of any slug f a i lu re  within an operating p i l e  required a positive 
method o f t e s t h g  every slug, 
slug, after canning, t o  steam a t  abaut 100 p d s  per aquare inch pres- 
sure f o r  IO huurs was decided upon. The steam penetrates through the 
nost minute hole anl reacts with the uranium resu l t ing  in a burst can, 
Comparative t e s t s  have proved that exposure t o  the steam is much more 
severe than exposure t o  hot water a t  a much Mgher pressure. In Jufs 
19.44 t he  autoclave equipment was ready and the r " k 8 t  t e s t3  FndiC8td 
over  2% slug failures, W i t h  the  o rduc t ion  fm ravements previously 
enmerated, autoclave failures are novr about 1 50 of  the ea r l i e r  mcuut. 

The autoclave method of exposing each 0 

i 
P 

Fornat ion of xen on-13~.--~cducticm operations were e t a r t d  
in t h e  1co-E p i l e  at 10:&3 p.m. on 26 September 19U+ with 901 of t ke  
2004 tubes of the pile charged with uranium slugs. After ding the  
necessary p r e l b i n a z y  measurements a t  practically zero power level ,  the 
p i l e  power uas increased t o  9 megawatts or 3.6% of rated power level. 
Shortly thereafter, it became apparent that neutrons were being absorbed 
somewhere i n  the p i l e  a t  a r a t e  greater than they were being created by 
the  fission of uranim-235. 
9 negawatt pmer level,  t he  reactions had diminished to the extent that 
operatians could not proceed and the p i l e  was taken out of aervice. 

A f t e r  being out of  service for six hours, &e measure- 
ments indicated that neutrons xers again beginning t o  multiply slmlp 
and the  p i l e  power waa again raised t o  9 megawatts a f t e r  which it be- 
came apparent again that the nsutrons were being absorbed at a sea ter  

After about 18 h m a  of  operatian a t  The 



r a t e  than they xere being created Ad the  e a r l i e r  eveats were, sub- 
s t a i t i a l l y  repezted. 

There were ntrnerous possible causes o f  the p a a s i t i c  
neutron absorption but  there   as no k a e d i s t e  concrete evidence which 
adecpately explzined m y  or' the  p o s s i b i l i t i e s ,  I n  order t o  evaluate  
the  various p o s s i b i l i t i e s ,  the  p i l e  uas again s t e r t e d  and the poxer 
held a t  about 2.5 2egawatts Tor 6 hours followed by a longer run a t  
1.7 Tegawatts. It was deternir,ed that contiauous operztion could be 
m h t a i n e d  a t  a power o f  about 3 megz?:'atts with t h e  p i l e  charged v i t h  
901 tubes, 
t i o n s  a t  90 neguzatts i n  ?!cvember, the p h j s i c i s t s  made s u b s t a n t i a l l y  the 
following d y s i s  and predict ions which have proved t o  be renzrkzblj. 

I 

** 

From the d z t a  co l lec ted  n t  t h i s  t h e ,  and d u i n g  opera- 

accurate : 

(1 1 The p z r a s i t i c  neutron absorption r e s u l t e d  from t h e  
f o r m t i o n  or' xer,on-135 2s 8 f i s s i o n  by-product ele- 
aent ,  Yith the t i n e  ex2ressed 3s half-lives ( 3 ~ 3  
t i n e  reqcTLre6 i'or oiie half or' the  amount present t o  
decay t o  t h e  next element), t h i s  i s  p a t  02 the decay 
chain of :  t e l l c r t m  (15 mir-utes) t o  i d i n e  (6.6 hcur) 
t o  xenon (9.4 hew) t o  c e s i m  (35 year )  t o  s t a b l e  
bmiun, In  t h i 3  chzin,  o r l y  xenon capclclyj is zbout 
50 tines ,TeLttr *' ~ a . n  t k t  02 eny prwioucl;. known 
e :.e me n t  . 
It xas predicted that the  p i l e  i w d d  be zble t o  operate 
a t  t h e  fclloy.Ting gcr;:er l cve ls  when tbe  indicated fimiGer 
or' tubes vIe1-e charged a i t h  uranium s i x s :  megsvmtzs 
a t  1c;oo tubes;  59 xegawatts at 1300 tcbes; 34 xega- 
riatts z t  190 tubes;  anci 216 megwatts a t  2CCl+ ",beg. 

IT :7as Fredicted tnet higher Fower l e v e l s  t h m  those 
zbove would graCuallg be a t ta ined  as boron a d  other  in- 
, m i t i e s  r \ r  aith hizh neutron zbsorption c k r e c t e r i s t l c s  
-.;.ere g ~ z c d l y  trznsnuted durifig p i l e  o p e a t i o n  t o  l e s s  
cb jectlomiblc- ele:;.ents; and ds plutcniun forxed i n  the 
p i l e  and sone or' it f iss ioned t o  produce addi t iona l  neu- 
t rons , This predic t icn  7,785 based on knowledge or' scme 
other f i s s i o n  Sy-prcduct elements which -:/odd absorb 
neutrocs and thus r e t w d  the p i l e  react ion.  

It :\ras d s o  pointed out tha- t  a d d i t i o n a l  7oxer coulci 'se 
cbtained by placing up t o  33 instead. or' the 7lsnned 
nuzber of  32 urznium slugs in each tube o f  the p i l e ;  
by raking c e r t a i ?  that a !ninii.,un of  i l lminun is present  
at The ends or' the slugs to be chEgea  inza the other  
t?,o pi les ;  !3y caref id ly  zoni-rg s l q s  i n  the  p i l e s  s o  
~!xt the heavier s l ~ s  =e i n  the c e n t r a l  ?crtion. 



of t h e  p o s s i b i l i t i e s  or' t h e  Henr'crd 
nrocess  f o r  the nanufacture of Islutor-iun, it nas recognized t h a t  serious r -  ~ ~ 

neut ron  abso rp t ion  might occu?: among t h e  f i s s i o n  b y - y d u c t  elernerits. 
I n  c l l  subsequent  s t d i e s ,  er ' for t  -,vas concen t r a t ed  on eva lua t ing  t'ne 
va r ious  p o s s i b i l i t i e s  wi th  t h e  g r e a t e s t  accuracy pe rmis s ib l e  n i t h  t h e  
t h e n  undeveloped s t a t e  of knowledge. 
xenon-135 was mhoilrn,  t h e  poss i ' q i l i t y  or' t h e  f o r r a t i o n  or" soxe e l m e n t  
o f  s imi la  p r o p e r t i e s  was f c re seen .  
of xencn-135 n e r e ' g r e a t e r  t h a n  it is,  it appeers  r e a s o r i b l e  t o  b e l i e v e  
t h a t  it ivouid have been d iscovered  du r ing  t h e  o p e r s t i o n  of t h e  exper i -  
mental  piles st k g o n n e  m d  t h e  C l i n t o n  Thbora tor ies .  Iil t h a t  even t ,  
acquate  provis ions  T o d d  have been nade i n  t h e  Hanford p i l e s  t o  counter-  
ac t  it cn t h e  besis of a c c w a t e  knowledze, 

'Thus, even though t h e  e f f e c t  of 

If t h e  neut ron  abso r2 t ion  c a p z c i t y  

""c, p 3'. .L;n * 1 : h i t  has subsequefi t ly  provea t o  :have been gocd 
jucigment, two very  i z p o r t a n t  Tac to r s  vere incorpora ted  i n  t h e  o r i g i n d  
des ign  or' t h e  Harzord p i l e s  .tlhich have permi t ted  t h e  chzrging of  sur-  
Z i c l e n t  u r a i u n  sligs t o  provide a scu rce  o f  neutrons dequate  Tor 
s a t u r z t i o n  of t k e  xenon poisoning and ope r5 t ion  of t t e  p i l s s  a t ,  o r  
above, r a t e d  poiler l e v e l .  
c o r s t r u c t e d  n i t h  2WI, coo l ing  tubes r a t h e r  than t h e  1560 which vere 
i n d i c a t e d  t h e o r e t i c v l l y  as b e i c g  adequate.  'The second i s  the f a c t  
That 9 c c n t r o l  = . d s   ere designed i n t o  each p i l e  i n s t e a d  or' aDout t h e s  
rrhich ivere i n c i c s t e d  5s being  r equ i r ed .  

The first is  t h e  f ac t  t h a t  t h e  p i l e s  are  

The a d d i t i o m l  c o n t r o l  rod  capac i t j '  i s  e s s e n t i a l  In ab- 
so rb ing  su i ' f i c i ens  2eutrons TO hold tke ?fie safely viinen s t z c t i n g  f o r  
t h e  first zize e r  u - t e r  a shut6o;i.n wnen t h e  xenon has d e c q r e i  t o  l e s s  
abso rp t ive  e k i e n t s .  On these occas iocs ,  t h e  p i l e s  !uve a fa r  Z r e e t e r  
c b i l i t y  t o  e c c e i e r a t e  i n  po1:;er tlzm -;;is ever  conzeapl52ed a d  =e cotxe- 
quen t ly  muck more hszzrdous. Xorrever, d u r t n g  n o r r a l  opera-,ion t t e  ex- 
cess x u t r c n  pro5ucirX capci:?- i s  absorbed by t h e  xenon and operations 
are nruch l e s s  hzza rdous  shan hcld Seen p red ic t ed .  

m - -.i,ln 3 o r x t i  or! and Corrosion.--Conc--irrently :.;ith the d e s i g n  
and c o n s t a t c t i o n  or' t h e  H d o r d  Zngineer  :'!arks a z r e e t  tied of nork 
was done in developir,g a xeens or' l i m i t i n g  f i l m  f o r m t i o n  a i d  c o r r o s i o n  
v i t h  r e s F e c t  t o  the p i l e  coo l ing  su r faces  u d  f o r  ?,ariodiczll jr  renoving  
any f i l m  which n igh t  form. A ?ut of t h e s e  i n v e s t i g a t i o n s  :;ere con- 
duc ted  by t h e  ? e t c l l u r g i c a l  3 o j e c t  a i d  t h e  remainder by the  T e c h i c a l  
D i v i s i o n  z t  Ham'ord. Without t h e  s u c c e s s 3 d  a t t a inmen t  o f  t h e s e  ob= 
j e c t i v e s ,  t h e  YarYord. p i l e s  could n o t  opera te .  The t e s t  l a b o r a t o r y  a t  
Hanford, called C I X ,  ~ r s  b u i l t  c~iginally t o  i n v e s t i g a t e  c o r r o s i o n  only 
under s i n u l z t e d  n i l e  0peratir .g conui t ior is .  However, t h e  f c r m t i o n  of  
f i l m  ;vas disccvereci promptly nnc S e c m e  t h e  dominiiiing cond i t ion  t o  be 
con t ro l l ed .  

,FLs a r e s u l t  or' t h i s  ,;iOrk, p n c t i c a b l e  ope ra t ing  stanfiards 
;.rere e s t a b l i s h e d  p r i o r  t o  t h e  b e g h n i n g  cf operations f o r  t h e  perfor:xmce 
o f  t h e  va r ious  Tiater t r ez tmen t  p rccesses  and f c r  t k e  fLn.d. chemical cor+ 
d i t i o n i c g  of  t k e  >recess :;.atel. th rouzh  t h e  c b d i t i o n  o f  soc iun  d i c k ~ o n a t e  
and sodim s i l i c a t e .  T c s i t i v e  l l l S < : i O ~ S  x e r e  a l s o  5s t&l i shed  f o r  re -  

c 
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rnovlng the very thin filrp which does fam on the cooUng surfaces 
through the addition of diatomacema earth as a scouring agent t o  the 
process water floaing through the pi le ,  

During; the early operations of the 100-9 p i l e ,  fib ‘*. 

formation was kapt within the U t e  &ich had been established. After 
4 months o f  operatian,  film had gradually formed to the extent that the 
pressure drop tbruugh the cooling tubes had increased by about 20 t o  
25 pound8 per quare inch. 
effectiveness of the diatomaceous earth purge w a s  made 011 26 Januarg. 
at which time film was removed successArlly f’rom approximately ane Lralf 
of the p i l e  tubes. 
cannected to the chilled water system. 

The first aperating demonstration of the  

At that time the purge was Umited to those t u b a  

C, Fhr onolorzv of S m -  D v  o 

28 November 1944 - 
4 member 1944 0-0 

5 December 19U -0 

17 December 1944 -0- 

26 December 1944 -0- 

Charging of 100-3 pile started,  

100-9 p i l e  placed in operation followed 
irmnediately by discovery o f  xenon 
poisoning. 

F i r s t  discharge of enriched uranium 
slugs *om 100-9 p i l e  completed, 

First enriched slugs received in 2 W  
Area. 

C h a r g i n g  of 100-D pile started.  

100-1) p i l e  placed in operation, 

First Hanford enriched slugs dissolved 
Fn Buildkg 2214. 

Isolation of first Hanford plutonium 
started h Building 231, 

2 February 1945 --- F i r s t  plutonium resulting from Hanford 
operations transferred to Army, thus 
establishing Hanford process from raw 
material to  finished wcduct. 

4 Febrvary 1945 --- 100-9 pile reached rated power level of 
250 megawatts 



-- 

5 February 1945 -- F f r s t  Hanford p l u t d u m  transferred t o  
reprsaentative of Haaford cwtaier 

U February 1945 -0 1oo-I) pi l e  reached rated pmer level  of 
'+. 250 megawatts. . 

25 Fe'ornarp 1945. - 1M)+ p i l e  placed in operation, 

8 March 1945 =----- 1xx)-F pile reached rated parer of 250 
megawatts f o r  about 24 hmrs after which 
it was raduced to 240 megawatts, 

The follovring chronological history describes br i e f ly  the 
most important developments in the operations history uf the Hadord 
Engineer Wmks beginning *dth the first quartar of 1944 and end- on 
20 March 1945: 

-.--For the fLwt quarter of 1944, the work of  t h e  
Mamfactuzring Division was devoted to: 

(1) organizratian; 

(2) Preparation of personnel spec~~icatione;  

(3)  Personnel procurement; 

(4)  T r a i n i n g ,  of personnel at Hanford and elSe%here; 

(5) Consulting servlce t o  the ConstructIan Mvision f o r  
the 100 and 200 b a a s ;  

( 6 )  ~achinlng umaium slugs from extrnded rods in the 
3GQ-Area; 

(7) 'Testing graphite and other pile construction 
materials in the 300-Area Teat PIle; 

(8) Inveatigat- methods of  watar treatment in ?re- 
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venting corrosion and film formation an the &aces 
of t he  slug coatings and pile COO- tubes; 

Development of procdures f o r  protect ive secur',ty; 

Development of procedures for accounting; 
d. 

Procurement of essential materials; and 

Operation of  the Richland V i l l a g e .  

Most of theae act ivi t ies  have continued and no further 
mention of them ylll be made in this chronology except where 
special significance is involved. 

of  - m u m  C s&& a,-In March, it was believed 
that a practicable procese had been made available for the  mass 
productian of canned slugs although it waa expected that c o n t h u d  
research and practice would be req-ed t o  produce ultimate im- 
provements. 
ing and developneat proepun and some production. 
was made available for determining the areas  on the Burface of the  
canned slug which are  not campletely bonded. 

Sufficient equipment was on h a d  to i n i t i a t e  a train- 
The f roe t  test 

(&.&&? of M e t a u  Urqplum S u  .-9y A p r i l  it w a s  realized 
that the  problem of fully developing a suitable process for canning 
slugs was extremely complex; t ha t  t he  time element for converg'bg 
design, procurement, construction, and opera tor  training had been 
reduced to the minimum w h i c h  it xas expected w o u l d  meet production 
requirements. 
zation t o  the end tha t  the most experienced ta len t  available was 
assigned to a relatively narrow field. 

Ektansive changes were made in  the personnel organi- 

Testing of Ptle Construction Materials,--The testing of 
graphite which had been contaminated with boron during manufacture 
received special  emphasis in the Test P i l e  and it was generally 
established that there w& be no delays in the canstruction of 
t h e  manufacturing p i l e s  because of  the  contamination. 

-9 za t j sn  .--Yith one o r  two exceptions, a l l  key personnel 
of  the Manufacturing Division had arrived on t h e  project, 

C a n n e d  U r a n - I m  * .-A t e s t  of 2,000 canned slugs in the 
Test  Pi10 indicated that the neutron production and absorption 
properties were about as predicted. - 

D E C L A S S  I F I ED bJ I TH D E LE 'I' 1014s - 



Exhaustive 6tudie3 were s t a r t e d  to evaluate dl of the 
numeroua f ac to r s  influencing t he  q a t y  of  canned slugs. 
canned slugs were subjected t o  examination with respect t o  
dhenaiona, surface defects, penetration of duminum-silicon 
through the can wall, and for bonding aa determined by t he  f ro& 
tes t .  

A l l  

The first method f o r  statistically clasirying indi*dualk 
slugs for quality wa3 initiated. 

copem O f  Rrsfectd C m  ed S W  .--A ~ ~ t h o d  of di8sol-g 
the aluminum can and aluminum-silicon b o d  of rejected slugs as 
a means of reclaiming the uranium f o r  recanning was developed. 
The method employe a caustic soda bath followed by a n i t r i c  acid 
bath. 

U r Q i l m  SluPg.4he first heavy bottomed cans were r e  
ceived toward the  end of the m o n t h .  
the need for inserting an alwmimrm cap i n  the bottom to prov ide  
the  requirad thickness and which was a source of trouble in the 
cannhg pr3cesso 

T h i s  type of  can eUmbates 

3904 f i l a  .-The fol lwing work was performed in preparation 
f o r  operations: 

Group t ra ining '  for pile operations consisting of  
lectures ,  study of  wri t ten information, observa- 
t i o n  of c o n s t m t i o n ,  and review of various de- 
partmental -kc t iona ;  

Star ted regular weekly meetings of top  superV;,so~j 
personnel assigned t o  the variaus departments Within 
the area; 

Prepctration of rest procedures l o r  ecmptarce o f  
p l a t  and equipment; 

Concentrkted stcdy of p i l a  qera t ion  relative t o  a 
possible sccelerat  ed schedule of plutcnium delivery; 

The Power Deptxrtment conducted preliminnry t e a t s  
of boi lers ;  

Preliminary operation o f  the r ive r  pumps and fill- 
o f  the  reservoirs. - DECLASSIFIED V I T H  D E L E T I O N S  
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ScientifiC and SDeG;Sdiaed 2ersannel, .--3urbg the  manth a 
number of sc i en t i a t s  and spec ia l i s t s  arrived from the Metallurgi- 
c a l  Project and from the Contractor's PIilmhgton office t o  be 
present during all prelbinary preparations and fur the start of ii 
u)O-3 p i l e  operations, 

St&.--b study was substanti- 
ally completed t o  determine the e a r l i e s t  date on wbich 2 kilo- 
grams of plutmium could be manufactwed and delivered and t o  
evaluate the effect of sllch a progrem on h t u r e  production, 
was indicated that t h i s  amt c d d  have been delivered by the 
first of January 1945 a t  t h e  sac r i f i ce  of later prcduci;ian, 

It 

m3 -.-Dura the month the  Manufacturing Division 
accepted responsibil i ty far a l l  f a c i l i t i e s  in t he  area except the 
P i l e  Buildbg, Chemical Building f o r  special  water conditioning, 
Helium Purif icat ion System, Deaeratms, Process Water Rmps, snd 
the  &ergency %her Tanks, 

Pdormance  and capacity b a t s  were completed on all 
electric and steam p p s  except t h e  Proceea Weter h p s .  Testing 
and flu- of the water systems including the supply Une t o  the 
XC-Y (comprising MOlT and 200-U) Area were s u b s t a n t i d l y  COXIF 
plsted. 

The foUowFng audliary f a c i l i t i e s  were placed in can- 
tlnuous o p e r a t i a s  
House, F i l t e r  P l a n t  and Pump House, and the B o i l e r  Plant a d  Steam 
Distribution System. 

River Pump House, Reservoha and Reserwir Pump 

a ~ . - - I n  addition t o  the continued ruraiahing of con- 
sulting sercvice t o  the Construction D i v i s i o n ,  the work of the 
Manufecturlng Divleion was accelerated to some extent preparatcry 
t o  the start of operatlona, 
gaged in study of  the separations p lan t  design and operatian and 
Fn obaeIlring the work of  construction. 

Some 27 m e n  had errived and were en- 

ed U J r a n i u m . t - 3 i t h  gradual improvement i n  the quality 
of canned sluga, a suf f ic ien t  q p m t i t y  had been completed by July 
1 9 U  to charge the WO-3 pile. 
failures were repodad. 

For 8000 slugs antoclaved 160 

gbandonment of Acceleratad Prcductioq,--At the di rec t ion  of - 
2ECLASSIFIED - _  NITH DELZTIONS 



the Distr ic t  kgineer, the acce lara td  schedule for prduchg an 
early 2 kilograms of plutonium was abanlaned In favor of the 
or ig ina l  longer range plan which assurss 8 greater quantity mer 
an extended period. 

i 

for certain work remaining t o  be done by the Constnrctiaa D i v i -  
sion and scheduled for t h e  period frorn 28 A u g u s t  t o  4 September 
and about 15 Septamber to 22 September, 

-~ns~ect_ions, &-ioE s . - u  testing, \. lnspectians, end preparations were completed in the pile except 
for t h a t  which could only be done af ter  charging the pi le ,  

.4ubetantial lp a l l  operating standads 
were completed during the month coverlng the  work from charging of 
the  p i l e  with cannad uranium sluga to disclharging and includhg the 
w a t e r  d hellum systems. 

wed U J , - - O n  U A u g u s t  t he  tempersturea of 
the canning baths were reduced about 50 degrees Fahrenheit. 
resul ted Fn such a marked lmprmement in the quality of canned slugs 
that it was decided t o  chaFge into the 100-3 p i l e  only slugs canned 
af'tar this date and to hold pzdor production u n t i l  the required num- 
ber were assured f r o m  current -aroduction, 

T M s  

of Pile Construeti on Materla&~-3y the  e d  of . 
A w s t ,  the tasting of pi le  graphite in the Test Pile w a s  completed. 

2 0 0 - ~ , 4 d a n u f a c t u r i n g  Division personnsl assisted the 
Construction Division in the supervieion of the  following work3 
inspection, testing, flushing, and cleaning of process and xaate 
lines; inspection, testing, and identification o f  process vessels, 
equipment, and instruments, In addition, studies and preparations 
were carried out for teat- a l l  f a c i l i t i e s  in Building 221-T zodsr 
simulated operating conditione, 

J9U - Sentenbqg 

V of the .+the charging of  canned uranium 
sluga was started a t  5:50 p.m. on 13 Septamber. 

prv Cfl - t fcd  ,-=The d r y  c r i t i ca l  condition is obtained - D S C L A S S I F I E D  WITH DELETIOlVS 18 4 
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d e n  a suff ic ient  amount of uranium has been charged i n t o  t h e  
p i l e  t o  s t a r t  a d t i p l i c a t i o n  of neutrons, called a chain re- 
action, when the cooling tubes are  f r e e  of water. 
t ion  was reached with 400 tubes charged with 32 uranium slugs 
each a t  a30 a.m. on 1 5  September. 

T h i s  c d i -  

i. 

yet  Criticai.-The wet c r i t i c a l  collditian is obtalned 
when sufficient uranium has been chargad i n t o  the p i l e  t o  craate 
a chain r o a c t i a n  wif ih  water flowing through the cooling tubes. 
This condition was obtslned w i t h  about 834 tubes charged on 28 
September. The exact condition was passed and the  number 834 
determined by calculation. 

for ODera tSor&--charging w a 3  continued un t i l  
5 ~ 0 0  a.m. an 19 Septambsr wnen a t o t a l  of 903 tubes of 32 slugs 
each was reached, 
of excessively high water pressure 1038. 
charged at the start of operations. 

yes,-entg.--At intervals during, and a f t e r ,  t he  
charging of the p i le ,  t h e  necessary measurements were taken to 
determine operating charac te r i s t ics  including the following: 
effectiveness and ca l ibra t ion  of t he  control  and s a f e t y  rods; 
effect  of the  graphits r e f l ec to r  ( t h i s  is 2-foot border or' Qaphite 
which surrounds the main body of graphite in t he  p i l e ) ;  
f a s t  t o  slow neutrons; traverse of neutron f l u ;  p i l e  temperature 
coefficient; water flow a d  pressure. 

Subssquently, two tubes were unloaded because 
T h i s  l e f t  901tubes  

r a t i o  or' 

Svstem Te ,cf,g,--Following the cha rghg  of the pile, and 
concurrently xith some of the measurements, find. t e a t s  were con= 
ductad on the steam and electric pmer, p n p b g ,  and emergen- 
Prater tank systems together with the  s W a t i o n  o f  various faults. 
This nork determined the speed of response of  the  several inter- 
connected control systems and equipment. In general, the  results 
proved thaz the in s t a l l a t ions  f u l f i l l  satisfactorfly the  conditions 
Fmposed by the  r i g i d  operating and sar'ety requirements  or' the prcr  
cess. 

p r d u c t i m  ODerationg.-Production operc t ims  for the  
manufacture of plutonium were s t a r t a d  a t  1 O : U  p.m. on 26 Septaber .  
The ear ly  his tory of the problems encountered due t o  the  farmation 
of  xenon-135 as a fission product is b r i e f l y  recorded under && 

Pr oblems sn d Solutions. 



-bias en d S o la - ons. 

& ~ n r ; s i n 7  & Straicrbtenirg.--Curing September, the  
Yanur'actur?& Division sccepted reeponsibility f o r  the outgessbe' 
and s t r a i g h t d i g  equipnrent in t h e  300-rlracr. 
described br ie f& under MD t i on  of 3CO-Area Processes end 

i s  briefly described under t' 

The pcceases  cd 

T r a c s  Slurs.--% irradiated uranim slugs fzom the  
Clinton Labontorfee p i l e  were received at  Hanford and placed in,, 
the 200-I? Storage Area, 

' 

m a t  of r'resh uranium slugs In checking t he  perr'ormEtnca of 2214' 
Building processiq equipment. 

These slugs mer8 obtained for enricb- 

1OG-€3 Area. 

Pile Csoeratio~.-lh?rir.g Cctober, p i l a  cperations were 
conducted at t he  following power levels with t h e  M i c u t e 3  number 
of tubee charged with uranium slugs: 1.6 megawatts 2 t  901 tubes; 
17 megawatts a t  1003 tubes; 
watts a t  13GO tubes; 

30 megawztts .st 1128 tubes; 60 mega- 
and 90 megawatts a t  1500 tubea. 

=le Stud ieA.4he  discoven or' the  xenon poisor3g re- 
sulted in  a g r e a t  concentration of a f f o r t  at Hanford, tho X e t d u r g i -  
c d  ProjecCJ, and a t  the Clinton Laboratories t o  determine tka  re- 
quirements for at taki ing full plla power capaci ty  in the shortest  
possible t h e  and assurance o f  adwpate cafitroi  and s a f e t y  rod 
Capacity t o  hold the  pile s a f e l y  at times wnen the xenon p0iSOIlb-g  
had decayed. A great  dea l  of this work was doce dur'bg October, 

1 Pacixtieg,-Curing October, the Manufactur'a 
Division accepted from the ConEtruction Division t h e  folloPring 1CO-D 
Area f ac i l i t i e s :  Boiler House; River b p  House; R e s e n o b s  and 
Reservoir Purnp 'rIouse. 

$cceatB.--The hlmufactur4ag Division accepted full. 
reeponsibi l i ty  f o r  the 2004 Area m 9 October. 

Genera!, 
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Production S c h e d u  ,-Cn 21 November a formal schedule 
of p rduc t ion  was submitted for  epprovd. coveribg the pelclod from 
1 December 1944 to 1 J a n q  19L6. 

lCQ-3 &sa, i. 

f l l e  h e r a t i m s . 4 h e  p i l e  power, during the major 
portion of November, was held at 90 megawatts w i t h  1500 tubes 
charged with uranium slugs. 
was continued t o  1595 tubes and the  power lave1 attained a new 
high o? 125 megawatts on 30 November. 

discharged from the LOO+ pi le ,  this work being conpleted op 28 
November. 

Toward the end of t he  month charghg 

-ha- Owraticng.--fh first enriched slugs were 

Im Formetion ad Conosio~.--Cereful examination of 
slugs which had been exposed t o  t he  most severe cmdi t ions  in the 
p i l e  indicated that fih formtian and corrosion on +Le aluminun 
surfaces had been held to U t s  appreciably l e s s  than &d been 
est  3mat ai. 

3GO-C iU ea 

pile But I d u . 4 h e  Manufacturing Division accept& 
responsibi l i ty  for +,he pile building cn 27 November and Fmmediately 
began f'aal inspect iom, tes t ing ,  and preparation cf  all fac l l l t i e s  
f o r  init ial  charging of the p i le ,  

2cO-'r! h q . 4 h e  Elanufacturing Division a c c s p t d  f u l l  re- 
sponsibility for tNs area  which was made ready f o r  t h e  arrival 
of the f i s t  enriched uaniw from t h e  100-E k e a .  

@era E ) r w a t j .  ou,-Tke work o f  t he  Manufacturhg 
Division in the 200-T Area was devoted t o  the  final t es t ing ,  d i -  
bration, and adjusting of processing facilities, 
inclu36d the checking of the performance of processing equipment 
with water i n  preparation for chemical runs. 

Trial operatiocs 

19LL -- Eecembey 

chenerRL 
&odiicf.ion Studiep .4 U December, tin independent study 

of plutonium manuf'ecture was prepared by the off ice  of  t he  Area 
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Engineer t o  illustrate the effect of the quant i ty  of uraniun 
used on t h e  t ine  and c o s t  o f  dallverizlg specific quant i t ies  of  
.plutonium. On 23 December, 8 similar study waa irepared by 
the  Contractor. The two studies were i n  subs tan t ia l  agreement. 

i, 
100-2 &a. 

lo 0 wrtitior -s.--With 1595 tubes charged with uranium 
slugs, the p i l e  power was varied between 115 and UO megawatts 
during the f i r a t  20 dsys of the month. 
p i l e  was out of service for a total of 36 hours for various 
reesona including en attempt a t  film removal by an oxalic acid 
purge of the cooling tubes and f o r  prearranged t e s t s  on the 
Bonnevilla e l e c t r i c a l  transmission system. After 20 December, 
the pile was taken out of service t o  complete charging to the  
full 2004 tubes and e power level of 150 megawatts was a t ta ined  
an 29 December. 

Dur ing  this period, the  

F CDarations.--On 28 December the s e c d  dis -  
charge of anriched uranium slugs was accomplished. 

&cebtance.--The 100-0 &ea wa8 accepted by the Manu- 
facturing Division on 5 December and charging of the p i l e  started 
imm ed i a t  ely . 

.--The full ZOO4 tubes of the p i l e  
lugs each by lo December. Four 

tubes were subaequently diac,isl.ged and replaced wLth poisoned 
d u g s  t o  supplenent the holding capacity o f  t h e  control rods. 

Pcduct ion OD eratiang.-Ster completion of  all re- 
quired preparatory work, production operations were s t a r t e d  at 
U:ll a.m. on 17 December. 
reached 150 megawatts and by 27 December it had reached 180 mega- 
vatts. 
permit discharging 2 of  4 poisoced tubes previously charged t o  
assure holdlng the p i l e  p r i o r  t o  formation of t he  xenon poisoning. 

On 21 December, the p i l e  power had 

14 hours or' production tima were l o s t  & 23 December t o  

?m-hT .b6Q. 

storp,bs of ,%rIched Sluq.--The first enriched slugs 
f rm 103-E Area operations were received In the 3,00-# Area f o r  
decay storage on 4 December. 

erati= Prepam tiona.--The 2CQ-T Area was placed in 
operating condition durhg the month or' December i d t h  t h e  completion - - DE C LASS I r" I ED W I 'l'H D L L E 'I'I OlJS 
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of chemical and inact ive uranium runs 
Tracer runs using ePriched slugs from 
star ted;  

prcducticm OD e n , - T h e  
a l u ~ g  f r o m  100-E Area operations were 
Building on 26 December. 

through t h e  process steps. 
the Clinton pile were 

first enriched uranium 
dissolved in the  2214 

np Stm-d&,--k complete set of Operating 
Stardards for the  22l, 224, and 231 Buildings have been prepared 
and were approved by !AetaUurgical Project representatives on 
15 December. 

t .-Cn l.8 December, the entire 2colWest Area 
inchding -the 231 Building were accepted by t he  b ~ u -  
facturhg Division. 

~ e t ~ e n a $ & O n  a*--The work of testing and cdi- 
brat ing processing equipment in t h e  200-E Area was in progress 
during December. 

m f j m c e  wAd A l.terp;tjo~g.--This buildinq w ~ a 9  taken 
over by the Manufacturing Division on 18 Decembljr. Two major 
jobs remained t o  be done by the Maintenance Deprtment, This 
work consisted of  coverhg a d  venting the process vessels and 
inatallation of emergsficy ventilating equipment in case of f e i l u r e  
of e l ec t r i c  power. 
assembly. 

This work neceusi ta t id  extensive p i p h g  and 

Establishment of Entir e Procegg.-Ey 'the end of January 
1945, the entire Hanford process f o r  the manufacture of plutonium 
had been proved f'rom raw material  t o  finished product. Although 
a-conalderable number of improvements and refinements remained to 
be made in t he  meny process steps and in the aampllng and andfli- 
c a l  procedurea, t he  r e s u l t s  t o  t h i s  time mere noteworthy. 

pi13 O m r s t i ~ . - - ? T h e  power level of the p i l e  w a s  gradu- 
ally ra ised during the month reaching a new high of 240 megawatts 
OR 27 January. - 

U S C L A S S P I E D  W I T H  I )ELETIOi \ lS  



a l e  Power C a n e  v,--The gains in pile pouer prcduc- 
ing capacity predicted f o r  continued operation and nentimcd in 
I&ly mr atin- Problems and Solutions were especially e e d e n t  
during the month of January. 

tions, the pressure drop across tha cooling tubes gradtdly in- 
creased t o  s ignif icant  mounts due t o  forination of film. 
January, a trial purge of t he  film was conducted using diatoma- 
ceow earth added t o  the w a t e r  supply t o  about one half' of t h e  
tubes of the pile. 
fact that a satisfactory method of removing film is  available. 

;4 

Forma t&p d C o m . 4 u r b g  1-E pile opera- 

On 26 

This purge was successful. and established the 

t .--The third discharge of enriched 
uranium slugs fram the ux>-E p i l e  wcs accomplished on 18 January, 

EI;Le O m r a w . - T h e  power level of the 100-9 p i l e  w a s  
gradually increased during the m o n t h  reaching a new f i g h  o f  230 
megawatts rn 27 January. 

Proces .-Processing of t h e  f b s t  enriched 
uranium slugs from the  100-2 Area has established the fact tha t ,  
with only minor a l te ra t ions ,  the production capacity of  t h e  221 
and 224 Euildinqs is a t  least equal t o  the rated capacity. 

Plut0nj.m YielQ.--Incomplete dsta from the various pro- 
cesaing o p r a t i u n s  indicated thet the loss of plutanium was w e l l  
w i t h i n  the limits established by the operstlng standards. 

D e c o n t m i n u o n  Factor%.--Incomplete da ta  from the 
various pocessing operaticns also indicated that the reduction 
of  radioact ivi ty  bekter than the requirements of the operating 
stmdards . 

OoaratinP fieomations.--Tke final check* of instru- 
ments and aquipment was completed during January so t h a t  the water, 
chemical, and other preparatory process runs could begin in Febru- 
ary. 

231 B u f l d j r g  - .  
d u c t t o n  Owe rEvt_ions.--The ffrst concentrated plutonium 
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wae received from the 224-T Building on 16 January and Isola- - tions processing started cm the following day. 
\>- Lf -b! 

&cent- of Prodtict.-Arrangements were made during 
January for th(hrPiy''to accept del ivery of plutonium Fn t he  

i 

shipping c u n t a i n d a t i  t he  Isolstions Building, 231, and re l ieve  
the  contractor of a l l  subsequent responsibility for security, 
haodllng, storage, and shipment. 

ICO-ltrea. 
on -.--The Manufacturing Division ac- 

cepted i h m  t he  Construction Divfsion the facilities for e x t r u d -  
ing ur8nim.b i l l e t s  in to  rods. Production operations were on a 
development basis  until the  latter part  of the month due to d i f -  
f i c u l t i e s  with the fhnace ,  extmrsion press, and appurtenances. 
This work was done previously by t h e  Revere Copper and Brass 
Company a t  Detroi t  until 26 November at which time operations 
at  that location were discontinued. 

p r o d l 1 C t i ~  Scheduloq .--On 19 and 20 February, c o n f a r  
ences r e l a t ive  t o  possible schedules for delivery of  specific 
quant i t ies  of  plutonium by +Aa ea r l i ee t  posaibla dataa were held. 
These conferences were attended by representat ivas  of the District 
Engineer, !detdJ.urgicd Pro j  act ,  Operations Contractor, snd the  
k e a  Engineer. 

I)g lSverr.-% 2 F e b m j ,  t he  f i r s t  p lu ton im 
revulting f rom Yanford operaticns mas t r a n s f a r r e d  t o  t he  Area 
Engineer by the  Contractor.  On 5 February, it m s  transfarred 
by the Areti Engineer t o  the representative of the site a t  vrhich 
fur ther  processing d l b e  done, 
his tory  of subsequent shipments. 

No mention will be made in this 

plutcni! i (-3. t ions. -4 o d e r  enc e s r e l a t ive  t o  
plutonium s p e c i f i c e r e  held during the  period 18 t o  20 
Februaqy Tith representatives of the  receiving s i t a  where further 
processing w i l l  be performed, 
batch of aa t e r id .  ;9as sat iefactory and within the  t en ta t ive ly  
established limits f o r  impurities except for silicon i n  the  form 
of suspended solids,  chromium, snd nickel, S i l i con  w i l l  be 
materislly reduced as Hanford opera t iom p roced .  
amouts of chromium ar.d nickel  are  not harnflil, t he  limits fur 
these impurities were increased. 

It was reported that t he  first 

Since t h e  
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sec ondam ?rodnt XmQfaCtWQ .--Conferences =ere a l s o  
held during the period 18 to 20 February relative to schedules 
f o r  rnanufscturing the  s e c d a r y  Hanford prduet,  polonium. 

ing the piles at the rated capacity of  250 megawatts for an In- 
definite  period until early mamfacturing requiranents have been 
met. b discussion of this policy is included as parwaph g.$ 
page 3 of the Monthlj Operations Report fcrr February 1945. 

P i l e  rstiona.--The policy was formulated of  operat- ii 

we -.-=The 1004 pile attained the rated 
power level of 250 megaxa*ts on 4 Februery. 

-n~ Onerations.--The fourth discharge of en- 
riched uranium slugs froa the LOG3 p i l e  was acccmplished on 22 
Feb-1. 

pile OPeratims.--The 100-9 p i l e  reached the  rated ?mer 
level of 250 megawatts on 11. Februesy. 

bcceptancg.--The 100-3' Area was accepted by the Edanu- 
facturing Division on 10 February and final preparations start;& 
Frmnediat e17. 

&-inq of t h e  Pile.--Charging of the pile was s t a r t e d  
on 15 February and the rull 2004 tubes had been charged with 35 
slugs each on 19 February. 
of wMch 7 were recharged with poisoned slugs for impmved pdoer 
d i s t r i b u t i o n  and 3 were recharged t m p o r a r i l y  with poisoned slugs 
t o  qplerment +,he control rods until the formatian of suf f ic ien t  
xen&-135 i n  the p i l e  permitted replacing a g x i ~  w i t n  u r a u m  slugs. 

haduction O~erstions,--after. completion of all rq*d 
preparatory worka production operations were started at I247 p8m. 
on 25 February. By tha end of the  month the pile power level had 
reached 175 megawatts. 

Subsequently, 10 tubes were dischnrged 

&ceDtanGg.--The 2009 Area of the 200-East Area wes 

-~ 
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accepted by the Marzufacturing Division on 11 February. ITith the 
acceptance of this  area, sll marufacturing facilities at the Han- 
ford k g h e e r  Works have been cmpleted by the Construction D i v i -  
sion, The Waste Storage Tanks of the abandoned 2 0 0 4  Area, how- 
ever, m e  not yet connected t o  the 200-3 system. Because or" the  
additional waste storage capacity it vas planned t o  use the 2C+3* 
Area as the second Separations Unit rsther than the 200-U A r e a ,  

&&QQ&pJ Y i U  .--!!ore conplete f igures  made available 
durhg February indicate that the overall Held through 2cO-T 
was 74.4%. The seasured loss of plutonium through t h e  processing 
was about 1% leaving am unaccounted f o r  balance of about 13;. 
P a r t  of t h i s  discrepancy was due t o  sampling and analyt ical  dif f i -  
c u l t i e s  and part due t o  holdup of  2lutonium in the 
the system, 
that the actual yield is increasing and should approach 90%. 

parts of 
Incomplete dsta for addi t ional  processing indicates 

S-tions P l a n t  Qpacitv.--Studies of t ime cycles f o r  
t he  22l and 22!+ Pyuildings processing staps indicates that a l l  can 
be performed in less than U. hours excapt one operation which re- 
quires 26 hours. The Productian end Technical Departmente were 
concentrating on mew8 t o  reduce the  time for this one operation 
so that full rated separations capacity can be reached and w h i c h  
requires that all operations be performed w i t &  24, hours. 

'&$te S t o w , - C a l c u L a t i o n s  of 2m-T xasts storage 
capsciCf during February indicate that a p p r o a a t e l y  11 months 
storage remains available at rulL rated plant  production capacity. 

M s c u i n r r  ODeratiarlg.--The f i f t h  discharge of enriched 
uranium a l u g ~  from the  1ocz-f3 p i l e  w a s  accomplished on 8 March. 

Dischar-ha Ogerations.--The f i rs t  d i s c m e  of enriched 
uranium slugs from the 100-D pile was accomplished on tJMarch. 

pile Guam tdons,--On I March, t he  pile power level was 
raised fron 175 t o  190 megawatts. 
out of service for rearrangement of  poisoned tubes t o  ?errnit et- 

On 6 March, the pile waa taken 
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tainment of higher Fmer levels. Cn 7 March the power was raised 
to 225 megawatts. 
capaciv of 250 megawatte at 2:oO p.m, 
suetained, however, ard st 1:3O p.m. M 9 idarch it was reduced toiL 
240 megawatte. 

On 8 March the power was raised to the ratad 
T h i s  level could not be 

There has been no change to 16 Merch. 

- 
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SECTION XI1 

The f ollowiinq pzres of  tabulations o f  e s s e n t i a l  

a 

&it e r i p .  Is 

for Hmford %,timer ' , ' !G~!cs c3erntions l nc i i cs te  tt:e mszn.it,ude 2nd 

100 and 2%) Areas. 

- 



- 
DECLASSIFIED W I T H  D E L E T I O t J S  

- *  2% 



Sodium Hexametaphosphate 
(Calgon) 100 9 

100 3 
100 ? 

150 
150 
150 

1 , 8CO 
1 , 800 
1 , 800 . 5  J 1100 

Chlorite (Unit - t o n s )  130 B 
100 D 
100 F 

12  , 000 
12,oOc 
12,000 

144 , mo 
1% , 000 
141 , 000 a32 , 000 

D i s o a i  LTI ?h o s p h at e 100 I3 
100 D 
100 :: 

5 00 
500 
500 

5 , 000 
5,030 
6,000 18 , 000 

3, ~ 0 0 , 0 0 0  

3,5cc,  300 
3 , 60i), 030 

Ferric Sulphate 100 3 
100 i) 
100 ? 

300 , 000 

30c) , OOG 
300,000 

10,8CO, 000 

Lirne 1co 3 
100 9 
100 7 

80,000 

30,000 
30,000 

S6OJC00 
260,C)OO 
960,000 2,850,000 

Sodium SulFhite 100 3 
100 3 
100 3 

500 
500 
so0 

6 , 000 
5 , 000 
6 ,  OQO l.9 , a00 

io0  3 
1co 9 
1co I? 

so,  000 
30,000 
30,000 

36i?,COO 
360,000 
380,000 1,080, cc.',, 

S o a i m  S i i i c a t z  

Coal ( u n i t  - t o c s )  

103 3 
100 3 
100 ? 

zoo , 000 

30c, 000 
300,000 

3 , 6CO , 000 
3,~00,1300 
3 , =^oo,ooo 10 , 300, COO 

100 5 
100 1) 
100 3 

G , -1.50 
6,750 
6,400 

77 , a00 
31,000 
76,800 234 , 200 

t 
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???, &CO 

'72 o 

.!- L 1.3 
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Chlorine (1 Tor.) 

Li.;e 

150 
'1 50 
150 

150 

15C 

8,7Cr! 

1,800 

1. ,805 

72, flv 

a 



- 



LC!I THLY YL%?LY TO?& 
.s2X 12 5i:%,.Z?TIGIJ CC.~!SC!u?TI Cl! SQ!SEFTI m - U T E  -2I -a 

Disodium ? h o s p h s t e  2 00 :v' 500 6 , 000 6,400 

Salt (3ulk) 200 Y 10,000 120,900 
200 'J 15,000 l 8 0 , C O O  180,000 

Chlorine 

Sal'; (3ags) 

Coal 
a 

Chlorine 

zalt ('!ags) 

2061 

7 
. 1,000 1 2  , 000 ; f *.: *. 

200 5 
.45, GOO' * 
.LA__ . 

2CO 'iY 2,750 23,000 

1,8CO 

36,000 

4,800 

1,BCO 

72 , 000 

12, cco 
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SECTION XI11 

Getmsl.--The conditions leading t o  t h e  s e l e c t i o n ,  desizn,  ana +b 

conctruction or" zhe Richland Village and the f a c i l i t i e s  included t o  care  ; /,, 
f o r  operating personnel and families a r e  described i n  t h e  h i s t o r i c a l  ac-,-:3;> 
counts of '  the design and construct ion of  t h e  Hardor6 Engineer 'ilorks, In  
generzl ,  adequate f a c i l i t i e s  h2ve been furnished t o  provide f o r  the  essen- 
tizl minimum requirercents of 2 population or" about 16,GGO with respect  $0 
food, housing, c lothiqg,  heal th ,  schools,  churches, recrea t ion ,  transportz- 
t i o n ,  and pol ice  a d  f i r e  protection. 

Pooulztion.--'I!he most recent  cersus indica tes  t h a t  the popula- 
t i o n  of  Richland 2.4 o f  31 iilarch 1945 i s  15&01. 
i" 011 ows : 

This is d i s t r i b u t e d  as 

- DECLASSIFIED WITH DELEIL ' IONS 
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672 
3 77 

6883 
676 
2020 
2773 

T o t a l  nunber of women i n  dormitorles 
T o t a l  nunber of men i n  dormitories 
&hey adul t s  over age 18 
Tot& chi lc ren  q e s  3; t o  18 
Total  chi ldren ages 6 t o  

. Total chi ldren under age 6 

Vil lzae  %nwement .--Zvaluation o f  all the  f a c t o r s  en ter ing  
i n t o  the managemefit or' the RicUtlnd Village indicated the d e s i r a b i l i t y  or' 
placing t h i s  resTons ib i l i ty  with t h e  Contractor. This has proved zav'a- 
tageoua t o  the Government through the e l h i n a t i o n  o f  dupl ica t ion  of e f f o r t  
in many instL2ces by combining 3 considerable number GT? v i l l a g e  operations 
requirezents  x i t h  e x i s t i n 2  p l a t  .Enagement and services .  
operat icn,  the Riciiland ViLlcge is  under ',he geceral  adminis t ra t ive a d  
s q e r v i s o r J  conzrol of the Goverment cs represented by t h e  C o r p  of  Zngi- 
neers of t h e  Unised S t a t e s  ,?irsy. 

,sS with plant  

??or:cp? Servtces . - - l !orM servlces  l o r  the e n t i r e  villa,ue are 
performed bjr the depzrtinental orgsnizs-tion o f  the C on t rzc tor  . 
i n  such nor& services  are the follo-;ling: 
houses, f a c i l i t i e s ,  roads, a a  w l k s ;  furnishing or' e l e c t r i c i t y ,  a a t e r ,  f u e l  
and heat;  co l lec t ion  a d  d i sposa l  o f  sewage, garbzge, ala ashes;  
ing of ?ol ice ,  fire, and san izmj  protect ion;  
and accounting r s l s t i v e  t o  r e n t a l s  f c r  homing anci commercid e s t a b l i s h e n t s .  
Tke cosc o f  a l l  s ~ ~ h  norm1 services is  incluued i n  the r e n z a l  a F e e n e n t s  
es tab l i shed ,  

I m l u t e d  
na in tsnmce 02 buildings,  

h r n i s h -  
'o i l l ing ,  c o l l e c t i n g ,  l e a s i r d ,  

IIousin~.--:Ul houses i n  liichltrrd h v e  been used t o  capaci ty  hs 
r a p i d l y  2s they aere  ccnplet td .  
population n i l 1  be reached i n  the spr ing  02 lQ.!+.j with a consi~erzble drop 
i n  population durl.ng the s u u e r  r e s u l t i n g  l rom coicpletion of the l a s t  Thuses . 
or" construct ion and  fro^ z reduction in oper l t ing  forces  as operations c e  
g t l a u d l y  s t s b i l i z e d ,  

&?resent indicat ions a-e  t h a t  the peak 
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A t o t a l  of 4304 houses were b u i l t  compris iw 25CO permanent zrd 
1804 prefabricatzd ternporuy dwellings. O f  the l a t t e r ,  5CO nere  kc luded  
t o  assure aiequazc housing o f  key personnel during the unusuall-j prolonged 
peak p e r i d  xhen both cons tmct ion  and operations f o r c e s  created extremely 
heavy demands. 35 e x i s t i n g  houses from t h e  o r i g i n a l  Bichlmd Village a re  
occupied. ,-*, .e> .! ; > e - , * . . -  . , s\*. ." - i . 1: 

EeElth.--The Xeaical Deputment is organized t o  provide ?L close 
check on bcsiness establishments and schools t o  assure the  higkest  possible 
s a n i t a r y  standards. 
ments z r e  mce i n  schools a d  business houses with repor t s  fomarr ied t o  
those Departnent X e d s  -:?no D e  responsible r'cr t h e  m i n t e n m c e  of  s u n i t e j  
I s c i l i t i e s .  
and business opera tors .  llechecks c e  milee t o  determine thax recoment2ations 
o f  he.dr;h ins?ec-cors a r e  czr r ied  out.' 

Periodic inspections of dl food disgensing establish- 

Copies of  the r e p o r t s  a r e  d s o  sent t o  t h e  respect ive schools 

- 5ieci.icrl. E o s n i t r l  , and Dental Serr ice  .--Xedical, hos? i ta l ,  and 
d e n t a l  se rv ices  a s  availzble t o  a l l  r s s i d e n t s  of  t h e  vil lzge Q t  reasonable  
c o s t  est the h o s p i t a l  located i n  3ichlcnd. i ih i le  this h o s p i t a l  2nd zeriical 
c s n t e r  vms yovided  t o  t a k e  c?se or' the incicst,-inl requirements or' the  p l m t ,  
sdecpste f a c i l i t i e s  aere inclxGee t o  serve t h e  e s s e n t i d  n,eeds o f  t h e  . r i l lage.  
It' IS ir.dicateci t h z t  t h e  revenue from these pub l i c  se rv ices ,  as 02 ~ c c h  
19.45,. w i l l  be approximtely $3SC,CCO per ye=. 

Schools.--The schools =e operatsa e n t b e l y  u G e r  the  lxs 32 t h e  
S t a t e  or' ?iashington a:id u c e r  the j u r i s d i c t i o n  of the Co-mty Superintendezt 
o f  Schools. Secaxse or' the p e n t  exTsnsicn or' school nopulstion, !iol:;ever, 
i t  has been necessuy- t o  r e l y  heav ip j  on F e d e r d  f d s  .%de available under 
the Lmhar, Act. 

For the school gear  l"-/;S, S t a t e  and County fmds i n  t he  

rn rlie ,"lurser;r m s  e s t s b l l s n e d  

amount o f  $?O,OCZ, xere a7railable t o  t h e  i3ic!dud Schools. in a c c i t i o n ,  it 
..IC r , C ~  necessaq.7 t o  m e  .,:1278,2?2 of b.d!m Act fuqds Tor  s choo l  f a c i l i t i e s  m a  
$47,224 o f  L.nhan Act fmas f o r  the :Jcrser;r. . .  
t o  cizre lor c:..'I.iiren of  xotkers  :;%o =e :.:ori:inc f o r  t h e  Goverment o r  T o r  t h e  
Contrzctor. 

Rs2resentatives of tne Government atid ti;e Con t r sc to r  zttend 
each meieting o f  the  school  b c u d  i n  orLer ta beep i n  c lose  touch with t:?e 
operation or' the  sciiocls, 
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I ~~&cro,.ticn.--ri-th t b e  conpletiorz of t h e  3ecrezr;ion Edl, md -xi th  
n u m r o ~ i s  groups organized f o r  var ious  s p e c i d .  oct ivi ' ; ies ,  f a c i l i t i e s  f o r  
a d u l t  r e c r e a t i o n  i n  i i ichland z r e  be l i eved  t o  be d e q u t e .  
t e e n  age ch i l cken ,  however, h2s presented  2 serious problem. 
under t h e  Larilim a c t  have n o t  'ceen a v a i l d b l e  f o r  Y r e c r e e t i o n  progrzn. 
has been n e c e s s a y ,  t he ra fo re  t h a t  var ious  i l i c h l a a  c ivic  organiza t ions  + 
ana t h e  schools  corLoine and coord ins t e  t h e i r  e r ' f o r t s  t o  provi2.e e s s e n t i a l  
r e c r e c t i o n  f o r  t h e  t e e n  zge groups. 

& c r e a t i o n  :or 
Federz l  f m d s  

It 

Trar.s3ortcition.--Sciieduled, routad  and Goverrment onned bus 
t r a n s p o r t a t i o n  is  provided under t i le 6 i r e c t i o n  of t h e  T r a z s 7 o r t z t i o n  Gf f i ce r  
throughout  t h s  villzge ,and t o  t h e  plai l t  areLs cr ly  f o r  t h e  e s s e n t i d  zequire-  
rr.ents of  p r o j e c t  employees. 
t r e n s f e r s  t o  cornecti,ng l o c a l  buses.  Thie fare was e s t a b l i s h e d  on The basis 
o f  t h a t  chzrzec! In o t h e r  communities of  s i n i l z r  s i z e  i n  t he  S t a t e  or" ;lashin- 
ton. Pro jec t ing  <he 'CIS s e r v i c e  f o r  !.?arch 1?L5 i d i c s t e s  t h a t  app rox imte ly  
4,@CO,CCO ,assenger.s w i l l  use the  5uses  Fer ye= proviz ing  a f o t d  r e v e m e  
o f  about $200, K O .  

3us f=re is five c e n t s  p-?r r i d e  ;.iic;l f r e e  

0 

F o l i c o  m d  ?%re Protect ion.--Pol ice  ana Fire Lje?nrtaen-cs z r e  a 
. The p o l i c e  =e par t  or' t h e  i i e c a r t x n t d .  o r g a n i z a t i o n  of tile Cont rac tor .  

deput ize2  '07 ti:? 3 h e r i f f  anci =e d s o  a~cci l i , -s ; r  : . I i l i t m y  F'olice. 

S p e c i d .  z t t e n t i o n  has beei? given t o  5ii-e F r o t e c t i c n  and t k e  record 
t o  d a t z  has been e x c e l l e x .  

I n  evcili:ating t h e  b i d s  of s ros?ec t ive  cormerc ia l  o p e r s t o r s ,  
cons lde rL t ion  >.as been ZLven ta ?zst s u c c e s s f u l  exper ience ,  C i r ~ 1 c k 2 .  re -  
s m n s i b i l i t y ,  and ?rocurernent c a s a c i t y  unckr e x i s t i ? !  d i f f i c u l t  c c n d i t i c n s .  
Orly t x o  or" t h e  c r l g l n a l  !'iic!ilana bus iness  operl i tors  s e r e  c o n s i t e r e d  =rs mret- 
ing t h e s e  rcqc i re -e l t ;  xx i  b o t h  riecllzed t o  e n t e r  b i d s .  

._ COPL.TEL:*C~ ?.;1 L=ntc:ls ,--CcnsiEerzbT e t h c q h t  vas giverr t o  t h e  
a s t ~ b l i s h r ; i e ~ t  or" 2 c a s l s  f o r  r e n t a l  or' f a c i l i t i e s  t o  t h e  vs r ious  C O ~ I ~ i c r C i i t  
opera tors .  Unce r t a in t i e s  i n  ',%e v o l w e  of bus iness .  and the  d u r a t i o n  Or '  

o c e r a t i o n  introduced b i f f i c u l t i e s  ir. arriving a t  a q u i t z b l e  a r r sngezen t s .  
Consequently,  i t  Y I L S  dsciCea t h z t  r e n t h 1  :;,auld Se deter:ni.r.ed :is R percentage 
of srcss ircoir~e from t h e  busir-sss aliC tLbt e x h  p rospec t ive  c o ~ ~ m r c l : - l .  o p m -  
a tc r  noulci i m l u d e  his parcenteze  zs a yzt of h i s  bici t o  >e evz lua ted  i-r? 
c o E t i m t i c n  .:;i+,h %e o t h e r  c c n s i 6 e r a t i o n s  i n  s e l e c t i z 4  the successl 'c l  b idder .  
'.his nctkcd has ceen f a 1 l o v ~ G  i n  the  great nnjorit ; '  o f  ca ses  mci h s  zrovea 
t o  be zcvsntngeous ts t h e  Govern;nent. ? resent  Tents1  revenues i n d i c a t e  a 
FrOb2bbJ7 ?'?qf,iil reCL-cn of s b o ~ t  :325OJCGO Tzr ;re-. 
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i!ni:sin,o Rents l s  .--Gn the f o l l o x i r z  page i s  a t + u l a t i o n  or' t ke  

types  o f  housirg grovided f o r  r e s i d e n t s  of t h e  v i l l a g e ,  t h e  un i t  c o s t s  or' 
c o n s t r u c t i o n ,  ape t he  e s k b l i s h e d  r e n M  p- i ces  fw:i isned znd unfurnished.  

and f o r  t h e  conducting of o the r  l o c d  business of t h e  o f f i c e .  Othes 
e x i s t i n g  bui1din;s 'nave been rracie tTm5l;jle t o  t h e  i o c d  T'tion bozrd ,  t he  
United S t z t e s  Znp lopen t  Se rv ice ,  a d  t o  V i l l a g e r s ,  Inc. The l a t t e r  body 
i s  a c i v i c  non-profi t  o rgan iza t ion  ivhich sl;cnsors 2 r;eskly neK::S?Bper, a 
c k x l a t i - n g  l i 'mqr,  and. a wiue vaiet.J of r e c r e e t i o n  m.d sccial x t i v l t i e s .  

- 
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Yonthly 3ent 
h n b e r  !.?uTber I JInclucies U t i ~ . i t i e s  
U n i t s  Eedrooms T h e  U n i t  Cost+ h f u r n i s h e d  Fwni3hea  - 

a 816 
B lC4.9 
D 8 
E 84 
F 250 
G 5 
Ii s5c 
L ! I  

Sub- 
T o t d  2500 

3. 2 S t o r y  - Guplex $3,950.C0 
2 1 Storjr - Guplex 3,770.CO 

6 ,C25. CO 4 
3 1 Story  - S i r g l e  5,325. CO 

2 S t o r j  - Single 4,820. GO 3 
2 S t c r y  - Sins le  6 $30 .GO L 

3 1 Story - Single 4,7CO .CO 
2 S t o r y  - Single 6,560.CO 4 

2 Story 0 Single 

$37.50 
33 50 
67.50 
62-50 
50 co 
67.50 
5o.co 
62.50 

G47.CO 
@.GO 
84.50 
7 s .  CO 
62.50 
U. 50 
62.50 
80. co 

27.53 
35.co 
42.50 

Gr end 
T o t d  4301 - 

- Includes one 'nome which vias d e s t r o y d  by ? i r e  after acceptance f c r  p y -  
zent, but before zcceptmce Tor occup~~cy. 

- - D E C L A S S I L .  I E D  WITH D E L E T I O N S  
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SECTION MI1 

+ 
A t  the t ime the town of Richland was taken over by the govez- 

m a t ,  in April 1943, it was a s d  fsrm commuIlity of about 350 popula- 
tion. It had the UBUal amallmercsntile facFlit ies  needed to serve such 
a c- * ty. 

In order to house the thousands of f a n i l l e a  required f o r  con- 
atruction and operation of the W o r d  plan t ,  it was neceasary t o  build 
an en t i r e  newt- *om the ground up. 
sion granted by the Federal  C c u r t ,  under t'ne W a r  Powers A c t ,  the govern- 
ment required that resident8 vacate an mea of approx!mtely two square 
R'tih3, includw the town of Xchland. 
bUiLdag8 t h a  made available were occupied teloporarily by C O n s t ~ ~ ~ C t i a n  
personnel, who paid rent t o  t h e  governmer?t f o r  all dwellings. 

Acting under an Order of Poeses- 

Various houses a d  a few bueineas 

Construction or" houses s t a r t e d  on Apri l  29, 1543. The first 
A t o t a l  of 4300 hausinl: units were 

Tk4a includes 1800 prefabricated one, two snd t h r e e  bed- 
All of the ?refabric&ed houses .were c a p l a t e l y  h a s h e d ,  

houae was occupied on July 28, 1943. 
conatructad. 
room h0~9es. 
and about one-kdf of the  remaining d t s  were  furnished. 
February 1945, all houses are occupied o r  in prccese of assigmcnt. 

As of 28 

To supply the needs cf the community, the dnFmUm mercantile 

These fatuities a r e  listed on +he following p q e .  
rsquirements rere  determined, end facility buildings were constructed to 
meet these needs. 

As t h e e  buildings were complstd,  i nv i t a t ions  t o  bid for 
operation or' each f r sc i l i ty  were circulated t o  po ten t id .  operators.  
ful  financial inves t iga t ions  were made on each bidder, and t h e  business 
experience of  the bidder and h i s  ? r o p o s d  key p e r s m e l  was checked. 

Care-  

a i d s  were scbni t td  an s bas i s  of pynent  o f  a percentage or" 
monthly gross income as the rental  payment. 
select ion of operators r e d t a d  in Srir,ning excel lent  merchandising 
organiza t iocs  t o  the tam, with rentals fmn the  b u i n e e s  buildFng6 
t o t a l l i n q  apprcximately i250,OoO per year. 

The methcd followed for 

- There were inquiries and eppl icat ions by operstars of various 
other types of busklessss, but these ware turned down. 
kicluded bakeries, jewellers, gift shops a d  others  th2.i; a r e  deeirable 
a community of Lhds s i z e ,  hut %he fact  remained that they vera not ee- 
sentid.  

The volume of business done by each of the f s c i l i t i e a  in the 

These bushesass  

Thereiore, no bui ldixqs were provided r"cr t h a .  

town has Seun ample evidence of the necessi ty  f o r  their beixg s o t  Up in 
E i i ~ ~ l u u a .  
Kemewick being th  closest ,  
g raa t e r  than ?acto and Kennevrick combined. 

The t o m  is isolated from b g a  narketing centers,  Pasco end 
The populsticn or' 3ichlmd,  howevzr, is 

- l l O t b i i  
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these emergency tanks through the pile .  
f lm of water through the  pile  for a short period while steps are 

This 838uT08 an adequate 

being taken t o  reestablish the a m d  flm. i - 
aectrip.--The pr- power requirements for a8ter pmping 

ard other serpices axe supplled by a 230,000 volt electrical transmis- 
sion system connected t o  the Bonnevilla and G r a d  Coulee system. The 
t o t a l  cunnected load of tho three 100 Areas is 84,850 kilowatts of which 
more than 60,cOO kiluwatts result from motar driven water pumps. 

’\ 

I I O l b 1 2  

$teq,--A boi le r  plant is provided in each 100 Area t o  fur- 
nish a n  Independent s m c e  o f  pmer in t h e  avant of failure of the n a b  
electric supply. However, the amount of steam generating capacity and 
number of s t a m  turbines do not duplicate the e lectr ic  power capacity; 
they are UrPited t o  those requirements where less than complete depend- 
ability w d  be disastrous. 
generating equipment of the three pile areas is 1,200,W pounds per 
hour or about that required t o  poduce s lec t r ic  pmier at  the r a t e  of 
120,oQo Ulmatts. 

The combbed capecity of t h e  steam 

.19 
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advantageous t o  transfer operations f i o m  the  massive shielding of 
B u i l d i n g  221 into a more nonnal trpe of stmture, 

i 

There are six norkbg areas, or  cells, in the  Concen- 
trationBuildiag.  
same standard u n i t s  as in the Cell Building. 
far remote maintenance although operation ad coa t ro l  of  process steps 
is accomplished from the cen t ra l  operating panels. Ls f i f th c e l l  can- 
t a i n s  equipment and vessels f o r  trsnsferrbg process solutions between 
buildings 221 and 224. The sixth c e l l  contaFns the equipment for the 
f inal  plutonium concentration before transfar t o  BuilaFag 231. 

Building, the  plutonium which was originally associated with a tun of 
uranium In the f o r m  of slugs has been concentrated to  e ~ ?  8-gallon solu- 
tion. 
reduced in s ize  from t h a t  required in earlier proceesiq. 

ceivlng process solution from the =Building and f o r  star- finished 
plutonium unt i l  transferred t o  the Army. 
which the processing stepa are performed in etainleas  steel vessels be- 
hind glass. 
vent i la t ion equipment, atockrwme, and other necessary fac i l i t i es .  

Four of the  c e l l s  are iden t i ca l  and contain the  
No provisions are  made 

21 -- Isolation B u i U  .--Upon arrival a t  the Iso la t ions  

Consequently, the equipment f o r  ffnal preparation is g r e a t l y  

Vaults are provlded in  the  Isolations Building f o r  re- 

Five c e l l s  are provided in 

The remainder of the building houses laboratories, offices, 

Throughout the I so la t ians  B u i l d i n g  clsdFness  and safety 
a r e  emphasized Secause of the extreme tox ic i ty  of plutonium. 
conceivable ?recaution is taken t o  avoid personal contact wi+b the pro- 
duct. 

Eveq  

47 
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rate than they were being created and the  earlier events were sub- 
s t a n t i a l l y  repeated. 

There were numerous possible causes of t h e  pzzasi t fc  
neutran absorption but there  was no immediate concrete evidence w h k h  
adequately explained any of the poss lb i l i t fes ,  In d e r  t o  mduate 
the various poss ib i l i t i es ,  the p i l e  W 8 8  again etar ted and t he  pmer 
held at about 2.5 megawatts f o r  6 hours followed hy 8 longer run at  
1.7 megawatts, It was determined t h a t  continuow operation could be 
maintained a t  a power of abaut 3 megawatta with t he  p i l e  charged with 
901 tubes. 
substant ia l ly  the fo l lowhg  analysis and predictions before 2 October 
and a l l  of which have proved t o  be remarkably accurate: 

ii 

From the data  collected a t  t h i s  time, the phySiCi8tS made 

The parasitic neutron absorption resulted from the  
fonnation of  xenon-135 as 8 fission -duct d e -  
ment. With the time expressed as W - U v e s  (the 
time required f o r  one half of the smount present to 
decay t o  the next element), this is part of the decay 
chain of: tellurium (15 minutes) t o  iodine (6.6 hour) 
to xenon (9.4 hour) t o  cesium (25 year) t o  s t ab le  
barium. In  t h i s  chain, only  =on has a high capacity 
f o r  absorbhg neutrons and the  xenon capacity is about 
50 times greater than t h a t  of any previously known element. 

It was predicted that the p i l e  would be able t o  operate 
a t  the follooring power levels when t he  indicated m b e r  
of tubes were charged aith uranium slugs: U. megawatts 
at  tubes; 59 megawatts at 1,- tubes; 9L mega- 
watts a t  1500 tubes; and 216 megawatts at 2004 tubes. 

It w a s  predicted that higher parer levels than those 
above would gradually be attained as boron and other im- 
purities with high neutron absorption character is t ic8 
were gradually transmuted during pile operstion to less 
objectionable elements; and as plutonium formed in the 
p i l e  and some o f  it f iss ioned to produce g d d l t l o d  neu- 
trons,  This prediction was based on knowledge of some 
other fission by-prduct elements which d d  abeorb 
neutrons and thus re tard the pile reactian. 

It vas also pointed aut that additional power could be 
obtahed by p l a c 4 ~ g  up t o  38 instead of the planned 
number o f  32 uranium slugs in each tube o f  the  p i le ;  
by making cer ta in  t h a t  a minimum of aluminum is  present 
a t  the ends of the slugs t o  be charged in to  the other 
two piles; by c a r d d l y  zcning slugs in the piles so 
that the heavier slugs are  in the cent ra l  portion. - D EC L  AS-^ DE L 2 TI ONS 



In t he  e a r l y  analyses of t h e  poss ib i l i t ies  o f  t he  Han- 
f o d  process f o r  tha manufacture of plutonium, it was recognized t h a t  
serious neutron absorption might occur emong the f i sa ion  by-poduct 
elemants, 
evaluating the  various poss ib iUt i e s  with the groateet accuracy p a p  
missible with the then undeveloped s b t e  o f  knowledge. 
though the effect of xeaon-135 was unknown, the poss ib i l i ty  of  t he  for- 
mation of some element of similar properties was foreseen. 
neutron absorptian capacity of xenon-135 were greater than it is, it 
appears reasonable t o  believe t h a t  it would have been discovered d u r a  
the operation or' the  experimental p i l e s  a t  &gone and the  Clinton 
Laboratories. In tht event, adequate provisions w o u l d  have bees 
made in the  W o r d  piles t o  counteract it m the basis or' accurate 
knowled'ge. 

In a l l  subsequent s t u d i e s ,  effort was concentrated an 
a- 

Thus, even 

If the 

Through what has s~&sequenUy proved to have been gmd 
jdgment, b o  very b p o r t a n t  factors were incorporated ki t h e  o f i & ~ d  
design of the  Hanford piles which have permitted the charging of suf- 
f i c i e n t  ursnium slugs t o  provide a source of neutrons adequate for 
saturation of the xenon poisoning and operation of the p i l e s  a t ,  o r  
above, rated parer level, 
constructed wi+& 2004 cooling tubes rather than the 1500 which were 
indicatad theoret ical ly  as being adequate, The second is the fact 
t h a t  9 control rods sere designed into each pile instead o f  about three 
U c h  were indicated as be- required, 

sorbing suffyciant neutrons ta hold the p i l e  safe17 h e n  starting far 
the f irs t  time or after a shutdorm when the xenon has decayed t o  less 
absorptive elments ,  On these occasions, the  p i l e a  have s far greater 
a b i l i t y  t o  accelerate in power than was ever conternplated a d  m8 cons- 
quently much sore hazardous, Zosever, dur4bg normal operation the ex- 
cess neutron producing capacity is absorbed by t he  xenon and operstians 
are much less hazardma than had bean yedic tad .  

The f i rs t  is the fact that the p i l e s  are  

The additional control rod capacity is essent ia l  in ab- 

Film Fcmation and C orroaiq.--Concurrently with the  d e a i g  
and construction of t he  Hanfod  Engineer Xorks a great deal of  work 
was done In developing a maans of  M t h g  film formation and corrosion 
with respect t o  the p i l e  csoling surfaces and for per iod ica l ly  rem- 
any f i b  w h i c h  might fonn. 
ducted by the Metallurgical Project and the  remainder by t h e  Technical 
Division' a t  Hanford, 
jectives,  t he  Hanford p i l e s  could not operate. 

As a result o f  this work, practicable o p e r a t a  standards 
were established prior to the  beginning of operations for the perfmance 
Of the various water treatment processes and f o r  t h e  f i n d  chemical Cop- 
dit ioning of the process m t e r  through the addition of sodium dichrmate 
and sodium silicate, 

A part of these investigations uere con- 

Vithout the successful attainment of these ob- 

Elositive methods were a lso  established for re- - 
DECLASSIFIED WITH DELETIONS 
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R S C W  ITLUGE 

SERVICES AND FACTLITTZS 

h a n t i t y  

High School 
Grade Schools 
Churches 
Grocery S t m e a  
Dru;: Stores  
Hotel (Transient m e r s )  
Theatar s 
R e d  Cross Heedqmrters 
Bus Depot 
Service Sta t ions  (Automotive) 
Et.Lnk 
Post Office 
Garage (Automotive Repairs) 
Fire S t a t i o n s  
Recrsation B u i l d i a g  
Hanford agfr-eer i'iorks Administration Arsa 
C ef at aria 
Hardware S t o r e  
Optical Shop 
Vestam Union 
W w a y  hprass 
B axbar Shop 
Beauty Shop 
General Ilerchmdise 
&la' s Furnishings 
Nomen' 3 Apparel 
Shoe S t o r e  
Shoe Repair Shop 
Hospital and U d i c a l  Center 
Laundry 
M i l k  Store 
Nur s e r j  (Children) 

1 
4 
3 
4 
3 
1 
2 
1 
1 
4 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
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1 
1 
1 
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SECTION XIII 

RIcm- VILLAGE 

;i 

A t  the time t he  tom of Richland was taken over by the govern- 
ment, h A p r i l  1943, it wa8 a s& fsrm community of ab& 350 popuh- 
t ion.  It had the u d  emall mercantile f a c i l i t i e s  needed to s e n e  such 
a community. 

In order t o  huuse the thousands of families required f o r  cm- 
a t r u c t i o n  and operation of  the W o r d  plent,  it was necessary to build 
an en t i r e  new tuwn from the grouud up. 
sfon mted by t h e  F e d e r a l  C a r t ,  under t he  War Powers R e t ,  the govern- 
ment required that residents vacate an area of appro-tely two square 
miles, including the town of a i c h ' t .  
buildings thua made availabla were occupied temporarily by c o n s t a m t i a n  
personnel, who paid ren t  t o  the  government for all dwellings. 

Acting under an O r d e r  of Poesee- 

V a r i o u s  houses and a few business 

Construction of  houses started on April 29, 1543. Tke first 
A total of 4300 housing unit8 were 

This includes 1800 prefabricated one, two snd three bed- 
All of the prefabrictited homes were completely f k d s h e d ,  

house was occupied on July 28, 1943. 
constnrctd.  
rocin housea. 
ard about one-kdf  of  the  remaining u n i t s  were furnished. 
February 1545, d l  houses a r e  occupied o r  In process of assigpmcnt. 

As of 28 

To supply the  needs cf the community, the zinirmM mercantile 

These f a c i l i t i e s  a r e  listed on the following page. 
rsquirementa re re  determined, end fac i l i ty  buildings were constructed t o  
meet these ~leeds. 

As t h e e  buildings were c m p l a t d ,  invitations t o  bid for 
operation of' each f a c i l i t y  were circulated t o  p o t e n t i d  operators.  
ful f inanc ia l  inveztigations were sade on each bidder, and the  buslness 
experience of the bidder and his poposed key perscnnel ivas checked. 

Care- 

Bids were cxbnittd on s basis of pyment of  a percentage of 
monthly gross income as t h e  rental. paplent. 
selection of operators r e d t a d  in br i rg ing  excellent merchsndishg 
orgdzatyior,s t o  the town, d-th rentals from the  business buildqnga 
t o t a l l i n g  approximatelJ j250,OOO Fer year. 

The methd follmed for 

- There were inquiries arid applications by operstors of various 
other types of businesses, lxlt these wbre turned d m .  These business66 
included bakeries, jewellers, gift shops md others  thia-i; are  deeirable Fn 
3 community of LhAs s i ze ,  hut t h e  fact remabed that they vera n o t  ee- 
sentid. Therel'ore, no buildbigs were provided r"cr thm. 

. 

The volume of business done by each o f  the f s c i l i t i e s  i n  the  
t o m  has beon ample e-ridence of the necsssibf for t h e i r  heir-g set  up in 
X.chlsna. 
Kerzewick being tk.2 closesit, 
greater  than ?ssco and Kennevrick combined. 

The t o m  is isolated frcn larga rnarkctlq centers,  Pasco and 
The populaticn or' A i c h b d ,  howe'ifzr, is 

DECLASSIFIED NI'2I-i D E L E T I O N S  e 
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these emergency tanks through the pi le .  
flow of water through the pile for a short period while steps are 

This assures an adequate 

being taken t o  reestabl ish the nOllJal flm. +b 

aectrQ,--The primary power requirements for water pumping 
and other semices are supplied by a 230,000 volt electrical transmis- 
sion system connected t o  the Bonneville and G r a n d  Coulee system. The 
total connected load of the three 100 Areas I s  84,850 kilowatts of which 
more than &,COO kilowatts result from motor driven mater pumps. 

niah 823 independent source of power in t he  event of f a i h r a  Of the nab'  
electric supply. However, the amount o f  steam generatkg capacity and 
number of a t a m  turbines do not duplicate the electric poorer capacity; 
they are llraited t o  those requirements where less than complete deped- 
abi l i ty  w o u l d  be disastrow,  
generating equipent of t h e  three p i l e  areas is  1,200,ocO pounds per 
hour or about that required to poduce electric povrer at the rate of 
120,000 kilowatts. 

-,--A boi ler  plant is provided in each 100 Area t o  Arr 

The combined capacity of t h e  steam 
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advantageow t o  transfer operations f rom the  massive shielding; o f  
Building 221 in to  a more normal type of structure. 

t r a t i o n  Building. 
same standard units as In the  Cell Building. 
for remote maintenance although operation and ccn t ro l  of process steps 
I s  accornpUshed *om the central operating panels. A f i f t h  c e l l  con- 
U s  equipment and VeSSdS f o r  t r s n s f e r r h g  procees solutions between 
buildings 221 and 226, The sixth cell c o n t d n s  the equipent f o r  the 
final plutonium cancentration before transfar  t o  BuiLdFng 231, 

Building, the plutoniura which was or ig ina l ly  associated with a ton of 
uranium in t h e  f o r m  of slugs has been concentrated t o  M 8-gallon solu- 
tion. 
reduced in  size from that required in  e a r l i e r  processing. 

ceivlng process solution from the 22.4 Building and f o r  s t a r i n g  finished 
plutonium until transferred to the .we 
which the processing steps are  performed In s ta in leas  steel vessels be- 
hfnd glass. 
vent i la t ion e q u i p e n t ,  stockrooms, and other necessary f a c i U t i e s .  

;s 
There are s i x  workbq areast  or cells, in the Concen- 

Four of the cells are Ident ica l  and conta in  the 
No p rwis ions  are made 

4 .--Upon arrival a t  the Isolations 

Consequently, the  equ lpen t  for find preparat ion is great ly  

Vaults are provided in the Isolat ions Building f o r  re- 

Five cells are  provided in 

The remainder of the building houses laboratories,  offices,  

Thruughout the Isolations B u i l d h g  claanliness and safety 
a r e  emphasized because of the extreme t ox ic i ty  os' plutonium. 
conceivable precaution is taken to avoid F r s o n a l  contact with the pro= 
duct 

E V q  
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ra te  than they were being 
stantially repeated, 

There were 

- 
created and the 

& 

earlier events were sub- 

numerous possible causes of the perasit ic 
neut- absorption but there was no-immediate concrete evidence w h h h  ' 
adequately explained any of the posafbilitfes. 
the various possibilities, the p i l e  wan agdn started and t h e  polper 
held at about 2.5 megawatts for 6 hours followed by a long= run at 
1.7 megmtts. It was detennlned that contbuous o-eration could be 
maintained at  8 power of about 3 megawatts with the p i l e  charged Kith 
901tubes. 
substantially the following analysis and predictions before 2 October 
and a l l  o f  which have proved t o  be remarkably accurate: 

In order to evaluate 

From the data collected a t  th i s  time, the physicists made 

The parasit ic neutron absorption resulted from the 
formation o f  xenon-135 as a fission -duct ele- 
ment. With the time expressed as balf-llves (the 
time required for one half of the mount present t o  
decay t o  the next element), t h i s  i s  p a r t  of  the decw 
chain of:  tellurium (15 minutes) to icdhe (6 ,6  h m )  
t o  xenon (9.4 hour) t o  cesium (25 year) t o  stable 
barium. In t h i s  chain, only -on has a high capwit7 
f o r  absorbing neutrons and the xenon capacity is about 
50 times greater than tha t  o f  any previously known element, 

It was predicted t h a t  the pile muld be able t o  operate 
at the folloKing power levels when the indicated number 
of tubes were charged with uranium slugs: l4 megawatts 
at lo00 tubea; 59 megawatt8 a t  1,- tubes; 94 mega- 
watts et  15CO tubes; and 216 megawatts a t  2034 tubes. 

It w a s  predicted that higher pmer levels than those 
above would gradually be attained as boron a d  othar in- 
purities with high neuk-on absorption characteristic8 
were gradually transmuted durlng pile  ogerstion t o  less 
objectionable elements; and as plutonium fomed in the 
p i l e  and some of  it fissioned t o  produce edditlonal n e w  
trons. This prediction was based on knowledge o f  some 
other fission by-product elements which d d  absorb 
neutron8 aad thus retard the pile reaction. 

It was a l s o  pointed out t h a t  additfonal pwer COO be 
obtained hy plac-ing up t o  38 instead of  the p h e d  
nuuber o f  32 uranium slugs in each tube o f  the pile; 
by makFng certain t h a t  a m i n i m u m  of aluminum is present 
at the ends of the slugs t o  be charged i n t o  the other 
two piles; by c a r d u l l y  zoning slugs in the p i les  So 
that the  heavier slugs are in the central portion. 

DE c L AS-D E L E TI0 NS 
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In the e a r l y  analyses of the p o s s i b i l i t i e s  o f  the  Han- 
ford process f o r  tha  manufacture of plutonium, it was recO&aed tha t  
serious neutron absorption might occur among the ffsaion by-poduct 
elements. 
evaluating the various poss ib i l i t i e s  with the groateet accuracy p a r  
missible with the then undeveloped strlte of Imouledge. 
though the effect of xanan-135 was &own, the poss ib i l i ty  of the f o p  
mation of some element of s i m i l a r  properties was foreseen. 
neutron absorptim capacity of xenon-135 were greater than it is,  it 
appears reasonahla t o  beueve that it wuuld have been discovered d u r a  
the operation or' the experimental p i l e s  at &gome and the C a t o n  
Laboratories. In  Ut event, adequate prmsions w o u l d  have been 
made in the Hanford p i l e s  t o  countaract it on the basis or' accurate 
knowled'g e. 

In all subsequent studies, effort was concentrated on 
a, Thus, even 

If the 

Through what has subsequently proved to have been good 
j d g m e n t ,  two very important factors were Fncorporated in the od-1 
design of the Hanford p i l e s  which have pennitted the charging o f  suf- 
f ic ient  urdum slugs t o  provide a source of neu%rons adequate f o r  
saturation of the xenon poisoning and operation of  the pi les  a t ,  o r  
above, rated power level, 
constructed with 2004 cooling tubes rather than t he  1500 which WBFB 
indicated theoretically as being adequate. The second is the fact 
that  9 cantrol rods were designed in to  each p i l e  instead of about three 
which were bdicated as being required. 

sorbing auffYcfent neutrons t o  hold the p i l e  safely h e n  starting for 
the first time or after a shutdorm when the xenon has decayed t o  l eas  
absorptive e l a e n t s .  On these occasions, t h e  p i l e a  have 3 far gmater 
a b i l l t y t o  accelerate i n  power than was ever contenplated and a 8  ccmse- 
quently much sore hazardous, Rowever, durfng norrnal operstion t h e  ex- 
c888 neutron producing capacity is absorbed by the xenon and oprstions 
are much less hazardaus than had been predictad, 

The first i s  the fact  that the pFlea are  

The additional control rod capacity is  a s s e n t i a l  in ab- 

Film Pcmatlon and C orroaiq.--Concurrently with t h e  desiw 
and construction of  the Hanford W i n e e r  Vorks a great d e a l  of work 
was done in developing a maans of I l m i t b g  film farmation and corroaiOIl 
with respect t o  the p i l e  cooling surfaces and for periodically rem- 
any flh w h i c h  might form. 
ducted by the Metdurgical Project and the remaFnder by the Technical 
Ilivfsion'at Hanfard. 
ject ives,  t he  Hanford piles could not  operate. 

As a resu l t  of this mrk, practicable operat- d h m d a d S  
were established prior  t o  the beginning of operations fur the perfornancs 
O f  the various water treatment procesaes and f o r  the find. chemical CQZI- 

ditionizlg of the process vater  through the addition or' sodium dichromate 
and sodium ailLCate. 

A part of these LnvestQations were can- 

Tithaut the succeeaful attainmat of these ob- 

Positive methods were a lso  established f o r  re- - 
DECLASSIFIED WITH D E L E T I O N S  
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RlCHwND TILLAGE 

SERVICES AND FACILITTZS 

a 

High School 
Grade Schools 
Churches 
Grocery S t c r e s  

Hotel (Transient Quarters) 
Theat ar 8 
R e d  Cross Heedqiwters 
Bus Depot 
s ersi  c e Stations (Aut orno t ive ) 
E d  
Post  Office 
Garage (Autonotive Repairs) 
F i r e  Stations 
hcrsat ion B u i l d i a g  
Hanford Eng4heer h'orks Admhistration .kea 
C af a t  eria 
Hardware Store 
Optical Shop 
Westam Ur-ion 
k i l u a y  Exprsss 
Barber Shop 
Beauty Shop 
General Me rc b n d i  s e 
Slen's Furnishings 
Women' 3 Apparel 
Shoe S t o r e  
Shoe ilepair Shop 
Hoepital and hhciical Center 
Laundry 
M i l k  Store 
Nursery (Children) 

D w  Store6 

1 
4 
3 
4 
3 
1 
2 
1 
1 
4 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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